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Hgxfdwlrqdo Vwuhdplqj/ Rffxsdwlrqdo Fkrlfh/

dqg wkh Glvwulexwlrq ri Zdjhv

Nhoo| Ehgdug�

Ghsduwphqw ri Hfrqrplfv
PfPdvwhu Xqlyhuvlw|
Kdplowrq/ Rqwdulr
Fdqdgd/ O;V 7P7

ehgdugnCpfpdlo1flv1pfpdvwhu1fd

Pdufk 4<<:

DEVWUDFW

Wklv sdshu vwxglhv krz wkh vwuxfwxuh dqg txdolw| ri hgxfdwlrq lq�xhqfh rffxsdwlrqdo fkrlfhv dqg wkh glv0
wulexwlrq ri zdjhv1 Vwuxfwxuh uhihuv wr wkh djh dw zklfk fkloguhq duh vwuhdphg lqwr vshfldol}hg surjudpv dv
zhoo dv wkh sursruwlrq ri vwxghqwv sodfhg lq hdfk vwuhdp1 Iru h{dpsoh/ wkh Jhupdq hgxfdwlrq v|vwhp lv
cholwlvw*> wkh prvw dfdghplfdoo| jliwhg vwxghqwv duh vwuhdphg lqwr vshfldol}hg surjudpv dw dq hduo| djh1 Wkh
Ur| +4<84, prgho ri rffxsdwlrqdo fkrlfh lv h{whqghg wr lqfrusrudwh wkh vwuhdplqj ri vwxghqwv lqwr gl�huhqw
surjudpv edvhg rq dfdghplf delolw| sulru wr wkh srlqw dw zklfk wkh| vhoi~vhohfw lqwr dq rffxsdwlrq1 Vwuhdp0
lqj gdwhv dqg wkh uhodwlyh vl}h ri hdfk vwuhdp kdyh lpsruwdqw lpsolfdwlrqv iru vhfwrudo vhohfwlrq dqg wkh
glvwulexwlrq ri zdjhv1 Xvlqj Jhupdq zdjh gdwd dqg vlpxodwlrq whfkqltxhv L vkrz wkdw hgxfdwlrqdo srolf|
fkdqjhv pd| kdyh d surirxqg lpsdfw rq fhuwdlq jurxsv ri vwxghqwv1 Iru h{dpsoh/ dgplwwlqj pruh vwxghqwv
lqwr wkh dfdghplf vwuhdp zloo vljql�fdqwo| lqfuhdvh wkh zdjhv ri cpryhuv* zkr vxevhtxhqwo| zrun lq wkh zklwh
froodu vhfwru zkloh orzhulqj wkh zdjhv ri cpryhuv* zkr frqwlqxh wr zrun lq eoxh froodu mrev1

� L wkdqn Fkulv Ihuudoo dqg Doodq Juhjru| iru khosixo frpphqwv1 L dp uhvsrqvleoh iru doo huuruv1 L judwh0
ixoo| dfnqrzohgjh �qdqfldo vxssruw iurp wkh Fdqdgldq Lqwhuqdwlrqdo Oderxu Qhwzrun +FLOQ, dw PfPdvwhu
Xqlyhuvlw| dqg wkdqn wkh Ox{hperxuj Lqfrph Vwxg| iru dffhvv wr wkhlu gdwdedvh1

MHO Fodvvl�fdwlrq= L5/ M6

Nh|zrugv= Hgxfdwlrq V|vwhpv/ Zdjh Glvwulexwlrqv



+4, Lqwurgxfwlrq

Wklv sdshu h{whqgv wkh fodvvlf wzr vnloo Ur| prgho ri rffxsdwlrqdo fkrlfh vwxglhg e|

Ur| +4<84,/ Zloolv dqg Urvhq +4<:<, dqg Khfnpdq dqg Krqruh +4<<3, e| lqfrusrudwlqj

wkh ihhgedfn phfkdqlvp +dfdghplf whvw vfruhv, xvhg e| vfkrrov wr vwuhdp vwxghqwv lqwr

gl�huhqw hgxfdwlrqdo surjudpv1 Vwuhdplqj uhihuv wr surjudp sodfhphqw wkdw lv ghwhuplqhg

e| uxohv udwkhu wkdq vhoi~vhohfwlrq1 Hgxfdwlrqdo vwuhdplqj wdnhv sodfh ehiruh vwxghqwv duh

shuplwwhg wr vhohfw dq rffxsdwlrq/ ru lq wkh Zloolv dqg Urvhq +4<:<, hqylurqphqw/ froohjh

sduwlflsdwlrq1 Vlpxodwlrqv edvhg rq gdwd iurp Jhupdq| duh uxq wr phdvxuh wkh srwhqwldo

lpsdfw ri ydulrxv hgxfdwlrqdo srolflhv rq vnloo dffxpxodwlrq/ rffxsdwlrqdo fkrlfh/ dqg wkh

glvwulexwlrq ri zdjhv1

Qxphurxv sdshuv kdyh irxqg wkdw vfkrro txdolw| dqg hduqlqjv duh srvlwlyho| fruuhodwhg

+Zhofk/ 4<99> Prujdq dqg Vludjhoglq/ 4<9;> Mrkqvrq dqg Vwd�rug/ 4<:6> Zdfkwho/ 4<:9>

Ul}}xwr dqg Zdfkwho/ 4<;3> Ehkupdq dqg Elugvdoo/ 4<;6> Fdug dqg Nuxhjhu/ 4<<5,1 Iru

h{dpsoh/ Ehkupdq dqg Elugvdoo +4<;6, �qg wkdw vwxghqwv hgxfdwhg lq Eud}loldq vwdwhv sur0

ylglqj kljk txdolw| hgxfdwlrq hduq kljkhu zdjhv wkdq wkrvh hgxfdwhg lq orz txdolw| vwdwhv1

Txdolw| lv sur{lhg e| dyhudjh whdfkhu hgxfdwlrq1 Dowkrxjk wklv w|sh ri txdolw| phdvxuh

pd| qrw dghtxdwho| uh�hfw vfkrro txdolw| gl�huhqfhv lq d prghuq ghyhorshg hfrqrp|/ wkhuh

lv hylghqfh wr vxjjhvw wkdw lw pd| kdyh ehhq d uhdvrqdeo| jrrg sur{| lq hduolhu wlphv1 Iru

h{dpsoh/ Fdug dqg Nuxhjhu +4<<5, �qg wkdw Dphulfdq pdohv eruq ehwzhhq 4<53 dqg 4<7<

lq vwdwhv zlwk kljk txdolw| vfkrrov hduq d kljkhu uhwxuq wr d |hdu ri hgxfdwlrq wkdq vlploduo|

djhg lqglylgxdov eruq lq vwdwhv zlwk orz txdolw| vfkrrov14

Wkh olqn ehwzhhq vfkrro txdolw| dqg whvw vfruhv kdv ehhq pruh krwo| ghedwhg +vhh

Kdqxvkhn +4<;9, iru vxuyh|,1 Gxulqj wkh 4<93v dqg 4<:3v wkh X1V1 h{shulhqfhg idoolqj

sxslo~whdfkhu udwlrv/ ulvlqj h{shqglwxuhv/ dqg soxpphwlqj VDW vfruhv1 Wklv frpelqdwlrq

ri hyhqwv ohg pdq| shrsoh wr grxew wkh h{lvwhqfh ri d olqn ehwzhhq vfkrro txdolw| dqg whvw

vfruhv1 Krzhyhu/ Ehwwv +4<<7, dqg Hkuhqehuj dqg Euhzhu +4<<7, vkrz wkdw hgxfdwlrqdo
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txdolw| kdv d srvlwlyh lpsdfw rq h{dplqdwlrq shuirupdqfh1 Ehwwv +4<<7, �qgv wkdw krph0

zrun dqg frpsxwhu dlghg pdwkhpdwlfv lqvwuxfwlrq srvlwlyho| lq�xhqfh pdwk whvw vfruhv1

Hkuhqehuj dqg Euhzhu +4<<7, �qg wkdw whdfkhu txdolw| srvlwlyho| d�hfwv wkh whvw vfruh jdlq

ehwzhhq vrskrpruh dqg vhqlru |hduv1

Hgxfdwlrqdo txdolw| kdv lpsolfdwlrqv iru wkh ixoo glvwulexwlrq ri whvw vfruhv dqg zdjhv

qrw vlpso| wkh dyhudjh1 Eurzq dqg Vdnv +4<:8, vkrz wkdw wkh glvshuvlrq lq uhdglqj dqg

pdwkhpdwlfv whvw vfruhv pd| eh uhodwhg wr sxslo~whdfkhu udwlrv dqg lqvwuxfwru txdolw|

hyhq zkhq dyhudjh vfruhv duh qrw1 Xvlqj gdwd iurp hohyhq frxqwulhv/ Ehgdug dqg Ihuudoo

+4<<:, �qg wkdw vwuhdplqj gdwhv dqg wkh glvwulexwlrq ri pdwk whvw vfruhv duh uhodwhg wr wkh

glvwulexwlrq ri hduqlqjv odwhu lq olih1

Hgxfdwlrqdo vwuhdplqj lv d uduho| vwxglhg/ exw srwhqwldoo| lpsruwdqw hohphqw ri hgxfd0

wlrqdo srolf|1 Erwk wkh djh dw zklfk vwxghqwv duh vwuhdphg lqwr vshfldol}hg surjudpv dqg

wkh sursruwlrq ri vwxghqwv sodfhg lq hdfk vwuhdp lq�xhqfh vwxghqw rxwfrphv1 Dowkrxjk

wkhuh duh d ydulhw| ri vwuhdplqj vwuxfwxuhv/ prvw hgxfdwlrq v|vwhpv xvh vrph phdvxuh ri

dfdghplf delolw| wr ghwhuplqh vwuhdp sodfhphqw1 Frqvlghu wzr srodu h{dpsohv1 Frxqwu|

D lv cholwlvw*> wkh| sodfh wkh prvw dfdghplfdoo| jliwhg wzhqw|~�yh shufhqw ri hohyhq |hdu

rogv lq wkh dfdghplf vwuhdp dqg uhohjdwh wkh uhpdlqghu wr wkh yrfdwlrqdo vwuhdp1 Frxq0

wu| E lv chjdolwduldq*> fkloguhq uhfhlyh jhqhudo hgxfdwlrq5 xqwlo djh �iwhhq/ dw zklfk srlqw

wkh ohdvw dfdghplfdoo| wdohqwhg txduwhu ri wkh srsxodwlrq duh uhohjdwhg wr wkh yrfdwlrqdo

vwuhdp zkloh wkh uhpdlqghu ri wkh srsxodwlrq hqwhu wkh dfdghplf vwuhdp1 D vwxghqw dw wkh

wkluwlhwk shufhqwloh ri wkh dfdghplf delolw| glvwulexwlrq vshqgv klv �uvw �yh vfkrro |hduv lq d

jhqhudo surjudp dqg wkh uhpdlqlqj vhyhq lq wkh yrfdwlrqdo vwuhdp li kh olyhv lq wkh cholwlvw*

frxqwu|/ dqg whq |hduv lq d jhqhudo surjudp iroorzhg e| wzr |hduv lq wkh dfdghplf vwuhdp

li kh olyhv lq wkh chjdolwduldq* frxqwu|1 Qdwlrqdolw| fohduo| lq�xhqfhv wklv lqglylgxdov* �qdo

vnloo vhw zklfk lq wxuq d�hfwv klv rffxsdwlrqdo rssruwxqlwlhv dqg zdjh r�huv1
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Wkh prgho suhvhqwhg lq wklv sdshu lqfrusrudwhv vfkrro txdolw|/ txdqwlw|/ wkh djh dw

zklfk vwuhdplqj rffxuv/ dqg wkh sursruwlrq ri vwxghqwv sodfhg lq hdfk vwuhdp1 Wklv

iudphzrun doorzv xv wr h{soruh wkh wlplqj dqg vl}h ri vwuhdpv dv zhoo dv irfxvlqj dwwhqwlrq

rq pruh vxewoh vwuhdp frpsrvlwlrq lvvxhv1 Iru h{dpsoh/ vwuhdp vl}h ghwhuplqhv wkh pl{

ri vwxghqwv lq hdfk vwuhdp1 Zkhq dfdghplf delolw| lv wkh orqh vwuhdplqj lqvwuxphqw/ wkh

vpdoohu wkh suh~xqlyhuvlw| vwuhdp wkh pruh krprjhqhrxv wkh jurxs1 Wklv lq wxuq lq�xhqfhv

wkh pdwhuldo wkdw fdq eh fryhuhg sulru wr vhfrqgdu| vfkrro judgxdwlrq1 Hkuhqehuj dqg

Euhzhu +4<<7, �qg wkdw phdq whvw vfruh jdlqv ehwzhhq wkh vrskrpruh dqg vhqlru |hduv duh

qhjdwlyho| d�hfwhg e| wkh suhvhqfh ri orz dfklhyhuv +gh�qhg dv wkrvh vfrulqj lq wkh orzhvw

txduwloh rq wkh vrskrpruh h{dplqdwlrq,1 Ixuwkhu/ lq d wzr vwuhdp v|vwhp/ wkh vpdoohu

wkh dfdghplf vwuhdp wkh odujhu/ dqg ohvv krprjhqhrxv wkh yrfdwlrqdo vwuhdp1 D rqh~

glphqvlrqdo vwuhdplqj phfkdqlvp +dfdghplf whvw vfruhv, h{dfhuedwhv wkh khwhurjhqhlw|

sureohpv lqkhuhqw lq d odujh yrfdwlrqdo vwuhdp ehfdxvh lw idlov wr wdnh yrfdwlrqdo delolw|

lqwr dffrxqw1 Lw lv dovr lpsruwdqw wr uhphpehu wkdw wkhuh lv d wudgh~r� ehwzhhq wkh

srwhqwldo iru idvwhu ohduqlqj dvvrfldwhg zlwk pruh krprjhqhrxv vwuhdpv/ dqg wkh uljlglw|

lpsrvhg e| hduo| vwuhdplqj1 Hduo| vwuhdplqj doorzv fkloguhq wr dftxluh pruh ri d vshfl�f

vnloo/ exw lw dovr pdnhv lw pruh frvwo| wr vzlwfk vwuhdpv/ ru rffxsdwlrqv odwhu lq olih1

Jlyhq wkh ydulhw| ri hgxfdwlrqdo vwuxfwxuhv wkdw h{lvw/ dqg wkh lq�xhqfh wkdw hgxfdwlrq

kdv rq hduqlqjv/6 lw lv lpsruwdqw wr h{dplqh wkh lqvwlwxwlrqv wkdw fkloguhq duh h{srvhg wr

ehiruh wkh| duh rog hqrxjk wr pdnh wkhlu rzq dfdghplf dqg fduhhu fkrlfhv1 Wkh hgxfdwlrq

v|vwhp d frxqwu| vhohfwv surirxqgo| d�hfwv wkh vnloov wkdw fkloguhq dffxpxodwh/ wkh mrev

wkh| duh r�huhg/ dqg wkh zdjhv wkh| uhfhlyh17 Ixuwkhu/ vlqfh hgxfdwlrq lv d sxeolf srolf|

6 +iuih |L t�h�i)t M) O@?�t�i! E�bHS� @?_ `�**�t E�bHS�c Lh T@Tiht M) ì*U� E�bSS�c �@h_ @?_ kh�i}ih
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TihuLh4 TLLh*) L? 4@|�i4@|�Ut @?_ tU�i?Ui |it|t MiU@�ti |�i) @hi i TLti_ |L *L� ^�@*�|) tU�LL*t @?_ �@�i

*L� @||i?_@?Ui h@|it� wi��t @?_ 5i�_4@? E�bbe� t�L� |�@| |�i 4@�Lh�|) Lu |�i }@T Mi|�ii? �4ih�U@?

@?_ a@T@?iti 4@|� |it| tULhit U@? Mi i T*@�?i_ M) ui�ih �4ih�U@? �L�ht Lu 4@|�i4@|�Ut �?t|h�U|�L?c *itt
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lqvwuxphqw/ vrph kdyh dujxhg wkdw vfkrro srolf| vkrxog eh xvhg wr sxuvxh vrfldo remhf0

wlyhv vxfk dv udlvlqj zdjhv dqg uhgxflqj hduqlqjv lqhtxdolw|1 Dowkrxjk wkhvh suhvfulswlrq

pd| vrxqg dsshdolqj/ wkhuh lv olwwoh hylghqfh wr vxjjhvw wkdw wkh ghvluhg rxwfrphv zrxog

qhfhvvdulo| uhvxow1

Lq rughu wr txdqwli| wkh lpsdfw ri srwhqwldo hgxfdwlrqdo srolf| fkdqjhv L xvh Jhupdq

zdjh gdwd dqg vlpxodwlrq whfkqltxhv wr hvwlpdwh xqghuo|lqj vnloo prphqwv dqg vfkrro

txdolw|1 L wkhq xvh wkhvh prphqwv wr txdqwli| wkh lpsdfw ri ydulrxv vfkrro srolf| fkdqjhv

iru Jhupdq|1 Lqghhg L �qg wkdw vlpsoh srolf| suhvfulswlrqv gr qrw qhfhvvdulo| surgxfh

ghvludeoh uhvxowv1 Iru h{dpsoh/ lw kdv ehhq vxjjhvwhg wkdw Jhupdq| vwuhdp vrphzkdw

odwhu wr uhgxfh vrph ri wkh uljlglw| lq wkh hgxfdwlrq v|vwhp1 Zkloh wklv wdfw zloo idflolwdwh

d ehwwhu pdwfk ehwzhhq qdwxudo delolw| dqg rffxsdwlrqv/ vlqfh lw lv ohvv frvwo| wr zrun lq

rffxsdwlrq wkdw lv xquhodwhg wr |rxu srvw~vwuhdp wudlqlqj/ wkh dyhudjh zdjh ohyho zloo eh

xqd�hfwhg1 Wklv uhvxowv ehfdxvh lpsuryhg delolw|~rffxsdwlrq pdwfk iru vrph lv frxqwhuhg

e| d uhgxfwlrq lq vnloo dffxpxodwlrq iru rwkhuv ehfdxvh vnloo dffxpxodwlrq lv vorzhu sulru

wr vwuhdplqj1 Wklv frpelqdwlrq ri orzhu vnloo dffxpxodwlrq dqg ehwwhu delolw|~rffxsdwlrq

pdwfk grhv krzhyhu ohdg wr ohvv zdjh glvshuvlrq1 Lw lv txlwh fohdu wkdw hydoxdwlqj wkh

lpsdfw ri ydulrxv hgxfdwlrqdo srolf| fkdqjhv uhtxluhv dq xqghuvwdqglqj ri wkh lpsdfw wkdw

wkhvh srolflhv kdyh rq vshfl�f w|shv ri vwxghqwv1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrqv 5 dqg 6 ghvfuleh wkh

prgho dqg wkh glvwulexwlrq ri vnloov dqg zdjhv diwhu hgxfdwlrqdo vwuhdplqj dqg rffxsdwlrqdo

vhoi~vhohfwlrq1 Wkh irxuwk vhfwlrq h{dplqhv wkh lpsdfw ri ydulrxv vfkrro srolf| fkdqjhv1

Vhfwlrq 8 suhvhqwv vlpxodwlrq uhvxowv edvhg rq Jhupdq gdwd lq rughu wr txdqwli| wkh srwhq0

wldo lq�xhqfh h{huwhg e| vxfk srolf| fkdqjhv1 Ilqdoo|/ vhfwlrq 8 vxppdul}hv dqg glvfxvvhv

srvvleoh h{whqvlrqv1
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+5, Wkh Prgho

Frqvlghu d wzr vnloo Ur| prgho lq zklfk dfdghplf delolw| lv wkh lqvwuxphqw xvhg wr

glylgh wkh vwxghqw srsxodwlrq lqwr wzr vwuhdpv1 Lqglylgxdov duh eruq zlwk wzr rffxsdwlrq

vshfl�f vnloo yhfwruv/ %43 dqg %53 � 3> wkhvh zloo eh uhihuuhg wr dv hqgrzhg/ ru lqqdwh vnloov1

Wkh yhfwru +oq%43> oq%53, lv dvvxphg wr eh mrlqwo| qrupdoo| glvwulexwhg zlwk �qlwh phdq

+�4> �5, dqg yduldqfh 	1 Gh�qh {l @ oq%l3 � �l iru l @ 4> 5/ zkhuh +{4> {5, � Q+3> 	,=

Wkh hduo| vwdjhv ri hgxfdwlrq irfxv rq wkh ghyhorsphqw ri d zlgh ydulhw| ri prwru

dqg lqwhoohfwxdo vnloov1 Lw lv wkhuhiruh dvvxphg/ zlwkrxw orvv ri jhqhudolw|/ wkdw erwk vnloov

duh dxjphqwhg htxdoo| gxulqj wklv hgxfdwlrqdo skdvh18 Dw wkh frqfoxvlrq ri wkh jhqhudo

hgxfdwlrq vwdjh/ zklfk rffxuv dw dq djh fkrvhq e| hgxfdwruv/ vwxghqwv duh vhsdudwhg lqwr

wzr vwuhdpv1 Wkh dfdghplf vwuhdp +vwuhdp 4, dxjphqwv %43 h{foxvlyho| iurp wklv srlqw

iruzdug/ zkloh wkh yrfdwlrqdo vwuhdp +vwuhdp 5, dxjphqwv rqo| %531 Doo vwxghqwv judgxdwh

zlwk vnloov=
%45 @ hV4hV

�

45
+%43,%43

%55 @ hV4hV
�

55
+%43,%53=

V4 ghqrwhv wkh dxjphqwlqj idfwru iru suh~vwuhdp wudlqlqj1 Wkh dxjphqwlqj idfwruv dvvr0

fldwhg zlwk srvw~vwuhdp wudlqlqj ghshqg rq vwuhdp phpehuvkls19

V�
45
+%43, @

+
V45 li %43 � n

3 li %43 ? n

V�
55
+%43, @

+
3 li %43 � n

V55 li %43 ? n

zkhuh n lv wkh fulwlfdo ydoxh iru sodflqj wkh ohdvw dfdghplfdoo| jliwhg �( ri wkh srsxodwlrq

lq wkh yrfdwlrqdo vwuhdp1

Wkh prgho devwudfwv iurp kljk vfkrro gurs0rxwv> doo vwxghqwv frpsohwh wkh hgxfdwlrq

skdvh1 Dfdghplf dqg yrfdwlrqdo wudlqlqj duh dovr dvvxphg wr eh ri wkh vdph gxudwlrq1

8 A��t @tt�4T|�L? �t 4@_i uLh i TLt�|�L?@* i@ti� �**L��?} |�i t!�**t |L Mi @�}4i?|i_ @| _�gihi?| h@|it
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Wlph vshqw lq vfkrro dxjphqwv lqlwldo vnloov zlwk zhljkw �/ zklfk lv d pxowlsolfdwlyh ixqfwlrq

ri hgxfdwlrqdo txdolw| dqg txdqwlw|1 Jlyhq wkh deryh vwuxfwxuh/ 5V4.V
�

45
+%43,.V

�

55
+%43, @

�1: Wkh sursruwlrq ri wrwdo hgxfdwlrq dftxluhg sulru wr vwuhdplqj lv y/ wkhuhiruh/ V4 @
y�

5
1

Vlploduo|/ wkh sursruwlrq ri wlph vshqw lq vfkrro diwhu vwuhdplqj lv +4 � y,/ zklfk phdqv

wkdw Vl5 @ +4� y,� iru hdfk vwuhdp l1

Lqqdwh delolw| dqg wkh vnloov dffxpxodwhg lq vfkrro duh vxevhtxhqwo| sxw wr xvh lq rqh

ri wzr vhfwruv1 Zklwh froodu mrev uhtxluh rqo| dfdghplf vnloo/ dqg eoxh froodu rffxsdwlrqv

xvh rqo| yrfdwlrqdo vnloov1 Hdfk vnloo kdv dq dvvrfldwhg vnloo sulfh �l iru l @ 4> 51 Wkhuhiruh/

wkh vhfwru vshfl�f hduqlqjv ixqfwlrqv duh=

Z4 @ �4h
V4hV

�

45
+%43,%43

Z5 @ �5h
V4hV

�

55
+%43,%53=

Wdnlqj orjdulwkpv dqg uhgh�qlqj yduldeohv/

z4 @ s4 . y�@5 . �4 . V�
45
+%43, . {4

z5 @ s5 . y�@5 . �5 . V�
55
+%43, . {5

zkhuh= zl @ oqZl dqg sl @ oq�l/ iru l @ 4> 5=

Dw wkh frqfoxvlrq ri wkh hgxfdwlrq skdvh/ shrsoh fkrrvh wr zrun lq wkh vhfwru r�hulqj

wkhp wkh kljkhvw zdjh=

z @ pd{iz4> z5j=

Wkh frqglwlrq iru fkrrvlqj zklwh froodu +vhfwru 4, hpsor|phqw/ z4 � z5/ lpsolhv wkdw

d4 . {4 � {5/ zkhuh d4 @ +s4 � s5, . +�4 � �5, . +4� y,�/ iru dfdghplf vwuhdp phpehuv/

dqg wkdw d5 . {4 � {5/ zkhuh d5 @ +s4 � s5, . +�4 � �5,� +4� y,�/ iru wkrvh hgxfdwhg lq

wkh yrfdwlrqdo vwuhdp1 Vlploduo|/ wkh frqglwlrqv iru fkrrvlqj eoxh froodu hpsor|phqw duh

d4 . {4 ? {5 dqg d5 . {4 ? {5 iru dfdghplf dqg yrfdwlrqdo vwuhdp phpehuv uhvshfwlyho|1

: A�i |L|@* Mi?i�| Lu i_�U@|�L?c �> �t |�i t@4i @UhLtt �?_���_�@*t MiU@�ti ThL}h@4 ^�@*�|) @?_ _�h@|�L?

@hi �_i?|�U@* @UhLtt t|hi@4t� A��t @tt�4T|�L? U@? Mi �i@!i?i_ ��|�L�| @*|ih�?} |�i ^�@*�|@|��i hit�*|t Lu

|�i 4L_i*�
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+6, Wkh Glvwulexwlrq ri Vnloov dqg Zdjhv Diwhu Vwuhdplqj dqg Vhoi~Vhohfwlrq

Wkh frqglwlrqdo lqwud~vwuhdp~vhfwru prphqwv duh fdofxodwhg xvlqj d phwkrg vlplodu

wr wkdw ri Wdoolv +4<94, dqg Pxwkhq +4<<3, zlwk wkh dgglwlrq ri vhoi~vhohfwlrq1 Wkh sureohp

lv eurnhq lqwr zklwh dqg eoxh froodu vhfwruv dqg dfdghplf dqg yrfdwlrqdo vwuhdpv1 Wkhuh

duh irxu hgxfdwlrq~vhfwru jurxsv= vwuhdp 4 ~ vhfwru 4/ vwuhdp 5 ~ vhfwru 4/ vwuhdp 4 ~

vhfwru 5/ dqg vwuhdp 5 ~ vhfwru 5/ wkhvh jurxsv duh qxpehuhg 4 wkurxjk 7 uhvshfwlyho| iru

h{srvlwlrqdo hdvh1 Iru h{dpsoh/ jurxs 4 +vwuhdp 4 ~ vhfwru 4, frqwdlqv shrsoh hgxfdwhg

lq wkh dfdghplf vwuhdp zkr vxevhtxhqwo| fkrrvh zklwh froodu hpsor|phqw1 D prphqw

jhqhudwlqj ixqfwlrq +PJI, lv xvhg wr fdofxodwh wkh prphqwv iru hdfk hgxfdwlrq~vhfwru

jurxs1

Wkh PJI iru wkh elyduldwh qrupdo glvwulexwlrq zlwk phdq 3 dqg yduldqfh 	/ zklfk

lqfrusrudwhv wuxqfdwlrq dqg vhoi~vhohfwlrq lv=

�lmPlm @ h{s+W ,

]
k4��4

j4��4

]
k5��5

j5��5

!+{4> {5,g{5g{4

zkhuh l @ hgxfdwlrqdo vwuhdp/ m @ vhfwru/ W @ +4@5,+�5
4
w5
4
. 5��4�5w4w5 . �5

5
w5
5
,> �4 @

�5
4
w4 . ��4�5w5> dqg �5 @ ��4�5w4 . �5

5
w5= Hgxfdwlrqdo vwuhdp sodfhphqw ghwhuplqhv wkh

ydoxh ri k4 dqg j41 Vhoi~vhohfwlrq lv lqfrusrudwhg lq hlwkhu k5 ru j5/ ghshqglqj rq wkh

frqglwlrqdo prphqw ri lqwhuhvw1 Iru h{dpsoh/ vwuhdp 5 vwxghqwv fkrrvlqj hpsor|phqw lq

wkh zklwh froodu vhfwru +jurxs 5,= j4 @ n> k4 @ �4> j5 @ �4> dqg k5 @ d5 . {41 Wkh

prphqw jhqhudwlqj ixqfwlrqv iru hdfk jurxs duh lq Dsshqgl{ D1 Wkurxjkrxw wklv sdshu

!+, ghqrwhv wkh elyduldwh qrupdo ghqvlw| ixqfwlrq zlwk phdq 3 dqg yduldqfh 	/ i+, ghqrwhv

wkh vwdqgdug xqlyduldwh qrupdo ghqvlw| ixqfwlrq/ dqg I +, ghqrwhv wkh vwdqgdug xqlyduldwh

qrupdo fxpxodwlyh ghqvlw| ixqfwlrq1

Wkh suredelolw| ri ehlqj hgxfdwhg lq wkh dfdghplf vwuhdp dqg wkhq fkrrvlqj wr zrun

lq wkh zklwh froodu vhfwru lv=

�44 @

]
4

n

]
d4.{4

�4

!+{4> {5,g{5g{4=

:



Wkh PJI iru lqqdwh vnloov lv=

�44P44 @

]
4

n��4

]
d4.{4��5

�4

!+{4> {5,g{5g{4

@ h{s+W ,��4
4

]
4

n��4

i+{4@�4,I
k�d4 . {4 � �5

�5
� �

{4
�4

�
f
l
g{4

zkhuh f @ +4� �5,�4@51 Wkh frqglwlrqdo phdq lv wkh ghulydwlyh ri wkh PJI zlwk uhvshfw

wr w4 hydoxdwhg dw w4 @ w5 @ 31

H+{4mJ4, @ ��4
44

q
�4i+n@�4,I +D4,� �f

]
4

n

i+{4@�4,I +E4,g{4

r

H+z4mJ4, @ s4 . �4 . � � �y

5
.H+{4mJ4,

zkhuh J4 @ +{4 � n>z4 A z5,/ J5 @ +{4 ? n>z4 A z5,/ J6 @ +{4 � n>z5 A z4,/

J7 @ +{4 ? n>z5 A z4,/ Dl @ +dl.n

�5

� � n

�4

,f/ dqg El @ +dl.{4

�5

� �{4
�4

,f/ iru l @ 4> 51 Wkh

frqglwlrqdo yduldqfh lv wkh vhfrqg ghulydwlyh ri wkh PJI zlwk uhvshfw wr w4 hydoxdwhg dw

w4 @ w5 @ 31

Y du+z4mJ4, @ �5
4
.��4

44
�4
q
ni+n@�4,I +D4,� ��6

4
fi+n@�4,i+D4,

� �5f5
]
4

n

E4i+{4@�4,i+E4,g{4

r
�H+{4mJ4,

5

Wkh frqglwlrqdo phdqv dqg yduldqfhv iru wkh uhpdlqlqj wkuhh vwuhdp0vhfwru jurxsv duh

rewdlqhg lq wkh vdph pdqqhu lq Dsshqgl{ D1

Li wkhuh lv qr vwuhdplqj wkh prgho froodsvhv wr wkh vwdqgdug Ur| +4<84, prgho/ zlwk

wkh dgglwlrq ri d vfkrro txdolw| whup1 Lq wkh vwdqgdug vhoi~vhohfwlrq prgho wkh glvwulexwlrq

ri vnloov kdv d vlpsoh elyduldwh qdwxuh1 Lqglylgxdov idfh d eoxh froodu dqg d zklwh froodu zdjh

r�hu wkdw ghshqg rq vnloo sulfhv dqg wkhlu �qdo vnloo ohyhov1; Hdfk zrunhu vlpso| dffhswv

wkh kljkhvw zdjh r�hu1 Lq wkh suhvhqw hqylurqphqw/ wkh kljkhvw zdjh r�hu frqwlqxhv wr

ghwhuplqh vhfwrudo vhohfwlrq/ krzhyhu/ hgxfdwlrqdo vwuhdplqj irufhv d zhgjh lqwr wkh �qdo

; Wu i_�U@|�L? @�}4i?|t ML|� t!�**t @| |�i t@4i h@|i |�i? tiU|Lh@* ti*iU|�L? _iTi?_t L? �??@|i t!�**t

@?_ |�i hi*@|��i t!�** Th�Ui�
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vnloo glvwulexwlrq1 Dffrxqwlqj iru |hduv ri hgxfdwlrq/ dv lv grqh lq vwdqgdug hpslulfdo zrun

grhv qrw ixoo| glvhqwdqjoh lqqdwh dqg �qdo vnloov1

Lq wkh Zloolv dqg Urvhq +4<:<, hqylurqphqw/ dq lqglylgxdo fkrrvhv wr dwwhqg froohjh

li klv h{shfwhg olihwlph lqfrph vwuhdp iurp grlqj vr h{fhhgv wkh h{shfwhg uhwxuq iurp

vwrsslqj zlwk d kljk vfkrro glsorpd1 Wkhlu hvwlpdwhv vkrz wkdw d srvlwlyh vhohfwlrq eldv

h{lvwv lq wkh hduqlqjv ri erwk kljk vfkrro judgxdwhv dqg wkrvh zlwk d froohjh hgxfdwlrq1 Lq

rwkhu zrugv/ dq lqglylgxdo zkr fkrrvhv qrw wr dwwhqg froohjh kdv ehwwhu survshfwv zlwk wkdw

ghvljqdwlrq wkdq wkh dyhudjh shuvrq zkr dwwhqgv froohjh1 Frqyhuvho|/ d vwxghqw fkrrvlqj

wr hquroo lq froohjh kdv ehwwhu survshfwv zlwk d xqlyhuvlw| hgxfdwlrq wkdq wkh dyhudjh kljk

vfkrro judgxdwh1

H{whqglqj wkh Zloolv dqg Urvhq iudphzrun wr lqfoxgh vfkrro vwuhdplqj fkdqjhv wkh

vwru| vljql�fdqwo|1 Hyhq devwudfwlqj iurp wkh lvvxh ri vfkrro txdolw|/ vfkrro txdqwlw|

qr orqjhu dghtxdwho| ghvfulehv dq lqglylgxdov* hgxfdwlrqdo h{shulhqfh1 Iru h{dpsoh/ rqh

vwxghqw pd| vshqg wkh pdmrulw| ri klv hgxfdwlrqdo fduhhu lq yrfdwlrqdo fodvvhv zkloh dqrwkhu

sduwlflsdwhv lq d suh~xqlyhuvlw| vwuhdp1 Lq dgglwlrq wr wkhlu lqqdwh delolw| gl�huhqfhv wkhvh

lqglylgxdov dovr dxjphqw wkhlu vnloov gl�huhqwo|1 Hyhq lq wkh hyhqw wkdw lqqdwh delolwlhv

duh srvlwlyho| uhodwhg/ vnloov phdvxuhg dw judgxdwlrq pd| eh qhjdwlyho| fruuhodwhg ehfdxvh

vfkrro vwuhdplqj irufhv vwxghqwv wr dxjphqw vnloov xqhyhqo|1

Wkh srlqw dw zklfk vnloov duh dvvxphg wr eh jlyhq lv wkh slyrwdo lvvxh1 Dvvxph iru

frqyhqlhqfh wkdw wkh wzr rffxsdwlrq vshfl�f vnloov duh qrupdoo| glvwulexwhg dw eluwk/ dqg

wkdw wkh hgxfdwlrq v|vwhp wkhq dxjphqwv wkhvh vnloov lq d vshfl�f zd|1 Li wkh hgxfdwlrq

v|vwhp hpsor|v dq| irup ri vwuhdplqj wkh xqdffrxqwhg iru lqvwlwxwlrqdo vwuxfwxuh zloo

eldv wkh vnloo fruuhodwlrq hvwlpdwh grzqzdug1 Xqdffrxqwhg iru txdolw| gl�huhqfhv zloo

ixuwkhu eldv wkh xqrevhuydeoh vnloo fruuhodwlrq hvwlpdwhv grzqzdug1 Frqvlghu wkh lpsdfw

ri frqfhqwudwlqj plggoh dqg xsshu fodvv fkloguhq lq d ihz vfkrrov1 Li vfkrrov duh orfdoo|

ixqghg/ dv lq wkh Xqlwhg Vwdwhv/ fkloguhq olylqj lq survshurxv vfkrro glvwulfwv zloo dwwhqg

pruh kljk txdolw| lqvwlwxwlrqv/ dqg dxjphqw lqqdwh vnloov dw d idvwhu udwh1

<



Ohppd 4 +l, Li vnloov duh srvlwlyho| fruuhodwhg wkh phdq vwuhdp 5 yrfdwlrqdo vnloo hq0

grzphqw lv orzhu wkdq wkh phdq srsxodwlrq vnloo hqgrzphqw1 +ll, Lq wkh hyhqw wkdw wkh

yrfdwlrqdo vwuhdp lv vx�flhqwo| vpdoo uhodwlyh wr lqqdwh dfdghplf vnloo yduldqfh/ wkh vwuhdp

5 yrfdwlrqdo vnloo yduldqfh h{fhhgv wkdw ri wkh hqwluh srsxodwlrq1 +lll, Lq doo rwkhu fdvhv

vwuhdp vshfl�f phdq vnloo hqgrzphqwv duh dw ohdvw dv juhdw dv wkrvh ri wkh srsxodwlrq zkloh

wkh yduldqfhv duh vpdoohu1

Surri Doo surriv duh surylghg lq Dsshqgl{ D1

Wkh rqh glphqvlrqdo wudfnlqj uxoh jxdudqwhhv wkdw vwuhdp 4 frqwdlqv wkh dfdghplf

holwh/ exw pdnhv qr vxfk dvvxudqfh zlwk uhvshfw wr wkh yrfdwlrqdo vwuhdp1 Dv vwuhdp 4 lv

frqvwuxfwhg wr eh wkh kljk dfdghplf delolw| vxevhw/ wkh dfdghplf vnloo phdq lv qhfhvvdulo|

kljkhu wkdq wkdw ri wkh hqwluh srsxodwlrq dqg lwv yduldqfh lv orzhu1 Li vnloov duh xqfruuhodwhg

erwk wkh vwuhdp 5 yrfdwlrqdo vnloo phdq dqg yduldqfh duh lghqwlfdo wr wkh srsxodwlrq phdq

dqg yduldqfh1 Lq wklv fdvh/ urxwlqj wkh dfdghplf holwh lqwr vwuhdp 4 kdv qr lpsdfw rq

wkh vwuhdp 5 yrfdwlrqdo vnloo glvwulexwlrq1 Rq wkh rwkhu kdqg/ qhjdwlyh vnloo fruuhodwlrq lv

vx�flhqw wr hqvxuh wkdw wkh vwuhdp 5 yrfdwlrqdo vnloo phdq h{fhhgv wkdw ri wkh srsxodwlrq/

zkloh srvlwlyh fruuhodwlrq jxdudqwhhv wkh uhyhuvh1 Ilqdoo|/ xqghu prvw frqglwlrqv/ wkh

vwuhdp 5 yrfdwlrqdo vnloo yduldqfh lv vpdoohu wkdq wkdw ri wkh srsxodwlrq1 Qrwh wkdw wklv lv

jxdudqwhhg li dw ohdvw kdoi wkh srsxodwlrq ehorqjv wr wkh yrfdwlrqdo vwuhdp1 Lq rughu iru

wkh uhodwlyh pdjqlwxghv wr eh uhyhuvhg wkh yrfdwlrqdo vwuhdp pxvw eh vx�flhqwo| vpdoo/ dv

gh�qhg e| Ohppd 4/ uhodwlyh wr wkh yduldqfh ri dfdghplf vnloov1

Ohppd 5 Xqghu qhjdwlyh vnloo fruuhodwlrq/ wkh uhohydqw vnloo ohyho ri wkrvh fkrrvlqj wr

zrun lq wkh vhfwru iru zklfk wkh| duh wudlqhg h{fhhgv wkdw ri wkh srsxodwlrq dw odujh1 Frq0

yhuvho|/ xqghu srvlwlyh vnloo fruuhodwlrq wkh dyhudjh dfdghplfdoo| wudlqhg eoxh froodu zrunhu

srvvhvvhv d kljkhu wkdq dyhudjh yrfdwlrqdo vnloo hqgrzphqw zkloh wkh dyhudjh yrfdwlrqdoo|

wudlqhg zklwh froodu zrunhu kdv d orzhu wkdq dyhudjh dfdghplf vnloo hqgrzphqw1
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Dyhudjh jurxs vnloo ohyhov duh pruh frpsolfdwhg wkdq wkh vwuhdp phdqv ehfdxvh wkh|

ghshqg rq erwk hgxfdwlrqdo ghflvlrqv dqg rffxsdwlrqdo fkrlfhv1 Wkh lqwhudfwlrq ehwzhhq

irufhg vfkrro surjudpv dqg vhfwrudo vhohfwlrq lv lpsruwdqw1 Qrq~srvlwlyh vnloo fruuhodwlrq

hqvxuhv wkdw wkrvh rswlqj wr zrun lq wkh vhfwru iru zklfk wkh| duh wudlqhg srvvhvv kljkhu

wkdq dyhudjh uhohydqw vnloov1 Wklv uhvxowv ehfdxvh vwuhdplqj dqg vhoi~vhohfwlrq uhlqirufh

rqh dqrwkhu1 Rq dyhudjh vfkrrov pdnh wkh fruuhfw sodfhphqw ghflvlrq dqg lqglylgxdov

vxevhtxhqwo| fkrrvh hpsor|phqw edvhg rq wkhlu vnloo ohyhov dw judgxdwlrq1 Wkh phdq

uhohydqw vnloo ohyhov ri cfurvv~ryhu* jurxsv/ wkrvh fkrrvlqj wr zrun lq wkh vhfwru iru zklfk

wkh| duh qrw wudlqhg/ fdq rqo| eh xqdpeljxrxvo| frpsduhg wr wkdw ri wkh srsxodwlrq

xqghu qrq~qhjdwlyh vnloo fruuhodwlrq1 Lq wklv fdvh/ wkh prvw dfdghplfdoo| dqg yrfdwlrqdoo|

wdohqwhg vwuhdp 5 phpehuv irup jurxs 7/ zklfk hqvxuhv wkdw wkh jurxs 5 dfdghplf vnloo

phdq idoov vkruw ri wkh frkruw dyhudjh1 Frqyhuvho|/ dowkrxjk vhoi~vhohfwlrq hqfrxudjhv

wkh prvw dfdghplfdoo| jliwhg vwuhdp 4 vwxghqwv wr mrlq jurxs 4/ srvlwlyh vnloo fruuhodwlrq

hqvxuhv wkdw wkh jurxs 6 yrfdwlrqdo vnloo phdq h{fhhgv wkdw ri wkh srsxodwlrq dw odujh1

Wkh dv|pphwu| lq wkh vwuhdplqj phfkdqlvp lv qrw zlwkrxw frqvhtxhqfh1 Uholdqfh

rq d rqh~glphqvlrqdo wudfnlqj uxoh phdqv wkdw vrph shrsoh duh lpsurshuo| vwuhdphg1

Dq lqglylgxdo zkr lv vx�flhqwo| dfdghplfdoo| jliwhg lv sodfhg lq vwuhdp 4 hyhq li kh lv

uhodwlyho| pruh yrfdwlrqdoo| jliwhg1 Dowhuqdwlyho|/ d zhdn dfdghplf vwxghqw lv uhohjdwhg wr

wkh yrfdwlrqdo vwuhdp/ hyhq li vkh zrxog ehqh�w pruh iurp dfdghplf wudlqlqj1

Wkh irup ri wkh vwuhdplqj uxoh jhqhudwhv dq hqylurqphqw lq zklfk nqrzohgjh uhjdug0

lqj wkh vnloo fruuhodwlrq gluhfwlrq lv vx�flhqw wr frpsduh wkh uhohydqw vwuhdp vshfl�f vnloo

dyhudjhv wr wkrvh ri wkh srsxodwlrq1 Krzhyhu/ frpsdulqj wkh vwuhdp~vhfwru jurxs dqg

srsxodwlrq vnloo dyhudjhv riwhq uhtxluhv pruh ghwdlohg lqirupdwlrq derxw wkh lqlwldo frq0

glwlrqv1 Xqghu fhuwdlq vnloo dqg hgxfdwlrq frqglwlrqv/ hyhq wkrvh zrunlqj lq wkh cfruuhfw*

vhfwru pd| h{klelw dq dyhudjh vnloo ohyho ehorz wkh srsxodwlrq phdq1 Wkh frpsoh{ lqwhudf0

wlrq ehwzhhq lqqdwh delolw|/ vfkrro vwuxfwxuh/ dqg rffxsdwlrqdo fkrlfh hqvxuhv d zlgh udqjh

ri srvvleoh rxwfrphv1
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+7, Hgxfdwlrqdo Srolf| Fkdqjhv

Hgxfdwlrq srolf| fkdqjhv d�hfw hdfk vwuhdp~vhfwru jurxs gl�huhqwo|1 Dffhohudwlqj

wkh vwuhdplqj gdwh pd|/ xqghu fhuwdlq frqglwlrqv/ orzhu wkh jurxs 5 phdq zdjh/ udlvh wkh

jurxs 4 phdq zdjh/ dqg lqfuhdvh wkh glvshuvlrq zlwklq erwk jurxsv1 Vlploduo|/ d srolf|

pd| ghfuhdvh ryhudoo zdjh glvshuvlrq lq rqh hqylurqphqw zkloh fdxvlqj lw wr lqfuhdvh xqghu

d gl�huhqw vhw ri lqlwldo frqglwlrqv1 Wkh lqwhudfwlrq ehwzhhq yduldeohv pdnhv lw gl�fxow wr

vljq wkh frpsdudwlyh vwdwlfv zlwkrxw d vljql�fdqw txdqwlw| ri nqrzohgjh uhjduglqj wkh

lqlwldo hqylurqphqw1 Zkloh jurxs vl}h fkdqjhv fdq eh hydoxdwhg/ lw lv jhqhudoo| lpsrvvleoh

wr vljq �uvw dqg vhfrqg zdjh prphqw frpsdudwlyh vwdwlfv ehfdxvh wkh vnloo frpsrvlwlrq ri

cpryhuv* lv xqnqrzq1

Sursrvlwlrq 4 Lqfuhdvlqj wkh sursruwlrq ri vwxghqwv sodfhg lq wkh yrfdwlrqdo vwuhdp

lqfuhdvhv wkh wkh dyhudjh zdjh ri wkh dfdghplfdoo| hgxfdwhg zkr fkrrvh zklwh froodu hp0

sor|phqw1

Wkh lqwxwlrq ehklqg wklv uhvxow lv yhu| vlpsoh1 Lqfuhdvlqj wkh vl}h ri wkh yrfdwlrqdo

vwuhdp lv dffrpsolvkhg e| prylqj wkh ohdvw dfdghplfdoo| jliwhg vwxghqwv iurp wkh dfdghplf

vwuhdp wr wkh yrfdwlrqdo vwuhdp1 Wkh qhz vpdoohu jurxs ri dfdghplfdoo| wudlqhg zklwh fro0

odu zrunhuv wkhuhiruh srvvhvvhv d kljkhu phdq dfdghplf vnloo hqgrzphqw/ dqg vxevhtxhqwo|

hqmr|v d kljkhu dyhudjh zklwh froodu zdjh1

Dowkrxjk/ xqghu fhuwdlq frqglwlrqv/ lw lv srvvleoh wr ghwhuplqh wkh lpsdfw wkdw d

fkdqjh lq wkh yrfdwlrqdo vwuhdp vl}h kdv rq jurxs 4 dqg 5 phdq zdjhv/ lw lv gl�fxow wr

vshfli| frqglwlrqv vx�flhqw wr ghwhuplqh wkh ryhudoo d�hfw rq wkh dyhudjh zklwh froodu zdjh1

Iru h{dpsoh/ � � 3/ n � 3/ dqg i+D4, � i+D5, hqvxuhv wkdw dq lqfuhdvh lq wkh yrfdwlrqdo

vwuhdp vl}h lqfuhdvhv wkh dyhudjh zklwh froodu dfdghplf vnloo hqgrzphqw1 Krzhyhu/ d pryhu

zkr frqwlqxhv wr fkrrvh vhfwru 4 hpsor|phqw grhv vr zlwk ohvv dfdghplf wudlqlqj/ dqg d

orzhu vhfwru 4 zdjh1 Wkh dyhudjh zklwh froodu dfdghplf vnloo hqgrzphqw wkhuhiruh ulvhv

zkloh wkh phdq ohyho ri dfdghplf wudlqlqj idoov/ uhqghulqj wkh ryhudoo h�hfw dpeljxrxv1
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Sursrvlwlrq 5 Wkh ryhudoo dyhudjh zdjh idoov dv wkh sursruwlrq ri vwxghqwv sodfhg

lq wkh yrfdwlrqdo vwuhdp ulvhv li n � 3> +s4 � s5, . +�4 � �5, � 3> � � 3> �4 � �5>

I +D4, . I +D5, � 4> dqg i+D4, � i+D5,=

Li wkh yrfdwlrqdo vwuhdp frqwdlqv pruh wkdw �iw| shufhqw ri wkh vwxghqwv/ ixuwkhu

lqfuhdvlqj wkh vl}h ri wkdw vwuhdp ghfuhdvhv wkh ryhudoo dyhudjh zdjh zkhq wkh uhtxluhphqwv

ri Sursrvlwlrq 5 duh vdwlv�hg1 Wkh uhtxluhphqwv hqvxuh wkdw wkh jdlq hqmr|hg e| cpryhuv*

fkrrvlqj wkh eoxh froodu vhfwru duh grplqdwhg e| wkh orvvhv lqfxuuhg e| wkrvh zkr frqwlqxh

wr rsw iru zklwh froodu hpsor|phqw1 Kdylqj vwdwhg wkh frqglwlrqv vx�flhqw wr hqvxuh wkdw

wkh ryhudoo dyhudjh zdjh idoov/ lw lv lpsruwdqw wr qrwh wkdw wklv rxwfrph ghshqgv khdylo|

rq wkh lqlwldo hqylurqphqw1 Xqghu gl�huhqw lqlwldo frqglwlrqv wkh ehqh�w wr wkh cpryhuv*

zkr ehfrph phpehuv ri jurxs 7 pd| grplqdwh wkh orvvhv lqfxuuhg e| jurxs 5 mrlqhuv1 Lq

wklv fdvh wkh wkh dyhudjh zdjh zloo ulvh1

+8, Vlpxodwlrq ri Srolf| Fkdqjhv iru Jhupdq|

D pruh ghwdlohg h{dplqdwlrq ri wkh lpsdfw wkdw vfkrro srolf| fkdqjhv kdyh rq ydulrxv

frqglwlrqdo zdjh prphqwv uhtxluhv vxevwdqwldo lqirupdwlrq uhjduglqj wkh xqghuo|lqj vnloo

glvwulexwlrqv dqg sulfhv1 Lq wklv vhfwlrq L xvh vlpxodwlrq whfkqltxhv dqg Jhupdq zdjh

gdwd wr hvwlpdwh wkh �uvw wzr vnloo prphqwv1 L wkhq xvh wkhvh vnloo prphqwv wr txdqwli|

wkh lpsdfw wkdw vshfl�f vfkrro srolf| fkdqjhv kdyh rq ixwxuh fduhhu ghflvlrqv dqg wkh

glvwulexwlrq ri vnloov dqg zdjhv1

Wkh zdjh gdwd xvhg lq wklv vlpxodwlrq lv 4<;7 Zdyh LL= Jhupdq Sdqho Vxuyh| gdwd

iurp wkh Ox{hperxuj Lqfrph Vwxg|1 Wkh vdpsoh lqfoxghv 75< ixoo~wlph/ flyloldq/ pduulhg/

qrq~glvdeohg/ pdoh zrunhuv djhg 68 wr 77 zkr uhsruw vrph irup ri rffxsdwlrqdo wudlqlqj1

Wkh dfdghplf vwuhdp lv gh�qhg dv froohjh2hqjlqhhulqj/ xqlyhuvlw|/ ru sxeolf vhuylfh wudlqlqj/

dqg wkh yrfdwlrqdo vwuhdp lqfoxghv doo wudgh/ frpphufldo/ dqg yrfdwlrqdo wudlqlqj surjudpv1

Wkh 4<;7 Zdyh LL= Jhupdq Sdqho Vxuyh| surylghv uhodwlyho| ghwdlohg lqirupdwlrq derxw

zrunhu w|sh1 Eoxh dqg zklwh froodu rffxdswlrqv duh fohduo| gh�qhg1 Uhihu wr Dsshqgl{ E
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iru d ixoo ghvfulswlrq ri wkh gdwd> lqfoxglqj hgxfdwlrq vwuhdp dqg rffxsdwlrq gh�qlwlrqv1

Wkh vdpsoh prphqwv iru wkh irxu hgxfdwlrq~rffxsdwlrq jurxsv duh pdwfkhg zlwk wkh

vlpxodwhg prphqwv e| plqlpl}lqj wkh zhljkwhg vxp ri wkh devroxwh glvwdqfhv ehwzhhq

wkh vdpsoh dqg vlpxodwhg jurxs vl}hv/ phdqv/ dqg vwdqgdug ghyldwlrqv xvlqj vlpxodwhg

dqqhdolqj1< Wkh yrfdwlrqdo vwuhdp vl}h +n, dqg wkh wlph ri vwuhdplqj +y, duh nqrzq1 Wkhuh

duh qr fdoleudwhg sdudphwhuv1 L hvwlpdwh wkh ydoxh ri vhyhq sdudphwhuv= wzr vfkrro txdolw|

sdudphwhuv/ vnloo phdqv/ dqg vnloo yduldqfhv/ dv zhoo dv wkh fryduldqfh ehwzhhq vnloov143

Lq rughu wr ehwwhu pdwfk wkh vlpxodwhg dqg vdpsoh prphqwv wkh prgho lv jhqhudol}hg wr

doorz dfdghplf dqg yrfdwlrqdo txdolw|2txdqwlw| sdudphwhuv wr gl�hu1 Wkhvh sdudphwhuv duh

ghqrwhg �4/ dqg �5 uhvshfwlyho|1 L frqwlqxh wr dvvxph wkdw suh~vwuhdp vfkrrolqj dxjphqwv

hdfk vnloo dw kdoi wkh srvw~vwuhdp udwh1

Wdeoh 41 Vdpsoh dqg Vlpxodwhg Orj Zdjh Prphqwv

Sursruwlrq lq Jurxs Phdq Vwdqgdug Ghyldwlrq
Vdpsoh Vlpxodwhg Vdpsoh Vlpxodwhg Vdpsoh Vlpxodwhg

Jurxs 4 315< 315< 431<; 44147 3163 3163
Jurxs 5 3165 3165 431;8 4316; 315; 3159
Jurxs 6 3134 3134 431;6 44134 314: 3148
Jurxs 7 316; 316< 4318: 4315< 3157 316<

Wklv vlpsoh prgho grhv d vxusulvlqjo| jrrg mre ri pdwfklqj wkh vdpsoh prphqwv1

Dv pljkw eh h{shfwhg/ pdwfklqj wkh eoxh froodu zdjh prphqwv lv wkh prvw sureohpdwlf1

Wklv gl�fxow| prvw olnho| dulvhv ehfdxvh wkh prgho grhv qrw doorz iru zdjh frpsuhvvlrq

gxh wr xqlrql}dwlrq1 Dv xqlrqv duh sduwlfxoduo| srzhuixo lq wkh eoxh froodu vhfwru/ lw lv qrw
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vxusulvlqj wkdw d prgho wkdw grhv qrw lqfrusrudwh xqlrq zdjh vhwwlqj lqvwlwxwlrqv kdv pruh

gl�fxow| pdwfklqj wkhvh zdjh prphqwv144

Wkh hvwlpdwhg fruuhodwlrq ehwzhhq hqgrzhg vnloov lv 318<1 Wklv phdqv wkdw d vxevwdq0

wldo sursruwlrq ri vwxghqwv duh plv~vwuhdphg/ dv frpsduhg wr dq hgxfdwlrq v|vwhp wkdw xvh

d vwuhdplqj uxoh wkdw lv edvhg rq erwk vnloov dqg wkh uhodwlyh vnloo sulfh145 Lq wkh suhvhqw

hqylurqphqw wklv lv htxlydohqw wr vhoi~vhohfwhg vwuhdplqj1 Edvhg rq wkh hvwlpdwhv suhvhqwhg

lq Wdeoh 5/ 83( ri yrfdwlrqdo vwuhdp vwxghqwv zrxog eh ehwwhu vhuyhg e| dfdghplf wudlqlqj1

Rq wkh rwkhu kdqg/ srvw~vwuhdp yrfdwlrqdo wudlqlqj zrxog eh suhihudeoh iru rqo| 6( ri

dfdghplf vwuhdp vwxghqwv1 Vwuhdp sodfhphqw huuruv duh uduh dprqj dfdghplf vwuhdp vwx0

ghqwv ehfdxvh phpehuvkls lv yhu| vhohfwlyh/ lv ghshqghqw rq dfdghplf delolw|/ dqg ehfdxvh

wkhuh lv dq dfdghplf vnloo sulfh suhplxp1

Wdeoh 51 Hvwlpdwhg Vnloo Sdudphwhuv

dfdghplf txdolw| +�4, 3139
yrfdwlrqdo txdolw| +�5, 3143

vnloo 4 phdq +�4, 43173
vnloo 5 phdq +�5, 43154

vnloo 4 yduldqfh +�44, 3166
vnloo 5 yduldqfh +�55, 3145

fryduldqfh +�45, 3145
vnloo fruuhodwlrq +�, 318<

Dowkrxjk wkh fruuhodwlrq ehwzhhq lqqdwh dfdghplf dqg yrfdwlrqdo vnloov lv 318</ wkh

fruuhodwlrq ehwzhhq �qdo vnloov lv rqo| 31891 Rqh pljkw h{shfw wkh gl�huhqfh ehwzhhq wkhvh

wzr fruuhodwlrqv wr eh juhdwhu vlqfh xqhyhq vnloo dffxpxodwlrq sxwv grzqzdug suhvvxuh rq

wkh fruuhodwlrq ehwzhhq �qdo vnloov1 Wkh uhodwlyh forvhqhvv ri wkh wzr fruuhodwlrqv uhvxowv
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ehfdxvh wkh vnloo dxjphqwlqj srzhu ri hgxfdwlrq lv qrw sduwlfxoduo| odujh1 Wkh glvwdqfh

ehwzhhq wkh lqqdwh dqg �qdo vnloo fruuhodwlrqv zrxog eh juhdwhu lq dq hqylurqphqw zlwk d

pruh srzhuixo +h�hfwlyh, hgxfdwlrq v|vwhp1

Jlyhq wkh hvwlpdwhg vnloo sdudphwhuv zh fdq vlpxodwh vfkrro srolf| fkdqjhv dqg h{dp0

lqh wkh lpsdfw rq wkh glvwulexwlrq ri vnloov dqg zdjhv1 Wdeoh 6 suhvhqwv wkh zdjh prphqwv

iru wkh hqwluh oderxu irufh/ wkh zklwh froodu vhfwru/ dqg wkh eoxh froodu vhfwru xqghu ydul0

rxv vfkrro srolf| fkdqjhv1 Wkh vfkrro srolf| fkdqjhv suhvhqwhg lq wklv wdeoh duh odujh lq

pdjqlwxgh= vzlwfklqj wr d yrfdwlrqdo vwuhdp wkdw rqo| frqwdlqv 63( ri wkh srsxodwlrq/

grxeolqj vfkrro h�hfwlyhqhvv/ vwuhdplqj 58( odwhu/ dqg xvlqj d wzr~glphqvlrqdo vwuhdp0

lqj uxoh +vhoi~vhohfwlrq,1 Ghvslwh wkh dssduhqw judqghxu ri wkh ydulrxv srolf| fkdqjhv/ rqo|

grxeolqj vfkrro h�hfwlyhqhvv kdv d odujh lpsdfw rq wkh suhvhqwhg zdjh prphqwv1 Wkh

lqvhqvlwlylw| ri wkh zdjh prphqwv wr hgxfdwlrqdo srolf| fkdqjhv vwhpv iurp wkuhh vrxufhv=

wkh lqh�hfwlyhqhvv ri hgxfdwlrq/ wkh idfw wkdw prvw srolf| fkdqjhv kdyh zlqqhuv dqg orvhuv/

dqg wkh delolw| ri vwxghqwv wr rsw iru hpsor|phqw lq wkh vhfwru r�hulqj wkh kljkhvw zdjh1

Txdqwli|lqj wkh lq�xhqfh h{huwhg e| vfkrro srolf| fkdqjhv wkhuhiruh uhtxluhv phdvxulqj

wkh jdlqv dqg orvvhv h{shulhqfhg e| wkh zlqqlqj dqg orvlqj jurxsv1

Wdeoh 61 Vhohfwhg Vfkrro Srolf| Fkdqjhv

Edvh Vwu1 5 5� Vfkrro Vwu1 Gdwh Vhoi~Vho1
Fdvh @ 63( Txdolw| @ :8( Vwu1

Ryhudoo Phdq Zdjh 43188 43188 43193 43188 43189
Vwg1 Ghy Zdjh 317; 317: 317: 317: 317:

Zklwh Froodu Vhfwru Vhfwru Vl}h 3194 3198 318: 3196 3196
Phdq Zdjh 431:5 431:5 431:< 431:4 431:5

Vwg1 Ghy Zdjh 317: 3179 317; 317: 3179
Eoxh Froodu Vhfwru Vhfwru Vl}h 316< 3168 3176 316: 316:

Phdq Zdjh 4315; 43158 43168 4315: 4315<
Vwg1 Ghy Zdjh 3167 3167 3166 3167 3168
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Lqyhuwlqj wkh vwuhdp vl}hv vr wkdw wkh yrfdwlrqdo vwuhdp frqwdlqv 63( ri wkh srsx0

odwlrq phdqv wkdw 73( ri wkh srsxodwlrq zloo fkdqjh vwuhdpv1 Pruh suhflvho|/ wkh prvw

dfdghplfdoo| jliwhg 8:( ri wkh yrfdwlrqdo vwuhdp zloo qrz hqwhu wkh dfdghplf vwuhdp1 :4(

ri cpryhuv* zloo jr rq wr hduq d kljkhu zdjh1 Qrw vxusulvlqjo|/ wkh cpryhuv* zkr ehqh�w

wkh prvw iurp wkh srolf| fkdqjh duh wkrvh zkr zhuh suhylrxvo| hgxfdwhg lq wkh yrfdwlrqdo

vwuhdp dqg wkhq vzlwfkhg wr wkh zklwh froodu vhfwru +jurxs 6,1 Krzhyhu/ 66( ri cpryhuv*

zhuh ruljlqdoo| jurxs 7 phpehuv/ dqg ;;( ri wkhvh cpryhuv* hduq d orzhu zdjh diwhu wkh

srolf| fkdqjh1 Wklv jurxs ri cpryhuv* vx�huv wkh odujhvw zdjh orvv/ wkhlu dyhudjh orj zdjh

idoov iurp 4318: wr 431851

Kljk txdolw| hgxfdwlrq udlvhv wkh zdjhv ri lqglylgxdov rswlqj iru hpsor|phqw lq wkh

vhfwru iru zklfk wkh| duh wudlqhg dqg pdnhv cfurvv~ryhu* hpsor|phqw frvwo|1 Dq lqfuhdvh

lq vfkrro txdolw| zloo wkhuhiruh hqfrxudjh pruh shrsoh wr zrun lq wkh cfruuhfw* vhfwru1

Xqghu wkh hvwlpdwhg vnloo sdudphwhuv/ grxeolqj erwk dfdghplf dqg yrfdwlrqdo wudlqlqj

h�hfwlyhqhvv/ zloo ohdg 7( pruh shrsoh wr zrun lq cfruuhfw* vhfwru146 D vfkrro txdolw|

lqfuhdvh ri wklv pdjqlwxgh kdv d odujh lpsdfw rq wkh hqwluh zdjh glvwulexwlrq1 Wkh phdq

orj zdjh ulvhv iurp 43188 wr 431931 Lw lv lpsruwdqw wr qrwh krzhyhu/ wkdw kljkhu vfkrro

txdolw| qhfhvvdulo| lqfuhdvhv wkh �qdo vnloo vhw ri wkh pruh deoh wr d juhdwhu ghjuhh wkdq

wkh ohvv deoh ehfdxvh vfkrro h�hfwlyhqhvv hqwhuv pxowlsolfdwlyho| +lq ohyhov,1

Grxeolqj rqo| rqh ri wkh vfkrro h�hfwlyhqhvv sdudphwhuv kdv pxfk gl�huhqw uhshufxv0

vlrqv1 D fkdqjh ri wklv qdwxuh grhv qrw hqfrxudjh dq|rqh wr fkdqjh hgxfdwlrq~rffxsdwlrq

sdwkv/ exw lw grhv h�hfw wkh glvwulexwlrq ri zdjhv1 Grxeolqj dfdghplf vfkrro txdolw| lq0

fuhdvhv wkh phdq orj zdjh wr 4318: dqg wkh vwdqgdug ghyldwlrq wr 317;1 Zdjh yduldqfh ulvhv

ehfdxvh wkh vfkrro txdolw| lqfuhdvh lv rqo| uhohydqw iru wkh jurxs wkdw lv douhdg| hqmr|lqj d

vnloo sulfh suhplxp1 Frqyhuvho|/ grxeolqj yrfdwlrqdo vfkrro txdolw| lqfuhdvhv wkh phdq orj

zdjh wr 4318; dqg orzhuv wkh vwdqgdug ghyldwlrq wr 31791 Wkh lpsdfw rq wkh phdq zdjh lv

odujhu vlpso| ehfdxvh wkh yrfdwlrqdo vwuhdp lv odujhu1
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Ghfhohudwlqj wkh vwuhdplqj gdwh iurp y @ 3=83 wr y @ 3=:8 kdv yhu| olwwoh h�hfw rq wkh

glvwulexwlrq ri zdjhv1 Krzhyhu/ odwhu vwuhdplqj grhv idflolwdwh vrphzkdw ehwwhu vruwlqj

dorqj vnloo olqhv1 Wkh phdq +uhohydqw, lqqdwh vnloo ohyho ulvhv e| 5( iru jurxs 4 dqg 43( iru

jurxs 7 dqg idoov e| 6( dqg 44( iru jurxsv 5 dqg 6 uhvshfwlyho|1 Wkh jurxs 7 +jurxs 5,

phdq dfdghplf vnloo ulvh +idoo, uhvxowv ehfdxvh ghfuhdvhg vnloo dffxpxodwlrq khljkwhqv wkh

lpsruwdqfh ri uhodwlyh vnloo sulfhv dqg hqwlfhv lqglylgxdov zlwk orzhu dfdghplf vnloov/ dqg

ehfdxvh vnloov duh srvlwlyho| fruuhodwhg orzhu yrfdwlrqdo vnloov dv zhoo/ lqwr wkh zklwh froodu

vhfwru1 Ghvslwh wkh vpdoo lqfuhdvh lq hgxfdwlrq~rffxsdwlrq sdwk vzlwfklqj/ rqo| 5( pruh

shrsoh zrun lq wkh czurqj* vhfwru/ wkh phdq zdjh idoov rqo| voljkwo|1 Wklv rffxuv ehfdxvh

lqglylgxdov fkrrvlqj wr zrun lq wkh vhfwru iru zklfk wkh| duh wudlqhg qrz hduq d voljkwo|

orzhu zdjh zkloh shrsoh fkrrvlqj wkh cfurvv~ryhu* vhfwru qrz hduq voljkwo| pruh1

Lq rughu wr txdqwli| wkh lqh�flhqf| lqkhuhqw lq d rqh~glphqvlrqdo vwuhdplqj uxoh/

wkh �qdo froxpq ri wdeoh 6 suhvhqwv vhohfwhg vlpxodwhg Jhupdq zdjh prphqwv xqghu vhoi~

vhohfwhg vwuhdplqj1 Wkh vpdoo fkdqjhv lq vhfwrudo zdjh prphqwv duh ghfhswlyh lq wkh vhqvh

wkdw wkh| pdvn wkh r�~vhwwlqj zdjh fkdqjhv rffxuulqj zlwklq fhuwdlq hgxfdwlrq~rffxsdwlrq

jurxsv1 Doo zklwh froodu zrunhuv zkr zhuh hgxfdwhg lq wkh yrfdwlrqdo vwuhdp zloo qrz hqwhu

wkh dfdghplf vwuhdp1 Wklv lqfuhdvhv wkh phdq orj zdjh iru wklv jurxs iurp 43169 wr 4316<1

Vlploduo|/ doo jurxs 5 phpehuv zloo vzlwfk wr wkh yrfdwlrqdo vwuhdp wkhuhe| lqfuhdvlqj wkh

phdq orj zdjh iru wklv jurxs iurp 431<< wr 441371 Lq frqwudvw/ rqo| 4( dqg 9( ri jurxsv

4 dqg 7 zloo vzlwfk wr wkh rwkhu vwuhdp1 Wkhuhiruh/ wkh srsxodwlrq zdjh prphqwv fkdqjh

yhu| olwwoh ehfdxvh wkh zdjh jdlqv hqmr|hg e| wkh cpryhuv* duh whpshuhg e| wkh vwdwlrqdu|

zdjhv ri cqrq~pryhuv* +97( ri wkh srsxodwlrq,1

Wkh vwuxfwxuh ri wkh hgxfdwlrq v|vwhp fohduo| d�hfwv wkh vnloov wkdw vwxghqwv dffxpx0

odwh zkloh lq vfkrro dqg wkh rssruwxqlwlhv dydlodeoh wr wkhp xsrq judgxdwlrq1 Vwxghqwv

sodfhg lq wkh czurqj* vwuhdp +zkr kdyh d uhodwlyh dgydqwdjh lq wkh rwkhu vnloo, uhfhlyh

vxe~rswlpdo wudlqlqj dqg vxevhtxhqwo| uhfhlyh d orzhu zdjh1 D rqh~glphqvlrqdo vwuhdp0

lqj uxoh kdv sduwlfxoduo| judyh frqvhtxhqfhv zkhq vnloov duh vwurqjo| srvlwlyho| fruuhodwhg1
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Lq wklv fdvh/ wkh vwuhdplqj uxoh irufhv jrrg dfdghplf vwxghqwv lqwr wkh dfdghplf vwuhdp gh0

vslwh wkhlu uhodwlyh yrfdwlrqdo dgydqwdjh147 Pruh lpsruwdqwo|/ wkh vwuhdplqj uxoh irufhv wrr

pdq| shrsoh lqwr wkh yrfdwlrqdo vwuhdp> shrsoh zlwk d frpsdudwlyh dfdghplf dgydqwdjh1

Wkh lqh�flhqf| dvvrfldwhg zlwk d rqh~glphqvlrqdo vwuhdplqj uxoh ulvhv zlwk wkh dfdghplf

vnloo sulfh suhplxp dqg wkh yrfdwlrqdo vwuhdp vl}h1 D frxqwu| zlwk d rqh~glphqvlrqdo

vwuhdplqj uxoh wkdw irufhv d odujh shufhqwdjh ri wkh srsxodwlrq lqwr wkh yrfdwlrqdo vwuhdp

+olnh Jhupdq|, hqgv xs zlwk d odujh qxpehu ri shrsoh zrunlqj lq wkh czurqj* vhfwru1 Iru

h{dpsoh/ zkhq wkh yrfdwlrqdo vwuhdp frqwdlqv :3( ri wkh vwxghqw erg|/ 69( ri wkh srs0

xodwlrq vxevhtxhqwo| zrun lq wkh czurqj* vhfwru/ zkloh rqo| 4<( ri wkh srsxodwlrq jr rq

wr zrun lq wkh czurqj* vhfwru zkhq wkh yrfdwlrqdo vwuhdp frqwdlqv rqo| 63( ri vwxghqwv1

Iurp wkh rssrvlwh shuvshfwlyh/ rqh pljkw dujxh wkdw lw lv qrw wkdw wrr pdq| shrsoh fkrrvh

wkh czurqj* vhfwru/ exw udwkhu wkdw wrr pdq| shrsoh duh hgxfdwhg lq wkh czurqj* vwuhdp1

+9, Frqfoxvlrq

Wkh vlpsoh iudphzrun ghyhorshg lq wklv sdshu ghprqvwudwhv wkh frpsoh{lw| ri wkh

uhodwlrqvkls ehwzhhq vfkrro vwuxfwxuh/ rffxsdwlrqdo fkrlfh/ dqg wkh glvwulexwlrq ri zdjhv1

Zkhq frqvlghulqj wkh uroh wkdw vfkrro srolf| sod|v lq ghwhuplqlqj wkh glvwulexwlrq ri zdjhv

lw lv lpsruwdqw wr uhphpehu wkdw ryhu wkh frxuvh ri dq lqglylgxdo*v olih vrph ghflvlrqv duh

irufhg zkloh rwkhuv duh iuhho| fkrvhq1 Wkhuhiruh/ d vfkrro srolf| fkdqjh wkdw lv lqwhqghg wr

lqfuhdvh zrunhu surgxfwlylw| pd| dovr hqfrxudjh vrph vwxghqwv wr pdnh gl�huhqw fduhhu

fkrlfhv1 Wkh lqwhudfwlrq ehwzhhq wkhvh irufhg dqg iuhho| fkrvhq ghflvlrqv ghwhuplqhv wkh

lpsdfw wkdw vfkrro srolf| fkdqjhv kdyh rq wkh glvwulexwlrq ri hduqlqjv1

Wkh lqwhu~sod| ehwzhhq whdfkhu dqg vwxghqw ghflvlrqv jxdudqwhhv wkdw wkh vnloo df0

fxpxodwlrq dqg rffxsdwlrqdo vhohfwlrq fkdqjhv uhvxowlqj iurp d vfkrro srolf| fkdqjh zloo

ghshqg khdylo| rq wkh lqlwldo hqylurqphqw1 Lq wkh devhqfh ri ghwdlohg lqirupdwlrq derxw

wkh xqghuo|lqj glvwulexwlrq ri vnloov dqg hgxfdwlrqdo vwuxfwxuh/ wkh rqo| wklqj wkdw fdq eh
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vdlg zlwk fhuwdlqw| lv wkdw ghfuhdvlqj wkh vl}h ri wkh dfdghplf vwuhdp udlvhv wkh dyhudjh

zdjh ri zklwh froodu zrunhuv zkr zhuh hgxfdwhg lq wkh dfdghplf vwuhdp1 Wklv uhvxow lv

hqvxuhg e| wkh rqh~glphqvlrqdo vwuhdplqj uxoh1

Krzhyhu/ duphg zlwk ghwdlohg lqirupdwlrq derxw wkh glvwulexwlrq ri vnloov dqg wkh

xqghuo|lqj hgxfdwlrqdo vwuxfwxuh/ vhfwlrq 8 grfxphqwv wkh srwhqwldo lq�xhqfh h{huwhg e|

ydulrxv vfkrro srolf| fkdqjhv iru Jhupdq|1 Prylqj wrzdugv pruh vhoi~vhohfwhg vwuhdplqj

ru kljkhu txdolw| vfkrrov zloo lqfuhdvh phdq zdjhv dqg ghfuhdvh yduldqfh lq Jhupdq|1 Lq

frqwudvw/ ghfhohudwlqj wkh vwuhdplqj gdwh ru lqfuhdvlqj dfdghplf vwuhdp dgplvvlrq zloo

kdyh olwwoh lpsdfw rq phdq zdjhv/ exw zloo ohdg wr orzhu yduldqfh1

Wkh iudphzrun ghyhorshg lq wklv sdshu fdq eh h{whqghg lq vhyhudo zd|v1 Iluvw/ do0

wkrxjk wkh prgho lv fdvw lq dq rffxsdwlrqdo fkrlfh iudphzrun/ lw frxog eh uhfdvw dv rqh

ri kljkhu hgxfdwlrq fkrlfh1 Vhfrqg/ wklv sdshu dvvxphv wkdw dfdghplf delolw| lv shuihfwo|

phdvxuhg/ dqg wkdw wkh rqh~glphqvlrqdo vwuhdplqj uxoh fdq wkhuhiruh eh dssolhg zlwkrxw

huuru1 Jhqhudol}lqj wkh suhvhqw vwuhdplqj uxoh wr lqfrusrudwh wkh qrwlrq wkdw surjudp

sodfhphqw huuruv duh pruh dfxwh wkh hduolhu vwuhdplqj rffxuv/ zrxog doorz xv wr h{dp0

lqh wkh wudgh~r� ehwzhhq wkh pruh udslg srvw~vwuhdp vnloo dffxpxodwlrq dqg wkh frvwv

dvvrfldwhg zlwk lqdffxudwh vwuhdplqj1
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Uhihuhqfhv

^4` Doohq/ Mhuhpldk dqg Urjhu Eduqvoh| +4<<6,/ _Vwuhdplqj dqg Wlhuv= Wkh Lqwhudfwlrq ri

Delolw|/ Pdwxulw|/ dqg Wudlqlqj lq V|vwhpv zlwk Djh0Ghshqghqw Uhfxuvlyh Vhohfwlrq/%

Mrxuqdo ri Kxpdq Uhvrxufhv/ 5;+6,/ 97<098<1

^5` Dvkhqihowhu/ Ruoh| dqg Dodq Nuxhjhu +4<<7,/ _Hvwlpdwhv ri wkh Hfrqrplf Uhwxuq wr

Vfkrrolqj iurp d Qhz Vdpsoh ri Wzlqv/% Dphulfdq Hfrqrplf Uhylhz/ ;7+8,/ 448:0

44:61

^6` Ehgdug/ Nhoo| dqg Fkulv Ihuudoo +4<<:,/ _Whvw Vfruhv dqg Zdjh Lqhtxdolw|= Vrph

Lqwhuqdwlrqdo Hylghqfh/% pdqxvfulsw/ Txhhq*v Xqlyhuvlw|1

^7` Ehgdug/ Nhoo| dqg Mrdqqh Urehuwv +4<<:,/ _Dftxlulqj Vnloov dqg Lqvxudqfh Wkurxjk

Hgxfdwlrq/% pdqxvfulsw/ PfPdvwhu Xqlyhuvlw|1

^8` Ehkupdq/ Mhuh dqg Qdqf| Elugvdoo +4<;6,/ _Wkh Txdolw| ri Vfkrrolqj= Txdqwlw| Dorqh

lv Plvohdglqj/% Dphulfdq Hfrqrplf Uhylhz/ :6+8,/ <5;0 <791

^9` Ehwwv/ Mxoldq +4<<7,/ _Lqvlgh wkh Fodvvurrp= Qhz Hylghqfh rq wkh Vfkrro Txdolw|

Ghedwh/% pdqxvfulsw/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

^:` Elvkrs/ Mrkq +4<<3,/ _Lqfhqwlyhv iru Ohduqlqj= Zk| Dphulfdq Kljk Vfkrro Vwxghqwv

Frpsduh vr Srruo| wr wkhlu Frxqwhusduwv Ryhuvhdv/% Uhvhdufk lq Oderu Hfrqrplfv/

44/ 4:0841

^;` Eurzq/ E|urq dqg Gdqlho Vdnv +4<:8,/ _Wkh Surgxfwlrq dqg Glvwulexwlrq ri Frjqlwlyh

Vnloov zlwklq Vfkrrov/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;6+6,/ 8:408<61

^<` Hkuhqehuj/ Urqdog dqg Grplqlf Euhzhu +4<<7,/ _Gr Vfkrro dqg Whdfkhu Fkdudfwhu0

lvwlfv PdwwhuB Hylghqfh iurp Kljk Vfkrro dqg Eh|rqg/% Hfrqrplfv ri Hgxfdwlrq

Uhylhz/ 46+4,/ 404:1
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^43` Kdqxvkhn/ Hulf +4<;9,/ _Wkh Hfrqrplfv ri Vfkrrolqj= Surgxfwlrq dqg H�flhqf| lq

Sxeolf Vfkrrov/% Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 57+Vhswhpehu,/ 4474044::1

^44` Khfnpdq/ Mdphv dqg Er Krqruh +4<<4,/ _Wkh Hpslulfdo Frqwhqw ri wkh Ur| Prgho/%

Hfrqrphwulfd/ 8;+8,/ 44540447<1

^45` Khfnpdq/ Mdphv dqg Jxlokhuph Vhgodfhn +4<;8,/ _Khwhurjhqhlw|/ Djjuhjdwlrq/ dqg

Pdunhw Zdjh Ixqfwlrqv= Dq Hpslulfdo Prgho ri Vhoi0 Vhohfwlrq lq wkh Oderu Pdunhw/%

Mrxuqdo ri Srolwlfdo Hfrqrp|/ <6+9,/ 43::044581

^46` Khfnpdq/ Mdphv dqg Jxlokhuph Vhgodfhn +4<<3,/ _Vhoi0Vhohfwlrq dqg wkh Glvwulexwlrq

ri Krxuo| Zdjhv/% Mrxuqdo ri Oderu Hfrqrplfv/ ;+4,/ V65<0V6961

^47` Mrkqvrq/ Jhrujh dqg Iudqn Vwd�rug +4<:6,/ _Vrfldo Uhwxuqv wr Txdqwlw| dqg Txdolw|

ri Vfkrrolqj/% Mrxuqdo ri Kxpdq Uhvrxufhv/ ;+Vsulqj,/ 46<04881

^48` Ohzlv/ Nhqqhwk dqg Odxuhqfh Vhlgpdq +4<<7,/ _Pdwk0Wlph Fdslwdo Pdwwhuv= D Furvv0

Frxqwu| Dqdo|vlv/% Hfrqrplfv ri Hgxfdwlrq Uhylhz/ 46+6,/ 54805591

^49` Prujdq/ Mdphv dqg Lvpdlo Vludjhoglq +4<9;,/ _D Qrwh rq wkh Txdolw| Glphqvlrq lq

Hgxfdwlrq/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ :9+Vhswhpehu2Rfwrehu,/ 439<043::1

^4:` Pxwkhq/ Ehqjw +4<<3,/ _Prphqwv ri wkh Fhqvruhg dqg Wuxqfdwhg Elyduldwh Qrupdo

Glvwulexwlrq/% Eulwlvk Mrxuqdo ri Pdwkhpdwlfdo dqg Vwdwlvwlfdo Sv|fkrorj|/ 76/ 4640

4761

^4;` Ul}}xwr/ Urqdog dqg Sdxo Zdfkwho +4<;3,/ _Ixuwkhu Hylghqfh rq wkh Uhwxuqv wr Vfkrro

Txdolw|/% Mrxuqdo ri Kxpdq Uhvrxufhv/ 48+Vsulqj,/ 5730587



Dsshqgl{ D

Iluvw dqg Vhfrqg Prphqwv

Vhfwlrqv D4 wkurxjk D7 frqwdlq wkh suredelolw| ri wkh vshfl�hg jurxs/ wkh PJI iru hqgrzhg vnloov/ dqg
�uvw wzr zdjh prphqwv iru hdfk ri wkh irxu hgxfdwlrq0vhfwru jurxsv1

+D4, Vwuhdp 4 0 Vhfwru 4 +Jurxs 4,

Wkh suredelolw| ri ehlqj hgxfdwhg lq wkh dfdghplf vwuhdp dqg wkhq fkrrvlqj hpsor|phqw lq wkh zklwh froodu
vhfwru=

�44 @

]
4

n

]
d4.{4

�4

!+{4> {5,g{5g{4=

Wkh PJI iru hqgrzhg vnloov=

�44P44 @ h{s+W ,

]
4

n��4

]
d4.{4��5

�4

!+{4> {5,g{5g{4=

Wkh �uvw wzr zdjh prphqwv iru Jurxs 4=

H+z4mJ4, @ s4 . �4 . � � �y

5
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r
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]
4

n
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r

�H+{4mJ4,
5=

� � 3 lv vx�flhqw wr hqvxuh wkdw H+{4mJ4, � 3> H+z4mJ4, � 3> dqg H+z4mJ4, � H+z4mvwuhdplqj> udqgrp
rffxsdwlrqdo dvvljqphqw,> zkhuh H+z4mvwuhdplqj> udqgrp rffxsdwlrqdo dvvljqphqw, @ s4.�4.��44 ^4�
I +n@�4,`+4� y,�=

+D5, Vwuhdp 5 0 Vhfwru 4 +Jurxs 5,

Wkh suredelolw| ri ehlqj hgxfdwhg lq wkh yrfdwlrqdo vwuhdp dqg wkhq fkrrvlqj hpsor|phqw lq wkh zklwh
froodu vhfwru=

�54 @

]
n

�4

]
d5.{4

�4

!+{4> {5,g{5g{4=

Wkh PJI iru hqgrzhg vnloov=

�54P54 @ h{s+W ,

]
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� � 3 lv vx�flhqw wr hqvxuh wkdw H+{4mJ5, � 3=



+D6, Vwuhdp 4 0 Vhfwru 5 +Jurxs 6,

Wkh suredelolw| ri ehlqj hgxfdwhg lq wkh dfdghplf vwuhdp dqg wkhq fkrrvlqj hpsor|phqw lq wkh eoxh froodu
vhfwru=

�45 @

]
4

n

]
4

d4.{4

!+{4> {5,g{5g{4=

Wkh PJI=

�45P45 @ h{s+W ,

]
4

n��4

]
4

d4.{4��5

!+{4> {5,g{5g{4=

Wkh �uvw wzr zdjh prphqwv iru Jurxs 6=
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5
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4
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r
�H+{5mJ6,

5=

� � 3 lv vx�flhqw wr hqvxuh wkdw H+{5mJ6, � 3=

+D7, Vwuhdp 5 0 Vhfwru 5 +Jurxs 7,

Wkh suredelolw| ri ehlqj hgxfdwhg lq wkh yrfdwlrqdo vwuhdp dqg wkhq fkrrvlqj hpsor|phqw lq wkh eoxh froodu
vhfwru=

�55 @

]
n

�4

]
4

d5.{4

!+{4> {5,g{5g{4=

Wkh PJI=

�55P45 @ h{s+W ,��44
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�4

]
4

d5.{4��5

!+{4> {5,g{5g{4=

Wkh �uvw wzr zdjh prphqwv iru Jurxs 7=

H+z5mJ7, @ s5 . �5 . � � �y

5
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. f5��44

]
n

�4
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r
�H+{5mJ7,

5=

� � 3 lv vx�flhqw wr hqvxuh wkdw H+{5mJ7, � 3> H+z5mJ7, � 3> dqg H+z5mJ7, � H+z5mvwuhdplqj> udqgrp
rffxsdwlrqdo dvvljqphqw,> zkhuh H+z5mvwuhdplqj> udqgrp rffxsdwlrqdo dvvljqphqw, @ s5 . �5 .��44

I +n@�4,+4� y,�=



+D8, Vwuhdp 4 Dfdghplf Vnloov

H+{4m{4 � n, @
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�4 � I +n@�4,
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+D9, Vwuhdp 5 Yrfdwlrqdo Vnloov

H+{5m{4 ? n, @ ���4�5i+n@�4,

I +n@�4,

Y du+{5m{4 ? n, @ �55 �
�5�55ni+n@�4,

I +n@�4,
�
#
��4�5i+n@�4,

I +n@�4,

$5

Dv H+{5, @ 3> H+{5m{4 ? n, � H+{5, l� � � 3= Y du+{5, @ �55> khqfh/ Y du+{5m{4 ? n, � Y du+{5, l�

n � ��
5

4
i+n@�4,

I +n@�4,
=

Dsshqgl{ E

Frpsdudwlyh Vwdwlfv iru Vhohfwhg Frqglwlrqdo Prphqwv
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Dsshqgl{ F
Gdwd dqg Yduldeoh Gh�qlwlrqv

Doo zdjh gdwd lv 4<;7 Zdyh LL= Jhupdq Sdqho Vxuyh| gdwd iurp wkh Ox{hperxuj Lqfrph Vxuyh|1 Wklv
vxuyh| lqfoxghv 84:7 krxvhkrogv dqg lv zhljkwhg wr eh uhsuhvhqwdwlyh dw wkh lqglylgxdo ohyho1 P| vxe~vdpsoh
lqfoxghv ixoo~wlph/ flyloldq/ pduulhg/ qrq0glvdeohg/ pdoh zrunhuv djhg 68 wr 77 zkr uhsruw vrph irup ri
rffxsdwlrqdo wudlqlqj1 Wklv vxe~vdpsoh frqwdlqv 75< revhuydwlrqv1

Lqglylgxdov duh dvvljqhg hlwkhu wkh dfdghplf ru yrfdwlrqdo vwuhdp1 Vwuhdp sodfhphqw lv ghwhuplqhg e|
wkh w|sh ri rffxsdwlrqdo wudlqlqj fodlphg1 Wr idflolwdwh wklv L ixuwkhu uhvwulfw wkh vdpsoh wr lqglylgxdov zkr
dwwhqghg kljk vfkrro1

+F4, Yrfdwlrqdo Vwuhdp
Lqglylgxdov zkr uhflhyhg rqh ri wkh iroorzlqj w|shv ri rffxsdwlrqdo wudlqlqj=
jhqhudo dssuhqwlfhvkls
wudgh/ whfkqlfdo ru djulfxowxudo dssuhqwlfhvkls



frpphufldo ru rwkhu dssuhqwlfhvkls
vshfldo yrfdwlrqdo vfkrro
vshfldo sxeolf khdowk vfkrro
vhqlru fudiwvpdq ru whfkqlfdo wudlqlqj

+F5, Dfdghplf Vwuhdp
Lqglylgxdov zkr uhflhyhg rqh ri wkh iroorzlqj w|shv ri rffxsdwlrqdo wudlqlqj=
sxeolf vhuylfh wudlqlqj
froohjh ru hqjlqhhulqj
xqlyhuvlw| wudlqlqj

Wkh 4<;7 Zdyh LL= Jhupdq Sdqho Vxuyh| surylghv uhodwlyho| ghwdlohg lqirupdwlrq derxw zrunhu w|sh1
Eoxh dqg zklwh froodu rffxdswlrqv duh fohduo| gh�qhg1 Zrunhu vwdwxv lv glylghg lqwr wkluw|~wkuhh fdwhjrulhv1

+F6, Eoxh Froodu Rffxsdwlrqv
xqvnloohg sxeolf zrunhu
vhpl~vnloohg sxeolf zrunhu
vnloohg sxeolf fudiwvpdq
sxeolf vhuylfh iruhpdq
sxeolf exloglqj iruhpdq
xqvnloohg sulydwh zrunhu
vhpl~vnloohg sulydwh zrunhu
vnloohg sulydwh fudiwvpdq
sulydwh vhfwru iruhpdq
sulydwh exloglqj iruhpdq

+F7, Zklwh Froodu Rffxsdwlrqv
zklwh~froodu sxeolf vhfwru iruhpdq
zklwh~froodu sxeolf vhfwru zrunhu
txdol�hg zklwh froodu sxeolf vhfwru zrunhu
kljko| txdol�hg zklwh froodu sxeolf vhfwru zrunhu
zklwh froodu sxeolf vhfwru pdqdjhu
zklwh~froodu sulydwh vhfwru iruhpdq
zklwh~froodu sulydwh vhfwru zrunhu
txdol�hg zklwh froodu sulydwh vhfwru zrunhu
kljko| txdol�hg zklwh froodu sulydwh vhfwru zrunhu
zklwh froodu sulydwh vhfwru pdqdjhu
orz ohyho sxeolf vhuylfh
kljk ohyho sxeolf vhuylfh
kljk sxeolf r�fldo
dfdghplf surihvvlrqv

+F8, H{foxghg Rffxsdwlrqv
qrq~zrunhu
dssuhqwlfh
yroxqwhhu ru wudlqhh
lqghshqghqw iduphuv
vhoi~hpsor|hg
idplo| phpehu dvvlvwdqfh




