
D Uhdo Exvlqhvv F|foh Prgho ri wkh Skloolsv

Fxuyh1

Udidho Pxôr}W

Mdqxdu| 4<<;

Devwudfw

Wkh dlp ri wklv duwlfoh lv wr vkrz wkdw UEF prghov fdq dffrxqw iru wkh

vr0fdoohg Skloolsv fxuyh1 Zh sursrvh dq h!flhqf| zdjh prgho lq zklfk

prqh| lv lqwurgxfhg yld d fdvk0lq0dgydqfh frqvwudlqw1 Krxvhkrogv fkrrvh

krz pxfk h�ruw wr ghyrwh e| frpsdulqj suhvhqw uhdo dqg qrplqdo zdjhv

zlwk sdvw rqhv1 Wklv vshfldo lqwhuwhpsrudo h�ruw ixqfwlrq lpsolhv zdjh

voxjjlvkqhvv dqg d kljkhu yrodwlolw| ri hpsor|phqw frpsduhg wr vwdqgdug

UEF prghov1 Lw dovr uhgxfhv d qhjdwlyh frqwhpsrudqhrxv fruuhodwlrq eh0

wzhhq lq dwlrq dqg rxwsxw/ rqh ri wkh pruh gl!fxow prphqwv wr pdwfk

iru d fdvk0lq0dgydqfh prgho1 Wkh prgho doorzv wr pdwfk oderu pdunhw

prphqwv dqg dovr wr exlog xs d wudqvplvvlrq phfkdqlvp wkdw d�hfwv hp0

sor|phqw wkurxjk qrplqdo zdjh jurzwk1 Wkh prgho jhqhudwhv d Skloolsv

fxuyh wkdw lv deoh wr plplf XV gdwd1

MHO fodvvl�fdwlrq= H57/ H64/ H651

Nh|zrugv= h!flhqf| zdjh/ UEF/ zdjh voxjjlvkqhvv/ fdvk0lq0dgydqfh/

Skloolsv fxuyh1

WLUHV/ Xqlyhuvlwì fdwkroltxh gh Orxydlq/ Sodfh Prqwhvtxlhx 6/ E0467; Orxydlq0od0Qhxyh/

Ehojlxp1 H0pdlo= Pxqr}Cluhv1xfo1df1eh1 Wkh dxwkru dfnqrzohgjhv �qdqfldo vxssruw iurp

Ixqgdflöq Udpöq Duhfhv/ Vsdlq1 L dovr wkdqn Gdylg gh od Furl{/ Ideulfh Froodug/ Mrujh

Gxuäq dqg Kduulv Ghoodv iru wkhlu khos dqg hqfrxudjhphqw 1 Dq| uhpdlqlqj huuru lv p|

devroxwh uhvsrqvlelolw|1
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4 Lqwurgxfwlrq

Ilvkhu +4<59, uhsruwhg d vljql�fdqw srvlwlyh fruuhodwlrq ehwzhhq hpsor|phqw
dqg sulfhv lq wkh XV Hfrqrp|1 Wkh udwlrqdoh lv wkdw dv sulfhv lqfuhdvh/ �upv
uhfhlyh pruh lqfrph1 Dv wkhlu frvwv duh �{hg/ wkh| lqfuhdvh surgxfwlrq dqg
vr hpsor|phqw/ dowkrxjk frvwv zloo dgmxvw diwhu vrph shulrgv dqg sur�wv zloo
uhwxuq wr wkhlu lqlwldo ohyho1 Skloolsv +4<8;, vwxglhg wkh vwdwlvwlfdo uhodwlrqvkls
ehwzhhq xqhpsor|phqw dqg wkh udwh ri fkdqjh ri prqh| zdjh udwhv dqg irxqg
hylghqfh iru d qhjdwlyh uhodwlrqvkls ehwzhhq wkhvh wzr djjuhjdwhv1 Wklv lv wkh
vr0fdoohg Skloolsv fxuyh1 Wkh kljkhu hpsor|phqw lv frpsduhg wr wkh �qdwxudo�
udwh ri hpsor|phqw/ wkh orzhu wkh qrplqdo zdjh jurzwk lv/ dqg ylfh0yhuvd1 Wklv
htxdwlrq hvwdeolvkhv d frqqhfwlrq ehwzhhq wkh uhdo dqg prqhwdu| vlghv ri wkh
Nh|qhvldq wkhru|1 Pdfurhfrqrplvwv ylhzhg wklv htxdwlrq dv d udwlrqdoh wr wkh
lq dwlrq0hpsor|phqw wudgh r�1

Wklv frqfoxvlrq zdv fulwlfl}hg e| Iulhgpdq +4<:8,1 Kh srlqwhg rxw wkh lp0
sruwdqfh ri dqwlflsdwhg uhdo zdjhv uhodwhg wr qrplqdo rqhv1 Li sulfhv duh kljkhu
wkdq wkh dqwlflsdwhg rqhv/ uhdo zdjhv ghfuhdvh dqg �upv ghflgh wr kluh pruh
zrunhuv1 Iulhgpdq dgplwwhg wkdw wkhuh frxog h{lvw d vkruw uxq Skloolsv fxuyh
gxh wr dv|pphwulf lqirupdwlrq rq sulfhv ehwzhhq zrunhuv dqg �upv/ vwuhvvlqj
wkh uroh ri h{shfwdwlrqv1 Krzhyhu/ wkh Skloolsv fxuyh zrxog qrw krog lq wkh orqj
uxq/ zklfk lv rqo| ghwhuplqhg e| wkh ixqgdphqwdov ri wkh hfrqrp|1

Qhyhuwkhohvv/ dfwxdo gdwd h{klelwv d srvlwlyh fruuhodwlrq ehwzhhq hpsor|phqw
dqg qrplqdo zdjh jurzwk wkdw qrqh ri wkh dowhuqdwlyh prghov vxjjhvwhg diwhu
Iulhgpdq*v kdyh ehhq deoh wr h{sodlq1 Wklv duwlfoh dlpv wr vkrz wkdw zh fdq �qg
wkhruhwlfdo dujxphqwv wkdw vxssruw wkh lghd ri d Skloolsv fxuyh lq UEF prghov1

Rqh lvvxh lv uhodwhg wr wkh zd| prqh| lv lqwurgxfhg lq wkh prgho1 Vrph
suhylrxv prghov/ hvshfldoo| wkrvh ri Frroh| dqg Kdqvhq +4<;<, ru Kdludxow dqg
Sruwlhu +4<<8,/ kdyh lqwurgxfhg prqh| lq d uhdo exvlqhvv f|foh prgho wkurxjk d
fdvk0lq0dgydqfh frqvwudlqw1 Lq wkhvh prghov/ prqh| lv qhhghg wr frqvxph exw
kdv wr eh khog rqh shulrg lq dgydqfh1 Lq dwlrq dfwv dv d wd{ rq frqvxpswlrq dqg
lqgxfhv d vxevwlwxwlrq h�hfw wrzdugv ohlvxuh dqg lqyhvwphqw/ erwk zklfk duh qrw
wd{hg1 Krzhyhu/ wkhvh prghov idlo wr dffrxqw iru vhyhudo prphqwv rq qrplqdo
yduldeohv/ hvshfldoo| iru wkh frqwhpsrudqhrxv lq dwlrq0rxwsxw fruuhodwlrq1

Lq rughu wr lpsuryh wkh uhvxowv ri wkhvh fdvk0lq0dgydqfh prghov/ zh exlog d
vwrfkdvwlf g|qdplf jhqhudo htxloleulxp prgho zlwk h!flhqf| zdjhv dqg prqh|1
Wkh odwwhu lv lqwurgxfhg wkurxjk d fdvk0lq0dgydqfh frqvwudlqw1 Prqh| iroorzv
d vwrfkdvwlf surfhvv zklfk doorzv wr lqfoxgh d prqhwdu| vkrfn dv zhoo dv d
whfkqrorjlfdo rqh1 Lw dovr doorzv xv wr fkhfn krz zhoo rxu prgho �wv prqhwdu|
prphqwv/ hvshfldoo| wkh rxwsxw0lq dwlrq fruuhodwlrq lq rughu wr dqdo|}h wkh vorsh
ri wkh Skloolsv fxuyh1

Lq rughu wr dffrxqw iru wkh vwdqgdug ghyldwlrq ri oderu/ prvw UEF prghov
frqvlghu wkh �oderu lqglylvlelolw|� k|srwkhvlv ri Kdqvhq +4<;8,1 Zrunhuv kdyh
wr wdnh ghflvlrqv rq orwwhulhv udwkhu wkdq krxuv1 Krzhyhu/ vrph dowhuqdwlyh k|0
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srwkhvlv/ vxfk dv wkh h!flhqf| zdjh wkhru| e| Gdqwklqh dqg Grqdogvrq +4<<3,/
kdyh ehhq sursrvhg1 Lq wkhlu duwlfoh krxvhkrogv vxsso| oderu lqhodvwlfdoo| exw
fkrrvh krz pxfk h�ruw wr ghyrwh1 Gdqwklqh dqg Grqdogvrq suryh wkdw dq h�ruw
ixqfwlrq zklfk frpsduhv fxuuhqw zdjhv wr dq dowhuqdwlyh zdjh fdqqrw dffrxqw
iru zdjh uljlglwlhv1 Pruh uhfhqwo|/ Gh od Furl{ dqg Froodug +4<<:, kdyh xvhg dq
h�ruw ixqfwlrq zklfk frpsduhv suhvhqw zdjhv wr d qrup ri sdvw zdjhv1 Wkh|
kdyh pdqdjhg wr uhsurgxfh wkh kljkhu yduldelolw| ri hpsor|phqw dqg orzhu ydul0
delolw| ri zdjhv zlwk uhvshfw wr rxwsxw1 Wklv vfkhph lpsolhv d zdjh voxjjlvkqhvv
dqg d kljk yduldwlrq ri hpsor|phqw uhodwhg wr wkh exvlqhvv f|foh1

Iroorzlqj Dnhuori +4<;5,/ zh frqvlghu oderu frqwudfwv dv d sduwldo jliw h{0
fkdqjh= wkh �up sd|v zdjhv kljkhu wkdq wkrvh ri wkh Zdoudvldq htxloleulxp lq
h{fkdqjh iru d kljkhu h�ruw e| zrunhuv1 Lq lwv ruljlqdo suhvhqwdwlrq/ zrunhuv
ghyrwh h�ruw frpsdulqj wkhlu zdjhv wr dowhuqdwlyh rqhv1 Qrz/ iroorzlqj Gh od
Furl{ dqg Froodug +4<<:, lq dq lqwhuwhpsrudo vhwwlqj/ wkh h�ruw ixqfwlrq gh0
shqgv rq sdvw zdjh frqvlghudwlrqv1 Wkxv/ h!flhqf| ri oderu zloo eh d ixqfwlrq
ri fxuuhqw/ qrplqdo dqg uhdo zdjh/ dowhuqdwlyh zdjh dqg sdvw zdjhv1 Zrunhuv
fkrrvh dq h�ruw ohyho frpsdulqj wkhlu suhvhqw qrplqdo dqg uhdo zdjhv wr sdvw
rqhv ri wkhlu shhuv dqg wkh dowhuqdwlyh zdjh wkh| fdq hduq lq vrph rwkhu �up1

Wkh udwlrqdolw| iru wkh vshfldo h�ruw ixqfwlrq frphv iurp Ehzoh| +4<<:,
zkr dqdo|}hg wkh zdjh uljlglw| wkurxjk d Vxuyh| ri 633 exvlqhvv shrsoh/ oderu
ohdghuv/ exvlqhvv frqvxowdqwv dqg frxqvhoruv ri xqhpsor|hg shrsoh lq wkh XV1
Wkh vxuyh| uhmhfwv prvw ri wkh dowhuqdwlyh wkhrulhv ri zdjh uljlglw| h{fhsw wkh
prudoh prgho gxh wr Vrorz +4<:<, dqg Dnhuori +4<;5,1 Dffruglqj wr wklv wkhru|/
wkh �upv sd| vshfldo dwwhqwlrq wr wkh prudoh/ zklfk ghshqgv hlwkhu rq wkh ohyho
ri zdjhv ru fkdqjhv lq ohyhov1 Krzhyhu/ wkh vxuyh| qhjohfwv wkh lpsruwdqfh
ri sd| ohyhov dqg uhlqirufhv wkh lghd wkdw zrunhuv uhdfw wr fkdqjhv lq zdjhv1
Lw dovr vkrzv wkdw wkh dfwxdo zdjh srolflhv ri �upv frpsulvh hohphqwv ri erwk
uhdo dqg qrplqdo zdjhv1 Rq wkh rqh kdqg/ frpsdulvrqv lq whupv ri uhdo zdjhv
d�hfw wkh vwdqgdug ri olylqj ri krxvhkrogv1 Rq wkh rwkhu kdqg/ frpsdulvrqv
lq whupv ri qrplqdo zdjhv lpso| d �prwlydwlrq0 lqvxow� h�hfw1 Wkh krxvhkrog
shufhlyhv lqfuhdvhv lq qrplqdo zdjhv dv dq dssuredwlrq dqg d uhzdug1 Wkh
�up surprwhv lq wklv zd| kljk surgxfwlylw|/ jrrg prudoh dqg d jrrg frpsdq|
uhsxwdwlrq zklfk khosv ixwxuh uhfuxlwlqj dqg uhgxfhv wxuqryhu frvwv1 Rq wkh
frqwudu|/ zrunhuv ihho lqvxowhg e| d qrplqdo sd| fxw/ hyhq li sulfhv duh idoolqj1

Vhfwlrq 5 suhvhqwv wkh prgho1 Vhfwlrq 6 fdoleudwhv lw dqg h{sodlqv wkh
lpsxovh0uhvsrqvh ixqfwlrqv1 Vhfwlrq 7 ghdov zlwk wkh exvlqhvv f|foh ihdwxuhv
dqg wkh Skloolsv fxuyh1 Wkh prgho lv deoh wr uhsolfdwh wkh fruuhodwlrq ehwzhhq
xqhpsor|phqw dqg qrplqdo zdjh jurzwk/ wkh vr0fdoohg Skloolsv fxuyh1 Lw dovr
dlpv wr pdwfk vrph rwkhu oderu prphqwv iurp wkh XV exvlqhvv f|foh1 Ilqdoo|/
vhfwlrq 8/ frqfoxghv1

5 Ghvfulswlrq ri wkh prgho

Wkh prgho kdv wr eh vroyhg lq d ghfhqwudol}hg zd| dv wkh htxloleulxp lv qrw
Sduhwr h!flhqw1 Wklv lv gxh wr wkh fdvk0lq0dgydqfh frqvwudlqw dqg wkh ghwhu0
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plqdwlrq ri zdjhv1 Lqvwhdg ri dulvlqj iurp d pdunhw htxloleulxp frqglwlrq wkh
�up fkrrvhv wkh zdjh1 Dv d vrfldo fdslwdo fdvh lv frqvlghuhg/ wkh �up wdnhv suh0
ylrxv zdjhv dv vrfldoo| vhwwohg1 Wklv lpsolhv wkdw wkh �up grhv qrw lqwhuqdol}h
lq lwv zdjh ghflvlrq wkh lq xhqfh ri lqglylgxdo zdjhv rq vrfldo rqhv1 Wkh zdjh
fkrvhq e| wkh �up dovr d�hfwv wkh hfrqrp| lq irup ri dq h{whuqdolw| wkurxjk
wkh dowhuqdwlyh zdjh1 Erwk wkhvh h{whuqdolwlhv phdq wkdw xqhpsor|phqw pd|
qrw eh dq rswlpdo vroxwlrq iru d fhqwudo sodqqhu zkhuhdv lw lv iru wkh lqglylgxdo
�up1

514 Wkh Krxvhkrog

Wkh hfrqrp| lv srsxodwhg e| pdq| lghqwlfdo lq�qlwho| olyhg djhqwv/ xqlirupo|
glvwulexwhg ryhu ^3> 4`1 Hdfk krxvhkrog kdv wr gh�qh d frqvxpswlrq�vdylqjv sodq
wkdw pd{lpl}hv lwv glvfrxqwhg h{shfwhg xwlolw|/ vxemhfw wr wkh lqwhuwhpsrudo
exgjhw frqvwudlqw dqg d fdvk0lq0dgydqfh frqvwudlqw1 Wklv lpsolhv fkrrvlqj d
sruwirolr ri dvvhwv dqg prqh| lq hdfk shulrg1 Wkh krxvhkrog kdv wzr gl�huhqw
w|sh ri dvvhwv1 Erqgv/ zklfk sd| d udwh ri uhwxuq frqwlqjhqw rq wkh uhdol}hg
vwdwh ri qdwxuh dqg prqh|/ zklfk lv d grplqdwhg dvvhw1 Prqh| kdv d qhjdwlyh
udwh ri uhwxuq ehfdxvh ri lq dwlrq1 Hyhq li wkh uhwxuq wr prqh| lv qhjdwlyh/ lw
lv vwloo khog/ dv lv qhfhvvdu| lq rughu wr fduu| rxw frqvxpswlrq dfwlylwlhv1

Wkh xwlolw| ixqfwlrq ghshqgv srvlwlyho| rq frqvxpswlrq dqg qhjdwlyho| rq
h�ruw1 Lw lv dvvxphg wr eh vhsdudeoh lq frqvxpswlrq dqg h�ruw1 Iru vlpsolflw|/
frqvxpswlrq hqwhuv wkurxjk d FHV ixqfwlrq1 Wklv lpsolhv d frqvwdqw lqwhuwhp0
srudo hodvwlflw| ri vxevwlwxwlrq/ jlyhq e| 42�1 gw/ lv d gxpp| yduldeoh zklfk
wdnhv wkh ydoxh 4 zkhq wkh djhqw lv hpsor|hg dqg }hur rwkhuzlvh1 Li wkh djhqw lv
xqhpsor|hg/ kh kdv qr xwlolw| ru glvxwlolw| iurp h�ruw1 Wkh ohyho ri h�ruw lv d g|0
qdplf ixqfwlrq lqfuhdvlqj lq wkh frpsdulvrq ri fxuuhqw/ qrplqdo dqg uhdo zdjhv
zlwk sdvw rqhv1 Lw dovr ghshqgv rq wkh frpsdulvrq ri suhvhqw uhdo zdjhv zlwk
d fxuuhqw dowhuqdwlyh zdjh wkh krxvhkrog frxog hduq lq vrph rwkhu �up1 Wklv
vshfldo fkdudfwhul}dwlrq uhvxowv iurp wkh zd| lq zklfk zdjhv duh ghwhuplqhg/ dv
h{sodlqhg e| Ehzoh| +4<<:,1 Krxvhkrogv pd{lpl}h4 =
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wkh zrunhu*v h�ruw1 Wklv lv h{suhvvhg wkurxjk wkh sdudphwhu *1 � ghqrwhv wkh

vwhdg| vwdwh udwh ri lq dwlrq1 Wkh whup orj
�

zw

zw�4

�w

�
ghqrwhv wkh frpsdulvrq

lq whupv ri uhdo zdjhv1
Zh vshfli| wkh dowhuqdwlyh zdjh dv wkh fxuuhqw zdjh lq wkh hfrqrp| wlphv

wkh hpsor|phqw udwh/ l1h1 d nlqg ri suredelolw| ri �qglqj d qhz mre rxwvlgh wkh
�up

zd
w @ owzw=

Fdslwdo ohwwhuv ghqrwh qrplqdo yduldeohv/ zklovw orzhu0fdvh ohwwhuv ghqrwh
uhdo rqhv1 sw lv wkh qrplqdo sulfh ri rqh xqlw ri frqvxpswlrq dw shulrg w1 Lw
uhihuv wr wkh txdqwlw| ri prqh|/ Pw/ |rx qhhg wr sxufkdvh rqh xqlw ri wkh uhdo
frqvxpswlrq jrrg1 Uhdo edodqfhv duh gh�qhg dvpw @Pw@sw�41 Lq dwlrq lq wkh
vwhdg| vwdwh lv wkh jurvv udwh ri jurzwk ri sulfh ohyhov/ �w @ sw@sw�41 Lq d vwhdg|
vwdwh wklv udwh ri jurzwk/ �/ lv htxdo wr wkh udwh ri jurzwk ri prqh|1 Prqh|
lqmhfwlrqv lq uhdo whupv duh qw @ Qw@sw�4 shu shulrg1

Wkh krxvhkrog fdq hlwkhu frqvxph ru vdyh/ wkh odvw wkurxjk frqwlqjhqw
fodlpv/ rqh ri zklfk lv prqh|1 Zh dvvxph wkdw lw kdv dffhvv wr d frpsohwh
v|vwhp ri pdunhwv rq zklfk lw fdq wudgh frqwlqjhqw fodlpv1 Wkhvh duh sxu0
fkdvhg lq shulrg w dw sulfh tw+vw, dqg vrog lq shulrg w . 4 dw sulfh tw.4+vw.4,1
vw 5 V ghqrwhv d sduwlfxodu uhdol}dwlrq ri wkh vwrfkdvwlf surgxfwlylw| vkrfn
zklfk zloo eh gh�qhg odwhu1 itw+vw,j

4

w@3
lv wkh Duurz0Gheuhx sulfh v|vwhp vxfk

wkdw 4@+4 . uw.4+vw.4,, @ tw.4+vw.4,@tw+vw,= Wkh sulfh v|vwhp ghwhuplqhv wkh
uhdo udwh ri lqwhuhvw ru glvfrxqw udwh ri wkh hfrqrp|1 Prqh| grhv qrw |lhog dq|
uhwxuq exw ghsuhfldwh gxh wr lq dwlrq1

Krxvhkrogv duh h{0dqwh krprjhqhrxv1 Krzhyhu/ wkh srvvlelolw| ri xqhpsor|0
phqw pdnhv wkhp khwhurjhqhrxv h{0srvw1 Wkrvh zkr duh hpsor|hg duh udqgrpo|
fkrvhq iurp wkh wrwdo oderu vxsso|1 Wr nhhs wkh prgho vlpsoh/ wkhuh lv d shuihfw
lqvxudqfh v|vwhp iru wkh xqhpsor|hg1 Lw lv sdlg iru e| hpsor|hhv/ zkr uhfhlyh
rqo| d sursruwlrq ri wkhlu zdjh z+4 � xw, zkloh/ zxw lv sdlg wr xqhpsor|hg
krxvhkrogv1

Wkh krxvhkrog vhohfwv suhvhqw frqvxpswlrq fw>h�ruw ghyrwhg hw> wkh ghpdqg
iru erqgv ew.4> ;vw.4 dqg wkh ghpdqg iru prqh| pw.4= Oderu vxsso| ow> lv lq0
hodvwlf dqg dozd|v htxdo wr rqh1

Wkh vhw ri �uvw rughu frqglwlrqv gh�qlqj rswlpdo frqvxpswlrq/ vdylqjv dqg
wkh h�ruw sodq ri wkh krxvhkrog fdq eh vwdwhg dv iroorzv=
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zkhuh �w lv wkh pxowlsolhu dvvrfldwhg wr wkh lqwhuwhpsrudo exgjhw frqvwudlqw
dqg �w lv wkh rqh dvvrfldwhg wr wkh fdvk0lq0dgydqfh frqvwudlqw1 Zh dgg wkh
iroorzlqj olplwlqj frqglwlrqv wr dyrlg �Srq}l0jdphv�=

olp
m$4

�w.m�w.mew.4.m+vw.4.m, @ 3 +9,

olp
m$4

�w.m�w.mpw.4.m+vw.4.m, @ 3 +:,

Htxdwlrq +5, |lhogv wkh ghpdqg iru frqvxpswlrq dv d ixqfwlrq ri lwv vkdgrzv
sulfhv1 Htxdwlrq +516, gh�qhv wkh h�ruw ixqfwlrq/ zklfk lv wdnhq lqwr dffrxqw lq
wkh �upv* sodq1

Wkh uhodwlrq +7, fruuhvsrqgv wr wkh wudglwlrqdo dvvhw sulflqj irupxod jlyhq
e| Oxfdv +4<:;,= wkh sulfh ri frqwlqjhqw fodlpv lq vwdwh vw.4 lv ghwhuplqhg e|
wkh glvfrxqwhg udwh ri lqwhuwhpsrudo vxevwlwxwlrq/ zhljkwhg e| wkh rffxuuhqfh
suredelolw| ri vw.41 Uhodwlrq +8, uhodwhv wkh vkdgrz sulfh ri prqh| wrgd|/ �w> wr
wkh vkdgrz sulfh ri kroglqj prqh| wrpruurz1 Wkh odwwhu |lhogv d kljkhu �qdqfldo
hqgrzphqw lq wkh exgjhw frqvwudlqw/ �w.4>dqg pruh frqvxpswlrq lq wkh fdvk0lq0
dgydqfh frqvwudlqw/ �w.41 Krzhyhu/ dv wkh vxsso| ri prqh| jurzv/ uhdo edodqfhv
ghfuhdvh e| dq dprxqw htxdo wr lq dwlrq1 Wkh sdudphwhu � glvfrxqwv qh{w
shulrg*v xwlolw|1 Ilqdoo|/ htxdwlrq +9, dqg +:, ixuqlvk whuplqdo frqglwlrqv wr wkh
hyroxwlrq ri nw dqg pw1

515 Prqh| Vxsso|

Iroorzlqj Frroh| dqg Kdqvhq +4<;<,/ prqh| vxsso| lv jlyhq e|

pw.4 @ jw
pw

�w

zkloh prqh| lqmhfwlrq lv jlyhq hdfk shulrg e|

qw @ +jw � 4,pw

jw lv wkh udwh ri jurzwk ri uhdo prqh| lq wkh hfrqrp|1 Wkh udwh ri jurzwk lv
dvvxphg wr eh udqgrp/ dqg iroorzv d vwdwlrqdu| h{rjhqrxv DU+4, surfhvv

orj+jw, @ +4� �p,orj+�j, . �porj+jw�4, . �w=

Sdudphwhu m�pm ? 4 uhsuhvhqwv wkh dxwrfruuhodwlrq sdudphwhu dqg �w wkh
xqnqrzq vkrfn/ glvwulexwhg dv Jdxvvldq zklwh qrlvh zlwk H+�w, @ 3 dqg H+�5w , @
�5p=

Wklv vwrfkdvwlf surfhvv lqwurgxfhv xqfhuwdlqw| lq wkh hfrqrp|1 Wkh krxvh0
krog grhv qrw nqrz krz pxfk prqh| zloo eh dydlodeoh lq wkh qh{w shulrg dqg/
wkhuhiruh/ grhv qrw nqrz wkh sulfh ohyho1

9



516 Wkh Ilup

Wkh �up surgxfhv d krprjhqhrxv jrrg zklfk fdq eh hlwkhu frqvxphg ru dffx0
pxodwhg/ hlwkhu lq wkh irup ri erqgv ru prqh|1 Wkh whfkqrorj| lv ghvfulehg e|
wkh iroorzlqj surgxfwlrq ixqfwlrq

|w @ i+nw> hwow> dw, @ dwn
�

w
+owhw,

4�� +;,

zkhuh nw ghqrwhv wkh �up*v fdslwdo vwrfn/ ow wkh ohyho ri hpsor|phqw/ hw wkh
ohyho ri h�ruw ghyrwhg e| lwv zrunhuv dqg dw d whfkqrorjlfdo vkrfn1 Dv wkhuh
duh gl�huhqw h�ruw ohyhov/ surgxfwlylw| ri zrunhuv zloo gl�hu1 Wkh �up lv khqfh
lqwhuhvwhg lq h�hfwlyh xqlwv ri oderu owhw> dqg qrw rqo| lq wkh dprxqw ri oderu
krxuv1 nw hyroyhv ryhu wlph dffruglqj wr wkh xvxdo odz ri dffxpxodwlrq=

nw.4 @ lw . +4� �,nw +<,

zkhuh lw ghqrwhv qhw lqyhvwphqw lq shulrg w dqg � 5 ^3> 4` lv wkh udwh dw zklfk
fdslwdo ghsuhfldwhv1

Wkh whfkqrorjlfdo vkrfn/ dw> lv dvvxphg wr eh vwdwlrqdu| dqg nqrzq e| doo
�upv dw wkh ehjlqqlqj ri shulrg w1 Lw iroorzv d vwdwlrqdu| h{rjhqrxv DU+4,
surfhvv

orj+dw, @ � orj+dw�4, . %w +43,

zlwk m�m ? 41 %w lv Jdxvvldq zklwh qrlvh zlwk H+%w, @ 3 dqg H+%5
w
, @ �51

Lw lv dvvxphg wkdw wkh �up kdv qr frqwuro ryhu �vrfldo sdvw zdjhv� zlwk
zklfk lwv zrunhuv frpsduh wkhlu dfwxdo zdjh1 Wklv lpsolhv wkdw sdvw zdjhv duh
wuhdwhg dv dq h{whuqdolw|1 Wkh zdjh vhwwlqj ehkdylru ri wkh �up lv wkhuhiruh
vwdwlf1 Lw pd{lpl}hv ryhu uhdo zdjhv1

Wkh �shuvrqdo qrup� fdvh/ dq dowhuqdwlyh zdjh vhwwlqj ehkdylru/ zdv dovr
frqvlghuhg1 Lq wklv vfkhph wkh �up rqo| frqvlghuv wkh suhylrxv zdjhv lw vhohfwhg
lq wkh suhylrxv shulrg1 Wklv lqgxfhv wkh �up wr frqvlghu wkh lq xhqfh ri fxuuhqw
zdjh vhwwlqj lq qh{w shulrgv1 Krzhyhu/ wkh uhvxowv duh yhu| gl�huhqw dqg kdyh
ehhq rplwwhg1

Wkh �up vhhnv wr pd{lpl}h wkh vxp ri lwv h{shfwhg glvfrxqwhg sur�w  rzv

pd{
4[
w@3

]
V

tw+vw, i|w �zwow � lwj gvw

vxemhfw wr +;, dqg +<,1 Wkh Odjudqjldq pxowlsolhu dvvrfldwhg wr wkh odz ri
prwlrq ri fdslwdo lv ghqrwhg e| � w1 Lw lv wkh vkdgrz sulfh ri fdslwdo lq shulrg w
lq whupv ri shulrg w xqlwv ri wkh sk|vlfdo jrrg1 Wkh �up pd{lpl}hv ryhu lw> ow>
zw dqg nw.41 D vshfldo ihdwxuh ri h!flhqf| zdjhv prghov lv wkdw �upv fkrrvh
wkh zdjh wkh| sd| lqvwhdg ri ehkdylqj dv d sulfh0wdnhu1 Wkh whfkqrorjlfdo vkrfn
wdnhv sodfh zklovw wkh �up fkrrvhv/ lqyhvwphqw/ oderu dqg zdjhv1

:



Wkh �uvw rughu frqglwlrqv duh jlyhq e|

� w @ 4 +44,

zw @ +4��,
|w

ow
+45,

ow @ +4� �,
|w

hw

�
� . # . *

zw

�
+46,

� w @

]
V

tw.4+vw.4,

tw+vw,

�
�
|w.4

nw.4
. +4� �,� w.4

�
gvw.4 +47,

dqg wkh wudqvyhuvdolw| frqglwlrq=

olp
m$4

]
V

tw.4.m+vw.4.m,

tw.m+vw.m,
� w.mnw.4.mgvw.4.m @ 3 +48,

Htxdwlrq +44, vwdwhv wkdw wkh sulfh ri fdslwdo lq shulrg w lv htxdo wr rqh/ wkh
qxpehu ri frqvxpswlrq xqlwv rqh xqlw ri fdslwdo fdq eh h{fkdqjhg iru1 Htxd0
wlrqv +44, dqg +47, vkrz wkdw wkh �up kdv d vwdwlf ghpdqg iru fdslwdo= wkh udwh
ri uhwxuq rq rqh xqlw ri fdslwdo qhw ri ghsuhfldwlrq lv htxdo wr wkh uhwxuq wkh
erqg surylghv lq wkh �qdqfldo pdunhw1

Htxdwlrq +45, uhsuhvhqwv wkh oderu ghpdqg ri wkh �up1 Dv sur�w  rzv duh
pd{lpl}hg/ klulqj zloo rffxu xs wr wkh srlqw zkhuh wkh pdujlqdo surgxfwlylw|
ri oderu htxdov wkh uhdo zdjh1 Wkh rqo| gl�huhqfh ehwzhhq wklv fdvh dqg wkh
wudglwlrqdo dssurdfk lv wkdw wkh uhdo zdjh lv qrw vhw dffruglqj wr wkh Zdoudvldq
htxloleulxp prwlyh/ exw lv vhwwohg e| wkh �up1 Wklv fdq eh vhhq lq htxdwlrq
+46,/ zklfk fruuhvsrqgv wr wkh zdjh vhwwlqj ehkdylru ri wkh �up1 Lw vwdwhv wkdw
wkh �up zloo lqfuhdvh zdjhv xqwlo lwv pdujlqdo frvw htxdov wkh pdujlqdo uhwxuq lq
whupv ri h�ruw1 E| frpelqlqj +45, dqg +46, lw lv srvvleoh wr rewdlq wkh vr0fdoohg
Vrorz frqglwlrq

Ch+zw>z
d
w >zw�4> �w,

Czw

zw

h+zw> z
d
w >zw�4> �w,

@ 4

zklfk vwdwhv wkdw wkh �up frqvlghuv d zdjh vxfk wkdw wkh pdujlqdo surgxfwlylw|
ri h�ruw htxdov dyhudjh surgxfwlylw|1 Khqfh/ lq wklv prgho wkh �up fkrrvhv wkh
uhdo zdjh lq vxfk d zd| wkdw h�ruw lv frqvwdqw ryhu wkh exvlqhvv f|foh=

hw @ � .# .*

Krzhyhu/ wkh �up frqvlghuv wkh lq xhqfh ri qrplqdo zdjhv +ru lq dwlrq, rq
h�ruw wkurxjk wkh sdudphwhu *1 Lw dgmxvwv uhdo zdjhv wr vprrwk h�ruw ryhu wkh
exvlqhvv f|foh xqghu wkh lq xhqfh ri fxuuhqw dowhuqdwlyh zdjhv zd

w / sdvw vrfldo
zdjhv zw�4/ dqg lq dwlrq �w1 Jlyhq wkh lqfhqwlyh phfkdqlvp dydlodeoh wr wkh
�up uhjduglqj wkh h�ruw ri zrunhuv/ lw fkrrvhv dq rswlpdo ohyho ri h�ruw/ zklfk
lv nhsw frqvwdqw wkurxjk wkh dgmxvwphqw ri wkh uhdo zdjh udwh1

;



517 Htxloleulxp

Zh gh�qh dq htxloleulxp dv d vhtxhqfh ri sulfhv izw> tw+v,> �wj
4

w@3
dqg txdqwlwlhv

ifw> lw> hw> |w> qw> nw>pwj
4

w@3
vxfk wkdw/

4, iru d jlyhq vhtxhqfh izw> tw+v,> �wj
4

w@3
/ ifw> lw> hw>pwj

4

w@3
pd{lpl}h krxvh0

krog*v xwlolw|/
5, iru d jlyhq vhtxhqfh izw> tw+v,> �wj

4

w@3
/ ihw> qw> nwj

4

w@3
pd{lpl}h �up*v

sur�w/
6, iru d jlyhq vhtxhqfh itw+v,> �wj

4

w@3
/ ifw> lw> hw> |w> qw> nw>pwj

4

w@3
fohdu wkh

�qdqfldo dqg jrrgv pdunhwv/
7, iru d jlyhq vhtxhqfh ifw> lw> hw> |w> qw> nw>pwj

4

w@3
/ zw lv ghwhuplqhg e| dq

h!flhqf| zdjh phfkdqlvp5 1

6 Lpsolfdwlrqv ri wkh Prgho

614 fdoleudwlrq

Wkh prgho grhv qrw doorz iru dq| reylrxv dqdo|wlfdo vroxwlrq1 Wkh g|qdplf
v|vwhp lv wkxv orj0olqhdul}hg durxqg wkh ghwhuplqlvwlf vwhdg| vwdwh dqg vroyhg
qxphulfdoo| xvlqj Iduphu*v phwkrg1 Zh kdyh wr dvvljq ydoxhv wr nh| sdudphwhuv1
Wkhvh ydoxhv fruuhvsrqg wr ydoxhv iru wkh XV hfrqrp| lq txduwhuo| gdwd1

Wkh sdudphwhu iru wkh frpsdulvrq zlwk dowhuqdwlyh zdjhv/ � lv vhw wr 31</
iroorzlqj Gdqwklqh dqg Grqdogvrq +4<<3, zkr xvhg d vlplodu h�ruw ixqfwlrq1 �/
wkh ghsuhfldwlrq udwh ri fdslwdo lv 31358/ �> wkh vkduh ri oderu lq wkh surgxfwlrq
ixqfwlrq lv htxdo wr 3169 dqg �/ wkh shuvrqdo glvfrxqw udwh/ lv 31<<1 Ixwkhupruh/
wkh dxwruhjuhvvlyh sdudphwhuv duh � @ 3=<8 dqg �

p
@ 3=7;1 Wkh vwdqgdug

ghyldwlrq ri wkh prqhwdu| vkrfn/ �5
p
> lv vhw wr 3133<1 Erwk/ wkh dxwrfruuhodwlrq

whup dqg wkh vwdqgdug ghyldwlrq ri wkh prqhwdu| vkrfn duh wdnhq iurp Frroh|
dqg Kdqvhq +4<;<, zkr hvwlpdwh wkhp iurp XV wlph vhulhv ri prqh|1 Wkh
vwdqgdug ghyldwlrq ri wkh whfkqrorjlfdo vkrfn lv vxfk wkdw wkh vwdqgdug ghyldwlrq
ri rxwsxw pdwfkhv lwv dfwxdo ydoxh ri 41:51 Wklv lpsolhv d ydoxh ri �5 @ 3=33;4/
forvh wr wkh ydoxh revhuyhg lq wkh uhodwhg olwhudwxuh1

Zh fkrrvh wkh ydoxhv iru sdudphwhuv !># dqg * vxfk dv wr pdwfk gl�huhqw
dfwxdo prphqwv1 Zh fkrrvh wkhp vxfk wkdw wkh| duh qrw uhohydqw lq dqdo|}lqj
wkh Skloolsv fxuyh1 Lq wklv zd| wkh uhvxowv fdq eh frpsduhg zlwk wkh dfwxdo gdwd
iru wkh Skloolsv fxuyh1 Wkh xqhpsor|phqw udwh lv vhw dw 43( lq wkh vwhdg| vwdwh1
Fruuhodwlrq ehwzhhq krxuv dqg rxwsxw lv �{hg dw 3=;91 Fruuhodwlrq ehwzhhq
uhdo zdjhv dqg rxwsxw lv fkrvhq wr eh 319;1 Wr pdwfk wkhvh prphqwv/ wkh
sdudphwhuv kdyh wr wdnh wkh iroorzlqj ydoxhv= # @ 5=54/ * @ 3=67 dqg ! @
# . 3=<;9* .3=;3851

5Dsshqgl{ L vkrzv wkh htxloleulxp frqglwlrqv1

<



615 Lpsxovh0Uhvsrqvh Ixqfwlrqv

Lq wklv vhfwlrq zh dqdo|}h wkh uhvsrqvh ri vhyhudo yduldeohv wr d 4( whfkqrorjlfdo
dqg prqhwdu| vkrfn1 Wkh dqdo|vlv lv grqh lq whupv ri ghyldwlrq iurp wkh vwhdg|
vwdwh/ zklfk lv wkh lqlwldo ydoxh iru doo yduldeohv1 Wkh vkrfnv duh qrw nqrzq lq
dgydqfh1

Djhqwv kdyh vhyhudo wudqvplvvlrq phfkdqlvpv wr wudqvihu uhvrxufhv lq dqg eh0
wzhhq shulrgv1 Dv d FHV xwlolw| ixqfwlrq lv dvvxphg/ wkh lqwhuwhpsrudo hodvwlflw|
ri vxevwlwxwlrq ri frqvxpswlrq ehwzhhq shulrgv lv frqvwdqw iru dq| frqvxps0
wlrq ohyho1 Dv wkh ixwxuh pdwwhuv/ krxvhkrogv zdqw wr vdyh sduw ri wkhlu fxuuhqw
lqfuhdvh lq zhdowk/ lpso|lqj dq lqwhuwhpsrudo vkliw ri uhvrxufhv1 Ri frxuvh wklv
prgho grhv qrw vkrz dq| vxevwlwxwlrq h�hfw iru wkh oderu vxsso| zklfk lv dv0
vxphg wr eh lqhodvwlf1 Krzhyhu/ lw d�hfwv zrunhuv* h�ruw dqg khqfh h�hfwlyh
oderu1 Wklv odvw yduldeoh lv wkh rqh uhohydqw wr wkh �up lq rughu wr surgxfh1 Dv
d frqvhtxhqfh ri lw/ fkdqjhv lq wkh xqhpsor|phqw udwh uhvxow iurp wkh vxevwl0
wxwlrq h�hfw ri oderu ghpdqg1 Wkh �upv ghpdqgv pruh oderu lq wkrvh shulrgv
lq zklfk surgxfwlylw| lv uhodwlyho| odujhu1

61514 D whfkqrorjlfdo vkrfn

D srvlwlyh xqh{shfwhg whfkqrorjlfdo vkrfn ri 4( rffxuv dw shulrg w1 Lw lpsolhv d
4( jdlq ri surgxfwlylw| dw shulrg w/ zklfk hyroyhv dv htxdwlrq +43, vwdwhv1 Wkh
vkrfn lqfuhdvhv suhvhqw surgxfwlylw| dqg �upv duh deoh wr surgxfh pruh rxwsxw
jlyhq wkh vdph lqsxwv1 Wklv zloo kdyh rqo| d whpsrudu| h�hfw ehfdxvh wkh vkrfn
lv qrw d shupdqhqw rqh1 Lw dovr lqgxfhv d vxevwlwxwlrq h�hfw iurp ixwxuh wrzdug
suhvhqw oderu lq rughu wr wdnh dgydqwdjh ri wkh kljkhu fxuuhqw surgxfwlylw| zklfk
uhlqirufhv wkh ulvh lq rxwsxw1 Wkxv wkh �up kluhv pruh zrunhuv wrgd|/ zklfk
lqfuhdvhv suhvhqw hpsor|phqw1 Uhdo zdjhv/ zklfk duh uhodwhg wr surgxfwlylw|/
dovr lqfuhdvh1 Dv wkh surgxfwlylw| vkrfn lv kljko| dxwrfruuhodwhg +� @ 3=<8,/
uhdo zdjhv frqyhujh txlwh vorzo| wr wkh vwhdg| vwdwh1

Lq wkh vkrfn shulrg/ surgxfwlylw| lqfuhdvhv wkh vxsso| ri jrrgv zklfk/ jlyhq d
�{hg dprxqw ri prqh| kroglqjv/ uhgxfhv sulfhv dqg lq dwlrq1 Wkh whfkqrorjlfdo
vkrfn ehlqj whpsrudu|/ lq dwlrq idoov rqo| iru wkdw shulrg1 Dv wkh lq dwlrqdu|
wd{ lv uhgxfhg/ krxvhkrogv lqfuhdvh frqvxpswlrq dqg ghpdqg iru prqh| lq rughu
wr dovr wdnh dgydqwdjh ri lw lq wkh qh{w shulrg1 Dv krxvhkrogv zdqw wr vprrwk
frqvxpswlrq ryhu wkh f|foh/ sduw ri wkh lqfuhdvh lq rxwsxw lv vdyhg wr pdlqwdlq
ixwxuh frqvxpswlrq1 Wkh rqo| zd| wr wudqvihu zhdowk wr wkh ixwxuh lv wkurxjk
erqgv ru prqh|1 Erqgv duh lqyhvwhg e| �upv zklfk uhvxowv lq d vkruw exw kljk
jurzwk ri lqyhvwphqw dw shulrg w1

61515 D prqhwdu| vkrfn

Wkh �jxuhv ehorz sorw wkh uhvsrqvh ri vhyhudo yduldeohv wr d srvlwlyh xqh{shfwhg
prqhwdu| vkrfn ri 4( rffxuulqj dw shulrg w1 Lq wkh �uvw shulrg prqh| lqfuhdvhv
iru d jlyhq vxsso| ri jrrgv/ zklfk lpsolhv wkdw sulfhv lqfuhdvh1 Dv lq dwlrq
ulvhv dqg krxvhkrogv qhhg prqh| wr ex| frqvxpswlrq jrrgv/ lw lv qrz pruh
h{shqvlyh wr frqvxph gxh wr wkh lq dwlrq wd{1 Wklv pdnhv krxvhkrogv uhgxfh

43



wkhlu suhvhqw frqvxpswlrq +zklfk lv uhodwlyho| h{shqvlyh, dqg vxevwlwxwh lw iru
fkhdshu +ixwxuh, frqvxpswlrq1 Khqfh krxvhkrogv* vdylqjv/ zklfk duh lqyhvwhg lq
�upv/ lqfuhdvhv1 Dv wkh prqhwdu| vkrfn lv qrw yhu| dxwrfruuhodwhg/ frqvxpswlrq
txlfno| uhwxuqv wr lwv ruljlqdo ohyho1 Gxh wr wkh ulvh lq lq dwlrq/ qrplqdo zdjhv
duh kljkhu wrr/ lqgxflqj zrunhuv wr ghyrwh pruh h�ruw1 Krzhyhu/ �upv suhihu wr
pdlqwdlq wkh ohyho ri h�ruw frqvwdqw ryhu wkh exvlqhvv f|foh1 Dv uhdo zdjhv duh
vhohfwhg e| wkh �up/ wkh| zloo eh uhgxfhg wr frpshqvdwh iru wkh kljkhu qrplqdo
zdjhv lq rughu wr nhhs h�ruw frqvwdqw1 Lq vxevhtxhqw shulrgv wkh �up lqfuhdvhv
uhdo zdjhv dv qrplqdo zdjhv vorzo| ghfuhdvh1 Wkh frvw ri klulqj qhz zrunhuv
ghfuhdvhv dqg vr wkh �up fkrrvhv wr lqfuhdvh hpsor|phqw1 Exw/ dv wkh prqhwdu|
vkrfn lv qrw yhu| dxwrfruuhodwhg/ wkh h�hfw lv d vkruw whup rqh1
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Lpsxovh0Uhvsrqvh Ixqfwlrqv wr d Prqhwdu| Vkrfn

Wkh prgho jhqhudwhv wzr gl�huhqw h�hfwv1 Rqh lv vlplodu wr wkh rqh irxqg lq
Frroh| dqg Kdqvhq +4<;<, dqg Kdludxow dqg Sruwlhu +4<<8,/ zkhuh frqvxpswlrq
lv vxevwlwxwhg e| lqyhvwphqw/ zklfk lqfuhdvhv wkh qh{w shulrg fdslwdo vwrfn dqg
khqfh rxwsxw1 Ixwkhupruh wkrxjk/ wklv prgho kdv d gl�huhqw h�hfw frpsduhg wr
wkh rwkhu wzr prghov1 Lq erwk wkhuh h{lvw d vxevwlwxwlrq h�hfw iurp frqvxpswlrq
wrzdug ohlvxuh dv wklv lv qrw wd{hg e| lq dwlrq1 Lq rxu prgho wkdw h�hfw grhv
qrw h{lvw vlqfh wkh oderu vxsso| lv lqhodvwlf/ krzhyhu/ hpsor|phqw lv d�hfwhg e|
h�ruw zklfk ghwhuplqhv h�hfwlyh oderu1 Lq wklv vhqvh/ lq dwlrq lqfuhdvhv suhvhqw
qrplqdo zdjhv1 Wkh zrunhuv* qrup lqfuhdvhv dv wkh| frpsduh suhvhqw qrplqdo
wr sdvw qrplqdo zdjhv1 Wklv lqgxfhv d ulvh lq wkh h�ruw ghyrwhg e| zrunhuv/
zklfk lv vhhq lq wkh lpsxovh0uhvsrqvh ixqfwlrq ri rxwsxw1 Lw vkrzv d vkruw whup/
srvlwlyh uhodwlrq wr d prqhwdu| vkrfn zklfk lv txlwh vlplodu wr zkdw lv revhuyhg
lq dfwxdo gdwd1

Dowkrxjk wklv srvlwlyh uhodwlrq h{lvwv/ wkh lq dwlrq0rxwsxw fruuhodwlrq lv qhj0
dwlyh1 Wklv lv h{sodlqhg e| wkh idfw wkdw/ jlyhq wkh sduwlfxodu fdoleudwlrq ri wkh
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prgho/ prvw ri wkh glvwxuedqfh lv fdxvhg e| wkh whfkqrorjlfdo vkrfn1 D srvlwlyh
fruuhodwlrq ehwzhhq wkh whfkqrorjlfdo vkrfn/ hpsor|phqw dqg rxwsxw h{lvwv1 Dv
prqh| lv jlyhq dqg rxwsxw lqfuhdvhv/ sulfhv idoo1 Wklv ghwhuplqhv wkh qhjdwlyh
lq dwlrq0rxwsxw fruuhodwlrq1

7 Fdq wkh prgho pdwfk wkh Exvlqhvv f|fohB

Wkh wkhruhwlfdo prphqwv duh vxppdul}hg lq wdeoh 461

Wdeoh 4= Edvlf Prphqwv
XV1 gdwd Fxuuhqw Prgho Frroh|0Kdqvhq Kdludxow0Sruwlhu
+d, +e, +d, +e, +d, +e, +d, +e,

f 31:7 31;6 3184 316; 3169 31:5 3184 3185
l 71:< 31<4 6193 31<6 615< 31<: 51<: 31<6
o 31<5 31;9 31:8 31;9 31:: 31<; 31:8 31<;
z 3177 319; 3185 319; 315< 31;: 3163 31;:
� 3166 3167 317< 0314; � � 3178 0315;

+d,= Vwdqgdug ghyldwlrqv uhodwlyh wr rxwsxw1

+e,= Frqwhpsrudqhrxv fruuhodwlrqv zlwk rxwsxw

Zh ghflghg wr uhsolfdwh dfwxdo frqwhpsrudqhrxv fruuhodwlrqv ri hpsor|phqw
dqg oderu zlwk rxwsxw lq rxu prgho1 Dowkrxjk wklv lpsolhv wkdw dgglwlrqdo
prphqwv qhhg wr eh pdwfkhg/ zh duh pruh frq�ghqfh ri wkh uhvxowv1 Hvshfldoo|
dv wklv doorzv wr �{ ydoxhv iru sdudphwhuv * dqg # lq wkh h�ruw ixqfwlrq zklfk
kdyh qrw ehhq suhylrxvo| whvwhg1

Wkh lqwurgxfwlrq ri d prqhwdu| vkrfn kdv wkh vdph h�hfw iru lqyhvwphqw
dqg frqvxpswlrq1 Wklv qhz vkrfn d�hfwv erwk gluhfwo| wkurxjk d vxevwlwxwlrq
h�hfw ri frqvxpswlrq wrzdugv lqyhvwphqw1 Rq wkh rqh kdqg/ lw lpsolhv d kljkhu
vwdqgdug ghyldwlrq iru erwk yduldeohv1 Rq wkh rwkhu kdqg/ wklv qhz vrxufh ri
lq xhqfh uhgxfhv wkh fruuhodwlrq zlwk rxwsxw/ iru erwk yduldeohv1 Lw vkrxog
eh qrwlfhg wkdw frqvxpswlrq ghyldwlrqv duh pdlqo| gulyhq e| wkh prqhwdu|
vkrfn1 Durxqg ;:( ri wkh ghyldwlrq ri frqvxpswlrq lq wkh �uvw shulrg lv gxh
wr wkh prqhwdu| vkrfn1 Wklv srlqwv wr wkh lpsruwdqfh ri wklv nlqg ri vkrfn lq
h{sodlqlqj wkh uhvxowv1

Lq wkh oderu pdunhw/ zh ghflghg wr fdoleudwh wkh fruuhodwlrqv ri rxwsxw zlwk
zdjhv dqg oderu1 Rxu prgho pdwfkhv wkh vwdqgdug ghyldwlrq ri oderu ehwwhu
wkdq wkh rwkhu prghov1 Krzhyhu/ lw lv rqo| wzr wklugv ri wkh dfwxdo vwdwlvwlf1
Uhfdoo wkdw rxu prghov uholhv rq wkh wkhru| ri h!flhqf| zdjhv1 Wklv phfkdqlvp
lv frpsohwho| gl�huhqw wr wkh rqh ri lqglylvleoh oderu xvhg lq wkh rwkhu wzr
prghov1 Lq erwk fdvhv d lq�qlwho| hodvwlf lqwhuwhpsrudo oderu vxsso| lv dvvxphg
vr wkdw oderu lv wrwdoo| ghwhuplqhg e| wkh �up1

Wkh wkhru| ri h!flhqf| zdjhv uholhv rq wkh dvvxpswlrq wkdw wkh zdjh lv wkh
rqo| lqvwuxphqw ri wkh �up dqg lv wkh lqfhqwlyh ri h�ruw ri zrunhuv1 Dv wkh �up
zdqwv wr pdlqwdlq d frqvwdqw ohyho ri h�ruw ryhu wkh exvlqhvv f|foh/ zdjhv ghyldwh

6Wkhrulfdo prphqwv duh rewdlqhg xvlqj wkh vshfwudo dssurdfk dgyrfdwhg e| Xkolj +4<<8,1
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zlwk dq| nlqg ri vkrfn1 Krzhyhu/ dq| vkrfn kdv d orqj uxq dgmxvwphqw zklfk
lpsolhv d orqj ghyldwlrq ri zdjhv wr nhhs h�ruw frqvwdqw1 Wklv vorz dgmxvwphqw
fdq eh vhhq dv d zdjh voxjjlvkqhvv/ zklfk lpsolhv d kljkhu vwdqgdug ghyldwlrq
ri zdjhv1 Wkh odwwhu lv revhuyhg qr pdwwhu zkhwkhu lw lv frpsduhg wr wkh rwkhu
prghov ru dfwxdo gdwd1

Wkh prgho ri Frroh| dqg Kdqvhq grhv qrw uhsruw dq| qrplqdo prphqw1
Wklv phdqv wkdw doo rxu frpsdulvrqv duh grqh zlwk uhvshfw wr wkh prgho ri
Kdludxow dqg Sruwlhu1 Wkh qhjdwlyh lq dwlrq0rxwsxw fruuhodwlrq lv yhul�hg lq
wkh vxsso| vlgh ri wkh hfrqrp|= zkhq d srvlwlyh whfkqrorjlfdo vkrfn rffxuv/
wkh �up wdnhv dgydqwdjh ri lw e| lqwhuwhpsrudo oderu vxevwlwxwlrq1 Lw lqfuhdvhv
rxwsxw zklfk/ jlyhq wkh vdph fdvk edodqfhv/ uhgxfhv sulfhv dqg lq dwlrq1 Wklv
krogv iru doo fdvk0lq0dgydqfh prghov1 Zkdw lv qhz lq rxu prgho lv wkdw srvlwlyh
prqhwdu| vkrfnv lqfuhdvh lq dwlrq dqg qrplqdo zdjhv/ zklfk lqgxfhv zrunhuv
wr vxsso| pruh h�ruw1 Wr nhhs h�ruw frqvwdqw/ wkh �up kdv wr orzhu uhdo zdjhv/
uhgxflqj oderu frvwv1 Dv d frqvhtxhqfh/ wkh �up uhfuxlwv pruh zrunhuv dqg
khqfh lqfuhdvhv rxwsxw1 Krzhyhu/ wkh srvlwlyh lq dwlrq0rxwsxw fruuhodwlrq gxh
wr wkh prqhwdu| vkrfn h{sodlqv rqo| durxqg 4( ri wkh wrwdo fruuhodwlrq1 Wkh
qhjdwlyh fruuhodwlrq lv wkhq h{sodlqhg e| wkh suh0hplqhqw whfkqrorjlfdo vkrfn1

714 Dqdo|vlv ri sdudphwhu )

Zh dqdo|}h krz wkh prgho uhdfwv wr d yduldwlrq ri * kroglqj #> � dqg ! frqvwdqw1
E| grlqj vr zh fkhfn wkh lq xhqfh ri qrplqdo zdjh frpsdulvrqv rq vhyhudo
yduldeohv dqg uhvxowv1 Wkh pdlq vwdwlvwlfv fdq eh irxqg lq Wdeoh 51

Wdeoh 5= Prphqwv iru gl�huhqw ydoxhv ri *
* @ 3=67 * @ 3 * @ 3=: * @ 4 * @ 6

+d, +e, +d, +e, +d, +e, +d, +e, +d, +e,

f 3184 316; 3184 3175 317< 3168 317; 3166 3175 315<
l 6193 31<6 6187 31<5 6199 31<6 619< 31<6 61:6 31<8
o 31:8 31;9 31:6 31;8 31:; 31;9 31;3 31;: 31<: 31;<
z 3185 319; 3187 31:3 3184 3197 3183 3193 317: 3163
� 317< 0314; 3184 03157 317: 03146 3179 03134 316; 3135

+d,= Vwdqgdug ghyldwlrqv uhodwlyh wr rxwsxw1

+e,= Frqwhpsrudqhrxv fruuhodwlrqv zlwk rxwsxw1

Zh dqdo|}h wkrvh prphqwv zklfk duh juhdwo| d�hfwhg zkhq * ulvhv1 Rqh ri
wkhp lv wkh zdjh0rxwsxw fruuhodwlrq/ zklfk ghfuhdvhv1 Zkhq * @ 3/ qrplqdo
zdjh frpsdulvrq kdv qr h�hfw rq wkh h�ruw ixqfwlrq dqg rqo| uhdo dqg dowhuqdwlyh
zdjhv pdwwhu1 Wklv fdq eh vhhq lq wkh uhfxuvlyh htxdwlrq iru zdjhv zh rewdlq
iurp wkh h�ruw ixqfwlrq=
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orj +zw, @ d3 . � orj+|w, . +4� �, orj +zw�4, �
*

� . # . *
orj+�w,>zkhuh� @

�

� . # . *

+49,

Dv * lqfuhdvhv/ qrplqdo zdjhv duh pruh lpsruwdqw lq ghwhuplqlqj h�ruw1
Krzhyhu/ qrplqdo zdjhv duh uhdo zdjhv wlphv lq dwlrq1 Wkh odwwhu lv ghwhuplqhg
lq wkh prqh| pdunhw dqg ghshqgv gluhfwo| rq prqh| jurzwk/ zklfk iroorzv
dq h{rjhqrxv vwrfkdvwlf surfhvv1 Reylrxvo|/ wklv pdnhv h�ruw ghshqg ohvv rq
rxwsxw dqg pruh rq lq dwlrq/ zklfk lv vkrzq e| d orzhu fruuhodwlrq ri h�ruw zlwk
rxwsxw1 Wklv fdq eh vhhq lq wkh idfw wkdw fruu+zw> jw, ehfrphv pruh lpsruwdqw
dqg fruu+zw> |w, ghfuhdvhv1

Zh qrz h{sodlq wkh phfkdqlvp wkurxjk zklfk wkh vwdqgdug ghyldwlrq ri
oderu lqfuhdvhv zkhq * ulvhv1 Djdlq/ zh ehjlq e| dqdo|}lqj wkh fdvh zkhq
* @ 31 Lq wklv fdvh wkh htxdwlrq iru oderu ehfrphv=

orj+ow, @ e3 .
# . *

� . # . *
^orj+|w, � orj+zw�4,` .

*

� . # .*
orj+�w,= +4:,

Li * @ 3/ oderu lv ixoo| ghwhuplqhg e| suhylrxv uhdo zdjhv dqg rxwsxw dqg
khqfh lv rqo| d�hfwhg e| wkh whfkqrorjlfdo vkrfn1 Dv * lqfuhdvhv/ qrplqdo zdjhv
+ru lq dwlrq, ehfrph pruh lpsruwdqw lq wkh ghwhuplqdwlrq ri oderu1 Wklv lpsolhv
wkdw wkh prqhwdu| vkrfn ehjlqv wr d�hfw oderu wrr1 Krzhyhu/ wkh prqhwdu|
vkrfn h{sodlqv derxw 8( ri oderu yduldqfh zkloh rqo| 4( ri wkh rxwsxw yduldqfh1
Wklv phdqv wkdw wkh ghyldwlrq ri oderu lv pruh d�hfwhg e| wkh prqhwdu| vkrfn
wkdq wkh ghyldwlrq ri rxwsxw1 Wkh udwlr ri erwk ghyldwlrqv lqfuhdvhv/ ehfrplqj
rqh zkhq * @ 6=

Fruu+�w> |w, jrhv iurp qhjdwlyh ydoxhv wr srvlwlyh rqhv iru ydoxhv ri * forvh
wr 61 Wkh pdlq wudqvplvvlrq phfkdqlvp rshudwhv wkurxjk wkh whfkqrorjlfdo
vkrfn1 Zkhq d srvlwlyh surgxfwlylw| vkrfn rffxuv/ wkh �up lqfuhdvhv oderu wr
wdnh dgydqwdjh ri lw1 Wklv lpsolhv d ulvh lq rxwsxw zklfk/ jlyhq fdvk edodqfhv/
surgxfhv d uhgxfwlrq lq sulfhv dqg lq dwlrq1

D vhfrqg prqhwdu| phfkdqlvp ohdgv wr d gl�huhqw uhodwlrq1 H�ruw ghshqgv
rq qrplqdo zdjhv/ zklfk duh iruphg e| uhdo zdjhv dqg lq dwlrq1 Li lq dwlrq
lqfuhdvhv dv d uhvxow ri d prqh| lqmhfwlrq/ zrunhuv ghyrwh pruh h�ruw jlyhq
wkh uhdo zdjh1 Krzhyhu/ wkh �up zdqwv wr pdlqwdlq h�ruw frqvwdqw ryhu wkh
f|foh wr eh vxuh ri wkh h�hfwlyhqhvv ri lwv oderu1 Wklv ohdgv wkh �up wr ghfuhdvh
uhdo zdjhv/ zklfk pdnhv lw pruh sur�wdeoh wr kluh zrunhuv vlqfh oderu frvwv
kdyh ghfuhdvhg1 Dv wkh �up kdv wr sd| ohvv iru wkh vdph h�ruw/ lw fdq kluh
pruh zrunhuv dqg lqfuhdvh rxwsxw1 Zh khqfh �qg wkh srvlwlyh lq dwlrq0rxwsxw
fruuhodwlrq1

Lq rxu prgho wkh whfkqrorjlfdo vkrfn d�hfwv wkh hfrqrp| pruh wkdq wkh
prqhwdu| vkrfn grhv1 Krzhyhu/ zkhq * ulvhv/ qrplqdo zdjhv ehfrph pruh
lpsruwdqw lq ghwhuplqlqj h�ruw1 Lq wklv fdvh/ wkh odujhu lv */ wkh odujhu lv wkh
uhvsrqvh ri h�ruw wr lq dwlrq/ dv vhhq lq +6,1 Lq idfw/ iru ydoxhv ri * juhdwhu
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wkdq 6/ wkh lqfuhdvh ri rxwsxw/ yld d prqhwdu| vkrfn/ pruh wkdq frpshqvdwhv

wkh ghfuhdvh gxh wr wkh whfkqrorjlfdo vkrfn1

Lw uhpdlqv wr eh h{sodlqhg zk| wkh vwdqgdug ghyldwlrq ri lq dwlrq uhodwlyh wr

rxwsxw idoov dv * lqfuhdvhv/ dv wkh sdudphwhu * kdv qr lq xhqfh rq wkh vwdqgdug

ghyldwlrq ri lq dwlrq1 Krzhyhu/ gxh wr qrplqdo zdjhv/ lq dwlrq lq xhqfhv wkh

h�ruw ghyrwhg e| zrunhuv1 Wr nhhs h�ruw frqvwdqw wkh �up uhgxfhv uhdo zdjhv

dqg kluhv pruh zrunhuv/ zklfk lqfuhdvhv rxwsxw1 Dv d frqvhtxhqfh/ wkh odujhu

lv */ wkh pruh ghshqghqw rxwsxw lv iurp wkh prqhwdu| vkrfn1 Wklv lpsolhv wkdw

wkh vwdqgdug ghyldwlrq ri rxwsxw lv odujhu dqg khqfh/ wkh udwlr ri wkh vwdqgdug

ghyldwlrq ri lq dwlrq uhodwlyh wr rxwsxw ghfuhdvhv1

715 Rq wkh Skloolsv fxuyh

Wr ghdo zlwk wkh dqdo|vlv zh frqvlghu wkh ruljlqdo Sklools*v fxuyh lq whupv ri

qrplqdo zdjh jurzwk dqg wkh xqhpsor|phqw udwh1 Krzhyhu/ qrqh ri wkh suh0

ylrxv duwlfohv uhsruw wklv gdwd zklfk zhuh rewdlqhg iurp wkh Exuhdx ri Oderu

Vwdwlvwlfv1 Wr frpsxwh wkh jurzwk ri qrplqdo zdjhv zh xvh txduwhuo| gdwd1 Dv

qrplqdo zdjh vhulhv frqvlghuhg duh wkh �dyhudjh krxuo| hduqlqjv ri surgxfwlrq

zrunhuv�/ zklfk duh uhsruwhg prqwko|/ zh wudqvirup wkhp lqwr txduwhuo| gdwd

e| wdnlqj wkh dyhudjh ryhu wkuhh prqwkv1 Wkh krxu vhulhv frqvlghuhg duh wkh

�lqgh{hv ri djjuhjdwh zhhno| krxuv�/ zklfk duh uhsruwhg prqwko|1 Djdlq/ wkh

vhulhv kdyh ehhq wudqviruphg lqwr txduwhuo| gdwd1 Dv zh duh lqwhuhvwhg lq wkh

xqhpsor|phqw udwh/ zh xvh wkh qhjdwlyh ri zrun krxuv1 Erwk vhulhv/ qrplqdo

zdjh jurzwk dqg wkh xqhpsor|phqw udwh/ duh ghwuhqghg e| wkh Krgulfn0Suhvfrww

�owhu1 Erwk vhulhv duh xvhg wr frpsxwh sdvw/ suhvhqw dqg ixwxuh fruuhodwlrqv eh0

wzhhq wkhp1 Uhvxowv duh suhvhqwhg lq wdeoh 61

Wdeoh 6= Fruu+qzw>Xw.m,

Shulrg w07 w06 w05 w04 w w.4 w.5 w.6 w.7

Gdwd 0313< 03143 0313; 0313< 0314; 0314; 03143 03138 03137

Prgho 3135 03137 03146 03157 03167 0315; 0313; 3136 313:

Wkh fxuuhqw prgho glvsod|v fruuhodwlrqv dw shulrg w dqg w.4 zklfk duh forvh

wr wkrvh rewdlqhg e| dfwxdo gdwd1 Iru wkhvh shulrgv wkh fruuhodwlrq lv kljkhu

erwk iru wkh prgho dqg wkh dfwxdo gdwd1 Lq erwk shulrgv fruuhodwlrqv duh fohduo|

qhjdwlyh dv duh wkrvh ri wkh prgho1 Iru shulrgv w � 4 dqg w � 5 fruuhodwlrqv ri

wkh prgho duh odujhu frpsduhg wr rqhv ri wkh dfwxdo gdwd1 Krzhyhu/ wklv fdq

eh h{sodlqhg e| wkh zdjh voxjjlvkqhvv gxh wr wkh vshfldo lqwhuwhpsrudo h�ruw

ixqfwlrq frqvlghuhg1

Wkh fruuhodwlrq ehwzhhq erwk yduldeohv lv forvh wr }hur diwhu dqg ehiruh wzr

shulrgv/ khqfh lw fdq eh lqwhusuhwhg dv li lw zhuh rqo| d vkruw uxq Skloolsv fxuyh1

Lq wkh orqj uxq hpsor|phqw lv qrw d�hfwhg e| qrplqdo yduldeohv dqg lv ixoo|

ghwhuplqhg e| uhdo yduldeohv1 Hyhq lq wkh vkruw uxq wkh f|foh lv pdlqo| gulyhq

e| whfkqrorj| udwkhu wkdq prqhwdu| vkrfnv1
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Qrplqdo zdjh jurzwk lv deoh wr uhgxfh wkh xqhpsor|phqw udwh wkurxjk lwv

lq xhqfh rq wkh h�ruw ixqfwlrq1 Dv zrunhuv ghyrwh pruh h�ruw zklfk wkh �up

zdqwv wr nhhs frqvwdqw/ wkh odwwhu uhgxfhv wkh uhdo zdjh dqg/ dv d frqvhtxhqfh/

kluhv pruh oderu1 Dv krxvhkrogv vxsso| oderu lqhodvwlfdoo| dqg wkh ghpdqg ri

oderu lqfuhdvhv/ xqhpsor|phqw udwh ghfuhdvhv1

Wkh Skloolsv fxuyh lq whupv ri ghyldwlrq iurp wkh vwhdg| vwdwh fdq eh vhhq

lq wkh �jxuh ehorz1 Wkh ghyldwlrq iurp wkh vwhdg| vwdwh gxh wr d srvlwlyh whfk0

qrorjlfdo vkrfn lv dovr ghslfwhg1 Wkh whfkqrorjlfdo vkrfn kdv d kljkhu h�hfw rq

wkh udwh ri xqhpsor|phqw/ zlwk doprvw qr qrplqdo zdjh jurzwk1 Wklv lv h{0

sodlqhg e| wkh gluhfw h�hfw ri wkh whfkqrorjlfdo vkrfn rq hpsor|phqw1 Krzhyhu/

qrplqdo zdjh jurzwk kdugo| lqfuhdvhv dv lq dwlrq ghfuhdvhv dqg frpshqvdwhv

wkh lqfuhdvh lq uhdo zdjhv1 Diwhu rqh shulrg hpsor|phqw ehjlqv wr dgmxvw wr lwv

vwhdg| vwdwh ohyho1 Qrplqdo zdjh jurzwk �uvw lqfuhdvhv ehiruh uhwxuqlqj wr lwv

vwhdg| vwdwh ohyho1

Frpsduhg wr d whfkqrorjlfdo vkrfn/ wkh h�hfw ri d srvlwlyh prqhwdu| vkrfn

kdv d odujhu h�hfw rq qrplqdo zdjh jurzwk wkdq rq wkh xqhpsor|phqw udwh1

Lq wkh �uvw shulrg qrplqdo zdjh jurzwk lqfuhdvhv gxh wr lq dwlrq1 Dv zrunhuv

frpsduh wkhlu zdjh zlwk wkh rqh lq wkh suhylrxv shulrg/ wkh| r�hu pruh h�ruw1

Wklv lpsolhv wkdw wkh �up kluhv pruh zrunhuv wr wdnh dgydqwdjh ri lw1 Wkhuh lv

qr lq xhqfh ri qrplqdo zdjh jurzwk rq hpsor|phqw diwhu vhyhudo shulrgv1 Dv

wkh prqhwdu| vkrfn whqgv wr }hur/ qrplqdo zdjh jurzwk uhwxuqv wr lwv vwhdg|

vwdwh ohyho1 Hpsor|phqw dovr idoov wr lwv vwhdg| vwdwh dv lw iroorzv qrplqdo zdjh

jurzwk1 Wkh prgho lv deoh wr uhsolfdwh wkh uljkw gluhfwlrq ri uhvsrqvh ri wkh

qrplqdo zdjh jurzwk dqg xqhpsor|phqw udwh wr erwk nlqg ri vkrfnv1
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8 frqfoxvlrq

Wkh qhjdwlyh fruuhodwlrq ehwzhhq xqhpsor|phqw udwh dqg qrplqdo zdjh jurzwk
zdv d sx}}oh xqvroyhg iru d vwdqgdug UEF prgho1 Wklv prgho lv deoh wr uhsol0
fdwh d Skloolsv fxuyh iru wkh XV hfrqrp|/ l1h1/ wkh qhjdwlyh fruuhodwlrq ehwzhhq
qrplqdo zdjh jurzwk dqg wkh udwh ri xqhpsor|phqw1 Lw lv dovr deoh wr pdwfk
sdvw dqg ixwxuh fruuhodwlrqv iru wkh vdph yduldeohv/ zklfk lpsolhv d vkruw uxq
lq xhqfh ehwzhhq wkhp1

Wkh prgho lqfoxghv h!flhqf| zdjh fkdudfwhulvwlfv ri wkh �jliw h{fkdqjh�
w|sh1 Hdfk zrunhu ghflghv krz pxfk h�ruw wr vxsso| wkurxjk dq h�ruw ixqfwlrq/
zklfk frpsduhv suhvhqw uhdo dqg qrplqdo zdjhv wr sdvw rqhv1 Wklv vshfl�f
h�ruw ixqfwlrq ri wkh prgho lpsolhv d nlqg ri voxjjlvkqhvv lq zdjhv dqg d kljkhu
yrodwlolw| ri hpsor|phqw frpsduhg wr fodvvlfdo UEF prghov1 Lw dovr uhgxfhv wkh
qhjdwlyh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq lq dwlrq dqg rxwsxw/ rqh ri wkh
pruh gl!fxow prphqwv wr pdwfk iru d fdvk0lq0dgydqfh prgho1 Wkh h!flhqf|
zdjh wkhru| lv deoh wr vroyh wkh oderu pdunhw sx}}oh1 Wklv lv grqh gxh wr wkh
lqwurgxfwlrq ri d g|qdplf h�ruw ixqfwlrq lqvwhdg ri d vwdwlf rqh1

Wkh prgho lv dovr deoh wr pdwfk prphqwv ri wkh XV hfrqrp|/ hvshfldoo| wkh
yrodwlolw| ri krxuv dqg zdjhv/ dqg wr lpsuryh wkh uhvxowv uhodwhg wr lq dwlrq1
Wkh prphqwv uhodwhg wr lq dwlrq gl�hu iurp dfwxdo rqhv iru dq| ri wkh suhylrxv
prghov wkdw kdyh ehhq frqvlghuhg1 Doo ri wkhp glvsod| d qhjdwlyh lq dwlrq0
rxwsxw fruuhodwlrq/ zkloh dfwxdo gdwd vkrz d fohdu srvlwlyh rqh1 Wklv lv gxh
wr wkh zd| prqh| lv lqwurgxfhg lq wkh prgho1 Krxvhkrogv duh frqvwudlqhg
dqg prqh| lqmhfwlrqv dfw dv d wd{/ uhgxflqj frqvxpswlrq/ zklfk vhhpv wr eh
frxqwhuidfwxdo1 Wklv sureohp lv sduwldoo| vroyhg lq wklv prgho ehfdxvh prqh|
lqmhfwlrqv dovr lqfuhdvh h�ruw dqg kdyh d gluhfw h�hfw rq wkh vxsso| ri jrrgv/
zklfk frpshqvdwhv wkh lq dwlrq wd{ h�hfw1

Wkh h!flhqf| zdjh wkhru| vhhpv wr eh d surplvlqj uhvhdufk olqh lq wkh ixwxuh
dv lw kdv suryhq wr eh fdsdeoh ri uhsurgxflqj d Skloolsv fxuyh1 Wklv wkhru| dovr
vroyhv wkh exvlqhvv f|foh sx}}oh ri oderu yrodwlolw| dqg zdjhv voxjjlvkqhvv dqg
lpsuryhv wkh uhvxowv iru wkh qrplqdo yduldeohv1

814 Eleolrjudsk|

Dnhuori/ J1 +4<;5, �Oderu frqwudfwv dv sduwldo jliw h{fkdqjh�1 Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ <:=876089<1

Ehzoh|/ W1 I1 +4<<:, �Zk| qrw Fxw Sd|B�1 Frzohv Irxqgdwlrq Glvfxvvlrq

Sdshu QR1 449:1

Froodug/ I1 dqg Gh od Furl{/ G1 +4<<:, �Jliw h{fkdqjh dqg wkh exvlqhvv f|foh=
wkh idlu zdjh vwulnhv edfn�1 Uhylhz ri Hfrqrplf G|qdplfv1 Iruwkfrplqj1

Frroh|/ W1 dqg Kdqvhq/ J1 +4<;<, �Wkh lq dwlrq wd{ lq d uhdo exvlqhvv f|foh
prgho�1 Wkh Dphulfdq Hfrqrplf Uhylhz/ :<=:660:7;1

Frroh|/ W1 dqg H1 Suhvfrww +4<<8, Hfrqrplf jurzwk dqg exvlqhvv f|fohv1 Lq
W1 Frroh|/ hglwru/ Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk1 Sulqfhwrq Xqlyhuvlw|
Suhvv1

4:



Gdqwklqh/ M10S1 dqg Grqdogvrq +4<<3, �H!flhqf| zdjhv dqg wkh exvlqhvv
f|foh sx}}oh�1 Hxurshdq Hfrqrplf Uhylhz/ 67=45:8046341

Gdqwklqh/ M10S1 dqg Grqdogvrq +4<<8, Qrq0zdoudvldq hfrqrplhv1 Lq W1 Frr0
oh|/ hglwru/ Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk1 Sulqfhwrq Xqlyhuvlw| Suhvv1

Iduphu/ U1 +4<<6, Wkh pdfurhfrqrplfv ri vhoi0ixo�oolqj surskhflhv1 Wkh PLW
Suhvv1

Ilvkhu/ L1 +4<59, �D vwdwlvwlfdo uhodwlrq ehwzhhq xqhpsor|phqw dqg sulfh
fkdqjhv�1 Lqwhuqdwlrqdo Oderxu Uhylhz/ Mxqh= :;80:<51

Iulhgpdq/ P1 +4<:8, �Xqhpsor|phqw yhuvxv lq dwlrq= Dq hydoxdwlrq ri wkh
Skloolsv fxuyh�1 LHD Rffdvlrqdo Sdshu 771 Lqvwlwxwh ri Hfrqrplf D�dluv/ Orq0
grq1

Kdludxow/ M10R1 dqg Sruwlhu/ I1 +4<<8, Fdvk0lq0dgydqfh frqvwudlqwv dqg wkh
exvlqhvv f|foh1 Lq S1\1 Kìqlq/ hglwru/ Dgydqfhv lq Exvlqhvv f|fohv uhvhdufk/
Vsulqjhu0Yhuodj1

Kdqvhq/ J1 G1 +4<;8, �Lqglylvleoh Oderu dqg wkh Exvlqhvv F|foh�1 Mrxuqdo
ri Prqhwdu| Hfrqrplfv/ 49= 63<065:1

N|godqg I1 H1 dqg Suhvfrww H1 F1 +4<<3, �Exvlqhvv f|fohv= Uhdo idfwv dqg
d prqhwdu| p|wk�1 Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz/

Vsulqj= 604;1
Oxfdv/ U1 +4<:;, �Dvvhw sulfhv lq dq h{fkdqjh hfrqrp|�1 Hfrqrphwulfd/

79=475<047781
PfFdqgohvv J1 W1 dqg Zhehu Z1 H1 +4<<8, �Vrph prqhwdu| idfwv�1 Ihghudo

Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz/ Vxpphu= 50441
Skloolsv/ D1 Z1 +4<8;, �Wkh uhodwlrq ehwzhhq xqhpsor|phqw dqg wkh udwh ri

fkdqjh ri prqh| zdjh udwhv lq wkh Xqlwhg Nlqjgrp/ 4;9404<8:�1 Hfrqrplfd/
Qryhpehu= 5;605<<1

Xkolj/ K1 +4<<8, �D wrronlw iru dqdo|}lqj qrqolqhdu g|qdplf vwrfkdvwlf prg0
hov hdvlo|�1 Zrunlqj sdshu/ FhqwHU +Wloexuj,1

815 Dsshqgl{ L

Zh vkrz khuh wkh htxloleulxp frqglwlrqv ri wkh prgho1 Xvlqj wkh htxloleulxp
frqglwlrq ri wkh �qdqfldo pdunhw dqg jdwkhulqj wrjhwkhu wkh htxdwlrqv rewdlqhg
iurp wkh krxvhkrogv* dqg wkh �up*v pd{lpl}dwlrq surjudpv zh kdyh wkh iroorz0
lqj vhw ri htxloleulxp frqglwlrqv=

4;
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