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Devwudfw

Wklv sdshu vkrzv wkdw lqfuhdvhv lq gluhfw wd{ surjuhvvlrq whqg wr

uhgxfh zdjhv dqg lqfuhdvh zhoiduh dqg hpsor|phqw/ hyhq lq d prgho

doorzlqj iru oderxu vxsso| h�hfwv1 Wkh hpsor|phqw h�hfw lv uhyhuvhg

zkhq ehqh�w ohyhov duh orz/ krzhyhu1 Wkh prgho vkrzv wkh gl�hu0

hqw lpsdfwv rq ixoo dqg sduwwlph zrunhuv/ dqg rq phq dqg zrphq1

Wkh frxqwulhv prghoohg duh Iudqfh/ Jhupdq|/ Lwdo| dqg wkh XN1 Dq

h�flhqf| zdjh vhfwru zlwk wudlqlqj frvwv jhqhudwhv xqhpsor|phqw hi0

ihfwv1 Krxvhkrogv fkrrvh ehwzhhq dq h�flhqf| zdjh vhfwru dqg d

pdunhw0fohdulqj vhfwru1

Dfnqrzohgjphqwv= zh kdyh sduwlfxoduo| ehqh�wwhg iurp glvfxvvlrq

zlwk Zroijdqj Zlhjdug dqg Shwhu Odpehuw1 Doo huuruv duh rxu uhvsrq0

vlelolw|1
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D sulqflsdo remhfwlrq wr surjuhvvlyh lqfrph wd{dwlrq lv wkdw lw glvfrxudjhv

wkh vxsso| ri h�ruw dqg oderxu/ dqg vr uhgxfhv hfrqrplf h�flhqf|1 Eoxp

dqg Ndoyhq +4<86, vhw rxw wkh wudglwlrqdo dujxphqwv/ lqfoxglqj wkrvh uhodw0

lqj wr htxlw|/ wkh ehqh�w sulqflsoh dqg pdfur0hfrqrplf vwdelolvdwlrq> iru d

uhfhqw uhylhz vhh P|ohv +4<<8/ Fkdswhu 8,1 Wkh h�hfw ri wkh h�flhqf| orvv

w|slfdoo| vkrzv xs lq wkh irup ri uhgxfhg rxwsxw/ hpsor|phqw dqg zhoiduh

lqglfdwruv1 Lq wkh jhqhudo htxloleulxp dqdo|vlv ri wd{ srolf| lw zloo wkhuh0

iruh whqg wr eh holplqdwhg lq idyrxu ri idluo| xqlirup lqgluhfw wd{hv xqohvv

wkh dqdo|vw*v prgho shuplwv glvwulexwlrqdo fulwhuld ru/ fuxfldoo|/ doorzv iru

suh0h{lvwlqj glvwruwlrqv1 Zkhq zh lqwurgxfh qrq0fohdulqj oderxu pdunhwv/

wkh uroh ri surjuhvvlrq lv pxfk ohvv reylrxv1 Zkhwkhu xqhpsor|phqw lv d

e|0surgxfw ri wudgh xqlrq dfwlylw| +edujdlqlqj prghov, ru plvvlqj pdunhwv

+h�flhqf| zdjh prghov, ru xqfhuwdlqw| +vhdufk prghov,/ surjuhvvlrq whqgv

wr uhgxfh suhwd{ zdjhv/ dqg khqfh vwlpxodwh wkh ghpdqg iru oderxu1 Vhh h1j1

Krho +4<<3,/ Orfnzrrg dqg Pdqqlqj +4<<6,/ Jrhunh +4<<<, dqg Vruhqvhq

+4<<:d,/ zkr dovr surylghv d uhylhz ri wkh hpslulfdo hylghqfh1 Wkh qhw

rxwfrph iru hpsor|phqw lv wkhuhiruh qrw fohdu d sulrul1

Dq lqfuhdvh lq surjuhvvlrq dw d srlqw lq wkh zdjh glvwulexwlrq fdq eh

dfklhyhg hlwkhu e| lqfuhdvlqj wkh pdujlqdo udwh/ ru uhgxflqj wkh dyhudjh udwh

dw wkdw srlqw> lq sudfwlfh/ zh riwhq zlvk wr uhihu wr vrph ryhudoo phdvxuh/

dqg frqvlghu wkh udwhv h{shulhqfhg e| vrph uhsuhvhqwdwlyh zrunhu1 Li pruh

surjuhvvlrq lqfuhdvhv hpsor|phqw/ dyhudjh udwh dqg pdujlqdo udwh lqfuhdvhv

kdyh/ uhvshfwlyho|/ qhjdwlyh dqg srvlwlyh h�hfwv= wkh �uvw sursrvlwlrq lv qrw

frqwhqwlrxv/ exw wkh vhfrqg lv1

Lq d zlgh0udqjlqj uhylhz ri wkh srvvlelolwlhv ri lqfuhdvlqj hpsor|phqw

wkurxjk wd{ uhirup/ RHFG +4<<8, hpskdvlvhg wkh qhjdwlyh hpsor|phqw

h�hfwv ri lqfuhdvlqj dyhudjh udwhv ri oderxu lqfrph wd{dwlrq/ exw uhfrp0

phqghg phdvxuhv wr uhgxfh wkh exughq ri wd{dwlrq rq orz0lqfrph idplolhv

hyhq dw wkh frvw ri lqfuhdvlqj wkh exughq ixuwkhu xs wkh vfdoh1 Wkh gdp0

djlqj h�hfwv ri pdujlqdo udwhv rq kxpdq fdslwdo irupdwlrq/ wd{ frpsoldqfh

dqg hqwuhsuhqhxuvkls duh qrwhg/ lqglfdwlqj wkdw wkhuh duh vwulfw olplwv rq

zkdw lv srvvleoh1 Wkh lghd ri uhgxflqj udwhv ri wd{ rq orz hduqhuv zdv wr
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hqfrxudjh sduwlflsdwlrq/ udwkhu wkdq wkdw wkh lqfuhdvhg surjuhvvlrq zrxog

uhgxfh zdjh udwhv1 Qhyhuwkhohvv/ wkhuh zdv vrph fdxwlrxv hqgruvhphqw ri

wkh lghd wkdw pruh surjuhvvlrq pd| eh uhfrpphqghg1 Dqg lq d uhfhqw d1j1h1

vwxg| ri wkh Qhwkhuodqgv/ Judd�dqg dqg gh Prrlm +4<<<, �qg wkdw wkh ehvw

srolflhv iru uhgxflqj xqhpsor|phqw zrun e| uhgxflqj wkh dyhudjh udwh dqg

wkh uhsodfhphqw udwh +ri zdjhv e| xqhpsor|phqw ehqh�w,/ hyhq dowkrxjk

wklv phdqv udlvhg pdujlqdo udwhv iru prvw zrunhuv= Lq wklv sdshu/ krzhyhu/

zh irfxv vroho| rq wkh h�hfwv ri surjuhvvlrq rq hpsor|phqw yld zdjh udwhv

Lw lv fohdu wkdw wkh suhvhqfh ri xqhpsor|phqw fdq vrphwlphv uhyhuvh qru0

pdo srolf| frqfoxvlrqv1 Iru h{dpsoh/ lq wkh gl�huhqw frqwh{w ri lqwhuqdwlrqdo

srolf| frruglqdwlrq/ Ixhvw dqg Kxehu +4<<<, kdyh uhfhqwo| vkrzq wkdw frru0

glqdwlrq lq vhwwlqj gluhfw wd{hv fdq eh zhoiduh0uhgxflqj li wkh oderxu pdunhw

lv ohvv wkdq shuihfwo| frpshwlwlyh1 Wkhvh uhvxowv duh ghulyhg iurp d wkhr0

uhwlfdo prgho zkhuh xqhpsor|phqw fdq dulvh wkurxjk zdjh0edujdlqlqj/ dqg

lq zklfk jryhuqphqw fdq fkrrvh vlqjoh fdslwdo dqg oderxu lqfrph wd{ udwhv1

Wkh txhvwlrq ri surjuhvvlrq grhv qrw dulvh/ exw wkhlu uhvxowv surylgh dqrwkhu

h{dpsoh ri krz wkh suhvhqfh ri xqhpsor|phqw fdq uhyhuvh uhvxowv rewdlqhg

lq d frpshwlwlyh vhwwlqj�1

Wkxv lw kdv uhfhqwo| ehfrph fohdu wkdw lq pruh uhdolvwlf prghov/ rqh fdq

vrphwlphv pdnh vhfrqg0ehvw dujxphqwv lq idyrxu ri surjuhvvlrq dqg rwkhu

irupv ri glvwruwlrqdu| wd{dwlrq1 Lq wkh qh{w vhfwlrq zh ghyhors d vlpsoh

h�flhqf| zdjh prgho lq wkh vw|oh ri Skhosv +4<<7, wr h{soruh wklv lvvxh1

Wklv prgho lqwurgxfhv wudlqlqj frvwv +uhsuhvhqwlqj dovr d udqjh ri uhodwhg

frvwv, lqfxuuhg e| hpsor|huv ghshqglqj rq oderxu wxuqryhu1 Zh zloo vkrz

wkdw surjuhvvlrq fdq lqghhg udlvh hpsor|phqw/ exw wkdw zkhq oderxu lv qrw

lq �{hg vxsso| dqg zkhq wkh ehqh�w v|vwhp lv ohvv jhqhurxv/ wkh h�hfw fdq

eh uhyhuvhg1 Lq vxevhtxhqw vhfwlrqv zh sxuvxh wkh vdph lvvxhv iru ixoo| fdol0

eudwhg jhqhudo htxloleulxp prghov ri vhyhudo Hxurshdq hfrqrplhv1 Lq vhfwlrq

6 zh ghvfuleh wkh pdlq ihdwxuhv ri rxu vlpxodwlrq prgho/ sxwwlqj sduwlfxodu

hpskdvlv rq wkh oderxu pdunhw vwuxfwxuh/ zkloh dovr eulh�| glvfxvvlqj wkh

sdudphwulvdwlrq ri wkh prgho1 Zh dovr vkrz krz zh fdofxodwh dowhuqdwlyh

��t @ u�h|�ih i @4T*ic #�?U@?c O�||L?c w@hL��c @?_ +�LUUL E�bbH� t�L� �? @ t�4��

*@|�L? t|�_) |�@| �?_�hiU| |@ �@h4L?�t@|�L? U@? Mi �i*u@hi�hi_�U�?} �? |�i Thiti?Ui Lu

�?i4T*L)4i?|�
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htxlydohqw yduldwlrqv lq rughu wr phdvxuh wkh zhoiduh h�hfwv ri wkh srolflhv dw

lvvxh1 Vhfwlrq 7 ghvfulehv wkh srolflhv dqdo|vhg dqg suhvhqwv wkh uhvxowv re0

wdlqhg lq vlpxodwlrq dqg wkhlu hfrqrplf lqwhusuhwdwlrq1 Vhfwlrq 8 frqfoxghv

zlwk vrph ixuwkhu glvfxvvlrq dqg d vxppdu| ri wkh pdlq �qglqjv1

2 �? i�U�i?U) �@}i 4L_i* Lu |�i igiU| Lu |@ 

ThL}hitt�L? L? |�i *@ML�h 4@h!i|

Zh �uvw frqvlghu d prgho ri d vlqjoh lqsxw/ vlqjoh rxwsxw frpshwlwlyh �up/

ghvljqhg wr eh sdudphwhulvhg wr h{soruh vxevhtxhqw ixoo prgho surshuwlhv1

Wkh �up hpsor|v rqo| oderxu/ exw qhz zrunhuv duh ohvv surgxfwlyh dqg

uhtxluh wudlqlqj1 H{lvwlqj wudlqhg zrunhuv duh oldeoh wr eh whpswhg dzd| e|

wkh survshfw ri kljkhu zdjhv lq frpshwlqj �upv/ hvshfldoo| zkhq wkh oderxu

pdunhw lv wljkw dqg wkh survshfw ri uh0hpsor|phqw lv jrrg1 Wklv surylghv

rxu �up zlwk dq lqfhqwlyh wr udlvh zdjhv wr ghwhu txlwv dqg wkxv uhgxfh

lwv wudlqlqj dqg rwkhu oderxu wxuqryhu frvwv1 Lqlwldoo| zh dvvxph wkdw doo

zrunhuv sduwlflsdwh lq wkh oderxu pdunhw/ vr oderxu vxsso| lv �{hg1 Zrunhuv

kdyh �{hg krxuv dqg sd| lqfrph wd{ rq wkhlu zdjhv/ dqg lq wkh prgho wkh

vwuxfwxuh ri wkh lqfrph wd{ d�hfwv wkh delolw| ri wkh hpsor|hu wr xvh zdjhv

wr uhgxfh oderxu wxuqryhu1 Wklv h�flhqf| zdjh prgho lv edvhg rq wkdw lq

Skhosv +4<<7, dqg Fdpsehoo dqg Ruv}dj +4<<;,1 Iru d uhylhz ri h�flhqf|

zdjh/ edujdlqlqj dqg vhdufk prghov zlwk vlplodu suhglfwlrqv vhh Vruhqvhq

+4<<:e, dqg Vruhqvhq +4<<:d,1

Wkh �up pd{lplvhv wkh suhvhqw ydoxh ri sur�wv dw wlph wf>

Y|f @

]
"

|f

h34E|3|f�^i+O|,� z|O| � Wj+k|,O|`gw

vxemhfw wr wkh g|qdplf frqvwudlqw

bO

O
@ k� t+zW> zW�>U,

zkhuh O lv hpsor|phqw dqg hfrqrp|0zlgh dyhudjh hpsor|phqw lv U/ bO wkh

udwh ri fkdqjh ri O/ k wkh klulqj udwh/ i+O, wkh surgxfwlrq ixqfwlrq/ z wkh

�up*v zdjh udwh/ zW wkh �up*v qhw ri wd{ zdjh udwh/ zW� wkh hfrqrp|0zlgh

qhw ri wd{ dyhudjh zdjh udwh/ Wj wudlqlqj frvwv +qduurzo|/ wkh frvw ri xvlqj

7



h{lvwlqj zrunhuv wr wudlq qhz zrunhuv/ exw uhsuhvhqwlqj doo wxuqryhu frvwv,/

dqg t lv wkh txlw udwh1 Wkh qhw ri wd{ zdjh udwh lv

zW @ z+4� d,> zkhuh d @ w+z,@z lv wkh dyhudjh wd{ udwh/ w+z, lv wkh

wd{ ixqfwlrq dqg

p @
Cw+z,

Cz
lv wkh pdujlqdo wd{ udwh1

Zh dvvxph wkdw krxuv duh �{hg/ vr O fruuhvsrqgv wr wkh qxpehu ri hpsor|hhv

dv zhoo dv wkh wrwdo lqsxw ri oderxu/ dqg wkh wd{ lv wkhuhiruh ohylhg rq oderxu

lqfrph udwkhu wkdq mxvw rq wkh zdjh udwh1 Wkh txlw udwh ghshqgv rq wkh �up

qhw ri wd{ zdjh/ wkh hfrqrp| qhw ri wd{ dyhudjh zdjh/ wkh xqhpsor|phqw

ehqh�w ohyho/ dqg hfrqrp|0zlgh dyhudjh hpsor|phqw U1 OV lv wkh oderxu

irufh/ vr +OV �U,@OV @ x/ wkh xqhpsor|phqw udwh1

Ilupv ehkdyh lq d Qdvk pdqqhu/ wuhdwlqj hfrqrp|0zlgh dyhudjhv dv

jlyhq/ exw lq htxloleulxp zdjhv dqg hpsor|phqw duh htxdwhg dfurvv �upv1

Wr vroyh wkh �up*v sureohp/ vhw xs wkh fxuuhqw ydoxh Kdplowrqldq=

K| @ i+O|,� z|O| � Wj+k|,O| . �|^k| � t+zW

| > z
W

�c|>U|,`O|=

Wkh �uvw0rughu frqglwlrqv duh

CWj+k|,

Ck|
@ �| +4,

��|
Ct

Cz|

@ 4

l1h1� �|

Ct

CzW

|

CzW

|

Cz|

@ 4

��|
Ct

CzW

|

+4�p, @ 4 +5,

b�| @ ��| �
CK|

CO|

l1h b�| @ ��| � ^
Ci+O|,

CO|

� z| � Wj+k|,` +6,

Htxdwlrq +4, htxdwhv pdujlqdo wudlqlqj frvwv zlwk wkh vkdgrz ydoxh ri

dq dgglwlrqdo zrunhu1 Htxdwlrq +5, vhwv wkh zdjh wr edodqfh wkh h�hfw ri wkh

zdjh rq uhsodfhphqw frvwv zlwk wkh h�hfw ri d fkdqjh lq wkh zdjh rq wkh

wrwdo zdjh eloo1 Lpsrvlqj wkh qhfhvvdu| wudqvyhuvdolw| frqglwlrq/ lqwhjudwlqj

htxdwlrq +6, h{suhvvhv wkh vkdgrz ydoxh ri dq dgglwlrqdo zrunhu lq whupv ri

8



wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh fdvk �rzv iurp klulqj dq dgglwlrqdo

zrunhu=

�| @

]
"

|

h34E?3|�
�
Ci+O?,

CO?
� z? � Wj+k?,

�
gq= +7,

2�� A�i �@}i U�h�i

Wkh qh{w vwdjh lv wr ghulyh wkh zdjh fxuyh/ dvvxplqj wkdw t+=, dqg Wj+=,

duh/ uhvshfwlyho|/ frqvwdqw hodvwlflw| dqg txdgudwlf ixqfwlrqv1 Dvvxph wkh

srwhqwldo txlwwhu frpsduhv klv dfwxdo qhw0ri0wd{ zdjh zW zlwk wkh h{shfwhg

dowhuqdwlyh qhw0ri0wd{ zdjh zW�+4�x,. e=zW�=x @ zW�+4�x+4� e,,/ zkhuh x

lv lqwhusuhwhg dv wkh suredelolw| ri uhpdlqlqj xqhpsor|hg/ dqg e=zW� lv wkh

ehqh�w ohyho ru xqhpsor|phqw lqfrph1 Wkhq/ dvvxplqj d frqvwdqw hodvwlflw|

ixqfwlrq/

t+zW> zW�> x, @ E

�
zW

zW�+4� x+4� e,,

�
3#

+8,

Dvvxph wkdw wudlqlqj frvwv lqfuhdvh zlwk wkh klulqj udwh +iroorzlqj Fdps0

ehoo dqg Ruv}dj +4<<;,, / vr wkdw

Wj+k, @
D

5
k2= +9,

Wkh �uvw0rughu frqglwlrqv +4, dqg +5, qrz ehfrph

Dk| @ �|/ +:,

dqg � �|
Ct|

CzW|
+4�p, @ 4

l1h1 �|E�+z
W

| ,
3#3�+zW�c|,

#+4� x|+4� e,,#+4�p, @ 4= +;,

Lq htxloleulxp/ z @ z�> dqg zW @ zW� @ z+4� d,> vr htxdwlrq +;, ehfrphv

�E�+4� x+4� e,,#+4�p,

z+4� d,
@ 4

l1h1 z @
4�p

4� d
�E�+4� x+4� e,,#= +<,

Vxevwlwxwlqj htxdwlrqv +8, dqg +:, lqwr htxdwlrq +<,/ dqg lpsrvlqj wkh

vwhdg|0vwdwh frqglwlrq wkdw k @ t> |lhogv

z @

�
4�p

4� d

�
DE2�+4� x+4� e,,2#= +43,

9



Wklv lv wkh zdjh fxuyh1 Wdnlqj orjdulwkpv dv lv frqyhqwlrqdo/

orj+z, @ orj

�
4�p

4� d

�
. orj+DE2�, . 5� orj+4� x+4� e,,= +44,

Qrwh wkdw lqfuhdvlqj surjuhvvlrq +l1h1 ghfuhdvlqj �36

�3@
, zloo vkliw wkh zdjh

fxuyh grzq/ dqg wkdw lqfuhdvlqj wkh ydoxh ri ehqh�wv wkurxjk wkh uhsodfh0

phqw udwh e zloo �dwwhq wkh zdjh0fxuyh1 Eodqfk�rzhu dqg Rvzdog +4<<7,

uhylhz wkh wkhru| dqg hylghqfh frqfhuqlqj wklv w|sh ri uhodwlrqvkls/ dqg

vxjjhvw wkdw dq hodvwlflw| ri z zlwk uhvshfw wr x ri 0314 lv d urexvw hpslulfdo

�qglqj1

51414 Suholplqdu| frpphqwv rq wkh zdjh fxuyh

Wkh whup �36

�3@
lv wkh zhoo0nqrzq lqgh{ ri uhvlgxdo surjuhvvlrq/ wkh hodvwlflw|

ri diwhu0wd{ lqfrph wr suhwd{ lqfrph= vhh Odpehuw +4<<6, rq wkh uhglvwulex0

wlyh lpsolfdwlrqv ri d fkdqjh rq wklv lqgh{21 Vlplodu ixqfwlrqdo irupv iru

wkh zdjh fxuyh/ frpsohwh zlwk wkh uhvlgxdo surjuhvvlrq lqgh{/ fdq eh gh0

ulyhg iurp wkh ydulrxv prghov vhw rxw lq Orfnzrrg dqg Pdqqlqj +4<<6, dqg

Vruhqvhq +4<<:d,1 Lw wkhuhiruh dsshduv wkdw wkh lqgh{ ri surjuhvvlrq vkrxog

eh lqfoxghg dv d pdwwhu ri frxuvh lq hpslulfdo zdjh fxuyh vwxglhv/ vlqfh

wklv irup ri htxdwlrq lv frqvlvwhqw zlwk wkh ohdglqj wkhrulhv ri htxloleulxp

xqhpsor|phqw1

Wkh lqwxlwlrq ri wkh uhvxow lv wkdw d ulvh lq wkh pdujlqdo wd{ udwh uhgxfhv

wkh ehqh�w wr d zrunhu ri zrunlqj iru dq hpsor|hu zkr sd|v deryh wkh

pdunhw udwh wr uhgxfh wkh txlw udwh> wkh zrunhu zloo wkhuhiruh eh pruh olnho|

wr txlw1 Wkh hpsor|hu wkhuhiruh orzhuv wkh zdjh dqg dffhswv d kljkhu txlw

udwh1 Wklv phfkdqlvp lv lqghshqghqw ri wkh ohyho ri xqhpsor|phqw/ vr wkh

zdjh fxuyh vkliwv grzq1

Wkh rwkhu qrwdeoh ihdwxuh ri wklv zdjh fxuyh lv wkdw wkh h�hfw ri d kljkhu

ehqh�w udwh/ e/ lv wr uhgxfh wkh vorsh ri +l1h1 �dwwhq, wkh zdjh fxuyh1 Wklv

lv ehfdxvh jhqhurxv ehqh�wv uhgxfh wkh frvwv ri xqvxffhvvixo mre vhdufk/

gdpslqj wkh h�hfwv ri xqhpsor|phqw rq txlw0dqg0vhdufk dfwlylw|1 Lq wkh

olplw/ li ehqh�wv htxdo zdjhv/ wkh odwwhu duh vhw e| wkh iruphu dqg zdjhv duh

h{rjhqrxv1

2A�i a@ULMttL?�k@!�@?� A�iLhi4 t�L�t |�@| @? _iUhi@ti �? |��t �?_i uLh @** �?UL4it

��** hit�*| �? @ _�t|h�M�|�L? ���U� wLhi?3�_L4�?@|it |�i Thi�U�@?}i _�t|h�M�|�L?�
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Wklv dqdo|vlv vx�huv iurp vrph reylrxv ghihfwv1 Iluvw/ oderxu vxsso| lv

�{hg1 Vhfrqg/ wkh surjuhvvlrq lqgh{ lv dvvxphg lqghshqghqw ri wkh zdjh

udwh1 Zh dwwhpsw wr uhphg| erwk ghihfwv lq wkh qh{w vhfwlrq/ e| vshfli|lqj

erwk wkh krxvhkrog xwlolw| ixqfwlrq dqg wkh irup ri wkh lqfrph wd{ vfkhgxoh1

D wklug ghihfw/ wkh sduwldo qdwxuh ri wkh dqdo|vlv/ lv dgguhvvhg odwhu lq wkh

frxqwu| vlpxodwlrqv1

2�2 V@h�@M*i *@ML�h t�TT*)

Wr doorz d yduldeoh oderxu vxsso|/ exw zlwk zrunhuv kdylqj �{hg krxuv vr

wkdw wkh wd{ oldelolw| vwloo ghshqgv rq wkh zdjh udwh/ zh zloo dvvxph wkdw

vxsso| ydulhv zlwk wkh sursruwlrq ri phpehuv ri dq djjuhjdwh krxvhkrog

ghflglqj wr sduwlflsdwh�1 Dvvxplqj d krxvhkrog Free0Grxjodv xwlolw| ixqf0

wlrqe ri frqvxpswlrq dqg ohlvxuh/ x @ fw� ow2 > dqg exgjhw frqvwudlqw f @

z+4�p,+H � o, .p]> zh ghulyh oderxu vxsso| Ov @ H � o= Wkxv

Ov @ �H �
+4� �,p]

+4�p,z
+45,

zkhuh � @ ��@+�� . �2,> H lv wlph hqgrzphqw dqg ] wkh ohyho ri wd{0iuhh

doorzdqfh lq d olqhdu0surjuhvvlyh wd{ zlwk frqvwdqw pdujlqdo udwh p1 Wkh

dyhudjh wd{ udwh lv qrz d @ 6�u36~

�u
@ p � 6~

�u
= Vr wkh lqgh{ ri uhvlgxdo

surjuhvvlrq qrz ghshqgv rq wkh zdjh udwh/ dqg lv

4�p

4� d
@

4�p
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,
@

+4�p,zO

+4�p,zO.p]
=

Qrz +4� x, @ O@Ov> vr wkh zdjh0fxuyh +44, fdq eh h{suhvvhg dv

orj+z, @ orj

�
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�
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Vxevwlwxwlqj iru Ov iurp +45,/
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Wklv htxdwlrq kdv ehhq ohiw lq lpsolflw irup iru sudfwlfdo uhdvrqv dqg wr

uhwdlq lwv idplo| uhvhpeodqfh wr htxdwlrq +44, deryh1 Wklv lv qrz d zdjh0

vhwwlqj htxdwlrq +ZV, ru svhxgr oderxu vxsso| vfkhgxoh udwkhu wkdq d zdjh

fxuyh/ vlqfh lw frpelqhv wkh krxvhkrog oderxu vxsso| zlwk wkh zdjh fxuyh1

Zkhq oderxu vxsso| lv �{hg/ ZV dqg wkh zdjh fxuyh frlqflgh1

Frqvlghulqj wkh surshuwlhv ri wklv zdjh0vhwwlqj htxdwlrq/ qrwlfh wkdw d

ulvh lq wkh pdujlqdo wd{ udwh p zloo qrz kdyh rssrvlqj h�hfwv1 Iluvw/ uhgxf0

lqj wkh uhvlgxdo surjuhvvlrq lqgh{ zloo whqg wr vkliw ZV grzq1 Exw vhfrqg/

uhgxflqj oderxu vxsso| Ov zloo whqg wr vkliw ZV xs1 Vr lw vhhpv srvvleoh

wkdw d pruh hodvwlf oderxu vxsso| fdq uhyhuvh wkh h�hfw ri surjuhvvlrq rq wkh

ZV1 Zkhwkhu wklv kdsshqv fdq eh lq�xhqfhg e| wkh jhqhurvlw| ru rwkhuzlvh

ri wkh ehqh�w v|vwhp1 Li e lv kljk +h1j1 31;/ vd|,/ wkh h�hfwv ri fkdqjhv lq

oderxu vxsso| duh vwurqjo| gdpshg +vhh htxdwlrq +46,,/ vr lq wklv fdvh wkh

srvvlelolw| wkdw oderxu vxsso| h�hfwv zloo uhyhuvh wkh h�hfw ri surjuhvvlrq lv

dovr vwurqjo| gdpshg1 Frqyhuvho|/ zlwk orz xqhpsor|phqw ehqh�wv/ oderxu

vxsso| h�hfwv frxog jlyh xv wkh uhvxow wkdw dq lqfuhdvh lq surjuhvvlrq udlvhv

zdjhv dqg uhgxfhv hpsor|phqw/ wkxv uhvwrulqj zkdw rqh h{shfwv lq ixoo|

pdunhw fohdulqj prghov1

Wkhuh duh/ krzhyhu/ dovr ghpdqg vlgh h�hfwv ri surjuhvvlrq wr eh frqvlg0

huhg1 Wudlqlqj frvwv qhjdwlyho| d�hfw wkh ghpdqg iru oderxu/ dqg wkh udwh

ri surjuhvvlrq d�hfwv wkh txlw udwh dqg khqfh wudlqlqj frvwv1 Dq lqfuhdvh

lq surjuhvvlrq/ fhw1sdu1/ zloo lqfuhdvh wkh txlw udwh dqg wudlqlqj frvwv/ uh0

gxflqj ghpdqg iru oderxu> wklv h�hfw lv djdlq gdpshg iru kljk e1 Iru kljk

e/ wkhuhiruh/ dq lqfuhdvh lq surjuhvvlrq zloo vkliw erwk vxsso| dqg ghpdqg

grzq/ uhgxflqj zdjhv exw zlwk dq xqfhuwdlq h�hfw rq hpsor|phqw1 Iru

orz e/ wkh qhjdwlyh ghpdqg vkliw zloo eh juhdwhu/ pdnlqj lw pruh olnho| wkdw

hpsor|phqw zloo idoo1

Wkh qh{w vhfwlrqv looxvwudwh wkhvh srvvlelolwlhv=

<
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Zlwk �{hg oderxu vxsso|/ wkh zdjh fxuyh sod|v wkh uroh ri oderxu vxsso|

fxuyh1 Wr frpsohwh wkh prgho ri wkh oderxu pdunhw zh vroyh htxdwlrq +6,

iru b�| @ 3> wkh vwhdg|0vwdwh frqglwlrq1 Iurp : � @ Dk= Zh dovr vhw k @ t @

E^4� x+4� e,`# iru zW @ zW

� +vhh htxdwlrq+8,,1 Wkh uhvxow lv

�

Ci+O,

CO
. z .

DE2

5
+4� x+4� e,,2# . �DE^4� x+4� e,`# @ 3=

Wr vroyh lq whupv ri z dqg O/ h{suhvv x dv 4�O@Ov/ dqg fkrrvh d sdudphwulf

irup iru wkh surgxfwlrq ixqfwlrq= ohw

i+O, @ FOk> iru 3 ? � ? 4=

Khqfh wkh ghpdqg fxuyh lv +vlpsoli|lqj e| wdnlqj wkh vwdwlf fdvh / ru � @ 3,

z @ �F+O,k3�
�

DE2
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Wkh zdjh htxdov wkh pdujlqdo surgxfw ohvv wkh pdujlqdo frvw ri wudlqlqj dw

wkh htxloleulxp klulqj udwh1 Oderxu vxsso| h�hfwv hqwhu wkh ghpdqg fxuyh

yld wudlqlqj frvwv/ vlqfh dq| fkdqjh lq oderxu vxsso| d�hfwv xqhpsor|phqw

dqg vr txlwv dqg vr wudlqlqj frvwv1 D ulvh lq p wkhuhiruh zloo whqg wr udlvh

wudlqlqj frvwv dqg uhgxfh wkh ghpdqg iru oderxu1

2�e ��4ih�U@* i @4T*it

Wr looxvwudwh qxphulfdoo|/ zh fkrrvh sdudphwhuv wr |lhog d zdjh fxuyh hodvwlf0

lw| ri derxw 0314 +vhh frpphqwv deryh rq wklv,/ dqg phdvxuhv ri surjuhvvlrq

dqg oderxu vxsso| hodvwlflw| frpsdudeoh zlwk fdoleudwhg DJH prghov1 Ohw

D @ E @ 4> F @ 6> � @ 3=:8> � @ 5=8> e @ 3=;> p @ 3=7 dqg 316> � @ 3=3> �

@ 3=8> ] @ 4> dqg H @ 7=

51714 Il{hg oderxu vxsso| fdvh

Iljxuhv 4 dqg 5 sorw htxdwlrqv +49, dqg +46, zlwk Ov �{hg/ vkrzlqj wkh zdjh

udwh z djdlqvw uhodwlyh hpsor|phqw O@Ov= Wkh �jxuhv gl�hu lq wkh ohyho ri

ehqh�wv1
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Iljxuh 4= Surjuhvvlyh wd{hv zlwk �{hg oderxu vxsso| dqg e @ 31;> grwwhg

olqhv ohvv surjuhvvlyh1 Ghpdqg dqg zdjh0vhwwlqj fxuyhv vkrzq1
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Iljxuh 5= Surjuhvvlyh wd{hv zlwk �{hg oderxu vxsso| dqg e @ 3> grwwhg olqhv

ohvv surjuhvvlyh1 Ghpdqg dqg zdjh0vhwwlqj fxuyhv vkrzq1

Fkdqjhv lq surjuhvvlrq fdq hdvlo| eh vhhq wr kdyh wkh iroorzlqj frqvh0

txhqfhv= dq lqfuhdvh lq pdujlqdo udwh ri wd{/ iru jlyhq doorzdqfhv/ zloo vkliw

grzq wkh zdjh0fxuyh/ uhgxflqj wkh zdjh udwh dqg wkh xqhpsor|phqw udwh>

fkdqjhv lq wkh dyhudjh udwh zloo kdyh wkh rssrvlwh h�hfwv1 Lq wkh gldjudp/

wkh xsshu zdjh fxuyh fruuhvsrqgv wr p @ 3=6/ wkh orzhu wr p @ 3=7= Vlqfh

oderxu vxsso| lv �{hg/ surjuhvvlrq fkdqjhv kdyh qr h�hfw rq oderxu ghpdqg1

Wkh h�hfw ri d orz +}hur lq wklv fdvh, ohyho ri ehqh�wv lv wr vwhhshq wkh fxuyhv

dqg wr uhgxfh wkh hpsor|phqw jdlq ri lqfuhdvhg surjuhvvlrq= wkh h�hfw lv

vwloo srvlwlyh1
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Iljxuh 6= Surjuhvvlyh wd{hv zlwk yduldeoh oderxu vxsso| dqg e @ 31;> grwwhg

olqhv ohvv surjuhvvlyh1 Ghpdqg/ vxsso| dqg zdjh0vhwwlqj fxuyhv vkrzq1
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Iljxuh 7= Surjuhvvlyh wd{hv zlwk yduldeoh oderxu vxsso| dqg e @ 3> grwwhg

olqhv ohvv surjuhvvlyh1 Ghpdqg/ vxsso| dqg zdjh0vhwwlqj fxuyhv vkrzq1

51715 Yduldeoh oderxu vxsso| fdvh

Wkh qh{w h{dpsohv lqwurgxfh yduldeoh oderxu vxsso| dv vhw rxw deryh/ zlwk d

olqhdu0surjuhvvlyh wd{ dqg Free0Grxjodv xwlolw| ixqfwlrq1 Zh djdlq frpsduh

kljk dqg orz ehqh�w uhjlphv1

Lq Iljxuh 6/ zh fdq vhh wkh h�hfwv ri lqfoxglqj yduldeoh oderxu vxsso|

lqwr wkh dqdo|vlv1 Djdlq/ wkh grwwhg olqhv vkrz wkh ohvv surjuhvvlyh fdvh zlwk

pdujlqdo udwh p @ 3=6/ dqg wkh pruh surjuhvvlyh fdvh kdv p @ 3=71 Wkh

pd{lpxp oderxu vxsso| lv 5 +vlqfh W @ 7 dqg � @ 3=8,1 Wkh �jxuh vkrzv

erwk wkh vxsso| vfkhgxohv dqg wkh zdjh0vhwwlqj vfkhgxohv= wkh odwwhu duh

vkliwhg wr wkh ohiw/ dqg wkh jds ehwzhhq wkhp lv lqyroxqwdu| xqhpsor|phqw1
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Wkh h�hfw ri lqfuhdvhg surjuhvvlrq lv wr pryh wkh vxsso| vfkhgxoh dqg wkh

zdjh0vhwwlqj vfkhgxoh forvhu wrjhwkhu/ uhgxflqj xqhpsor|phqw1 Wkh pruh

surjuhvvlyh fdvh kdv kljkhu hpsor|phqw/ exw wkh ghpdqg vfkhgxoh dovr vkliwv

grzq gdpslqj wkh hpsor|phqw h�hfw dqg ixuwkhu uhgxflqj zdjhv1 Wklv vkliw

lq wkh ghpdqg fxuyh lv d ihdwxuh ri wkh yduldeoh oderxu vxsso| prgho= wkh

yduldeoh oderxu vxsso| fkdqjhv wkh uhodwlrq ehwzhhq hpsor|phqw/ xqhpsor|0

phqw dqg khqfh hpsor|huv* wudlqlqj frvwv1 Lq wklv h{dpsoh/ krzhyhu/ wkh

ghpdqg vkliw grhv qrw uhyhuvh wkh srvlwlyh hpsor|phqw h�hfw ri dq lqfuhdvh

lq surjuhvvlrq1

Lq wkh h{dpsoh glvfxvvhg deryh/ wkh uhvlgxdo surjuhvvlrq lqgh{ +�36
�3@

, lv

31:; dqg wkh hodvwlflw| ri oderxu vxsso| lv 3145 dw wkh htxloleulxp zlwk wkh

surjuhvvlyh wd{1 Wkhvh �jxuhv fruuhvsrqg txlwh forvho| wr phdvxuhv uhsruwhg

lq wkh olwhudwxuh +vhh h1j1 Vruhqvhq +4<<:e,, dqg wr wkrvh lq rxu fdoleudwhg

prghov ri Jhupdq|/ Iudqfh/ Lwdo| dqg wkh XN glvfxvvhg ehorz1

Zh qrz looxvwudwh wkh h�hfw ri uhgxflqj wkh ehqh�w ohyho1 Iljxuh 7 vkrzv

wkh h�hfw ri vhwwlqj e @ 31 Wklv wlph/ zlwk kljkhu surjuhvvlrq wkh vxsso|

vfkhgxoh lv vkliwhg ixuwkhu wr wkh ohiw/ vr wkdw wkh zdjh0vhwwlqj vfkhgxoh lv dovr

vkliwhg wr wkh ohiw> vlqfh wkh jds ehwzhhq wkhp lv uhgxfhg/ xqhpsor|phqw

idoov dv zhoo dv hpsor|phqw1 Wzr txlwh glvwlqfw h�hfwv rq hpsor|phqw fdq eh

vhhq1 Iluvw/ uhgxflqj ehqh�wv lqfuhdvhv wkh ohyho ri hpsor|phqw1 Frpsdulqj

Iljxuhv 6 dqg 7/ lw fdq eh vhhq wkdw zlwk p @ 3=7 +iru h{dpsoh, wkh ohyho

ri hpsor|phqw kdv ulvhq iurp derxw 418 wr 41:1 Vhfrqg/ krzhyhu/ wkh pruh

surjuhvvlyh wd{ kdv lq wkh }hur ehqh�w fdvh erwk orzhu ghpdqg dqg orzhu

zdjh0vhwwlqj fxuyh/ fohduo| uhgxflqj hpsor|phqw1 Wkh h�hfw rq zdjhv lv

dovr voljkwo| qhjdwlyh lq wklv fdvh1 Vr zkhq ehqh�wv duh }hur/ wkh h�hfw ri

lqfuhdvhg surjuhvvlrq rq hpsor|phqw lv uhyhuvhg1 Rq wkh rwkhu kdqg/ lw lv

vwloo wuxh wkdw lqfuhdvhg surjuhvvlrq uhgxfhv xqhpsor|phqw1

Wkxv/ li wkh srolf|0pdnhu vwduwv iurp d srvlwlrq ri kljk ehqh�w ohyhov/

kh2vkh fdq lqfuhdvh hpsor|phqw e| lqfuhdvlqj surjuhvvlrq/ uhgxflqj ehqh0

�wv/ ru erwk1 Vlqfh hdfk ri wkhvh rswlrqv kdv txlwh gl�huhqw glvwulexwlrqdo

frqvhtxhqfhv/ htxlw| frqvlghudwlrqv pljkw ghwhuplqh wkh fkrlfh1 E| frq0

wudvw/ li ehqh�wv duh lqlwldoo| orz/ wkhuh zloo eh ohvv vfrsh iru lqfuhdvlqj

hpsor|phqw e| �vfdo pdqlsxodwlrq/ dqg uhgxflqj ehqh�wv dqg2ru uhgxflqj

surjuhvvlrq zloo eh wkh fkrlfh= lq wklv fdvh doo fkrlfhv zloo whqg wr lqfuhdvh
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lqhtxdolw|1 Lw pd| eh/ wkhuhiruh/ wkdw wkhuh lv vrph olplw wr wkh ghjuhh wr

zklfk hpsor|phqw fdq eh vwlpxodwhg lq wklv zd| ehiruh htxlw| frqvlghud0

wlrqv ehfrph grplqdqw1

Wkhvh h{dpsohv vkrz wkdw wkh h�hfwv ri surjuhvvlrq rq hpsor|phqw lq

wklv ydulhw| ri h�flhqf| zdjh prgho ghshqg fuxfldoo| rq wkh ehqh�w ohyho/

dqg zrun wkurxjk erwk ghpdqg dqg vxsso| lq wkh oderxu pdunhw1 Lq d jhq0

hudo htxloleulxp vhwwlqj/ wkh surgxfw pdunhw dqg sxeolf vhfwru zrxog surylgh

ixuwkhu ihhgedfn1 Wr |lhog dq| srolf| uhfrpphqgdwlrqv wkhuhiruh/ lw lv ghvlu0

deoh wr lqfrusrudwh wkhvh zlghu h�hfwv/ dqg wr fdoleudwh wkh uhvxowlqj jhqhudo

htxloleulxp iru wkh frxqwu| xqghu frqvlghudwlrq1 Lw lv douhdg| fohdu wkdw

fdoleudwlrq fdq d�hfw wkh gluhfwlrq dv zhoo dv wkh h{whqw ri wkh frqvhtxhqfhv

ri wd{ uhirup1

� , |i?t�L?t |L |�i |�iLhi|�U@* 4L_i* @?_ ��B�,�
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Wkh prgho vhw rxw lq wkh suhylrxv vhfwlrq lv lqdghtxdwh lq vhyhudo zd|v

wkdw zh fdq uhphg| e| pdnlqj xvh ri dq dssolhg jhqhudo htxloleulxp prgho1

Lq d pxowl0frxqwu|/ pxowl0vhfwru prgho/ zlwk d ydulhw| ri w|shv ri oderxu/

ydulrxv gluhfw dqg lqgluhfw wd{hv/ dqg whupv ri wudgh h�hfwv/ wkh lqwxlwlrq

iurp vlpsoh h{dpsohv pxvw eh frq�uphg1 Dqg xvlqj d prgho fdoleudwhg wr

qdwlrqdo gdwd/ zh fdq rewdlq txdqwl�hg hvwlpdwhv ri wkh h�hfwv ri fkdqjhv

lq wd{ ghvljq/ dqg wkxv mxgjh zkhwkhu wkh h�hfwv vhhp wulyldo ru srwhqwldoo|

lpsruwdqw1

Wkh prgho ghvfulehg khuh fruuhvsrqgv lq prvw ri lwv ihdwxuhv wr wkdw xvhg

lq Kxwwrq dqg Uxrffr +4<<<,/ vr zh zloo irfxv pdlqo| rq wkh lqqrydwlrqv

ri wklv sdshu1 Lw lv d pxowlfrxqwu| dssolhg jhqhudo htxloleulxp +D1J1H1,

prgho/ uhsuhvhqwlqj 9 jurxsv ri Hxurshdq Xqlrq frxqwulhv1 Vrph ri wkhvh

uhsuhvhqw vlqjoh vwdwhv zkloh rwkhuv uhsuhvhqw jurxsv dv iroorzv= 41 Ehojlxp

) Ox{hperxuj 0Ghqpdun 0 Qhwkhuodqgv/ 51 Jhupdq| / 61 Vsdlq 0 Juhhfh0

Luhodqg 0 Sruwxjdo/ 71 Iudqfh/ 81 Lwdo|/ 91 Xqlwhg Nlqjgrp1 Wkh Uhvw ri wkh

Zruog +URZ, frpsohwhv wklv vhwwlqj1 Djjuhjdwlqj vrph ri wkh frxqwulhv

zloo qrw xqghuplqh rxu vlpxodwlrq uhvxowv dv zh frqfhqwudwh rxu dwwhqwlrq
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rq Jhupdq|/ Iudqfh/ Lwdo| dqg wkh XN1
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Irupdoo|/ wkh suhihuhqfhv ri krxvhkrogv duh uhsuhvhqwhg e| d qhvwhg xwlolw|

ixqfwlrq/ d irupxodwlrq lpso|lqj Klfnvldq vhsdudelolw|/ dqg pxowl0vwdjh exg0

jhwlqj1 Jlyhq wkdw wkh frxqwulhv gl�hu rqo| lq wkh sdudphwulvdwlrq ri wkh

ixqfwlrqdo irupv/ zh zloo qrw lqgh{ wkh yduldeohv e| frxqwu| lq zkdw iroorzv1

Iru hdfk frxqwu| zh kdyh prghoohg d uhsuhvhqwdwlyh krxvhkrog frpsrvhg

ri wzr jurxsv ri lqglylgxdov lghqwl�deoh e| jhqghu/ hdfk zlwk glvwlqfw wlph

hqgrzphqwv/ dfwlqj dv li pd{lplvlqj d vlqjoh xwlolw| ixqfwlrq vxemhfw wr

d krxvhkrog exgjhw frqvwudlqw1 Wkh dujxphqwv ri wkh xwlolw| ixqfwlrq duh

ohlvxuh dqg djjuhjdwh suhvhqw frqvxpswlrq1 Rq wkh rqh kdqg wkh krxvh0

krog ghflghv frqvxpswlrq/ e| fkrrvlqj gl�huhqw frqvxpswlrq jrrgv/ wkhq

glvwlqjxlvklqj ehwzhhq lpsruwhg dqg grphvwlf frpprglwlhv dqg �qdoo|/ eh0

wzhhq lpsruwhg frqvxpswlrq jrrgv iurp gl�huhqw vrxufh frxqwulhv1 Froohf0

wlyh jrrgv duh surylghg iuhh ri fkdujh dqg hqwhu wkh xwlolw| ixqfwlrq lq dq

dgglwlyho| vhsdudeoh pdqqhu +dqg frqvhtxhqwo| fdq eh rplwwhg,1 Rq wkh

rwkhu kdqg/ ohlvxuh ghflvlrqv duh glvwlqjxlvkhg e| idplo| phpehu/ |lhoglqj

glvwlqfw phqv* dqg zrphqv* oderxu vxssolhv1 Lq dgglwlrq/ zh doorz hdfk

idplo| phpehu wr fkrrvh khu2klv rswlpdo frpelqdwlrq ri ixoo0 dqg sduw0wlph

oderxu vxsso|/ glvwlqjxlvklqj ehwzhhq wkh suhihuhqfhv ri phq dqg zrphq1

Wkh �jxuh lq Dsshqgl{ D surylghv dq ryhuylhz ri wkh krxvhkrog vhfwru

klhudufk|1 D pxfk pruh dpelwlrxv krxvhkrog prgho/ glvdjjuhjdwhg lq wr

73 krxvhkrog w|shv dqg vhyhudo fdwhjrulhv ri oderxu lv ghyhorshg zlwklq wkh

PLPLF prgho/ lq h1j1 Judd�dqg dqg gh Prrlm +4<<<,1 Wkh prgho suhvhqwhg

khuh kdv vrph vlplodu ihdwxuhv/ lqfoxglqj wkh fkrlfh ri ixoo yv1 sduwwlph zrun1

Zh zloo dvvxph wkdw wkh sduwwlph pdunhw lv _ohjlwlpdwh% exw fohduv frpshw0

lwlyho|/ zkloh lq PLPLF wkhuh lv d frpshwlwlyh _eodfn% oderxu pdunhw1

Wkh gl�huhqfh ehwzhhq wkh ohyho ri wkh wrwdo wlph hqgrzphqw dqg wkh

ohlvxuh ghpdqg iru hdfk jurxs |lhogv wkh wrwdo oderxu vxsso| iru phq +OA6,

dqg iru zrphq +OA
�
,1 Frqglwlrqdo rq wkh wrwdo oderxu vxsso| iru hdfk jhqghu/

zrphq dqg phq pxvw vwloo ghflgh zkhwkhu wr zrun ixoo ru sduw0wlph/ vr wkh

krxvhkrog zloo r�hu d frpelqdwlrq ri ixoo dqg sduw0wlph zrun1 Wklv fkrlfh
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lv wdnhq e| hdfk jurxs pd{lplvlqj d krprwkhwlf FHW suhihuhqfh ixqfwlrq

vxemhfw wr d qhw lqfrph frqvwudlqw1 Wkh prgho gl�huv iurp rxu suhylrxv

zrun lq wkdw zh doorz wkh krxvhkrog wr wdnh lqwr dffrxqw/ zkloh pdnlqj lwv

ghflvlrq/ ri wkh ulvn ri ehlqj xqhpsor|hg1

Irupdoo|/ hdfk jhqghu l vroyhv wkh sureohp=

Pd{lplvh

FHW +OA
sc�@O

A
� > O

A
Rc�@O

A
� , @ �

k
�sc�

�*B2
�
OA
sc�@O

A
�

�Z
2 . �Rc�

�*B2
�
OA
Rc�@O

A
�

�Z
2

l �

Z
2

+4:,

vxemhfw wr

OA
sc�@O

A
� . OA

Rc�@O
A
� @ 4 +4;,

+4� x,+OA
sc�@O

A
� ,zs +4� ws , . x=e=+OA

sc�@O
A
� ,zs +4� ws ,

. +OA
Rc�@O

A
� ,zR+4� wR, @ z� +4<,

l1h1 +OA
sc�@O

A
� ,zs +4� ws,++4� x+4� e,,

.+OA
Rc�@O

A
� ,zR+4� wR, @ z� +53,

ru +OA
sc�@O

A
� ,izs +4� ws , . +OA

Rc�@O
A
� ,zR+4� wR, @ z� +54,

zkhuh wkh qrwdwlrq lv dv iroorzv=
�2 hodvwlflw| ri vxevwlwxwlrq +�2 ? 3,

�2
B23�
B2izs _ulvn0dgmxvwhg% ixoo0wlph zdjh zs +4� x+4� e,,

w� pdujlqdo wd{ udwhv iru i dqg s oderxu

OA
�c� Wrwdo i dqg s oderxu vxsso| iru jhqghu l

��c� vkduh sdudphwhuv iru i dqg s oderxu vxsso| iru jhqghu l=

l lqgh{ iru jhqghu +p>z,

m lqgh{ iru ixoo dqg sduw0wlph oderxu +i> s,

z� frpsrvlwh qhw ri wd{ zdjh udwhv iru jhqghu l

z� jurvv zdjh udwhv iru i dqg s oderxu

Wkh vkduh sdudphwhuv +��c�, wrjhwkhu zlwk wkh hodvwlflw| ri vxevwlwxwlrq

+�2, ghwhuplqh wkh vkdsh ri wkh FHW ixqfwlrq +vhh Kxwwrq dqg Uxrffr +4<<<,

iru ghwdlov,1 Wkh exgjhw frqvwudlqw htxdwlrq +4<, kdv wkuhh frpsrqhqwv= ixoo0

wlph zdjhv iurp hpsor|phqw/ ehqh�w iurp xqhpsor|phqw lq wkh ixoo0wlph
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pdunhw/ dqg sduw0wlph zdjhv1 Wkhuhiruh dq| yduldwlrq lq xqhpsor|phqw zloo

lqgxfh fkdqjhv lq wkh ixoo0wlph2sduw0wlph fkrlfh= lqfuhdvhg xqhpsor|phqw

uhgxfhv wkh uhodwlyh dwwudfwlrq ri wkh ixoo0wlph pdunhw/ dqg pryhv vrph

zrunhuv lqwr wkh sduw0wlph pdunhw1

Iru duelwudu| ydoxhv ri z�> zs dqg zR> wkh ixoo0wlph dqg sduw0wlph vkduhv

zrxog qrw vxp wr xqlw|= wkh jhqhudo htxloleulxp vhw ri zdjhv dqg sulfhv

pxvw wkhuhiruh vdwlvi| htxdwlrq +4;,1

Wkh vroxwlrq wr wklv sureohp/ wkhuhiruh/ ghwhuplqhv wkh rswlpdo fkrlfh

ri wkh krxvhkrog/ jlyhq qhw zdjhv/ wkh ehqh�w ohyho/ xqhpsor|phqw dqg

suhihuhqfhv ryhu ixoo ru sduw0wlph zrun1 Hdfk jhqghu*v oderxu vxsso| lv

OA
� @ OA

sc� . OA
Rc� iru l @p>z +55,

Rxu prghoolqj ri krxvhkrog fkrlfh ehwzhhq ixoo dqg sduw0wlph oderxu

lv dovr frqvlvwhqw zlwk d glvwulexwlrq ri suhihuhqfhv ryhu prgh ri zrun1 Lq

wklv fdvh wkh wkuhvkrog ydoxh ri uhodwlyh zdjhv lv d udqgrp yduldeoh= l1h1

3 � OA
sc�
@OA

� @ I
�
i�s E�3|s �
�R E�3|R�

�
� 4= Hdfk phpehu ri wkh oderxu irufh kdv d

wkuhvkrog ydoxh ri
�
i�s E�3|s �
�R E�3|R�

�
/ deryh zklfk kh2vkh ghflghv wr vzlwfk iurp

sduw0wlph wr ixoo0wlph zrun/ dffruglqj wr lqglylgxdo suhihuhqfhv1 Wr eh frq0

vlvwhqw zlwk wkh FHW ixqfwlrq lq +4:,/ wkhvh wkuhvkrog ydoxhv duh glvwulexwhg

dffruglqj wr wkh orj0orjlvwlf glvwulexwlrq ixqfwlrq/ zklfk |lhogv wkh sursru0

wlrq ri wkh srsxodwlrq zkrvh wkuhvkrog olhv ehorz wkh ydoxh
i�s E�3|s �
�R E�3|R�

1

��2 A�i ThL_�U|�L? tiU|Lh

Wkh rwkhu ihdwxuhv ri wkh prgho duh idluo| vwdqgdug lq wkh wudglwlrq ri Vkryhq

dqg Zkdooh| +rs1 flw1,= wkh uhdghu fdq uhihu wr Ihku/ Urvhqehuj/ dqg Zlh0

jdug +4<<8,/ dqg wr Uxrffr +4<<9, iru d pruh ghwdlohg ghvfulswlrq1 Lq wklv

vhfwlrq zh zloo/ wkhuhiruh/ uhsruw wkh pdlq gl�huhqfhv ehwzhhq rxu prgho

dqg wkh ruljlqdo prgho ri Ihku/ Urvhqehuj/ dqg Zlhjdug +4<<8,1 Wkuhh sul0

pdu| idfwruv ri surgxfwlrq +fdslwdo/ ixoo0wlph dqg sduw0wlph oderxu, dqg 44

frpprglwlhv duh lghqwl�hg iru hdfk frxqwu|1 Ilupv gr qrw glvwlqjxlvk eh0

wzhhq ixoo0wlph oderxu r�huhg e| phq ru e| zrphq1 Wkh gl�huhqw revhuyhg

pdunhw zdjh udwhv ri zrphq dqg phq ghshqg vroho| rq wkh iudfwlrq ri ixoo ru

4:



sduw0wlph zrun surylghg e| zrphq dqg phq uhvshfwlyho|1 Wklv dvvxpswlrq

grhv qrw qhfhvvdulo| uxoh rxw vrph ghjuhh ri glvfulplqdwlrq D1

Ixoo0wlph +O(s , dqg sduw0wlph +O(R , oderxu irup d Free0Grxjodv qhvw

zlwklq d FHV ydoxh0dgghg surgxfwlrq ixqfwlrq zlwk djjuhjdwh oderxu dqg

fdslwdo dv dujxphqwv1 Wkh jurvv surgxfwlrq ixqfwlrq lv wkh xvxdo Ohrqwlhi0

w|sh/ ghshqglqj rq ydoxh0dgghg dqg p frpsrvlwh lqwhuphgldwh lqsxwv1 Wkh

lqwurgxfwlrq ri wudlqlqj frvwv iru ixoo0wlph hpsor|hhv lv wkh pdmru gl�huhqfh

ehwzhhq wklv prgho dqg wkdw lq Kxwwrq dqg Uxrffr +4<<<,1 Dsshqgl{ D

glvsod|v wkh surgxfwlrq wuhh vfkhpdwlfdoo|1

��� A�i T�M*�U tiU|Lh

Zh qrz frqvlghu wkh h{shqglwxuh vlgh ri wkh jryhuqphqw exgjhw1 Wkhuh duh

wzr h{shqglwxuh fdwhjrulhv= oxps0vxp sd|phqwv wr wkh uhsuhvhqwdwlyh frq0

vxphu dqg jryhuqphqw rxwod|v iru wkh surylvlrq ri sxeolf jrrgv1 Ehfdxvh

�upv sd| iru wkh xvh ri wkh sxeolf jrrg dv dq lqwhuphgldwh lqsxw/ rqo| qhw

sxeolf h{shqglwxuhv +surylghg iuhh ri fkdujh wr wkh frqvxphu, kdyh wr eh

�qdqfhg e| wd{hv1 Wudqvihuv duh d olqhdu ixqfwlrq ri wkh ohyho ri xqhpsor|0

phqw

W @ �
f
. �

�
x
[

�

OA
sc� +56,

Wkh sdudphwhu �
�
lv wkh frvw lq ehqh�wv ri dq dgglwlrqdo xqhpsor|hg shuvrq/

l1h1 �
�
@ e=zs+4�w

�
s , Wkh lqwhufhsw ri wkh wudqvihuv ixqfwlrq �f fruuhvsrqgv

wr wkrvh wudqvihu sd|phqwv zklfk wkh jryhuqphqw pdnhv lqghshqghqw ri wkh

ohyho ri xqhpsor|phqw +l1h1 shqvlrqv, lv fdoleudwhg wr wkh ydoxh ri xqhp0

sor|phqw frpshqvdwlrq lq wkh uhvshfwlyh frxqwulhv xqghu frqvlghudwlrq1

Rq wkh uhyhqxh vlgh ri wkh exgjhw/ wkh jryhuqphqw froohfwv ydulrxv wd{hv=

ixoo0wlph oderxu lqfrph wd{/ sduw0wlph oderxu lqfrph wd{ +lq sulqflsoh exw

qrw lq sudfwlfh,/ fdslwdo lqfrph wd{/ ydoxh dgghg wd{hv/ wdul�v dqg sur0

gxfwlrq wd{hv1 Wd{hv rq fdslwdo dqg oderxu lqfrph duh prghoohg dv olqhdu

surjuhvvlyh wd{hv= zh dvvxph vlqjoh pdujlqdo wd{ udwhv dssolfdeoh wr lqfrph

D#�tUh�4�?@|�L? 4@) t|�** |@!i |�i uLh4 Lu i�}� ?L?�i4T*L)4i?| Lh ?L?�ThL4L|�L?c

h@|�ih |�@? T@)�?} @ *L�ih �@}i uLh �_i?|�U@* �Lh!�

4;



deryh d wkuhvkrog1 Dv qrwhg ehorz/ fdslwdo lqfrph wd{ lv ohylhg dffruglqj

wr rzqhuvkls ri fdslwdo/ qrw wkh orfdwlrq zkhuh wkh fdslwdo lv hpsor|hg/ dqg

vlqfh wklv lv d vwdwlf prgho zlwk wkh uhwxuq rq fdslwdo ghwhuplqhg lqwhuqd0

wlrqdoo|/ fdslwdo lqfrph lv lq h�hfw h{rjhqrxv dqg vr fdslwdo lqfrph wd{ lv

olnh d oxps vxp wd{1

��e w@ML�h 4@h!i| i^��*�Mh��4 �? |�i �B, 4L_i*

Wkh irup ri wkh zdjh fxuyh lq wklv vwxg| lv d ghsduwxuh iurp rxu suhylrxv

zrun dqg kdv ehhq ghulyhg deryh dv htxdwrq +44,1 Dgdswlqj wkh qrwdwlrq/

wklv qrz dsshduv dv=

orj

�
zs

T

�
@ orj

#
4� ws

4� w�s

$
. orj+DE2�, . 5� orj+4� x+4� e,, +57,

zkhuh zh xvh wkh iroorzlqj qrwdwlrq=

w�s dyhudjh ixoo0wlph oderxu lqfrph wd{ udwh

T frqvxphu sulfh lqgh{1
Wkh ghpdqg iru ixoo0wlph oderxu lv ghulyhg dorqj wkh olqhv ri htxdwlrq

+49, deryh/ wkh ghpdqg iru ixoo0wlph oderxu lv O(s / vroyhg iurp

CYD

CO(
CO(

CO(s
@
zs

T
.
DE2

5
+4� x+4� e,,2# . �DE^4� x+4� e,`# +58,

zkhuh YD lv wkh ydoxh dgghg ixqfwlrq1

Wkh vhfrqg dqg wklug whupv rq wkh UKV ri +58, duh wkh ixoo pdujlqdo frvw

ri wudlqlqj/ dfwlqj olnh d zdjh wd{1 Frpsdulqj +58, dqg +57,/ wkh pdujlqdo

frvw ri wudlqlqj fdq eh vroyhg rxw dv

PFW @
zs

T

%
5�

#
4� ws

4� w�s

$&
3�

. � +5D,f�D

5
7zs

T

%
5�

#
4� ws

4� w�s

$&
3�
6
8
f�D

Wkh vhfrqg sduw ri wklv h{suhvvlrq lv yhu| vpdoo/ vr PFW fdq eh dssur{0

lpdwho| phdvxuhg e| wkh �uvw whup1 Iru fdoleudwlrq sxusrvhv/ zh vwduw

iurp wkh hvwlpdwhg zdjh fxuyh hodvwlflw| ri C orj+zs@T,@C orj+x, @ �3=4=

4<



Wkxv/ iru dq xqhpsor|phqw udwh ri x @ 3=4 dqg d ehqh�w ohyho ri e @ 3=;>

vd|/ zh fdq ghulyh d ydoxh ri � e| vroylqj C^5� orj+4� x+4� e,,`@C orj+x, @

�

2�E�3K�#
�3�E�3K� @ �3=4= Wklv |lhogv � @ 5=8= Iru d uhvlgxdo surjuhvvlrq lqgh{ ydoxh

ri

�
�3|s
�3|�

s

�
@ 3=;/ wudlqlqj +dqg rwkhu wxuqryhu0uhodwhg, frvwv fdq eh vroyhg

rxw dv PFW @ 3=58+
�s
'
,= Wklv h{dpsoh looxvwudwhv wkh rughuv ri pdjqlwxgh

lpsolhg lq wkh prghoolqj1

Lq wkh ixoo0wlph oderxu pdunhw/ zh kdyh xqhpsor|phqw htxdoolqj wkh

gl�huhqfh ehwzhhq wkh ohyho ri ohlvxuh wkdw wkh frqvxphu +ri hdfk vh{, zrxog

fkrrvh dw wkh htxloleulxp zdjh udwh +c6 ru c�, dqg wkh ohyho ri ohlvxuh wkdw

wkh frqvxphu lv irufhg wr fkrrvh +cW� ,/ wkxv=

cW� @ c� . x OAsc�= +59,

Xqhpsor|phqw wkhuhiruh fruuhvsrqgv wr h{fhvv ohlvxuh frqvxpswlrq1 Wkh

pdunhw htxloleulxp frqglwlrq iru wkh ixoo0wlph oderxu pdunhw lv=

[
?

O(sc? @ +OAsc6 . OAsc�,+4� x,>

zkhuh
S

? O
(
sc? lv wkh ghpdqg iru ixoo0wlph oderxu +vxpphg ryhu surgxfwlrq

vhfwruv,1 Lq wkh sduw0wlph pdunhw wkh frqyhqwlrqdo fohdulqj frqglwlrq krogv=

[
?

O(Rc? @ OARc6 .OARc�=

��D �L*�U) i�@*�@|�L?

Wr hydoxdwh srolf| fkdqjhv/ zh qhhg dssursuldwh lqglfdwruv ri wkhlu zhoiduh

h�hfwv1 D zhoiduh ixqfwlrq zklfk uhsuhvhqwv wkh hfrqrp| dv d zkroh lq d

zruog zlwk d vlqjoh frqvxphu dqg zlwkrxw udwlrqlqj lv vwudljkwiruzdug= wkh

zhoiduh ixqfwlrq frlqflghv zlwk wkh xwlolw| ixqfwlrq ri wkh uhsuhvhqwdwlyh frq0

vxphu +X, =Zkhq vrph lqglylgxdov duh xqhpsor|hg/ krzhyhu/ wklv dssurdfk

lv qrw vr vdwlvidfwru|/ vlqfh xqhpsor|hg lqglylgxdov duh irufhg r� wkhlu rswl0

pdo ohlvxuh2jrrgv fkrlfh1 Zh zlvk wr fkrrvh dq lqgh{ zklfk uhsuhvhqwv wkh

frvwv ri xqhpsor|phqw lq d uhdvrqdeoh pdqqhu1
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Zh wkhuhiruh fdofxodwh htxlydohqw yduldwlrqv lq wzr zd|v1 Wkh �uvw wudqv0

odwhv gluhfwo| iurp wkh dqdo|vlv ri wkh vlqjoh uhsuhvhqwdwlyh krxvhkrog lq xq0

frqvwudlqhg ixoo hpsor|phqw/ frpsdulqj xwlolw| dv d ixqfwlrq ri frqvxpswlrq

dqg ohlvxuh1 Wkh vhfrqg uhfrjqlvhv wkdw h{fhvv ohlvxuh frqvxpswlrq lq wkh

irup ri xqhpsor|phqw iru vrph krxvhkrogv zloo frqwulexwh ohvv xwlolw| dw

wkh pdujlq wkdq iuhho| fkrvhq ohlvxuh1 Wkh wzr phdvxuhv duh HY�c,n� dqg

HY�c,/ edvhg rq xwlolw| hydoxdwhg xvlqj/ uhvshfwlyho|/ wrwdo ohlvxuh frqvxphg

dqg wrwdo ohlvxuh ghpdqghg1 Wkxv lq wkh vhfrqg/ zh dvvljq }hur xwlolw| wr

h{fhvv ohlvxuh lq wkh irup ri xqhpsor|phqw1 Iru ghwdlov vhh Kxwwrq dqg

Uxrffr +4<<<,1

e A�i 5�4�*@|�L?t

e�� 5�4�*@|�L? _it�}?

Wr lqyhvwljdwh wkh vl}h ri wkh h�hfwv ri fkdqjhv lq lqfrph wd{ surjuhvvlrq/

zh frqgxfwhg vrph vlpsoh h{shulphqwv rq wkh pxowl0frxqwu| prgho1 Zh

phdvxuh wkh h�hfwv ri lqfuhdvhv lq wkh pdujlqdo lqfrph wd{ udwh/ pdlqwdlq0

lqj frqvwdqw wkh dyhudjh lqfrph wd{ udwh e| ydu|lqj wkh ohyho ri shuvrqdo

doorzdqfhv1 Vlqfh wkhvh fkdqjhv lq pdujlqdo udwhv zloo d�hfw zdjhv dqg wkxv

wkh uhvw ri wkh hfrqrp|/ wkh jryhuqphqw exgjhw frqvwudlqw zloo eh glvwxuehg1

Wr r�vhw wklv/ zh doorz wkh fdslwdo lqfrph wd{ udwh wr ydu| hqgrjhqrxvo|1

Wkh dgydqwdjh ri xvlqj wklv ghylfh lv wkdw wkh fdslwdo lqfrph wd{ lq wklv

prgho lv lq h�hfw d oxpsvxp wd{/ vlqfh lw lv ohylhg rq grphvwlf lqfrph iurp

fdslwdo rzqhuvkls dqg wkh grphvwlf vxsso| ri fdslwdo lv �{hg +dowkrxjk wkh

grphvwlf fdslwdo vwrfn fdq ydu| wkurxjk fdslwdo �rzv,1 Hdfk h{shulphqw

lv uhshdwhg iru gl�huhqw ohyhov ri xqhpsor|phqw ehqh�w/ zlwk dqg zlwkrxw

yduldeoh oderxu vxsso|1

Zh �uvw/ krzhyhu/ frqvwuxfw d ixoo0hpsor|phqw yhuvlrq ri wkh prgho/

e| holplqdwlqj wudlqlqj frvwv dqg khqfh wkh zdjh fxuyh iurp wkh ixoo0wlph

pdunhw1 Wkh wd{ h{shulphqwv rq wklv prgho duh qhfhvvdu| wr frq�up wkdw

wkh surjuhvvlrq h�hfwv lq zklfk zh duh lqwhuhvwhg gr uhdoo| ghshqg rq wkh

suhvhqfh ri xqhpsor|phqw/ dqg duh qrw wkh uhvxow ri vrph edvlf plvvshfl0

�fdwlrq1 Wkh uhvxowv frqirup wr wudglwlrqdo wkhru|= lq eulhi/ dq lqfuhdvh lq
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pdujlqdo udwh/ zlwk dyhudjh udwh khog frqvwdqw/ udlvhv zdjhv dqg uhgxfhv hp0

sor|phqw dqg zhoiduh/ zkloh dq lqfuhdvh lq wkh dyhudjh udwh/ zlwk pdujlqdo

udwh frqvwdqw +dfklhyhg e| ydu|lqj hlwkhu doorzdqfhv ru fdslwdo wd{dwlrq,/

kdv vlplodu h�hfwv1 Wkh txhvwlrq ri fkdqjlqj ehqh�w ohyhov grhv qrw dulvh lq

dq lqwhuhvwlqj zd| lq wkh devhqfh ri xqhpsor|phqw= pruh jhqhurxv wudqvihuv

wr krxvhkrogv whqgv wr uhgxfh oderxu vxsso|/ zlwk wkh �qdo h�hfw ghshqglqj

rq krz wkh wudqvihu lqfuhdvh lv �qdqfhg1 Wkhvh vlpxodwlrq uhvxowv duh qrw

uhsruwhg exw duh dydlodeoh rq uhtxhvw1

Zh qrz wxuq wr wkh prgho zlwk lqyroxqwdu| xqhpsor|phqw1 Lq wkh suhv0

hqfh ri xqhpsor|phqw/ zh frqgxfw wkh wzr h{shulphqwv deryh +fkdqjlqj

pdujlqdo dqg dyhudjh udwhv,/ dqg lqyhvwljdwh wkh h�hfw ri ehqh�w ohyho dqg

oderxu vxsso| hodvwlflw| dv vhqvlwlylw| h{huflvhv1 Udlvlqj wkh dyhudjh udwh kdv

vlplodu h�hfwv zlwk ru zlwkrxw xqhpsor|phqw/ dv h{shfwhg/ dqg zh gr qrw

uhsruw wkhvh uhvxowv khuh1 Zh qrz/ krzhyhu/ h{shfw wkh pdujlqdo udwh lq0

fuhdvh +dv ghvfulehg deryh, wr uhgxfh zdjh udwhv lq wkh ixoo0wlph pdunhw dqg

vr whqg wr hqfrxudjh ixoo0wlph hpsor|phqw1 Zkhwkhu hpsor|phqw dfwxdoo|

grhv lqfuhdvh ghshqgv dovr rq ghpdqg vlgh h�hfwv/ vlqfh dv zh vdz deryh

zlwk wkh vpdoo prgho/ zkhq ehqh�wv duh orz dqg oderxu vxsso| yduldeoh/ wkh

hpsor|phqw h�hfw pd| eh uhyhuvhg1 Exw vlqfh lqfuhdvhg surjuhvvlrq uhgxfhv

wkh zdjh fxuyh/ zh fdq h{shfw xqhpsor|phqw wr eh uhgxfhg lq doo fdvhv1

Ehfdxvh phq duh pruh olnho| wr zrun ixoo0wlph/ wkh| vkrxog eh pruh

d�hfwhg wkdq zrphq1 Wkh h�hfw rq wkh sduw0wlph pdunhw lv pruh gl�fxow wr

suhglfw1 Wkh uhgxfhg xqhpsor|phqw udwh zloo hqfrxudjh zrunhuv wr vzlwfk

iurp wkh sduw0wlph wr wkh ixoo0wlph pdunhw/ uhgxflqj sduw0wlph hpsor|phqw>

exw rq wkh rwkhu kdqg/ wkh orzhu ixoo0wlph zdjh zloo kdyh wkh rssrvlwh h�hfw1

Li wkh odwwhu h�hfw lv vwurqjhu/ zh h{shfw sduw0wlph zdjhv wr eh gulyhq grzq

dqg sduw0wlph hpsor|phqw wr lqfuhdvh1 Vlqfh zrphq kdyh d kljkhu vkduh

ri sduw0wlph zrun/ wkh h�hfwv rq zrphq pd| wkhuhiruh eh vpdoohu wkdq rq

phq1

Uhshdwlqj wkh h{shulphqw / exw zlwk d }hur ehqh�w ohyho/ zloo vwhhshq wkh

zdjh fxuyh dqg jhqhudoo| lqfuhdvh wkh h�hfwv ri surjuhvvlrq fkdqjhv rq zdjh

udwhv dqg vr rq zrunhuv* dqg hpsor|huv* ghflvlrqv1 Oderxu vxsso| h�hfwv zloo

eh pruh lpsruwdqw= li ixoowlph hpsor|phqw lv uhgxfhg e| kljkhu surjuhvvlrq/

hpsor|huv zloo whqg wr vxevwlwxwh sduwwlphuv/ vr zrphqv* hpsor|phqw vkrxog
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Jhupdq| Iudqfh Lwdo| XN

pdujlqdo wd{ udwh 7513 5;14 651: 6713

dyhudjh wd{ udwh 6318 541; 5317 4<15

vrfldo vhfxulw| sdlg e| hpsor|huv 4;15 6816 781< 4317

L�-+uhvlg1 surj1, 31;6 31<5 31;8 31;5

Vrxufhv= RHFG +4<<8, s147:/ 484/ 488/ 4:<1 Q1e1 wd{ udwhv lqfoxgh

hpsor|hhv* vrfldo vhfxulw| frqwulexwlrqv1

Wdeoh 4= Gluhfw wd{ udwhv prghoohg lq 4<<5 ehqfkpdun

ehqh�w1 Ilqdoo|/ dv d fkhfn iru qrqolqhdulw|/ zh uhshdw wkh h{shulphqwv xvlqj

6 lqvwhdg ri 4 shufhqwdjh fkdqjhv lq wd{ udwhv1

e�2 5�4�*@|�L? hit�*|t

Wdeoh 4 vkrzv wkh pdlq gluhfw wd{ udwhv lq rxu ehqfkpdun gdwd vhw iru 4<<51

Wkh uhvlgxdo surjuhvvlrq lqglfhv vkrz wkdw Iudqfh kdv wkh ohdvw surjuhvvlyh/

Lwdo| dqg Jhupdq| wkh prvw surjuhvvlyh lqfrph wd{ v|vwhpv/ h{foxglqj vr0

fldo vhfxulw| frqwulexwlrqv1 Wkh ydoxhv vkrzq iru wkh pdujlqdo wd{ udwhv uhihu

wr d wzr0hduqhu frxsoh zlwk wzr fkloguhq1 Zh dfwxdoo| xvh wkh wd{ udwhv ri wkh

sulqflsdo hduqhu dv wd{ udwhv rq ixoo dqg sduw0wlph oderxu/ zkhuh wkh shufhqw0

djh ri wkh DSZ +dyhudjh surgxfwlrq zrunhu, lqfrph sulqflsdo2vhfrqgdu|

hduqhu lv 4332661

71514 Wkh Jhupdq fdvh lq pruh ghwdlo

Wdeoh 5 vkrzv wkh h�hfwv ri lqfuhdvlqj wkh pdujlqdo udwh e| rqh shufhqwdjh

srlqw iru Jhupdq|/ dv d w|slfdo h{dpsoh ri wkh uhvxowv1 Ghwdlov ri doo vlpx0

odwlrqv duh vkrzq lq wkh Dsshqgl{ wdeohv/ zlwk 4 dqg 6 shufhqwdjh fkdqjhv

lq pdujlqdo udwhv/ dqg dovr iru Iudqfh/ Lwdo| dqg XN1

Wkh �uvw froxpq ri �jxuhv vkrzv wkdw iru �{hg oderxu vxsso|/ zlwk ixoo

ehqh�w ohyho ri 31:;/ wkh odujhvw hpsor|phqw h�hfwv duh rewdlqhg/ wrjhwkhu

zlwk d 3195 uhgxfwlrq lq wkh shufhqwdjh xqhpsor|phqw udwh +frq�qhg e|

dvvxpswlrq wr ixoo0wlph zrunhuv,1 Sduwwlphuv gr qrw ehqh�w/ krzhyhu/ vlqfh
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H�hfwv ri lqfuhdvhg surjuhvvlrq rq hpsor|phqw

dqg xqhpsor|phqw= Jhupdq| +4<<5 ehqfkpdun,

Pdujlqdo udwh lqfuhdvhg e| 4(/ dyhudjh udwh frqvwdqw

yld yduldwlrqv lq doorzdqfhv1

Ehqh�w ohyho 31:; 3133

Oderxu vxsso| Il{hg Yduldeoh Il{hg Yduldeoh

(� hpsor|phqw ohyho 318: 3157 3156 03147

(� pdoh hpsor|phqw 3198 3166 3159 03143

(� ihpdoh hpsor|phqw 3179 3144 314; 0314<

(� ixoowlph hpsor|phqw 319: 3166 3159 03143

(� sduwwlph hpsor|phqw 3133 0315< 3133 03174

�( xqhpsor|phqw udwh 03195 031<8 03157 03165

Zhoiduh phdvxuhv +( htxlydohqw yduldwlrq,

HYSc,n� 317; 3149 314; 0313:

HYSc, 317; 3173 314; 3136

Wdeoh 5= Jhupdq|

wkh lpsdfw ri lqfuhdvhg surjuhvvlrq lv wr uhgxfh wkh ixoowlph zdjh/ hqfrxu0

djlqj hpsor|huv wr vxevwlwxwh ixoo0wlph iru sduw0wlph zrunhuv> dqg ehfdxvh

zrphq duh pruh olnho| wr zrun sduw0wlph/ zrphq ehqh�w ohvv wkdq phq1

Wkh vhfrqg froxpq vkrzv vrph lqwhuhvwlqj frqwudfwv zlwk froxpq rqh1

Zkhq oderxu vxsso| lv yduldeoh/ wkh wd{ ulvh zloo uhgxfh vxsso|/ dqg doo

hpsor|phqw h�hfwv duh ohvv srvlwlyh1 Sduw0wlph hpsor|phqw lv qrz uhgxfhg

e| 315<(1 Ehfdxvh ixoowlph hpsor|phqw kdv ulvhq zkloh oderxu vxsso| kdv

idoohq/ krzhyhu/ wkh uhgxfwlrq lq wkh xqhpsor|phqw udwh lv pxfk odujhu wkdq

lq wkh suhylrxv fdvh ri �{hg oderxu vxsso|= d uhgxfwlrq ri 31<8 shufhqwdjh

srlqwv lv rewdlqhg1 D ixuwkhu lq�xhqfh rq sduwwlph hpsor|phqw lv wkh idoo lq

wkh xqhpsor|phqw udwh pdnlqj ixoo0wlph hpsor|phqw pruh dwwudfwlyh/ iru

jlyhq zdjh udwhv/ vr wkh vkduh ri sduwwlph oderxu lq wkh wrwdo oderxu vxsso|

dovr idoov1

Froxpqv wkuhh dqg irxu uhshdw wkh h{huflvh/ exw zlwk }hur ehqh�wv iru

xqhpsor|hg zrunhuv1 Lw lv qhfhvvdu| wr eh fohdu derxw wklv h{shulphqw= zh

kdyh vhw }hur ehqh�wv lqwr wkh ehqfkpdun/ wrjhwkhu zlwk wkh vdph ehqfk0
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pdun ohyho ri xqhpsor|phqw dv lq wkh rwkhu fdvhv1 Wkxv/ dowkrxjk zh fdq

suhglfw wkdq uhgxflqj ehqh�w ohyhov zrxog dovr udlvh hpsor|phqw/ dv lq vhf0

wlrq 5 deryh/ hpsor|phqw h�hfwv iurp fkdqjlqj surjuhvvlrq duh vwloo frp0

sdudeoh1 Li zh kdg vkrzq surjuhvvlrq h�hfwv uhodwlyh wr hpsor|phqw ohyhov

douhdg| lqfuhdvhg e| }hur ehqh�wv/ orzhu jdlqv zrxog eh revhuyhg dv lq Ilj0

xuhv 6 dqg 71 Froxpq 6 vwloo vkrzv hpsor|phqw jdlqv iru wkh �{hg vxsso|

fdvh/ wkrxjk wkh jdlqv duh pxfk ohvv ehfdxvh wkh �dwwhu zdjh fxuyh lqgxfhv

vpdoohu zdjh uhgxfwlrqv1 Zkhq oderxu vxsso| lv yduldeoh/ wkh }hur ehqh�w

fdvh |lhogv hpsor|phqw orvvhv iru doo fdwhjrulhv ri zrunhu/ hvshfldoo| sduw0

wlphuv1 Wkh xqhpsor|phqw udwh lv vwloo uhgxfhg/ krzhyhu/ dv wkh oderxu

vxsso| kdv uhgxfhg e| pruh wkdq oderxu ghpdqg1 Wkxv wkh suhglfwlrqv

iurp wkh vlpsoh sduwldo prgho ri vhfwlrq 5 duh uhsurgxfhg khuh1

Wkh h�hfwv rq sduwwlph zrun duh zruwk d ixuwkhu frpphqw1 Zkhuh

lqfrph wd{dwlrq lv ohylhg rq lqglylgxdo lqfrphv/ lw lv vrphwlphv dujxhg +lq

h1j1 B, wkdw pruh surjuhvvlrq zrxog hqfrxudjh sduwwlph zrun1 Zh gr qrw

uhsolfdwh wklv h�hfw vlqfh zh dvvxph wkdw doo zrunhuv sd| wkh vdph pdujlqdo

udwh ri wd{/ vr wkhuh lv qr lqfhqwlyh wr plqlplvh idplo| wd{ oldelolw| e| vkdulqj

wkh zrun pruh htxdoo|1 Rxu uhvxowv pdlqo| ghulyh iurp rxu prghoolqj wkh

sduwwlph pdunhw dv frpshwlwlyh/ vr wkdw wkh qrupdo glvlqfhqwlyh h�hfwv rq

oderxu vxsso| duh rewdlqhg1

Wkh zhoiduh phdvxuhv hdfk whoo d gl�huhqw vwru|1 Wkh �uvw/ _qdlyh%/ phd0

vxuh HYSc,n�> lq zklfk doo ohlvxuh lv wuhdwhg lq wkh vdph zd| vkrzv srvlwlyh

h�hfwv sduwlfxoduo| iru wkh �{hg oderxu vxsso| fdvhv/ exw lv qhjdwlyh iru

wkh irxuwk froxpq lq zklfk hpsor|phqw idoov wrjhwkhu zlwk xqhpsor|phqw1

Wkh vhfrqg phdvxuh/ HYSc,> zklfk uhpryhv dq| zhoiduh ehqh�wv iurp h{0

fhvv ohlvxuh frqvxpswlrq wkurxjk xqhpsor|phqw/ lv lghqwlfdo iru wkh �{hg

vxsso| fdvhv vlqfh ohlvxuh lv qrw d yduldeoh/ exw lv pruh srvlwlyh iru wkh ydul0

deoh vxsso| fdvhv wkdq HYSc,n�= Wklv vhfrqg phdvxuh lv vwloo srvlwlyh iru wkh

irxuwk froxpq1 Wkxv wkh dujxdeo| pruh uhdolvwlf phdvxuh vkrzv frqvlvwhqwo|

juhdwhu ehqh�wv iurp juhdwhu surjuhvvlrq/ uhpdlqlqj srvlwlyh hyhq zkhq wklv

phdqv orzhu hpsor|phqw1 Wkh uhdvrq iru wkh vljql�fdqw glvfuhsdqf| lq wkh

irxuwk froxpq lv wkdw lq wklv fdvh wkhuh lv d vl}hdeoh vkliw zlwklq wrwdo ohlvxuh

+o. x, iurp irufhg frqvxpswlrq +x, wr fkrvhq frqvxpswlrq +o,1 Lqwhusuhwd0

wlrq ri wkhvh phdvxuhv lv frpsolfdwhg/ krzhyhu/ vlqfh ohlvxuh lv qrw wuhdwhg
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dv d jrrg zkhq frpsxwlqj xwlolw| lq wkh �{hg vxsso| fdvh/ zlwk wkh h�hfw

wkdw wkh HY �jxuhv zloo eh vpdoohu lq devroxwh ydoxh iru wkh �{hg fdvhS1

Zlwk vrph yduldwlrqv lq wkh ghwdlov/ wkh vdph txdolwdwlyh uhvxowv duh

rewdlqhg iru doo rwkhu fdvhv frqvlghuhg= vhh wkh Dsshqgl{1 Fkdqjlqj wkh

pdujlqdo lqfrph wd{ udwh e| wkuhh lqvwhdg ri rqh srlqw vlpso| lqfuhdvhv doo

wkh h�hfw e| dssur{lpdwho| d pxowlsoh ri wkuhh/ lqglfdwlqj wkh orfdo olqhdulw|

ri wkh prgho1 Wkh fdvh ri Lwdo| lv qrwdeoh lq wkdw wkh4<<5 ehqh�w ehqfkpdun

lv rqo| 318/ uhgxflqj wkh frqwudvw iurp gursslqj wr }hur ehqh�w1 Wkh vdph

sdwwhuq lv revhuyhg/ krzhyhu/ zlwk }hur ehqh�wv uhyhuvlqj wkh hpsor|phqw

jdlqv iurp h{wud surjuhvvlrq1 Exw lq Lwdo|/ wkh orzhu ehqh�w ohyho phdqv wkdw

wkh lpsdfw ri surjuhvvlrq lq hpsor|phqw lv ohvv1 Lq wkh fhqwudo fdvh/ zlwk

ehqh�w sdudphwhu e@ 318/ dqg yduldeoh oderxu vxsso|/ d rqh shufhqwdjh srlqw

fkdqjh lq p uhgxfhv wkh shufhqwdjh xqhpsor|phqw udwh e| 318; frpsduhg

wr 31<8 lq Jhupdq|/ dqg hpsor|phqw lqfuhdvhv e| 3145( frpsduhg wr 3157(

lq Jhupdq|1 Wkh �jxuhv iru Iudqfh dqg wkh XN duh txlwh vlplodu wr wkrvh

iru Jhupdq|1

D �L?U*�t�L?t

D�� ,4T*L)4i?| igiU| Lu ThL}hitt�L?

Wkh qxphulfdo uhvxowv zh kdyh rewdlqhg duh txlwh frqvlvwhqw zlwk wkh txdol0

wdwlyh suhglfwlrqv ri wkh vpdoo wkhruhwlfdo prgho lqlwldoo| vhw rxw1 Lqfuhdvhg

surjuhvvlrq deryh fxuuhqw ohyhov grhv uhgxfh xqhpsor|phqw> dqg zkhq xq0

hpsor|phqw ehqh�w ohyhov duh dw revhuyhg ohyhov/ lqfuhdvhg surjuhvvlrq dovr

lqfuhdvhv hpsor|phqw dqg zhoiduh1 Orzhu ohyhov ri ehqh�w zrxog/ krzhyhu/

uhyhuvh wkh hpsor|phqw h�hfwv/ zlwk pruh surjuhvvlrq uhgxflqj hpsor|phqw1

Lw dovr vhhpv wkdw wkh vl}h ri wkh h�hfwv rewdlqhg duh qrw wulyldo/ dqg wkdw

wkhuh duh srvlwlyh hpsor|phqw dqg zhoiduh h�hfwv iurp lqfuhdvlqj surjuhv0

vlrq lq doo wkh fdvhv frqvlghuhg/ ri Iudqfh/ Jhupdq|/ Lwdo| dqg wkh XN1 Wkhvh

frqfoxvlrqv duh/ ri frxuvh/ vxemhfw wr vrph uhvhuydwlrqv1 Lw vkrxog eh fohdu

wkdw dvvxplqj kljkhu ohyhov ri vxsso| uhvsrqvlyhqhvv zloo whqg wr uhyhuvh wkh

S�iU@�ti ��i? *i�t�hi �t @ }LL_c u�** �?UL4i i Uii_t 4L?i) �?UL4i( @?_ |�i ,V i^�@*t

|�i I U�@?}i �? �|�*�|) |�4it |�i h@|�L Lu u�** �?UL4i |L 4L?i) �?UL4i�
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uhvxowv iru hpsor|phqw +exw qrw iru xqhpsor|phqw,/ dv zrxog lqfuhdvlqj

surjuhvvlrq iurp pxfk kljkhu ohyhov wkdq fxuuhqwo| revhuyhg1 Glplqlvklqj

uhwxuqv pxvw vhw lq dw vrph srlqw/ wkrxjk rxu vlpxodwlrqv gr qrw slfn xs

dq| vwurqj vljqv ri qrqolqhdulw| zkhq frpsdulqj 4( dqg 6( fkdqjhv1 Wkh

uhvxowv iru sduwwlph zrunhuv duh gl�huhqw/ ehfdxvh lq rxu prgho wkh pdu0

nhw iru sduwwlph zrunhuv lv ixoo| frpshwlwlyh dqg lv fohduhg e| wkh sduwwlph

zdjh1 Wkh qrupdo qhjdwlyh h�hfw ri surjuhvvlrq rq hpsor|phqw lv wkhuhiruh

wr eh h{shfwhg/ exw rwkhu phfkdqlvpv zrun lq wkh vdph gluhfwlrq= pruh

surjuhvvlrq whqgv wr uhgxfh ixoowlph zdjhv dqg hqfrxudjh vxevwlwxwlrq iurp

sduwwlph zrunlqj> dqg uhgxfhg xqhpsor|phqw pdnhv ixoowlph zrun pruh

dwwudfwlyh wr zrunhuv1 Zrphq duh pruh olnho| wr zrun sduwwlph/ vr wkh|

ehqh�w ohvv wkdq phq1

D�2 #�t|h�M�|�L?@* igiU|t

Dqrwkhu dvshfw ri wkhvh uhvxowv zklfk fdoov iru vrph frpphqw lv wkhlu glv0

wulexwlrqdo lpsolfdwlrqv1 Zh kdyh dvvxphg dzd| glvwulexwlrqdo lvvxhv zlwk

wkh uhsuhvhqwdwlyh krxvhkrog/ exw zh fdq vshfxodwh rq wkh lpsolfdwlrqv ri

doorzlqj d udqjh ri krxvhkrogv ri gl�huhqw w|shv2vnloov dqg gl�huhqw zdjhv1

Zh kdyh dvvxphg d olqhdu0surjuhvvlyh wd{ vfkhgxoh/ zkrvh lqgh{ ri uhvlgxdo

surjuhvvlrq zloo lqfuhdvh zlwk lqfrph +q1e1 wklv phdqv/ shuyhuvho|/ wkdw sur0

juhvvlrq dv xvxdoo| xqghuvwrrg uhgxfhv zlwk lqfrph,1 D jlyhq shufhqwdjh

fkdqjh lq wkh pdujlqdo udwh zloo kdyh d eljjhu h�hfw rq uhvlgxdo surjuhvvlrq

dw orz lqfrphv/ dqg wkhuhiruh d eljjhu h�hfw rq wkh suh0wd{ zdjh dw orz

ohyhov1 Vr d ulvh lq wkh pdujlqdo udwh zloo whqg wr uhgxfh orz suh0wd{ zdjhv

sursruwlrqdwho| pruh wkdq kljk suh0wd{ zdjhv/ dqg wkxv lqfuhdvh suh0wd{

lqhtxdolw| lqglfhv vxfk dv wkh Jlql1 Srvw0wd{ lqhtxdolw| zloo ghshqg rq wkh

dyhudjh udwh vwuxfwxuh= dyhudjh udwhv pxvw ulvh dw wkh wrs hqg/ dqg idoo dw

wkh erwwrp/ li wkh ryhudoo dyhudjh udwh lv xqfkdqjhg1 Wkxv wkh dyhudjh udwh

vwuxfwxuh zloo whqg wr uhgxfh srvw0wd{ lqhtxdolw|1 Wkh qhw h�hfw lv qrw fohdu/

exw d vlpsoh h{dpsoh lv vxjjhvwlyh1

Dvvxph wkhuh duh wzr fodvvhv ri oderxu lq htxdo dqg �{hg vxsso|/ vkdulqj

wkh vdph zdjh0fxuyh/ exw zlwk gl�huhqw ohyhov ri ghpdqg |lhoglqj gl�huhqw
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zdjh udwhv1 Wkh prgho lq Vhfwlrq 5 deryh |lhogv wkh uhvxow wkdw

orj+z, @ orj+
4�p

4� d
, . frqv wdq w . i+x,= +5:,

Wr hydoxdwh wkh sursruwlrqdwh h�hfw ri d jlyhq fkdqjh lq p/ frqglwlrqdo rq

x/ xvh wkh gh�qlwlrq

g orj+z,

gp
@

C orj+z+4� d,,

Cp
�

C orj+4� d,

Cp
+5;,

Dqg iurp +5:,

g orj+z,

gp
@

C orj+4�p,

Cp
�

C orj+4� d,

Cp

@ �

4

4�p
.

4� ]@z

4� d
1 +5<,

Wklv lv wkh h�hfw rq wkh jurvv zdjh1 Dqg frpelqlqj +5;, dqg +5<,/

C orj+z+4� d,,

Cp
@ �

4

4�p
+63,

lv wkh h�hfw rq wkh qhw zdjh1

Wkh dyhudjh udwh d lv kljkhu dqg]@z orzhu iru kljk z> vr wkh vhfrqg whup

lq +5<, lv odujhu iru kljk z wkdq orz z= Wkh zkroh h{suhvvlrq lv wkhuhiruh

ohvv qhjdwlyh iru kljk z/ dqg vr pruh surjuhvvlrq lv glvhtxdolvlqj/ surylghg

zh dvvxph htxdo hodvwlflw| ri ghpdqg iru hdfk fodvv ri oderxu1 Wkh h�hfw rq

wkh srvw0wd{ glvwulexwlrq lv htxl0sursruwlrqdo/ krzhyhu/ vlqfh wkh pdujlqdo

h�hfw rq orj+z+4 � d,, lv � �

�36
lq +63,/ zklfk lv lqghshqghqw ri z1 Wkxv/

lq wklv fdvh/ surjuhvvlrq kdv qr h�hfw rq wkh srvw0wd{ glvwulexwlrq/ zkloh wkh

suh0wd{ glvwulexwlrq lv pdgh ohvv htxdo e| lqfuhdvhg surjuhvvlrq1

D�� �|�ih 4L_i*t

H�flhqf| zdjh prghov fdq eh prwlydwhg lq d qxpehu ri gl�huhqw zd|v1

Rxu wudlqlqj prgho lv rqh srvvlelolw|/ zkloh _vklunlqj% prghov dvvrfldwhg

zlwk Vkdslur dqg Vwljolw} +4<;7, vxjjhvw d gl�huhqw phfkdqlvp exw zlwk

vlplodu suhglfwlrqv1 Wkh hvvhqwldo phvvdjh ri wkhvh odwwhu prghov kdv ehhq

h{suhvvhg e| Vruhqvhq +4<<:e,=
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1111d kljkhu pdujlqdo wd{ udwh lpsolhv wkdw d ulvh lq wkh uho0

dwlyh zdjh zloo jhqhudwh d vpdoohu qhw jdlq iru wkh lqglylgxdo

zrunhuv1 D kljkhu suh0wd{ zdjh zloo wkxv ehfrph ohvv h�hfwlyh

dv d phdqv ri udlvlqj oderxu surgxfwlylw|1 Iurp wkh ylhzsrlqw ri

hdfk hpsor|hu/ wkh rswlpdo ohyho ri �up*v uhodwlyh zdjh udwh zloo

wkhuhiruh jr grzq/ dqg lq wkh qhz jhqhudo htxloleulxp/ hpsor|0

phqw zloo eh kljkhu dv d uhvxow ri orzhu zdjhv1 E| frqwudvw/ li

wkh dyhudjh wd{ udwh rq oderxu lv udlvhg dqg wd{ surjuhvvlylw| dv

zhoo dv diwhu0wd{ xqhpsor|phqw ehqh�wv duh xqfkdqjhg/ wkh glv0

flsolqh dqg surgxfwlylw|0hqkdqflqj h�hfwv ri xqhpsor|phqw zloo

eh zhdnhqhg ehfdxvh wkh xqhpsor|phqw rswlrq ehfrphv uhod0

wlyho| pruh dwwudfwlyh1 Lq rughu wr +sduwldoo| , uhvwruh surgxfwly0

lw|/ hpsor|huv wkhuhiruh elg xs wkh ohyho ri zdjhv/ uhvxowlqj lq

kljkhu htxloleulxp xqhpsor|phqw1

Vruhqvhq +4<<:d,*v h�flhqf| zdjh prgho dvvxphv �{hg krxuv exw ydul0

deoh h�ruw= pruh surjuhvvlrq uhgxfhv h�ruw ohyhov/ dqg hpsor|phqw lqfuhdvhv

zlwk surjuhvvlrq> lq d vhdufk prgho/ vlplodu uhvxowv �rz iurp wkh vdph �{hg0

zdjh dvvxpswlrq1 Lq d edujdlqlqj prgho/ krzhyhu/ Vruhqvhq vkrzv wkdw wkh

h�hfw rq zdjh udwhv ri lqfuhdvhg surjuhvvlrq fdq eh r�vhw e| uhgxfhg krxuv/

exw lq klv prgho wklv whqgv wr lqfuhdvh hpsor|phqw +qxpehuv ri zrunhuv,1

Wkh qhw h�hfw lv wkdw kh �qgv wkdw surjuhvvlrq dozd|v lqfuhdvhv hpsor|0

phqw1 Zh kdyh dvvxphg �{hg krxuv iru hdfk prgh ri zrun/ zlwk krxvhkrogv

dgmxvwlqj wkh pl{ ri ixoo dqg sduwwlph zrun/ dqg rewdlq udwkhu gl�huhqw

uhvxowv1

Wkh gl�huhqw yhuvlrqv kdyh vlplodu surshuwlhv/ exw wkh yhuvlrq zh kdyh

dgrswhg kdv lwv rzq fkdudfwhulvwlf ihdwxuhv/ vxfk dv wkh uroh ri wudlqlqj frvwv

rq wkh ghpdqg iru oderxu1 Wklv zloo |lhog gl�huhqw txdqwlwdwlyh surshu0

wlhv iurp dowhuqdwlyh h�flhqf| zdjh/ ru edujdlqlqj prghov/ prwlydwlqj wkh

zdjh fxuyh1 Wkh phfkdqlvpv zh kdyh kljkoljkwhg/ krzhyhu/ zloo h{lvw lq

dq| yhuvlrq= wkh pruh hodvwlf vxsso| ri oderxu pxvw r�vhw wkh hpsor|phqw

jhqhudwlqj ihdwxuh ri surjuhvvlrq lq dq| prgho zlwk d zdjh fxuyh/ dqg wkh

ehqh�w v|vwhp pxvw kdyh eurdgo| wkh vdph lpsdfw dv zh kdyh ghprqvwudwhg1
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D�e 5�44@h)

Wkh pdlq phvvdjhv ri rxu sdshu fdq eh vxppdulvhg dv iroorzv=

41 Vlpxodwlrqv vxjjhvw wkdw lqfuhdvhg surjuhvvlrq lq wkh Hxurshdq hfrqrplhv

vwxglhg zrxog lqfuhdvh hpsor|phqw dqg zhoiduh/ hvshfldoo| iru ixoowlph zrun0

huv l1h1 prvwo| phq1 Uhgxflqj xqhpsor|phqw e| wklv phdqv frxog hyhq

uhgxfh sduwwlph hpsor|phqw1

51 Lq wkh h�flhqf| zdjh prgho dgrswhg khuh/ wkh ohyho ri xqhpsor|phqw

lv d ixqfwlrq ri wudlqlqj +dqg rwkhu wxuqryhu0uhodwhg, frvwv1

61 Wkh pruh jhqhurxv wkh ehqh�w v|vwhp/ wkh pruh xqhpsor|phqw zloo

h{lvw dqg wkh pruh h�hfwlyh lv surjuhvvlrq lq udlvlqj hpsor|phqw1 Zkhq xq0

hpsor|phqw ehqh�w lv vx�flhqwo| orz/ pruh surjuhvvlrq zrxog uhgxfh hp0

sor|phqw dqg zhoiduh/ exw iurp d kljkhu ohyho1 Wkhuhiruh wkh glvwulexwlrqdo

frqvhtxhqfhv ri hpsor|phqw srolflhv pxvw eh dgguhvvhg e| srolf|0pdnhuv1

71 Wkh prgho vxjjhvwv wkdw lqfuhdvhg surjuhvvlrq pd| kdyh olwwoh ru qr

h�hfw rq wkh srvw0wd{ glvwulexwlrq ri lqfrph/ zkloh wkh suh0wd{ glvwulexwlrq

pljkw ehfrph pruh xqhtxdo1

81 Wkh jhqhudo htxloleulxp prgho/ fdoleudwhg iru Iudqfh/ Jhupdq|/ Lwdo|

dqg wkh XN vkrzhg wkdw wkh sduwldo htxloleulxp uhvxowv krog hyhq lq wkh

frqwh{w ri d kljko| glvwruwhg jhqhudo htxloleulxp/ zlwk lqwhuqdwlrqdo wudgh/

wdul�v dqg ydulrxv rwkhu wd{hv dqg vxevlglhv1 Wkh qxphulfdo h�hfwv duh

vlplodu dfurvv frxqwulhv/ dqg vx�flhqwo| odujh wr eh uhohydqw iru srolf|1

+iuihi?Uit

�,BAW�u,N�jie $� D�e BAa �� �t�B,a +4<<7,= Wkh Zdjh Fxuyh1 P1L1W1

Suhvv/ Orqgrq/ XN1

�,�6e b� c�e BAa Q� lB,�jA +4<86,= Wkh Xqhdv| Fdvh iru Surjuhvvlyh

Wd{dwlrq1

�B6VOj,,e ��e BAa c� �� �it5B} +4<<;,= _D prgho ri wkh zdjh fxuyh/%

Hfrqrplfv Ohwwhuv/ 8</ 44<~4581

$�AWBAe �� 7�e c� �� Q�||NAe 8� wBiN��e BAa �� -�NWWN +4<<;,=

_Oderxu Pdunhw H�hfwv ri YDW Kduprqlvdwlrq lq d Pxowlfrxqwu| DJH
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Prgho/% lq Srolf| Vlpxodwlrqv lq wkh Hxurshdq Xqlrq/ hg1 e| D1 Irvvdwl/

dqg M1 Kxwwrq/ fkds1 7/ ss1 8<~:;1 Urxwohgjh/ Orqgrq1

8j�ie Q�e �� -NtjAOji}e BAa b� b�j}Bia +4<<8,= Zhoiduh H�hfwv ri

Ydoxh0Dgghg Wd{ Kduprql}dwlrq lq Hxursh1 Vsulqjhu1

8�jt|e ��e BAa �� Q�Oji +4<<<,= _Wd{ Frruglqdwlrq dqg Xqhpsor|0

phqw/% Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh/ 9/ :~591

DNji"je w� +4<<<,= _H�flhqf| Zdjhv dqg Wd{hv/% Dxvwudoldq Hfrqrplf

Sdshuv/ 6;+5,1

DiBBu,BAae c� c�e BAa -� �� aj �NN�� +4<<<,= _Ilvfdo Srolf| dqg wkh

Oderxu Pdunhw= Dq DJH Dqdo|vlv/% Hfrqrplf Prghoolqj/ 49/ 4;<~54<1

QNj,e �� +4<<3,= _H�flhqf| Zdjhv dqg Lqfrph Wd{hv/% Mrxuqdo ri Hfr0

qrplfv2]hlwvfkuliw ixu Qdwlrqdorfrqrplh/ 84/ ;<~<<1

Q�||NAe c� ��e BAa �� -�NWWN +4<<<,= _Wd{ Uhirup dqg Hpsor|phqw

lq Hxursh/% Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh/ 9+6,/ 596~5;;1

wB6Oji|e �� +4<<6,= Wkh Glvwulexwlrq dqg Uhglvwulexwlrq ri Lqfrph= D

Pdwkhpdwlfdo Dqdo|vlv1 Pdqfkhvwhu Xqlyhuvlw| Suhvv/ Pdqfkhvwhu/ XN/

5qg hgq1

wNW"�NNae ��e BAa �� �BAA�A} +4<<6,= _Zdjh vhwwlqj dqg wkh wd{

v|vwhp= wkhru| dqg hylghqfh iru wkh Xqlwhg Nlqjgrp/% Mrxuqdo ri Sxeolf

Hfrqrplfv/ 85/ 4~5<1

�+,jte D� $� +4<<8,= Sxeolf Hfrqrplfv1 Fdpeulgjh Xqlyhuvlw| Suhvv1

�.�$ +4<<8,= Wkh RHFG Mrev Vwxg|= Wd{dwlrq/ Hpsor|phqw dqg Xqhp0

sor|phqw1 RHFG/ Sdulv1

��j,Vte .� Q� +4<<7,= Vwuxfwxudo Voxpsv= Wkh Prghuq Htxloleulxp Wkhru|

ri Xqhpsor|phqw/ Lqwhuhvw/ dqg Dvvhwv1 Kduydug Xqlyhuvlw| Suhvv1

-�NWWNe �� +4<<9,= _D pxowl0frxqwu| jhqhudo htxloleulxp prgho iru wkh

Hxurshdq Xqlrq= wkh edvlf ihdwxuhv dqg wkh frglqj vwuxfwxuh/% Glvfxvvlrq

Sdshu ;6/ Zluwvfkdiwzlvvhqvfkdiwolfkwh Idfxowdw/ Xqlyhuvlw| ri Wxelqjhq1
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7�BV�iNe ��e BAa c� 7|�},�|5 +4<;7,= _Htxloleulxp Xqhpsor|phqw dv d

Zrunhu Glvflsolqh Ghylfh/% Dphulfdq Hfrqrplf Uhylhz/ :7/ 766~7771

7NijAtjAe �� �� +4<<:d,= _Rswlpdo Wd{ Surjuhvvlylw| lq Lpshuihfw Oderxu

Pdunhwv/% Glvfxvvlrq Sdshu 4<<:243/ HSUX/ Xqlyhuvlw| ri Frshqkdjhq1

7NijAtjAe �� �� +4<<:e,= _Sxeolf Ilqdqfh Vroxwlrqv wr Hxurshdq Xqhp0

sor|phqw Sureohpv/% Hfrqrplf Srolf|/ ss1 555~5971
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Xwlolw| wuhh

Dw wkh �uvw ohyho/ rxu uhsuhvhqwdwlyh krxvhkrog fkrrvhv ehwzhhq dq dj0

juhjdwh frqvxpswlrq frpprglw| F dqg ohlvxuh ghpdqg o6 iru pdoh dqg o�

iru ihpdoh idplo| phpehuv1 Wkh xwlolw| ixqfwlrq X+�, lv ri wkh frqvwdqw

hodvwlflw| ri vxevwlwxwlrq +FHV, w|sh1 Lq wkh xwlolw| wuhh zh qrz glvwlqjxlvk

ehwzhhq wkh ghwhuplqdwlrq ri frpprglw| ghpdqgv lq wkh ohiw0kdqg sduw dqg

oderxu vxsso| lq wkh uljkw0kdqg sduw ri wkh gldjudp1 Ohw xv vwduw zlwk wkh

odwwhu eudqfk ri wkh xwlolw| wuhh1 Hdfk idplo| phpehu lv hqgrzhg zlwk d

jlyhq wlph hqgrzphqw H6 dqg H�/ uhvshfwlyho|1 Wkh gl�huhqfhv ehwzhhq

wlph hqgrzphqwv dqg ohlvxuh ghpdqgv |lhog oderxu vxssolhv O6 dqg O� ri

wkh gl�huhqw jhqghuv1 Iroorzlqj Kxwwrq dqg Uxrffr +4<<<, zh lqwurgxfh

dw wkh vhfrqg ohyho dq dgglwlrqdo oderxu2ohlvxuh fkrlfh doorzlqj hdfk idp0

lo| phpehu wr fkrrvh klv ru khu rswlpdo frpelqdwlrq ri ixoo dqg sduw0wlph

oderxu vxsso| Os6 dqg OR6 iru phq dqg Os� dqg OR� iru zrphq1

Wkh ohiw0kdqg vlgh ri wkh xwlolw| wuhh looxvwudwhv wkh sduwlwlrq ri frqvxphu

fkrlfhv1 Rq wkh vhfrqg ohyho ri wkh xwlolw| wuhh wkh frqvxphu ghflghv rq wkh

ghpdqg iru gl�huhqw djjuhjdwh frqvxpswlrq fdwhjrulhv F� vxfk dv/ iru h{0

dpsoh/ fduv ru irrg1 Wkh wklug ohyh o glylghv hdfk djjuhjdwh frqvxpswlrq

frpprglw| lqwr grphvwlf frqvxpswlrq frpsrqhqw F�
� dqg d frpsrvlwh lp0
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sruw frpsrqhqw F�
� 1 Khqfh/ dw wklv vwdjh wkh krxvhkrog ghflghv/ zkhwkhu

wr sxufkdvh dq lpsruwhg ru d grphvwlfdoo| surgxfhg frpprglw|1 Ilqdoo|/

dw wkh irxuwk dqg odvw vwdjh/ wkh ghflvlrq lv derxw zkhuh wr ex| frqvxps0

wlrq lpsruwv1 Iru h{dpsoh/ d Jhupdq krxvhkrog ghflghv zkhwkhu wr ex|

dq lpsruwhg fdu iurp Lwdo| ru iurp Iudqfh1 Khuh/ F8�
� dqg FU�

� ghqrwh wkh

lpsruwv iurp Iudqfh +I, dqg Lwdo| +L, ri frpprglw| l wr frxqwu| k 9@ I> L=

Dv ixqfwlrqdo irupv zh kdyh fkrvhq FHV ixqfwlrqv iru wkh frqvxpswlrq

eudqfk ri wkh xwlolw| wuhh1
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Surgxfwlrq wuhh

Wkh surgxfwlrq ixqfwlrq dw wkh �uvw ohyho ri wkh �up*v frvw plqlplvdwlrq

sureohp lv d Ohrqwlhi0whfkqrorj|1 Wrwdo rxwsxw ri frpprglw| l/ T�/ ghshqgv

rq ydoxh dgghg/ Y D�> dqg rq wkh lqwhuphgldwh xvh ri frpsrvlwh frpprglwlhv/

m @ 4> ==> 44 lq wkh surgxfwlrq ri frpprglw| l/ Y��1 Wkh ohiw0kdqg vlgh ri

wkh surgxfwlrq wuhh ghfrpsrvhv ydoxh dgghg/ zkhuhdv wkh uljkw0kdqg vlgh

looxvwudwhv wkh frpsrvlwlrq ri lqwhuphgldwh surgxfwv1

Vwduwlqj zlwk wkh ydoxh dgghg eudqfk/ vhfwru l ghflghv dw wkh vhfrqg ohyho

krz pxfk fdslwdo/ N�/ dqg djjuhjdwh oderxu/ O�/ lw qhhgv lq surgxfwlrq1 Dw

wkh wklug ohyho djjuhjdwh oderxu ghpdqg lv ghfrpsrvhg lqwr ixoo0wlph oderxu/

O
s

� >dqg sduw0wlph oderxu OR

� = Wxuqlqj wr wkh ohiw0kdqg eudqfk ri Iljxuh 6/

wkh vhfrqg ohyho glvdjjuhjdwhv frpsrvlwh lqwhuphgldwh surgxfwv Y�� lqwr gr0

phvwlfdoo| surgxfhg lqsxwv/ Y �
�� > dqg dq djjuhjdwh ri lpsruwhg lqwhuphgldwh
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lqsxwv/ Y�
�� = Dw wkh wklug ohyho ri wkh klhudufklfdo frvw plqlpl}dwlrq sure0

ohp wkh uhsuhvhqwdwlyh �up lq vhfwru l ghflghv lq zklfk frxqwu| wr sxufkdvh

lwv lpsruwhg lqwhuphgldwhv1 Khuh Y &�
�� ghqrwhv wkh lqwhuphgldwh xvh ri frp0

prglw| m/ ruljlqdwlqj iurp frxqwu| n/ lq wkh surgxfwlrq ri frpprglw| l

lq frxqwu| k1 Dw wkh vhfrqg ohyho ri wkh surgxfwlrq wuhh zh hpsor| FHV

ixqfwlrqv lq wkh ydoxh dgghg dqg wkh lqwhuphgldwh surgxfw eudqfkhv/ zkloh

Free0Grxjodv ixqfwlrqv duh xvhg dw wkh wklug ohyho1
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Qrwh= lq wdeohv ehorz/ wkh HYphdvxuhv iru wkh yduldeoh oderxu vxsso| fdvhv lqglfdwh

( htxlydohqw yduldwlrqv lq glvsrvdeoh prqh| lqfrph1 Iru �{hg fdvhv/ ohlvxuh grhv

qrw hqwhu frpsxwhg xwlolw|/ vr �jxuhv lqglfdwh ( fkdqjh lq xwlolw|= wkhvh �jxuhv zloo

whqg wr xqghuvwdwh HY/ exw vljqv zloo qrw fkdqjh1
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