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H!flhqf| Zdjhv dqg wkh Orqj0Uxq Lqflghqfh
ri Surjuhvvlyh Wd{dwlrq�

Er Vdqghpdqq Udvpxvvhq|

Mxo| 64/ 5334

Devwudfw

Surjuhvvlyh lqfrph wd{dwlrq kdv iru vrph wlph ehhq uhfrjql}hg wr

surylgh lqfhqwlyhv iru zdjh uhvwudlqw lq prghov zlwk lpshuihfwo| frp0

shwlwlyh oderxu pdunhwv1 Uhfhqw uhvhdufk kdv hvwdeolvkhg wkdw edujdlq0

lqj ryhu lqglylgxdo zrunlqj krxuv pd| uhyhuvh wkh zdjh uhvwudlqlqj

h�hfw vxfk wkdw lqfuhdvhg wd{ surjuhvvlrq pd| uhgxfh hpsor|phqw1 Lq

wkh suhvhqw sdshu dq dowhuqdwlyh h{sodqdwlrq iru vxfk dgyhuvh hpsor|0

phqw h�hfwv lv vxjjhvwhg1 Xvlqj dq h!flhqf| zdjh prgho lw lv vkrzq

wkdw orqj0uxq dgmxvwphqw lq wkh qxpehu ri �upv wr fkdqjhv lq sur�wv

pd| lpso| wkdw dq lqfuhdvh lq wd{ surjuhvvlrq kdv dgyhuvh hpsor|phqw

h�hfwv zkhq doo wkh exgjhwdu| h�hfwv ri wkh wd{ uhirup duh wdnhq lqwr

dffrxqw1

Nh|zrugv= H!flhqf| zdjhv/ hpsor|phqw/ surjuhvvlyh wd{dwlrq/ edodqfhg0

exgjhw wd{ uhirupv/ orqj0uxq htxloleulxp1

MHO= M74/ K551

4 Lqwurgxfwlrq

Wkh hduo| wkhruhwlfdo olwhudwxuh rq wkh h�hfwv ri surjuhvvlyh wd{dwlrq lq htxl0
oleulxp prghov ri xqhpsor|phqw vkrzhg wkdw surjuhvvlyh wd{dwlrq vhhpv wr

�Frpphqwv iurp wzr dqrq|prxv uhihuhhv dv zhoo dv frpphqwv rq d suhylrxv yhuvlrq

ri wklv sdshu iurp Vhdq Kryh/ Shwhu Vnrww dqg vhplqdu sduwlflsdqwv dw wkh Xqlyhuvlw| ri

Ddukxv/ dw HSUX/ Xqlyhuvlw| ri Frshqkdjhq dqg dw wkh HVHP frqihuhqfh dw Vdqwldjr gh

Frpsrvwhod duh judwhixoo| dfnqrzohgjhg1
|Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv/ Exloglqj 683/ GN ;333 Ddukxv F/

Ghqpdun1 Skrqh= .78 ;<75 48<31 Id{= .78 ;946 96671 h0pdlo= eudvpxvvhqChfrq1dx1gn1
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surylgh wkh uljkw lqfhqwlyhv lq zdjh irupdwlrq iru rewdlqlqj kljk ohyhov ri hp0
sor|phqw lq oderxu pdunhwv zlwk lpshuihfw frpshwlwlrq +vhh h1j1 Krho +4<<3,/
Nrvnhod dqg Ylopxqhq +4<<9,/ Orfnzrrg dqg Pdqqlqj +4<<6,/ Pdofrpvrq
dqg Vduwru +4<;:,,1 Wkh prvw irufhixo frqfoxvlrq zlwklq wkdw olwhudwxuh lv
suredeo| gxh wr Slvvdulghv +4<<;, vxjjhvwlqj wkdw �111d uhirup ri wkh hpsor|0
phqw wd{ vwuxfwxuh iurp uhjuhvvlyh wr surjuhvvlyh fdq eh rqh ri wkh yhu| ihz
*iuhh oxqfkhv* wkdw rqh hqfrxqwhuv lq wkh dqdo|vlv ri hfrqrplf srolf|� +Slv0
vdulghv +4<<;,/ s1 4::,1 Dorqj d vlplodu yhlq Orfnzrrg dqg Pdqqlqj +4<<6,
dujxhg wkdw wkh �rswlpdo� wd{ vfkhgxoh lv surjuhvvlyh lq d edujdlqlqj prgho
ri wkh oderxu pdunhw +vhh dovr Vûuhqvhq +4<<<, iru dq h{solflw dqdo|vlv ri wkh
rswlpdo ghjuhh ri wd{ surjuhvvlrq,1 Wkh srvlwlyh hpsor|phqw h�hfwv ri sur0
juhvvlyh wd{dwlrq lq lpshuihfwo| frpshwlwlyh pdunhwv vwdqg lq vkdus frqwudvw
wr wkh h�hfwv lq shuihfwo| frpshwlwlyh oderxu pdunhwv zkhuh surjuhvvlyh wd{hv
glvwruw oderxu vxsso| ghflvlrqv dqg uhgxfh hpsor|phqw +vhh h1j1 Slvvdulghv
+4<<;,,1

Rqh lqwhusuhwdwlrq ri wkh ghvludelolw| ri surjuhvvlyh wd{dwlrq lq lpshu0
ihfwo| frpshwlwlyh oderxu pdunhwv lv wkdw lw lv vlpso| d vhfrqg0ehvw uhvxow=
Dgglqj d glvwruwlrq wr dq hfrqrp| pd| doohyldwh wkh kdupixo h�hfwv ri do0
uhdg| h{lvwlqj glvwruwlrqv1 Dowkrxjk wkhuh lv qr jxdudqwhh wkdw dq| qhz glv0
wruwlrq zloo doohyldwh h{lvwlqj glvwruwlrqv wkh olwhudwxuh flwhg deryh vhhpv wr
vxjjhvw wkdw lw frxog eh udwkhu gl!fxow wr rewdlq kdupixo hpsor|phqw h�hfwv
ri surjuhvvlyh wd{dwlrq lq lpshuihfwo| frpshwlwlyh oderxu pdunhw prghov1

Pruh uhfhqwo|/ krzhyhu/ vxffhvvixo dwwhpswv kdyh ehhq pdgh wr vkrz wkdw
surjuhvvlyh wd{dwlrq pd| qrw eh jrrg iru hpsor|phqw hyhq xqghu lpshuihfwo|
frpshwlwlyh frqglwlrqv1 Kdqvhq hw do1 +4<<8, dqg Ixhvw dqg Kxehu +5333, xvh
wudgh xqlrq edujdlqlqj prghov ri wkh oderxu pdunhw zkhuh lqglylgxdo krxuv
duh hqgrjhqrxvo| ghwhuplqhg hlwkhu e| wkh lqglylgxdo zrunhuv wkhpvhoyhv ru
wkurxjk edujdlqlqj ehwzhhq wkh xqlrq dqg wkh �up1 Lw wxuqv rxw wkdw wkh
vwdqgdug uhvxow jrhv wkurxjk dv orqj dv lqglylgxdo krxuv duh ghwhuplqhg e|
wkh lqglylgxdo zrunhu1 Krzhyhu/ li lqglylgxdo krxuv duh ghwhuplqhg wkurxjk
edujdlqlqj ehwzhhq wkh xqlrq dqg wkh �up wkh hpsor|phqw h�hfw ri dq lq0
fuhdvh lq wd{ surjuhvvlrq lv jhqhudoo| dpeljxrxv14 Dqghuvhq dqg Udvpxvvhq
+4<<<, vkrz lq d prgho zkhuh zrunhuv pd| fkrrvh ehwzhhq d kljk dqg d orz
h�ruw ohyho wkdw dq lqfuhdvh lq wd{ surjuhvvlrq pd| kdyh dgyhuvh h�hfwv e|
uhgxflqj wkh olnholkrrg wkdw kljk h�ruw htxloleuld suhydlo15

4Kdqvhq +4<<<, pdnhv wkh vdph nlqg ri dqdo|vlv lq dq htxloleulxp vhdufk prgho exw
rewdlqv wkh vwdqgdug uhvxow hyhq li lqglylgxdo zrunlqj krxuv duh ghwhuplqhg wkurxjk edu0
jdlqlqj1 Wkxv/ lw lv qrw d jhqhudo uhvxow wkdw edujdlqlqj ryhu lqglylgxdo krxuv ohdgv wr
dpeljxrxv hpsor|phqw h�hfwv ri lqfuhdvhg wd{ surjuhvvlrq1

5Vhh dovr Ixhvw dqg Kxehu +4<<;, zkr lq dq h!flhqf| zdjh prgho vkrz wkdw dq lqfuhdvh
lq wkh pdujlqdo wd{ udwh pd| ohdg wr orzhu hpsor|phqw li wkh dfwxdo wd{ sd|phqw ri wkh
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Wkh sxusrvh ri wkh suhvhqw sdshu lv wr surylgh dq dowhuqdwlyh h{sodqdwlrq
iru srvvleo| dgyhuvh hpsor|phqw h�hfwv ri surjuhvvlyh wd{dwlrq e| lqwurgxf0
lqj orqj0uxq dgmxvwphqw wkurxjk uhvsrqvhv lq wkh qxpehu ri �upv wr fkdqjhv
lq sur�wv1 Wr wklv hqg zh vhw xs d jhqhudol}hg yhuvlrq ri wkh Vkdslur0Vwljolw}
+4<;7, vklunlqj prgho ri h!flhqf| zdjhv doorzlqj zrunhuv wr fkrrvh zrun
h�ruw dw d frqwlqxrxv vfdoh1 Ilupv fdqqrw revhuyh h�ruw frvwohvvo| exw fdq
prqlwru wkh zrun irufh dw d frvw1 Iroorzlqj Dowhqexuj dqg Vwudxe +4<<;,
dqg Exonoh| dqg P|ohv +4<<9, �upv r�hu wr wkhlu zrunhuv d frqwudfw frq0
vlvwlqj ri dq h�ruw qrup dqg d zdjh/ dqg zrunhuv revhuyhg surylglqj ohvv
h�ruw wkdq uhtxluhg e| wkh qrup duh vdfnhg1 Wkxv/ lq frqwudvw wr wkh ruljl0
qdo Vkdslur0Vwljolw} prgho dqg wkh h!flhqf| zdjh prgho lq Slvvdulghv +4<<;,
zkhuh zdjhv duh ghwhuplqhg lq d �txdvl0Zdoudvldq� idvklrq wr htxdwh oderxu
ghpdqg dqg d qr0vklunlqj frqglwlrq/ �upv duh h{solflwo| zdjh0vhwwhuv16

Uhjduglqj wd{dwlrq/ lw lv dvvxphg wkdw oderxu lqfrph lv wd{hg surjuhv0
vlyho| dqg wkdw wkh ydulrxv wd{ uhirupv wr eh frqvlghuhg dprxqw wr fkdqjhv
lq wkh ghjuhh ri wd{ surjuhvvlrq1 Wzr w|shv ri wd{ uhirupv duh frqvlghuhg1
Iluvw/ d sxuh lqfuhdvh lq wd{ surjuhvvlrq zkhuh wkh pdujlqdo wd{ udwh lv lq0
fuhdvhg kroglqj wkh dyhudjh wd{ rq wkh lqlwldo zdjh lqfrph ohyho frqvwdqw1
Vhfrqgo|/ d edodqfhg0exgjhw wd{ uhirup lv frqvlghuhg zkhuh wkh ghjuhh ri
wd{ surjuhvvlrq lv lqfuhdvhg vxfk wkdw wkh qhw wd{ uhyhqxh lv xqd�hfwhg e|
wkh uhirup1

Wkh uhvxowv uhyhdo wkdw zh fdqqrw uxoh rxw wkdw dq lqfuhdvh lq wd{ sur0
juhvvlrq ohdgv wr d uhgxfwlrq lq orqj0uxq hpsor|phqw zkhq doo wkh exgjhwdu|
h�hfwv ri wkh wd{ uhirup duh wdnhq lqwr dffrxqw1 Lw lv vkrzq wkdw lw lv wkh
frpelqdwlrq ri d orqj0uxq htxloleulxp dqdo|vlv dqg d edodqfhg0exgjhw wd{
uhirup wkdw dffrxqwv iru wkh srvvleoh dgyhuvh h�hfwv rq hpsor|phqw1 Pruh0
ryhu/ lw wxuqv rxw wkdw wkh vl}h ri wkh pdujlqdo wd{ udwh kdv txdolwdwlyh lp0
solfdwlrqv iru wkh hpsor|phqw h�hfw ri dq lqfuhdvh lq wd{ surjuhvvlrq dv wkh

hpsor|hg zrunhuv lv nhsw frqvwdqw1 Qrwlfh/ krzhyhu/ wkdw wklv lv qrw d edodqfhg0exgjhw
wd{ uhirup dv orqj dv wkh htxloleulxp hpsor|phqw ohyho fkdqjhv +dqg li hpsor|phqw idoov
vr grhv wkh wrwdo wd{ uhyhqxh,1

6Lq sulqflsoh/ �upv fkrrvh hpsor|phqw/ zdjhv dqg wkh h�ruw qrup vxemhfw wr dq lqfhq0
wlyh frpsdwlelolw| frqvwudlqw vwdwlqj krz zdjhv dqg wkh h�ruw qrup pxvw eh uhodwhg iru
zrunhuv wr frpso| zlwk wkh h�ruw qrup +l1h1 d qr0vklunlqj frqglwlrq,1 Krzhyhu/ jlyhq wkh
lqfhqwlyh frpsdwlelolw| frqvwudlqw rqfh zdjhv duh vhw wkh h�ruw qrup ehfrph uhvlgxdoo|
ghwhuplqhg +ru ylfh yhuvd,/ lpso|lqj wkdw zh fdq prgho �upv dv vhwwlqj hlwkhu hpsor|0
phqw dqg zdjhv ru hpsor|phqw dqg wkh h�ruw qrup1 Zh fkrrvh wkh iruphu/ exw qrwklqj
zrxog fkdqjh li wkh rwkhu vshfl�fdwlrq zhuh fkrvhq1 Wkh pdlq lpsolfdwlrq ri h�ruw ehlqj d
frqwlqxrxv yduldeoh lv wkdw wkh txdolwdwlyh surshuwlhv ri rxu h!flhqf| zdjh prgho ehfrph
lghqwlfdo wr wkrvh ri wkh edujdlqlqj prghov lq Slvvdulghv +4<<;, iru zklfk wkh wd{ vwuxfwxuh
jhqhudoo| pdwwhuv/ lq wkh vhqvh wkdw wkh rswlpdo fkrlfh ri zdjh r�hu e| wkh �upv ghshqgv
rq wkh surjuhvvlyhqhvv ri wkh wd{ v|vwhp +vhh dovr Krho +4<<3,,1
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olnholkrrg ri jhwwlqj dq dgyhuvh hpsor|phqw h�hfw ulvhv zlwk wkh ohyho ri wkh
pdujlqdo wd{ udwh1 Wklv lpsolhv wkdw/ lq sulqflsoh/ lw lv srvvleoh wr ghwhu0
plqh wkh hpsor|phqw0pd{lpl}lqj ghjuhh ri lqfrph wd{ surjuhvvlrq zlwklq
wklv prgho +dowkrxjk dq dfwxdo fdofxodwlrq ri wkdw ghjuhh ri wd{ surjuhvvlrq
zrxog uhtxluh wkdw d ixoo| sdudphwhul}hg yhuvlrq ri wkh prgho eh vshfl�hg,1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 wkh edvlf h!flhqf| zdjh
prgho ri wkh vklunlqj0w|sh lv vwdwhg1 Wkh ydulrxv wd{ uhirup dqdo|vhv duh
suhvhqwhg lq vhfwlrq 6 zkloh wkh jhqhudolw| ri wkh uhvxowv lv glvfxvvhg lq vhfwlrq
71 Ilqdoo|/ vrph frqfoxglqj uhpdunv duh r�huhg lq vhfwlrq 81

5 Wkh Prgho

Wkh prgho fdswxuhv d vpdoo rshq hfrqrp| zkhuh d odujh qxpehu ri frpshwl0
wlyh �upv surgxfh d krprjhqhrxv wudgdeoh jrrg zkrvh sulfh lv �{hg iurp wkh
zruog pdunhw dqg qrupdol}hg dw xqlw|1 Oderxu dfwv dv wkh rqo| surgxfwlyh
lqsxw1 Wkh jryhuqphqw surylghv/ lq h{fhvv ri ehqh�wv wr wkh xqhpsor|hg/
dq h{rjhqrxvo| jlyhq ohyho ri sxeolf jrrgv �qdqfhg e| wd{dwlrq ri oderxu lq0
frph1 Zh xvh wkh jhqhudol}dwlrq vxjjhvwhg e| Dowhqexuj dqg Vwudxe +4<<;,
dqg Exonoh| dqgP|ohv +4<<9, ri wkh vwdqgdug Vkdslur0Vwljolw} h!flhqf| zdjh
prgho zkhuh �upv r�hu d zdjh0h�ruw sdfndjh wr wkhlu zrunhuv vwdwlqj d uh0
txluhg h�ruw ohyho dqg d zdjh1 H�ruw fdqqrw eh frvwohvvo| revhuyhg exw wkh
�up fdq/ dw d frvw/ prqlwru wkh h�ruw ri lwv hpsor|hhv1 Wkh �up uhqhzv wkh
frqwudfw zlwk d zrunhu xqohvv wkh zrunhu lv revhuyhg qrw frpso|lqj zlwk wkh
h�ruw qrup1 Zrunhuv zkr duh �uhg e| d �up vxevhtxhqwo| vhhn hpsor|phqw
lq rwkhu �upv1 Wkhuh lv iuhh hqwu| dqg h{lw ri �upv vxfk wkdw wkh htxloleulxp
qxpehu ri �upv lv ghwhuplqhg e| d }hur sxuh sur�w frqglwlrq1

514 Krxvhkrogv

Ohw wkhuh eh M krxvhkrogv7 lq wkh hfrqrp|1 Krxvhkrog xwlolw| ghshqgv srv0
lwlyho| rq frqvxpswlrq ri jrrgv dqg qhjdwlyho| rq wkh dprxqw ri h�ruw sxw
iruwk zkhq zrunlqj18 Vlqfh doo lqfrph lv vshqw rq wkh vlqjoh frqvxpswlrq
jrrg zh fdq jhqhudoo| h{suhvv wkh xwlolw| ixqfwlrq dv ghshqglqj rq srvw0
wd{ lqfrph/ 6/ dqg h�ruw/ e1 Lq frqwudvw wr wkh ruljlqdo Vkdslur0Vwljolw}
prgho/ exw lq dffrugdqfh zlwk h1j1 Dowhqexuj dqg Vwudxe +4<<;,/ Exonoh|
dqg P|ohv +4<<9,/ Krho +4<<3,/ Slvdxur +4<<4, dqg Udvpxvvhq +4<<;,/ h�ruw

7Wkurxjkrxw wkh sdshu zh xvh wkh whupv �krxvhkrogv� dqg �zrunhuv� lqwhufkdqjhdeo|1
8Xwlolw| pd| dovr ghshqg rq wkh ohyho ri wkh sxeolfo| surylghg jrrg/ j/ exw vlqfh wkdw

ohyho lv nhsw �{hg wkurxjkrxw wkh dqdo|vlv/ j lv vxssuhvvhg lq wkh xwlolw| ixqfwlrq1
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lv d frqwlqxrxv yduldeoh1 Dq lpsolfdwlrq ri vshfli|lqj h�ruw dv d frqwlqx0
rxv yduldeoh lv wkdw wkh htxloleulxp h�ruw ohyho jhqhudoo| ehfrphv ghshqghqw
rq wkh vwuxfwxuh ri wd{dwlrq zkhuhe| wkh sulydwh vhfwru uhvsrqvh wr wd{ uh0
irupv lv hqulfkhg frpsduhg wr h!flhqf| zdjh prghov wkdw duh edvhg pruh
vwulfwo| rq wkh ruljlqdo Vkdslur0Vwljolw} prgho/ dv lq Slvvdulghv +4<<;,/ zkhuh
h�ruw lv frqvwudlqhg wr wdnh rq d �{hg ydoxh lqghshqghqwo| ri wkh vwuxfwxuh
ri wd{dwlrq1

Wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq ri d krxvhkrog +wlph vxevfulswv duh ohiw
rxw vlqfh zh frqfhqwudwh rq vwhdg| vwdwh htxloleuld,9 lv

L ' �E6�� �ec

dvvxphg wr eh vhsdudeoh lq lqfrph dqg h�ruw dqg olqhdu lq h�ruw +dv lq
Slvdxur +4<<4,, zlwk ��E6� : f/ ���E6� � f/ dqg � : f ehlqj wkh pdujlqdo
glvxwlolw| ri h�ruw1

Lqfrph wd{hv duh surjuhvvlyh dv wd{hv sdlg e| zrunhuv hduqlqj d suh0wd{
zdjh � dprxqw wr A ' |� � @/ zkhuh | : f lv wkh pdujlqdo wd{ udwh zkloh
@ : f lv d vxevlg| pdnlqj wkh ryhudoo wd{ surjuhvvlyh1: Khqfh/ srvw0wd{
zdjh lqfrph lv / ' � � A ' �E� � |� n @1 Xqhpsor|hg zrunhuv uhfhlyh
xqhpsor|phqw ehqh�wv zlwk d srvw0wd{ ydoxh ri q1;

Wkh uhsuhvhqwdwlyh �up fkrrvhv d zdjh/ ��/ dqg d uhtxluhg h�ruw ohyho/ e�/
dqg zrunhuv ghwhfwhg vxsso|lqj h�ruw ehorz wklv wkuhvkrog ohyho duh �uhg1<

Iru vlpsolflw|/ zh dvvxph wkdw d �up*v prqlwrulqj h{shqglwxuhv duh frqvwdqw
+vlplodu dvvxpswlrqv duh irxqg hovhzkhuh lq wkh h!flhqf| zdjh olwhudwxuh
h1j1 lq Dowhqexuj dqg Vwudxe +4<<;,/ Exonoh| dqg P|ohv +4<<9, dqg Slvdxur
+4<<4,,/43 lpso|lqj wkdw d zrunhu vxsso|lqj ohvv h�ruw wkdq wkh qrup/ e�/ lv
ehlqj ghwhfwhg dw dq h{rjhqrxvo| jlyhq udwh/ ^ : f1

9Vhh Udvpxvvhq +5333, iru d ghvfulswlrq ri wkh g|qdplf ehkdylrxu ri djhqwv lq wklv
prgho1 Lq wkh suhvhqw sdshu zh vshfli| dq dwhpsrudo prgho vlqfh wkdw lv vx!flhqw zkhq
rqo| vwhdg| vwdwh htxloleuld duh frqvlghuhg1

:Wkh frh!flhqw ri uhvlgxdo lqfrph surjuhvvlrq/ U @ 4�W
3+z,

4�W +z,
z

/ lv dq riwhq xvhg phdvxuh

ri wkh ghjuhh ri wd{ surjuhvvlrq zlwk U ? 4 uh hfwlqj d surjuhvvlyh wd{ vfkhgxoh1 Lq rxu
fdvh zh kdyh U @ 4�w

4�w. d

z

? 41
;Lq rxu pdlq dqdo|vhv lw lv dvvxphg wkdw wkh srvw0wd{ ydoxh ri xqhpsor|phqw ehqh�wv/

�/ lv nhsw frqvwdqw/ lpso|lqj wkdw wkh suh0wd{ ehqh�w udwh/ e/ lv dgmxvwhg wr nhhs � frqvwdqw1
Wkxv/ dv � @ e +4� w, . d/ wklv dprxqwv wr fkdqjlqj e dffruglqj wr ge @ e�gw�gd

4�w zkhq
wkh wd{ uhirup lv xqghuwdnhq1 Dowhuqdwlyho|/ lw frxog eh dvvxphg wkdw wkh +srvw0wd{,
uhsodfhphqw udwlr/ f @ $

�
/ lv nhsw frqvwdqw1 Wkh lpsolfdwlrqv khuhri iru rxu uhvxowv duh

eulh | glvfxvvhg lq vhfwlrq 71
<Vlqfh rqo| d iudfwlrq ri wkh zrun irufh ri wkh �up lv prqlwruhg dw d jlyhq srlqw lq

wlph zdjhv fdqqrw eh frqglwlrqhg rq h�ruw/ dqg doo zrunhuv pxvw eh sdlg wkh vdph zdjh
+wklv lv wkh edvlf suhplvh lq h!flhqf| zdjh prghov/ vhh h1j1 Plojurp dqg Urehuwv +4<<5,,1

43Wdnlqj wkh ohyho ri prqlwrulqj dv h{rjhqrxv lv reylrxvo| d vkruw fxw iru d pruh frpsohwh
ghvfulswlrq ri wkh ehkdylrxu ri �upv zkhq h�ruw lv rqo| revhuydeoh dw d frvw1 Lq jhqhudo

8



Ohw T �� dqg T 7� ghqrwh wkh h{shfwhg glvfrxqwhg olihwlph xwlolwlhv ri dq
hpsor|hg zrunhu zkr fkrrvhv qrw wr vklun dqg wr vklun/ uhvshfwlyho|/ lq wkh
uhsuhvhqwdwlyh �up1 Wkh dvvhw htxdwlrqv ri d qrq0vklunlqj zrunhu dqg d
vklunlqj zrunhu iroorz lq wkh xvxdo zd|

wT �� ' �E/��� �e� n r
�
T L � T ��

�
+4,

wT 7� ' �E/�� n Ern ^�
�
T L � T 7�

�
+5,

zkhuh w : f lv wkh vxemhfwlyh glvfrxqw udwh/ r : f lv dq h{rjhqrxv vhsdudwlrq
udwh dqg T L lv wkh h{shfwhg glvfrxqwhg xwlolw| ri ehlqj xqhpsor|hg1 Lw
iroorzv lpsolflwo| iurp wkh vshfl�fdwlrq ri wkh dvvhw htxdwlrqv wkdw d zrunhu
qrw frpso|lqj zlwk wkh h�ruw qrup fkrrvhv wr vxsso| }hur h�ruw1

515 Ilupv

Wkh surgxfwlrq ixqfwlrq ri wkh uhsuhvhqwdwlyh �up ghshqgv rq oderxu lqsxw
phdvxuhg lq h!flhqf| xqlwv=

+� ' sEe�?��c

zkhuh s � : f dqg s �� 	 f144 Sur�wv ri wkh uhsuhvhqwdwlyh �up duh

�� ' sEe�?��� ��?�

Wkh uhsuhvhqwdwlyh �up fkrrvhv wkh zdjh/ ��/ wkh uhtxluhg h�ruw ohyho/ e�/
dqg �up ohyho hpsor|phqw/ ?�1 Wr hqvxuh srvlwlyh ohyhov ri surgxfwlrq/ wkh
�up pxvw r�hu d zdjh0h�ruw sdfndjh vxfk wkdw T �� � T 7� dqg wr eh sur�w
pd{lpl}lqj iru wkh �up wklv lqfhqwlyh frpsdwlelolw| frqvwudlqw +ru qr0vklunlqj
frqglwlrq, pxvw krog dv dq htxdolw|/ T �� ' T 7�1 Xvlqj htxdwlrqv 4 dqg 5
wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw fdq eh zulwwhq dv

^�E/��� Ew n ^ n r� �e� � w^T L ' f�

Wkh ydoxh ri ehlqj xqhpsor|hg/ T L / iroorzv iurp frpelqlqj wkh dvvhw htxd0
wlrqv iru qrq0vklunhuv dqg vklunhuv lq doo rwkhu �upv zlwk wkh dvvhw htxdwlrq

wkh �up kdv wr wudgh r� wkh dprxqw ri uhvrxufhv ghyrwhg wr prqlwrulqj dqg wkh gluhfw

frvwv ri r�hulqj d kljkhu zdjh wr holflw pruh h�ruw ri zrunhuv1
44Wklv krogv dw wkh htxloleulxp hpsor|phqw ohyho1 Iru rxu prgho wr eh frqvlvwhqw zlwk

}hur orqj0uxq sxuh sur�wv lw lv dvvxphg wkdw iru vpdoo ydoxhv ri hmqm zh kdyh lqfuhdvlqj

uhwxuqv wr oderxu/ i 33+hmqm, A 31 Khqfh/ zh kdyh X0vkdshg frvw fxuyhv wkdw doorz iru

}hur sxuh sur�wv dw dq lqwhulru vroxwlrq1 Dowhuqdwlyho|/ d surgxfwlrq ixqfwlrq zlwk d �{hg

oderxu lqsxw uhtxluhphqw/ |m @ i+hmqm
� �,/ frxog eh vshfl�hg1

9



iru dq xqhpsor|hg zrunhu

wT � ' �E/�� �en r
�
T L � T �

�
+6,

wT 7 ' �E/� n E^ n r�
�
T L � T 7

�
+7,

wT L ' �Eq� n �E��
�
4@ 

�
T � c T 7

�
� T L

�
c +8,

zkhuh wkh yduldeohv uhodwhg wr doo rwkhu �upv duh zlwkrxw wkh �0vxshuvfulsw/
dqg � ' �E�� lv wkh h{lw udwh iurp xqhpsor|phqw ghshqglqj srvlwlyho| rq
djjuhjdwh hpsor|phqw/ � / l1h1 ��E�� : f145 Lq htxloleulxp doo rwkhu �upv
r�hu zdjh0h�ruw frqwudfwv wkdw duh mxvw vx!flhqw wr pdnh zrunhuv vxsso|
wkh uhtxluhg h�ruw ohyho vxfk wkdw T � ' T 71 Vroylqj iru wkh ydoxh ri ehlqj
xqhpsor|hg xvlqj htxdwlrqv 7 dqg 8 |lhogv46

T L '
�E���E/� n �Eq�

w Ew n ^ n rn �E���
�

Lqvhuwlqj wklv lq wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw ri �up � |lhogv h�ruw
lq �up � dv dq lpsolflw ixqfwlrq ri wkh zdjh lq �up �/ wkh zdjh lq doo rwkhu
�upv/ wkh udwh ri xqhpsor|phqw ehqh�w dqg djjuhjdwh hpsor|phqw=

)E/�c e�(/c qc�� � ^�E/��� Ew n ^ n r� �e� �
^�E���E/� n ^�Eq�

w n ^ n rn �E��
' f� +9,

Zh fdq zlwkrxw orvv ri jhqhudolw| prgho wkh �up dv fkrrvlqj hlwkhu zdjhv
ru wkh h�ruw qrup1 Ohwwlqj wkh �up vhw zdjhv zh fdq wklqn ri htxdwlrq 9
dv gh�qlqj h�ruw lq �up � dv dq lpsolflw ixqfwlrq ri wkh �up0vshfl�f diwhu0
wd{ zdjh/ /�/ dqg djjuhjdwh yduldeohv wkdw d vlqjoh �up wdnhv dv h{rjhqrxvo|
jlyhq l1h1/ e� ' e�E/�(/c qc��1 Xvlqj 9 lw lv vwudljkwiruzdug wr vkrz wkdw e�/ �
Ye�

Y/� : f/ dqg e�// � Y2e�

YE/��2
	 f +vhh wkh dsshqgl{ iru ghwdlov,1 Wkxv/ lqvwhdg

ri zdjhv ehlqj ghwhuplqhg lq d �txdvl0Zdoudvldq� idvklrq +fi1 Slvvdulghv
+4<<;, dqg Vkdslur dqg Vwljolw} +4<;7,, dgmxvwlqj wr htxdol}h d qr0vklunlqj
frqglwlrq dqg wkh ghpdqg iru oderxu iurp �upv/ zdjhv duh fkrlfh yduldeohv
ri �upv1 Wkh lpsruwdqw gl�huhqfhv ehwzhhq rxu vhw0xs dqg wkdw ri Vkdslur

45Lq d vwhdg| vwdwh htxloleulxp zkhuh wkh  rzv lqwr dqg rxw ri xqhpsor|phqw duh

htxdo wkh h{lw udwh iurp xqhpsor|phqw lv ghwhuplqhg e| wkh  rz frqglwlrq +t . v,Q @

# � +K �Q,/ vxfk wkdw # @ #+Q, @ +t.v,Q
K�Q

/ zlwk #3+Q, @ +t.v,K

+K�Q,5
A 31

46Ri frxuvh/ zh frxog dovr kdyh xvhg htxdwlrqv 6 dqg 8 wr vroyh iru Y X lq zklfk fdvh

wkh h�ruw qrup ri wkh rwkhu �upv/ h/ zrxog kdyh hqwhuhg wkh h{suhvvlrq iru Y X 1 Wkh

srlqw lv wkdw wkhuh lv d xqltxh uhodwlrq ehwzhhq wkh zdjh lq wkh rwkhu �upv/ z/ dqg wkhlu

h�ruw qrup/ h/ dv jlyhq e| wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw/ lpso|lqj wkdw zh fdq

vxevwlwxwh rxw wkh h�ruw qrup wr jhw dq h{suhvvlrq lqfoxglqj rqo| wkh zdjh ri wkh rwkhu

�upv1

:



dqg Vwljolw} +4<;7, lv wkh hqgrjhqhlw| ri wkh htxloleulxp h�ruw ohyho suhvhqw
lq rxu prgho zkhuhdv lv grhv qrw pdwwhu iru rxu uhvxowv zkhwkhu zh ohw zdjhv
ru wkh h�ruw qrup eh wkh fkrlfh yduldeohv ri �upv1

Wkh �uvw0rughu frqglwlrqv uhdg

Y��

Y��
' s �e�/ E�� |�?� � ?� ' f +:,

Y�

Y?
' s �e� � �� ' f� +;,

Wkh vhfrqg0rughu frqglwlrq fdq hdvlo| eh vkrzq wr eh vdwlv�hg gxh wr s �� 	 f
dqg e�// 	 f1 Xvlqj ; wr holplqdwh s � iurp : |lhogv

e�/�
� E�� |�� e� ' fc +<,

zklfk lv d �prgl�hg� yhuvlrq ri wkh idploldu Vrorz frqglwlrq1 Lw lv wkh suhv0
hqfh ri surjuhvvlyh wd{hv wkdw pdnhv lw d �prgl�hg� Vrorz frqglwlrq vlqfh
wkh htxloleulxp zdjh hodvwlflw| ri h�ruw h{fhhgv xqlw| zkhq wkh wd{ vfkhgxoh
lv surjuhvvlyh=

e�//
�

e�
'

��E�� |� n @

��E�� |�
: ��

516 Htxloleulxp

Vlqfh �upv duh lghqwlfdo wkh htxloleulxp zloo eh v|pphwulf zlwk doo �upv
fkrrvlqj wkh vdph zdjh udwh dqg wkh vdph h�ruw qrup1 Zlwk d +voljkw, dexvh
ri qrwdwlrq zh ghqrwh wkh v|pphwulf htxloleulxp ydoxhv ri wkh zdjh/ h�ruw
dqg �up ohyho hpsor|phqw e| �/ e dqg ?/ uhvshfwlyho|1 Wkh htxloleulxp
h�ruw ixqfwlrq uhodwhv wkh hfrqrp|0zlgh h�ruw ohyho wr wkh hfrqrp|0zlgh
zdjh udwh/ wkh xqhpsor|phqw ehqh�w udwh dqg djjuhjdwh hpsor|phqw1 Wkxv/
xvlqj htxdwlrq 9 zlwk /� ' / dqg e� ' e wkh htxloleulxp h�ruw ixqfwlrq lv
ghwhuplqhg lpsolflwo| dv

xE/c ec qc�� � )E/c ec /c qc��

'
^ Ew n ^ n r� �E/�� ^�Eq�

w n ^ n rn �E��
� Ew n ^ n r� �e ' fc +43,

ru +vxssuhvvlqj wkh ghshqghqfh ri h�ruw rq wkh ohyho ri xqhpsor|phqw ehq0
h�w, e ' eE/c��/ zkhuh lw lv hdv| wr vkrz wkdw e/ : f/ e// 	 f/ e� 	 f/ dqg
e/� 	 f +vhh wkh dsshqgl{ iru ghwdlov,1 Qrwlfh wkdw wkh h�hfw rq h�ruw ri dq
hfrqrp|0zlgh lqfuhdvh lq wkh zdjh lv vpdoohu wkdq wkh h�hfw rq h�ruw lq d

;



vlqjoh �up ri fkdqjlqj lwv rzq zdjh/ rqo|=

e/ �
Ye

Y/
'

^��E/�

w n ^ n rn �E��
'

w n ^ n r

w n ^ n rn �E��
e�/ 	 e�/c

uh hfwlqj wkh qhjdwlyh h{whuqdolw| dprqj �upv lq zdjh0vhwwlqj1
Dv lq Doeuhfkw dqg Yurpdq +4<<<, d orqj0uxq htxloleulxp rewdlqv wkurxjk

iuhh hqwu| dqg h{lw ri �upv/ lpso|lqj wkdw djjuhjdwh hpsor|phqw/ � / eh
ghwhuplqhg e| wkh }hur sxuh sur�w frqglwlrq/47

� ' sEe E/c��?�� �? ' f�

Qrwlfh wkdw d shuwxuedwlrq ri htxloleulxp ohdglqj wr srvlwlyh sur�wv zloo uhvxow
lq dq lqfuhdvh lq wkh qxpehu ri �upv dqg wkhuhe| d kljkhu ohyho ri hpsor|0
phqw1 Wklv lqgxfhv zrunhuv wr orzhu wkhlu h�ruw dv e� 	 f/ zkhuhe| sur�wv
duh uhgxfhg dqg wkh dgmxvwphqw surfhvv lv vwdeoh1 � 	 M lv dvvxphg iru wkh
dqdo|vlv wr eh ri lqwhuhvw1

Zh kdyh wkuhh htxloleulxp frqglwlrqv wr ghwhuplqh zdjhv/ �/ hpsor|phqw
dw wkh �up ohyho/ ?/ dqg djjuhjdwh hpsor|phqw/ � 1 Wkxv/ xvlqj wkdw �� ' �/
e� ' e/ dqg ?� ' ? zkloh e�/ ' wn^nrn�

wn^nr
e/ wkh htxloleulxp frqglwlrqv ehfrph

e/ E/c��� E�� |�
w n ^ n rn �E��

w n ^ n r
� e E/c�� ' f +44,

s �EeE/c��?�e E/c��� � ' f +45,

sEe E/c��?�� �? ' f� +46,

Wkh ghwhuplqdqw ri wkh Mdfreldq ma m/ lv qrq0}hur +vhh wkh dsshqgl{ iru gh0
wdlov,=

ma m ' e//�E�� |�2s ��e2s �e�?
Ew n ^ n rn �E���

Ew n ^ n r�
	 fc

lpso|lqj wkdw wkh wkuhh htxloleulxp frqglwlrqv gh�qh htxloleulxp ohyhov ri �/
? dqg � dv ixqfwlrqv ri wkh wd{ sdudphwhuv148

47Dq dowhuqdwlyh zd| ri vshfli|lqj wkh orqj0uxq zrxog eh wzr lqfoxgh fdslwdo dv d surgxf0

wlyh lqsxw zlwk d jlyhq orqj0uxq uhwxuq1 Wkhq li wkh surgxfwlrq ixqfwlrq h{klelwv frqvwdqw

uhwxuqv wr vfdoh/ wkh h�hfwlyh zdjh zrxog eh xqltxho| ghwhuplqhg e| wkh }hur sxuh sur�w

frqglwlrq/ dqg wkh �upv zrxog eh xqdeoh wr xvh wkh zdjh wr hqkdqfh oderxu h!flhqf|1 Lq

wkdw fdvh wkh h!flhqf| zdjh prgho ghjhqhudwhv dqg zh duh edfn lq d shuihfwo| frpshwlwlyh

prgho zkhuh surjuhvvlyh wd{hv duh nqrzq wr uhgxfh hpsor|phqw1
48Zh duh dv vxfk qrw lqwhuhvwhg lq wkh h�hfwv rq �up ohyho hpsor|phqw/ q/ exw zh fdqqrw/

ri frxuvh/ ohdyh rxw wkh htxloleulxp frqglwlrq ghwhuplqlqj q/ vlqfh lw jhqhudoo| zloo d�hfw

wkh htxloleulxp uhvsrqvhv ri wkh yduldeohv ri lqwhuhvw/ z dqg Q / wr wkh wd{ uhirupv1

<



517 Jryhuqphqw

Wkh jryhuqphqw froohfwv zdjh lqfrph wd{hv wr fryhu wkh surylvlrq ri wkh
sxeolfo| surylghg jrrg/ }/ dqg wkh +qhw, h{shqglwxuhv rq xqhpsor|phqw
ehqh�wv/ EM ��� q1 Wkxv/ wkh jryhuqphqw exgjhw frqvwudlqw uhdgv

�7 ' E|� � @�� � EM ��� q � } ' f�

Zkhq zh frqvlghu edodqfhg0exgjhw wd{ uhirupv wkh wd{ sdudphwhuv E|c @� duh
fkdqjhg vxfk wkdw } fdq eh nhsw frqvwdqw/ _} ' f1 Rq wkh rwkhu kdqg/ lq
fdvh ri wd{ uhirupv kroglqj wkh dyhudjh wd{ rq zdjh lqfrph frqvwdqw/ wkhuh
zloo hlwkhu eh d gh�flw ru d vxusoxv rq wkh jryhuqphqw*v dffrxqwv1 Lw fdq
wkhuhiruh eh dujxhg wkdw rqo| edodqfhg0exgjhw wd{ uhirupv lqfoxgh doo wkh
uhohydqw h�hfwv ri wkh fkdqjhv lq wd{dwlrq1

6 Wd{ Uhirup Dqdo|vlv

Zh prgho wd{ uhirupv dv fkdqjhv lq wkh wd{ sdudphwhuv E|c @� vxfk wkdw wkh
lqfrph wd{ ehfrphv pruh surjuhvvlyh +dw dq| lqfrph ohyho,1 Wklv fdq eh
dffrpsolvkhg e| lqfuhdvlqj hlwkhu ri wkh wd{ sdudphwhuv dv fdq eh vhhq iurp
wkh h�hfwv rq wkh frh!flhqw ri uhvlgxdo lqfrph surjuhvvlrq/ - ' �3|

�3|n @

�

=

Y-

Y|
'

�@

�
�
�� |n @

�

�2 	 f

Y-

Y@
'

� E�� |�

�
�
�� |n @

�

�2 	 f�

Qrwlfh wkdw vlqfh wkh htxloleulxp zdjh w|slfdoo| fkdqjhv dv d uhvxow ri d
wd{ uhirup/ wkh frh!flhqw ri uhvlgxdo lqfrph surjuhvvlrq hydoxdwhg dw wkh
htxloleulxp zdjh lv sxuho| hqgrjhqrxv1 Wkxv/ hyhq wkrxjk - lv uhgxfhg dw
dq| zdjh ohyho wkh ydoxh ri - hydoxdwhg dw wkh htxloleulxp zdjh pd| lqfuhdvh
li h1j1 wkh wd{ uhirup ohdgv wr d orzhu zdjh149

Wzr w|shv ri wd{ uhirupv duh frqvlghuhg1 Iroorzlqj prvw ri wkh olwhudwxuh
rq wkh h�hfwv ri surjuhvvlyh lqfrph wd{dwlrq zh �uvw frqvlghu d �sxuh lqfuhdvh
lq wd{ surjuhvvlrq� zklfk dprxqwv wr lqfuhdvlqj wkh pdujlqdo wd{ udwh kroglqj
wkh dyhudjh wd{ dw wkh suh0wd{ uhirup zdjh ohyho frqvwdqw1 Wkdw lv/ lqfuhdvlqj
| dqg @ vxfk wkdw

_A ' �_|� _@ ' f�

49Lw wxuqv rxw/ krzhyhu/ wkdw lq rxu prgho wkh frh!flhqw ri uhvlgxdo lqfrph surjuhv0

vlrq hydoxdwhg dw wkh htxloleulxp zdjh dozd|v idoov zkhq wkh lqfrph wd{ lv pdgh pruh

surjuhvvlyh dw dq| lqfrph ohyho1

43



Li/ krzhyhu/ htxloleulxp zdjhv dqg hpsor|phqw duh d�hfwhg e| wkh wd{ uh0
irup d sxuh fkdqjh lq wd{ surjuhvvlrq lv qrw wkh hqg ri wkh vwru| vlqfh wkh
jryhuqphqw exgjhw lv d�hfwhg1 Khqfh/ wr frqvlghu wkh ixoo h�hfwv ri wkh wd{
uhirup d �edodqfhg0exgjhw lqfuhdvh lq wd{ surjuhvvlrq� vkrxog eh dqdo|}hg1
Wklv dprxqwv wr lqfuhdvlqj | dqg @ vxfk wkdw

_} ' E|� � @n q� _� n |�_� n ��_|��_@ ' fc

zkhuh _� dqg _� duh wkh hqgrjhqrxv fkdqjhv lq hpsor|phqw dqg zdjhv
iroorzlqj wkh wd{ uhirup1 Vlqfh zh jhqhudoo| fdq vwdwh wkh htxloleulxp frq0
glwlrqv iru � dqg � dv

� ' �E|c @�

� ' �E|c @�c

wkh hpsor|phqw h�hfw ri d sxuh lqfuhdvh lq wd{ surjuhvvlrq iroorzv vwudljkw0
iruzdugo|

_�

_|

���
_A'f

' �
Y�

Y@
n

Y�

Y|
�

Wr rewdlq wkh h�hfwv ri d edodqfhg0exgjhw wd{ uhirup lv d olwwoh pruh fxp0
ehuvrph1 Wkh pdujlqdo udwh ri vxevwlwxwlrq ri wkh wzr wd{ sdudphwhuv lv

_@

_|

����
_}'f

'
�� n E|� � @n q� Y�E|c@�

Y|
n |�

Y�E|c@�
Y|

� � E|� � @n q� Y�E|c@�
Y@

� |�
Y�E|c@�
Y@

c

zklfk lv srvlwlyh xqghu wkh +uhdvrqdeoh, dvvxpswlrq wkdw d kljkhu wd{ udwh
jhqhudwhv d vxusoxv rq wkh jryhuqphqw*v dffrxqwv/ Y�7

Y|
: f/ zkloh d kljkhu

wd{ vxevlg| pdnhv wkh jryhuqphqw dffrxqwv jr lqwr gh�flw/ Y�7
Y@

	 f14: Wkh
edodqfhg0exgjhw hpsor|phqw h�hfw wkhq ehfrphv

_�

_|

����
_}'f

'
�

k
�

Y�E|c@�
Y@

n Y�E|c@�
Y|

l
n |�

k
Y�E|c@�

Y@

Y�E|c@�
Y|

� Y�E|c@�
Y|

Y�E|c@�
Y@
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�Y�7
Y@

�

+47,

614 D Sxuh Lqfuhdvh lq Wd{ Surjuhvvlrq

Lq wkh vwdqgdug vkruw0uxq prgho zlwk d �{hg qxpehu ri �upv d sxuh lqfuhdvh
lq wd{ surjuhvvlrq kdv dq xqdpeljxrxvo| srvlwlyh h�hfw rq hpsor|phqw +hyhq

4:Wkxv/ zh edvlfdoo| dvvxph wkdw zh duh rq wkh ulvlqj sduw ri wkh lqfrph wd{ Od�hu0

fxuyh1 Qrwlfh wkdw wklv dvvxpswlrq dovr lpsolhv wkdw d edodqfhg0exgjhw wd{ uhirup wkdw

lqfuhdvhv w xqdpeljxrxvo| lqfuhdvhv wkh ghjuhh ri wd{ surjuhvvlrq vlqfh d lqfuhdvhv dorqj

zlwk w1
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li lqglylgxdo zrunlqj krxuv duh hqgrjhqrxvo| ghwhuplqhg dv lq Ixhvw dqg
Kxehu +5333,,1 Zlwk iuhh hqwu| dqg h{lw ri �upv wkh srvlwlyh hpsor|phqw
h�hfw uhpdlqv lqwdfw1

Sursrvlwlrq 4 Wkhuh lv d srvlwlyh hpsor|phqw h�hfw ri d sxuh lqfuhdvh lq
wd{ surjuhvvlrq1
Surri1 Gl�huhqwldwlqj wkh htxloleulxp frqglwlrqv/ htxdwlrqv 44046/ lpsolf0
lwo| zlwk uhvshfw wr wkh wd{ sdudphwhuv E|c @� dqg vroylqj iru wkh h�hfwv rq
zdjhv dqg hpsor|phqw +vhh wkh dsshqgl{ iru ghwdlov, |lhogv=
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Khqfh/ lqfuhdvlqj wkh wd{ sdudphwhuv wr nhhs wkh dyhudjh wd{ dw wkh suh0wd{
uhirup zdjh ohyho frqvwdqw/ _@ ' �_|/ wkh hpsor|phqw h�hfw ri wkh wd{ uhirup
lv srvlwlyh
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vlqfh e� 	 f dqg e// 	 f1

615 D Edodqfhg0Exgjhw Lqfuhdvh lq Wd{ Surjuhvvlrq

Vlqfh wkh jryhuqphqw exgjhw lv jhqhudoo| d�hfwhg xqghu d sxuh lqfuhdvh lq
wd{ surjuhvvlrq lw lv lpsruwdqw wr wdnh wkh ixoo exgjhwdu| h�hfwv ri wkh wd{
uhirup lqwr dffrxqw1 Lw wxuqv rxw wkdw wklv pd| eh vx!flhqw wr uhyhuvh wkh
srvlwlyh hpsor|phqw h�hfw ri d sxuh lqfuhdvh lq wd{ surjuhvvlrq1

Sursrvlwlrq 5 Wkh hpsor|phqw h�hfw ri d edodqfhg0exgjhw lqfuhdvh lq wd{
surjuhvvlrq lv jhqhudoo| dpeljxrxv1
Surri1 Xvlqj htxdwlrqv 4804; iru wkh h�hfwv rq zdjhv dqg hpsor|phqw ri
fkdqjhv lq wkh wd{ sdudphwhuv dqg wkh jhqhudo h{suhvvlrq iru wkh hpsor|phqw
h�hfw ri d edodqfhg0exgjhw wd{ fkdqjh/ htxdwlrq 47/ lw iroorzv wkdw
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gxh wr wkh h{suhvvlrq lqvlgh wkh eudfnhwv ehlqj ri dq dpeljxrxv vljq1
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Wkxv/ zkhq doo wkh exgjhwdu| h�hfwv ri wkh wd{ uhirup lv wdnhq lqwr dffrxqw
dqg iuhh hqwu| dqg h{lw ri �upv lv doorzhg iru lw lv srvvleoh wr jhw wkh rssrvlwh
ri wkh xvxdo vkruw0uxq uhvxow= Wd{ surjuhvvlrq pd| eh edg iru hpsor|phqw1
Dq lqwhuhvwlqj surshuw| ri wkh hpsor|phqw h�hfw lv wkdw wkh vljq ri lw ghshqgv
h{solflwo| rq wkh pdujlqdo wd{ udwh/ |1 Li zh h1j1 vwduw zlwk qr wd{dwlrq dw doo/
| ' f/ dqg lqwurgxfh d vpdoo surjuhvvlyh lqfrph wd{ +zklfk e| frqvwuxfwlrq
pxvw eh sxuho| uhglvwulexwlyh vlqfh } ' f pxvw krog erwk ehiruh dqg diwhu
wkh wd{ uhirup,/ wkh hpsor|phqw h�hfw lv vwulfwo| srvlwlyh
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vlqfh e� 	 f / e// 	 f dqg Y�7
Y@

	 f1 Wklv uhvxow lv vwdwhg lq wkh iroorzlqj
fruroodu|1

Fruroodu| 4 D vpdoo sxuho| uhglvwulexwlyh surjuhvvlyh lqfrph wd{ kdv d vwulfwo|
srvlwlyh hpsor|phqw h�hfw1

Krzhyhu/ dv wkh pdujlqdo wd{ udwh lqfuhdvhv wkh �uvw whup lqvlgh wkh
vtxduh eudfnhwv lq wkh qxphudwru ri htxdwlrq 4< ehfrphv odujhu zkloh wkh
vhfrqg whup ehfrphv vpdoohu/4; dqg hyhqwxdoo| wkh hpsor|phqw h�hfw pd|
eh uhyhuvhg1 Lq idfw/ dvvxplqj wkdw zh vwd| rq wkh xszdug vorslqj sduw ri
wkh lqfrph wd{ Od�hu0fxuyh lw lv srvvleoh wr ghwhuplqh wkh hpsor|phqw pd{0
lpl}lqj lqfrph wd{ e| vhwwlqj 4< htxdo wr }hur/ l1h1 zkhq |W ' �E��

Ewn^nrn�E���

+wkh fruuhvsrqglqj hpsor|phqw pd{lpl}lqj ydoxh ri wkh vxevlg|/ @W/ lv wkhq
ghwhuplqhg e| wkh jryhuqphqw*v edodqfhg exgjhw uhtxluhphqw,1 Krzhyhu/
vlqfh |W ghshqgv rq djjuhjdwh hpsor|phqw wkurxjk �E�� zh fdqqrw rewdlq
d vshfl�f ydoxh ri |W zlwkrxw vroylqj iru wkh htxloleulxp ohyhov ri wkh hqgrjh0
qrxv yduldeohv4< +dqg wkdw zrxog uhtxluh d ixoo sdudphwulf vshfl�fdwlrq ri wkh
prgho dqg suhvxpdeo| qxphulfdo vlpxodwlrqv,1 Dq lpsolfdwlrq ri wklv lqyhuvh
uhodwlrq ehwzhhq wkh hpsor|phqw h�hfw dqg wkh ohyho ri wkh pdujlqdo wd{ udwh
lv wkdw wd{ uhirupv dlphg dw surprwlqj hpsor|phqw pd| eh vxffhvvixo dw orz

4;Wzr frpphqwv duh lq rughu khuh1 Iluvw/ vlqfh wkh h{lw udwh iurp xqhpsor|phqw lv

dq lqfuhdvlqj ixqfwlrq ri djjuhjdwh hpsor|phqw/ #+Q, lqfuhdvhv zlwk w dv orqj dv wkh

hpsor|phqw h�hfw lv srvlwlyh1 Krzhyhu/ xqohvv wkh hpsor|phqw h�hfw ri lqfuhdvlqj wd{

surjuhvvlylw| lv yhu| elj wkdw h�hfw lv olnho| wr eh grplqdwhg e| wkh idoo lq +4� w,1 Vhfrqg/
dv zh lqfuhdvh wkh pdujlqdo wd{ udwh zh pd| dssurdfk wkh ghfuhdvlqj sduw ri wkh lqfrph
wd{ Od�hu0fxuyh dorqj zklfk CEV

Cd
A 31 Khqfh/ rxu dujxphqw khuh lv rqo| ydolg dv orqj dv

zh vwd| rq wkh ulvlqj sduw ri wkh lqfrph wd{ Od�hu0fxuyh1
4<Wklv lv dnlq wr wkh �rswlpxp wdul�� lq lqwhuqdwlrqdo wudgh wkhru| ehlqj ghwhuplqhg e|

wkh +lqyhuvh ri wkh, sulfh hodvwlflw| ri iruhljq h{sruw vxsso| zklfk lwvhoi lv dq hqgrjhqrxv
yduldeoh1
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ohyhov ri wkh ghjuhh ri wd{ surjuhvvlrq dqg |hw frxqwhusurgxfwlyh dw kljkhu
ohyhov ri wd{ surjuhvvlrq1

Wr xqghuvwdqg lqwxlwlyho| zk| wkh edodqfhg0exgjhw h�hfwv ri wkh lqfuhdvh
lq wd{ surjuhvvlrq pd| gl�hu txdolwdwlyho| iurp wkh h�hfwv ri d sxuh lqfuhdvh
lq wd{ surjuhvvlrq rqh vkrxog qrwh wkdw iroorzlqj d sxuh lqfuhdvh lq wd{
surjuhvvlrq djjuhjdwh hpsor|phqw jrhv xs zkloh wkh zdjh jrhv grzq=

_�

_|

���
_A'f

'
e/

e// E�� |�2
	 fc

lpso|lqj wkdw wd{ uhyhqxhv pd| ulvh ru idoo1 Li wd{ uhyhqxhv idoo wkh dyhudjh
wd{ pxvw vxevhtxhqwo| eh lqfuhdvhg ohdglqj wr d uhgxfwlrq lq �upv* sur�wv
dqg wkdw pd| hyhqwxdoo| uhyhuvh wkh srvlwlyh hpsor|phqw h�hfw1 Wkxv/ lw
lv lqfoxvlrq ri wkh edodqfhg0exgjhw frqvwudlqw ri wkh jryhuqphqw wkdw lv uh0
vsrqvleoh iru wkh srvvleoh dgyhuvh orqj0uxq hpsor|phqw h�hfwv ri surjuhvvlyh
wd{dwlrq1

7 Glvfxvvlrq ri wkh Uhvxowv

Reylrxvo|/ rxu uhvxowv uhyhdo wkdw wdnlqj wkh ixoo exgjhwdu| h�hfwv ri wkh wd{
uhirupv dqg wkh orqj0uxq uhvsrqvhv ri �upv wr wkh uhirupv lqwr dffrxqw pd|
eh fuxfldo wr wkh frqfoxvlrqv wr eh gudzq iurp wkh dqdo|vhv1 Vlqfh wkhvh
uhvxowv kdyh ehhq rewdlqhg wkurxjk vrph vshfl�f prghoolqj dvvxpswlrqv/ zh
zloo eulh | glvfxvv wkh ghjuhh ri jhqhudolw| ri rxu uhvxowv1

Dv d jhqhudo srlqw wkh prgho zh kdyh suhvhqwhg lv edvlfdoo| d sduwldo
htxloleulxp prgho1 Krzhyhu/ dw ohdvw iru edujdlqlqj prghov wkh dgrswlrq ri
d jhqhudo htxloleulxp vshfl�fdwlrq grhv qrw vhhp wr lq xhqfh wkh h�hfwv ri
surjuhvvlyh wd{dwlrq txdolwdwlyho|/ vhh h1j1 Kdqvhq hw do1 +4<<8,1

714 Rwkhu H!flhqf| Zdjh Prghov

Wkh uhvxowv kdyh ehhq ghulyhg zlwklq d vshfl�f h!flhqf| zdjh prgho ri wkh
vklunlqj0w|sh edvhg rq dq h{whqvlrq ri wkh fhoheudwhg Vkdslur0Vwljolw} prgho1
Wkh pdlq surshuwlhv ri rxu prgho wkdw duh lpsruwdqw iru wkh uhvxowv duh wkdw
htxloleulxp h�ruw lv uhodwhg wr wkh zdjh ohyho dqg djjuhjdwh hpsor|phqw
vxfk wkdw e/ : f/ e// 	 f/ dqg e� 	 f1 Wkxv/ h�ruw vkrxog lqfuhdvh/ dw
d ghfuhdvlqj udwh/ zlwk wkh zdjh dqg ghfuhdvh zlwk djjuhjdwh hpsor|phqw1
Wkhvh duh txlwh jhqhudo +dqg uhdvrqdeoh, surshuwlhv wkdw vkrxog krog lq prvw
+li qrw doo, h!flhqf| zdjh prghov1 Khqfh/ rxu uhvxowv vkrxog eh txlwh urexvw
djdlqvw dowhuqdwlyh vshfl�fdwlrqv ri wkh h!flhqf| zdjh h�hfwv1
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715 Frqvwdqw Uhsodfhphqw Udwlr

Wkurxjkrxw wkh dqdo|vhv zh kdyh dvvxphg wkdw wkh lqfrph ri wkh xqhpsor|hg
zrunhuv lv xqd�hfwhg e| wkh wd{ uhirupv/ vlqfh wkdw lv wkh prvw frpprqo|
dssolhg dvvxpswlrq lq wkh olwhudwxuh +vhh h1j1 Ixhvw dqg Kxehu +5333, dqg
Orfnzrrg dqg Pdqqlqj +4<<6,,1 Lw lv/ krzhyhu/ shuihfwo| srvvleoh wr ohw wkh
srvw0wd{ ehqh�w udwh uhdfw wr fkdqjhv lq wkh srvw0wd{ zdjh udwh e| kroglqj
wkh uhsodfhphqw udwlr frqvwdqw1 Wklv pd| pdnh vhqvh vlqfh d wd{ uhirup wkdw
h1j1 uhgxfhv wkh srvw0wd{ zdjh iru d frqvwdqw srvw0wd{ ehqh�w udwh lv h�hf0
wlyho| fkdqjlqj wkh uhodwlyh lqfrphv ri hpsor|hg dqg xqhpsor|hg zrunhuv1
Reylrxvo|/ li wkh wd{ uhirup uhgxfhv wkh srvw0wd{ zdjh ohyho/ wkh frqvhtxhqfh
ri kroglqj frqvwdqw wkh uhsodfhphqw udwlr lqvwhdg ri wkh srvw0wd{ ehqh�w udwh
wkurxjkrxw wkh wd{ uhirup vkrxog eh wkdw d kljkhu hpsor|phqw ohyho lv jhq0
hudwhg1 Lqwxlwlyho|/ wkh fxw edfn lq wkh srvw0wd{ ehqh�w udwh lqgxfhv zrunhuv
wr h{huw pruh h�ruw ohdglqj wr kljkhu sur�wv dqg dq lqfuhdvh lq wkh qxpehu
ri �upv1 Wklv lv h{dfwo| zkdw kdsshqv lq wkh suhvhqw prgho lpso|lqj wkdw
wkh vwulfwo| srvlwlyh hpsor|phqw h�hfwv ri d sxuh lqfuhdvh lq wd{ surjuhvvlrq
lv vwuhqjwkhqhg zkloh wkh vljq ri wkh hpsor|phqw h�hfw ri d edodqfhg0exgjhw
lqfuhdvh lq wd{ surjuhvvlrq lv vwloo dpeljxrxv +exw d srvlwlyh h�hfw lv qrz
pruh olnho| wr pdwhuldol}h/ fhwhulv sdulexv,1

716 Jryhuqphqw Surgxfwlrq

Lw frxog eh dujxhg wkdw jryhuqphqw frqvxpswlrq/ } lq rxu prgho/ wr d odujh
h{whqw frqvlvwv ri vhuylfhv surgxfhg e| grphvwlf oderxu lqsxw1 Khqfh/ zkhq
d pruh surjuhvvlyh lqfrph wd{ orzhuv wkh zdjh ohyho wkh uhyhqxh uhtxluhphqw
lv dovr orzhuhg1 Dvvxplqj wkdw doo jryhuqphqw h{shqglwxuhv frqvlvw ri oderxu
lqsxw vhuylfhv wkh jryhuqphqw exgjhw frqvwudlqw ehfrphv

�7 ' E|� � @� E� n�}�� EM �� ��}� q � ��}c

zkhuh �} lv sxeolf hpsor|phqw dvvxphg wr eh sdlg wkh pdunhw zdjh/ �1
D edodqfhg0exgjhw wd{ uhirup lv qrz uhsuhvhqwhg e| fkdqjhv lq wkh wd{ sd0
udphwhuv E|c @� wkdw nhhs �} frqvwdqw1 Lw lv idluo| vwudljkwiruzdug wr vkrz
wkdw wkh hpsor|phqw h�hfw ri vxfk d edodqfhg0exgjhw wd{ uhirup lv jhqhudoo|
dpeljxrxv/ vxfk wkdw rxu pdlq uhvxow lv qrw fkdqjhg txdolwdwlyho|153

53Vhh Udvpxvvhq +5333, iru dq h{solflw ghulydwlrq ri wklv uhvxow lq d voljkwo| gl�huhqw
prgho1
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8 Frqfoxglqj Uhpdunv

Wkh pdlq sxusrvh ri wklv sdshu kdv ehhq wr suhvhqw dq dgglwlrqdo h{sodqdwlrq
iru krz dq lqfuhdvh lq lqfrph wd{ surjuhvvlrq pd| ohdg wr d uhgxfwlrq lq
hpsor|phqw lq dq lpshuihfwo| frpshwlwlyh oderxu pdunhw1 Wkh phfkdqlvp
suhvhqwhg lqfoxghg wkh orqj0uxq dgmxvwphqw lq wkh qxpehu ri �upv wr fkdqjhv
lq sur�wv zkhq doo wkh exgjhwdu| h�hfwv ri wkh wd{ uhirup zhuh dffrxqwhg iru1
Jlyhq wkh jhqhudo dpeljxlw| ri wkh vljq ri wkh hpsor|phqw h�hfw iroorzlqj dq
lqfuhdvh lq wd{ surjuhvvlrq lq wkhruhwlfdo prghov/ surjuhvvlyh wd{hv duh qrw
qhfhvvdulo| edg iru hpsor|phqw lq lpshuihfwo| frpshwlwlyh oderxu pdunhwv
iurp d wkhruhwlfdo shuvshfwlyh1 Lqvwhdg/ pruh hpslulfdo zrun lq wklv duhd lv
qhhghg154 Rqh lpsolfdwlrq ri rxu �qglqjv lv wkdw lw pd| eh lpsruwdqw iru wkh
hpslulfdo prghoolqj wr wdnh wkh ixoo exgjhwdu| h�hfwv ri wkh wd{ uhirupv lqwr
dffrxqw dqg wr glvwlqjxlvk vkruw0uxq iurp orqj0uxq uhvsrqvhv lq d v|vwhpdwlf
zd|1

Dqrwkhu lqwhuhvwlqj lpsolfdwlrq ri wkh dqdo|vlv lv wkdw wkh vljq ri wkh hp0
sor|phqw h�hfw ri dq lqfuhdvh lq wd{ surjuhvvlrq vhhpv wr ghshqg rq wkh vl}h
ri wkh pdujlqdo wd{ udwh vxfk wkdw d srvlwlyh hpsor|phqw h�hfw lv olnho| wr
eh suhvhqw dw orz pdujlqdo wd{ udwhv +dqg khqfh dw orz ghjuhhv ri wd{ sur0
juhvvlrq, zkloh d qhjdwlyh hpsor|phqw h�hfw pd| iroorz iru uhodwlyho| kljk
pdujlqdo wd{ udwhv1 Li wd{ srolflhv duh dlphg dw surprwlqj hpsor|phqw wklv
reylrxvo| olplwv wkh ghjuhh ri wd{ surjuhvvlrq srolf|0pdnhuv vkrxog frqwhp0
sodwh hvwdeolvklqj1

9 Dsshqglfhv

914 Wkh H�ruw Ixqfwlrq iru wkh Uhsuhvhqwdwlyh Ilup

Xvlqj lpsolflw gl�huhqwldwlrq ri htxdwlrq 9 wkh sduwldo ghulydwlyhv ri wkh h�ruw
ixqfwlrq iru wkh uhsuhvhqwdwlyh �up duh=
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54Iru hpslulfdo uhvxowv rq wklv olwhudwxuh vhh h1j1 Kdqvhq hw do1 +4<<8,/ Kropoxqg dqg
Nrop +4<<8,/ Orfnzrrg dqg Pdqqlqj +4<<6, dqg Orfnzrrg hw do1 +5333,1
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915 Wkh Djjuhjdwh H�ruw Ixqfwlrq

Xvlqj lpsolflw gl�huhqwldwlrq ri htxdwlrq 43 wkh sduwldo ghulydwlyhv ri wkh
djjuhjdwh h�ruw ixqfwlrq ehfrph=
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916 Htxloleulxp Dqdo|vlv

Wkh htxloleulxp frqglwlrqv duh

\�E�c ?c�c |c @� � e/ E/c��� E�� |�
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Xvlqj wkh lpsolflw ixqfwlrq wkhruhp wkh h�hfwv rq zdjhv dqg hpsor|phqw ri
d fkdqjh lq d wd{ sdudphwhu/ vd| |/ duh=
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Vroylqj wklv olqhdu v|vwhp ri htxdwlrqv |lhogv wkh uhvxowv vwdwhg lq wkh pdlq
wh{w1
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Zdjhv/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv 434/ 7<0991

^;` Kdqvhq/ F1W1/ O1K1 Shghuvhq dqg W1 Voûn/ 4<<8/ Surjuhvvlyh Wd{dwlrq/
Zdjhv dqg Dfwlylw| lq d Vpdoo Rshq Hfrqrp|/ Zrunlqj Sdshu 4<<8054/
Hfrqrplf Srolf| Uhvhdufk Xqlw/ Frshqkdjhq Exvlqhvv Vfkrro1

^<` Krho/ P1/ 4<<3/ H!flhqf| Zdjhv dqg Lqfrph Wd{hv/ Mrxuqdo ri Hfr0
qrplfv 84/ ;<0<<1

4;



^43` Kropoxqg/ E1 dqg D1V1 Nrop/ 4<<8/ Surjuhvvlyh Wd{dwlrq/ Zdjh Vhwwlqj
dqg Xqhpsor|phqw 0 Wkhru| dqg Vzhglvk Hylghqfh/ Vzhglvk Hfrqrplf
Srolf| Uhylhz/ 75607931

^44` Mrkqvrq/ J1H1 dqg S1U1J1 Od|dug/ 4<;9/ Wkh Qdwxudo Udwh ri Xqhp0
sor|phqw= H{sodqdwlrq dqg Srolf|/ lq R1 Dvkhqihowhu dqg U1 Od|dug/
hgv1/ Kdqgerrn ri oderu hfrqrplfv/ Yro1 LL +Qruwk0Kroodqg/ Dpvwhugdp,
<540<<<1

^45` Nrvnhod/ H1 dqg M1 Ylopxqhq/ 4<<9/ Wd{ Surjuhvvlrq Lv Jrrg iru Hpsor|0
phqw lq Srsxodu Prghov ri Wudgh Xqlrq Ehkdylrxu/ Oderxu Hfrqrplfv
6/ 980;31

^46` Orfnzrrg/ E1 dqg D1 Pdqqlqj/ 4<<6/ Zdjh Vhwwlqj dqg wkh Wd{ V|vwhp=
Wkhru| dqg Hylghqfh iru wkh X1N1/ Mrxuqdo ri Sxeolf Hfrqrplfv 85/ 40
5<1

^47` Orfnzrrg/ E1/ W1 Voûn dqg W1 Wudqév/ 5333/ Surjuhvvlyh Wd{dwlrq dqg
Zdjh Vhwwlqj= Vrph Hylghqfh iru Ghqpdun/ Vfdqglqdyldq Mrxuqdo ri
Hfrqrplfv 435/ :3:0:561

^48` Pdofrpvrq/ M1P1 dqg Q1 Vduwru/ 4<;:/ Wd{ Sxvk Lq dwlrq lq d Xqlrql}hg
Oderxu Pdunhw/ Hxurshdq Hfrqrplf Uhylhz 64/ 48;4048<91

^49` Plojurp/ S1 dqg M1 Urehuwv/ 4<<5/ Hfrqrplfv/ Rujdql}dwlrq/ dqg Pdq0
djhphqw +Suhqwlfh0Kdoo/ Qhz Mhuvh|,1

^4:` Slvdxur/ J1/ 4<<4/ Wkh H�hfw ri Wd{hv rq Oderxu lq H!flhqf| Zdjh
Prghov/ Mrxuqdo ri Sxeolf Hfrqrplfv 79/ 65<06781

^4;` Slvvdulghv/ F1D1/ 4<<;/ Wkh Lpsdfw ri Hpsor|phqw Wd{ Fxwv rq Xq0
hpsor|phqw dqg Zdjhv= wkh Uroh ri Xqhpsor|phqw Ehqh�wv dqg Wd{
Vwuxfwxuh/ Hxurshdq Hfrqrplf Uhylhz 75/ 48804;61

^4<` Udvpxvvhq/ E1V1/ 4<<;/ Orqj0uxq H�hfwv ri Hpsor|phqw dqg Sd|uroo
Wd{hv lq dq H!flhqf| Zdjh Prgho/ Hfrqrplfv Ohwwhuv 8;/ 57805861

^53` Udvpxvvhq/ E1V1/ 5333/ Edodqflqj wkh Exgjhw= Vkruw0Uxq dqg Orqj0
Uxq H�hfwv ri Surjuhvvlyh Wd{dwlrq/ Zrunlqj Sdshu/ Ghsduwphqw ri
Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv1

^54` Vkdslur/ F1 dqg M1H1 Vwljolw}/ 4<;7/ Htxloleulxp Xqhpsor|phqw dv d
Zrunhu Glvflsolqh Ghylfh/ Dphulfdq Hfrqrplf Uhylhz :7/ 76607771

4<



^55` Vûuhqvhq/ S1E1 +4<<<,/ �Rswlpdo Wd{ Surjuhvvlylw| lq Lpshuihfw Oderxu
Pdunhwv�/ Oderxu Hfrqrplfv/ 9/ 76807851
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