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Devwudfw

Lq vwdqgdug vklunlqj prghov ri h!flhqf| zdjhv/ zrunhuv duh prwlydwhg rqo| e| kljk
zdjhv1 \hw 56( ri |rxqj XV zrunhuv uhsruw uhfhlylqj vrph irup ri shuirupdqfh sd|1
Wklv sdshu h{whqgv wkh h!flhqf| zdjh iudphzrun xvlqj wkh wkhru| ri vhoi0hqiruflqj
djuhhphqwv wr doorz iru shuirupdqfh sd| lq wkh irup ri erqxvhv1 Wkh uhvxow lv d
vlpsoh prgho ri zdjh irupdwlrq wkdw khosv h{sodlq d qxpehu ri dssduhqwo| xquhodwhg
skhqrphqd lq oderu pdunhwv1 Iluvw/ lq h!flhqw pdunhwv shuirupdqfh sd| lv suhihuuhg
wr dq h!flhqf| zdjh zkhq wkh frvw ri kdylqj d mre ydfdqw lv orz dqg txdol�hg zrunhuv
duh lq vkruw vxsso|1 Vhfrqg/ pruh fdslwdo lqwhqvlyh lqgxvwulhv r�hu kljkhu sd| wkdq ohvv
fdslwdo lqwhqvlyh lqgxvwulhv/ dv revhuyhg lq vwxglhv ri lqwhu0lqgxvwu| zdjhv gl�huhqwldov1
Wklug/ vxvwdlqlqj dq h!flhqw rxwfrph uhtxluhv d vrfldo frqyhqwlrq vlplodu wr wkh
qrwlrq ri d idlu zdjh/ dowkrxjk wkh rxwfrph lwvhoi lv ghwhuplqhg e| ixqgdphqwdov dqg
qrw e| h{rjhqrxvo| lpsrvhg qrwlrqv ri zkdw lv idlu1 Ilqdoo|/ d wzr0vhfwru yhuvlrq
ri wkh prgho pdnhv vrph suhglfwlrqv derxw wkh uhodwlrqvklsv ehwzhhq wxuqryhu dqg
zdjhv dqg ehwzhhq zdjhv/ jurzwk dqg xqhpsor|phqw1

MHO fodvvl�fdwlrqv= G;5/ M74/ R481
Nh|zrugv= h!flhqf| zdjhv/ phulw sd|/ pljudwlrq/ prwlydwlrq/ zdjh gl�huhqwldov1



4 Lqwurgxfwlrq

Zkhq lqglylgxdo shuirupdqfh lv qrw hdvlo| phdvxuhg lq dq remhfwlyh zd|/ wkhuh duh
olplwdwlrqv wr wkh xvh ri ohjdoo| hqirufhdeoh shuirupdqfh sd| wr prwlydwh hpsor|hhv1
Wklv sdshu vkrzv wkdw wkh xvh ri vhoi0hqiruflqj djuhhphqwv dv dq dowhuqdwlyh fdq
khos xv xqghuvwdqg d qxpehu ri dssduhqwo| xquhodwhg skhqrphqd lq oderu pdunhwv1
Wkh prgho ghyhorshg khuh kdv lpsolfdwlrqv wkdw jr eh|rqg wkh Vkdslur dqg Vwljolw}
+4<;7, vklunlqj prgho ri h!flhqf| zdjhv frpprqo| dssolhg wr vxfk vlwxdwlrqv1 Lw
pdnhv suhglfwlrqv derxw wkh irup ri h!flhqw lqfhqwlyh djuhhphqwv1 Lw surylghv d
uhdvrq iru pruh fdslwdo lqwhqvlyh mrev wr r�hu kljkhu sd|1 Lw dovr surylghv d uhdvrq
zk| qrwlrqv ri idluqhvv pd| sod| dq lpsruwdqw uroh lq wkh plqgv ri oderu pdunhw
sduwlflsdqwv zlwkrxw dsshdulqj lq hfrqrphwulf vwxglhv dv dq lpsruwdqw h{rjhqrxv
ghwhuplqdqw ri oderu pdunhw rxwfrphv1

H!flhqf| zdjh prghov uho| rq kljk zdjhv wr surylgh lqfhqwlyhv/ |hw wklv lv qrw wkh
rqo| irup ri frpshqvdwlrq zh revhuyh lq sudfwlfh1 Ilupv dovr prwlydwh zrunhuv zlwk
surplvhv ri erqxvhv dqg surprwlrqv1 Lq pdq| fdvhv wkhvh surplvhv duh rqo| lqirupdo
ru duh edvhg rq vxemhfwlyh dvvhvvphqwv ri shuirupdqfh wkdw pdnh wkhp xqhqirufhdeoh
dw odz1 Iru h{dpsoh/ lq wkh 4<<3 Zrunsodfh Lqgxvwuldo Uhodwlrqv Vxuyh| iru wkh
XN/ 67( ri hpsor|hhv zhuh uhsruwhg dv uhfhlylqj vrph irup ri phulw sd|/ �zklfk
ghshqghg rq d vxemhfwlyh mxgjhphqw e| d vxshuylvru ru pdqdjhu ri wkh lqglylgxdo*v
shuirupdqfh� +Ploozdug/ Vwhyhqv/ Vpduw dqg Kdzhv +4<<5/ s1 58;,,1 Lq wkh 4<;;0<3
Qdwlrqdo Orqjlwxglqdo Vxuyh| ri \rxwk +QOV\, iru wkh XV/ 56( ri wkh lqglylgxdov
uhsruwhg uhfhlylqj vrph irup ri shuirupdqfh sd|/ wkrxjk zh gr qrw nqrz wkh h{whqw
wr zklfk wklv sd| lv edvhg rq vxemhfwlyh dvvhvvphqwv1 Pruhryhu/ hpsor|hhv sdlg �{hg
zdjhv ru vdodulhv pd| jhw surprwhg iru jrrg shuirupdqfh dv vxemhfwlyho| dvvhvvhg/
vr �jxuhv iru phulw sd| xqghuvwdwh wkh shufhqwdjh ri hpsor|hhv zkr duh uhzdughg rq
wklv edvlv1

PdfOhrg dqg Pdofrpvrq +4<;<> 4<<6, vkrz wkdw/ surylghg wkh uhqw iurp wkh
hpsor|phqw uhodwlrqvkls lv vx!flhqwo| odujh/ �upv pd| xvh hlwkhu h!flhqf| zdjhv
+kljk zdjhv frpelqhg zlwk wkh wkuhdw ri glvplvvdo, ru shuirupdqfh sd| +zrunhuv sdlg
dq hqg0ri0shulrg erqxv li wkh| shuirup zhoo, wr prwlydwh hpsor|hhv1 Wklv uhqw lv
wkh gl�huhqfh ehwzhhq wkh uhwxuqv wr wkh fxuuhqw uhodwlrqvkls dqg wkrvh lq wkh vsrw
pdunhw iru oderu14 Vkrxog hlwkhu wkh zrunhu vklun ru wkh �up qrw sd| wkh erqxv/ d
vhsdudwlrq rffxuv wkdw kdupv wkh r�hqglqj sduw| wkurxjk d orvv ri wkh ixwxuh uhqw
iurp wkh uhodwlrqvkls1 D sudfwlfdo h{dpsoh ri wklv lv wkh fdvh ri wkh kljko| sdlg wudghuv
glvfxvvhg lq Vwhzduw +4<<6, zkr txlw Iluvw Ervwrq Edqn ehfdxvh wkhlu erqxvhv zhuh
vpdoohu wkdq wkh| ihow wkh| kdg ehhq surplvhg/ ghvslwh uhfhlylqj wrwdo frpshqvdwlrq
ri ryhu rqh0kdoi ploolrq grooduv1 Zkhq wkhuh duh vx!flhqw uhqwv wr wkh uhodwlrqvkls wr
hqirufh dq djuhhphqw lq wklv zd|/ zh vd| wkh djuhhphqw lv vhoi0hqiruflqj1

Wklv sdshu prghov wkh fkrlfh ehwzhhq sd| iru shuirupdqfh dqg h!flhqf| zdjhv wr
surylgh prwlydwlrq1 Wkh dprxqw ri uhqw qhhghg wr pdnh hlwkhu irup ri frpshqvdwlrq

4Lq wkh prgho/ �upv dqg zrunhuv duh ulvn qhxwudo dqg khqfh zh fdq zulwh wkh wrwdo uhwxuq wr d

uhodwlrqvkls dv wkh vxp ri sur�w soxv xwlolw|1 Wkh uhqw wr wkh uhodwlrqvkls lv wkh gl�huhqfh ehwzhhq

wklv vxp dqg wkh vxp ri sur�w soxv xwlolw| li �up dqg zrunhu zhuh wr wdnh wkhlu qh{w ehvw pdunhw

dowhuqdwlyhv1
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vhoi0hqiruflqj lv wkh vdph/ khqfh wkh fkrlfh ehwzhhq wkhp grhv qrw ghshqg vroho| rq
wkh fkdudfwhulvwlfv ri wkh hpsor|phqw uhodwlrqvkls1 Lq wkh vslulw ri Kd|hn +4<;5,/ zh
h{dplqh wkh irup ri frpshqvdwlrq wkdw dq h!flhqw pdunhw zrxog vhohfw1 Lw lv wkh uroh
ri wkh pdunhw wkdw glvwlqjxlvkhv wkh suhvhqw sdshu iurp PdfOhrg dqg Pdofrpvrq
+4<;<> 4<<6,1

Zlwk vrph mrev/ wkh frvw ri kdylqj wkh srvlwlrq ydfdqw lv kljk uhodwlyh wr wkh ydoxh
ri d zrunhu*v wlph1 H{dpsohv duh mrev lq fdslwdo lqwhqvlyh lqgxvwulhv zkhuh zrunhuv
duh hlwkhu rq dq dvvhpeo| olqh ru lqyroyhg lq vxuyh|lqj wkh rshudwlrq ri h{shqvlyh
htxlsphqw1 Li vxfk d srvlwlrq lv qrw �oohg/ wkh htxlsphqw pd| kdyh wr eh forvhg grzq
ru hovh xvhg rqo| lqh!flhqwo|1 Dw dq h!flhqw htxloleulxp �upv pxvw/ wkhuhiruh/ dozd|v
eh deoh wr uhsodfh zrunhuv txlfno|1 Exw li d �up fdq uhsodfh d zrunhu lpphgldwho|
zlwk d forvh vxevwlwxwh rq vlplodu whupv/ lw fdqqrw eh hduqlqj d uhqw iurp hpsor|lqj
wkdw zrunhu1 Lq wklv fdvh/ wkh uhqw uhtxluhg wr pdnh wkh frpshqvdwlrq djuhhphqw
vhoi0hqiruflqj pxvw jr wr wkh zrunhu lq wkh irup ri d kljk zdjh/ zlwk wkh wkuhdw ri
mre orvv wr surylgh prwlydwlrq1 D uhqw pxvw dovr jr wr qhz hpsor|hhv1 Li lw grhv qrw/
wkh �up frxog lqfuhdvh lwv fxuuhqw sur�wv e| uhsodflqj d fxuuhqw hpsor|hh zlwk d qhz
rqh dw d orzhu zdjh1 Dqwlflsdwlqj wklv/ wkh fxuuhqw hpsor|hh zrxog h{shfw qr uhqw
iurp ixwxuh hpsor|phqw dqg vr vklun1 Lq dq h!flhqw htxloleulxp/ wkhuhiruh/ �upv sd|
h!flhqf| zdjhv1

Frqyhuvho|/ frqvlghu mrev iru zklfk zrunhuv duh lq vkruw vxsso|/ iru h{dpsoh vsruwv
vwduv ru wudghuv lq �qdqfldo pdunhwv1 Wkrxjk wkhvh zrunhuv hduq kljk zdjhv/ wkh|
frxog hduq kljk zdjhv dw rwkhu mrev dqg khqfh wkh wkuhdw ri �ulqj lv qrw d prwlydwru1
Lq wklv fdvh wkh h!flhqw pdunhw htxloleulxp fdq eh dfklhyhg zlwk shuirupdqfh sd|1
Zkhuh shuirupdqfh lv vxemhfwlyh vr wkdw wkh shuirupdqfh sd| lv qrw hqirufhdeoh lq
frxuw/ �upv kdyh dq lqfhqwlyh wr uhqhjh rq d erqxv dw wkh hqg ri wkh shulrg1 Shuiru0
pdqfh sd| fdq qhyhuwkhohvv eh hqirufhg e| wkh wkuhdw ri zrunhuv hlwkhu txlwwlqj ru
shuiruplqj srruo| lq wkh ixwxuh/ exw rqo| li wkh �up uhfhlyhv d ixwxuh uhqw iurp frq0
wlqxhg hpsor|phqw1 Wkh dfwlrqv ri wkh glvjuxqwohg wudghuv dw Iluvw Ervwrq ghvfulehg
deryh vkrz wkdw vxfk d wkuhdw lv d sudfwlfdo srvvlelolw|1 Lq wklv fdvh/ wkh uhqw iurp
klulqj qhz hpsor|hhv pxvw dovr jr wr �upv dv rwkhuzlvh hpsor|hhv zrxog txlw iru
kljkhu sd| hyhq li sdlg wkh erqxv1

Zh dovr frqvlghu d vlpsoh wzr vhfwru hfrqrp| lq zklfk erwk h!flhqf| zdjhv dqg
shuirupdqfh sd| rffxu lq htxloleulxp1 Wkh prgho suhglfwv wkdw zrunhuv lq fdslwdo
lqwhqvlyh mrev uhfhlyh kljkhu sd|/ frqvlvwhqw zlwk wkh hylghqfh irxqg lq Glfnhqv dqg
Ndw} +4<;:, dqg Wurvnh +4<<7,1 Wkhuh lv wkhq dq dpeljxrxv uhodwlrqvkls ehwzhhq
wxuqryhu dqg sd|1 Lq lqgxvwulhv wkdw xvh kljk zdjhv wr prwlydwh zrunhuv/ uhodwlyh
zdjhv lqfuhdvh zlwk wkh udwh ri wxuqryhu1 Frqyhuvho|/ zkhq zrunhuv duh lq vkruw vxsso|
dqg lqfhqwlyhv duh surylghg zlwk erqxv sd|phqwv/ wxuqryhu lv qhjdwlyho| uhodwhg wr
wrwdo frpshqvdwlrq1 Lq wkh devhqfh ri d prwlydwlrq sureohp/ wxuqryhu zrxog qrw
h�hfw htxloleulxp zdjhv lq wklv prgho1

Wkh htxloleulxp lq wklv wzr vhfwru hfrqrp| h{klelwv vrph lqwhuhvwlqj g|qdplfv1
Zh frqvlghu wkh fkdudfwhulvwlfv ri wkh htxloleulxp zkhq wkhuh lv d vsxuw ri jurzwk
lq wkh fdslwdo lqwhqvlyh vhfwru/ uhvxowlqj lq oderu prylqj lqwr wkdw vhfwru dqg wkxv
lqfuhdvlqj wxuqryhu lq wkh ohvv fdslwdo lqwhqvlyh vhfwru1 Wklv whpsrudu| lqfuhdvh lq
wxuqryhu udlvhv wkh uhqw uhtxluhg iru dq djuhhphqw wr eh vhoi0hqiruflqj/ wkxv uhvxowlqj
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lq d vkruw uxq lqfuhdvh lq xqhpsor|phqw dqg lqhtxdolw|/ dqg dq lqlwldo vorzgrzq lq
wrwdo rxwsxw1 Doo ri wkhvh h�hfwv duh whpsrudu|/ exw wkh| vljqdo wkdw wkh ehqh�wv ri
hfrqrplf jurzwk wr zrunhuv pd| eh rqo| orqj uxq dqg qrw lpphgldwh1

Wkh prgho dovr surylghv d zd| wr wklqn derxw wkh uroh ri idluqhvv lq zdjh ghwhupl0
qdwlrq1 Vxuyh| hylghqfh lq Ndxipdq +4<;7,/ B/ Eolqghu dqg Fkrl +4<<3, dqg Ehzoh|
+4<<6, lqglfdwhv wkdw �upv eholhyh wkdw wuhdwlqj zrunhuv idluo| lv lpsruwdqw1 Ri wkh
pdqdjhuv lqwhuylhzhg e| Eolqghu dqg Fkrl +4<<3,/ :<( shufhlyhg �d zdjh uhgxfwlrq
wr wdnh dgydqwdjh ri oderu pdunhw vodfn� dv xqidlu/ <8( wkrxjkw wkhlu zrunhuv zrxog
shufhlyh lw dv xqidlu1 Pruhryhu/ <8( dovr wkrxjkw wkdw d uhsxwdwlrq iru dq xqidlu zdjh
srolf| zrxog uhvxow lq uhgxfhg zrun h�ruw1 Wklv looxvwudwhv krz ghhso| wkh frqyhqwlrq
lv lqjudlqhg rq erwk vlghv ri wkh oderu pdunhw1 Ndxipdq +4<;7, frphv wr d vlplodu
frqfoxvlrq iru Eulwdlq/ hyhq iru qrq0xqlrql}hg �upv1

Lq wkh fxuuhqw prgho/ wkh ohyho ri zdjhv dqg irup ri frpshqvdwlrq ghshqg rq pdu0
nhw frqglwlrqv/ wxuqryhu udwhv dqg ydfdqf| frvwv/ dqg qrw rq dq| h{rjhqrxvo| lpsrvhg
qrwlrqv ri idluqhvv1 Krzhyhu/ wkh h{lvwhqfh ri d vhoi0hqiruflqj djuhhphqw wkdw vxvwdlqv
htxloleulxp ghshqgv rq d frqyhqwlrq vxfk dv idluqhvv1 Zkhq hpsor|hhv duh sdlg h!0
flhqf| zdjhv +wkxv uhfhlylqj wkh uhqw iurp hpsor|phqw,/ �upv kdyh dq lqfhqwlyh wr
wu| wr orzhu zdjhv iru wkh fxuuhqw shulrg ehfdxvh lw lv kljk ixwxuh zdjhv/ qrw kljk
fxuuhqw zdjhv/ wkdw surylgh wkh lqfhqwlyh wr shuirup1 Li hpsor|hhv dqwlflsdwh wkhlu
vxffhhglqj/ wkh lqfhqwlyh wr shuirup lq wkh suhylrxv shulrg lv uhpryhg1 Vxvwdlqlqj dq
h!flhqw htxloleulxp wkxv uhtxluhv d frqyhqwlrq vxfk dv idluqhvv wkdw suhyhqwv zdjhv
ehlqj elg grzq1 Lq wkh prgho wklv frqyhqwlrq lv dq htxloleulxp ehfdxvh �upv eholhyh
zdjh fxwv wrgd| zloo uhvxow lq zrunhuv vklunlqj lq wkh ixwxuh/ lq h{dfwo| wkh pdqqhu
ghvfulehg lq wkh vxuyh| hylghqfh1 Frqyhuvho|/ zkhq erqxv sd|phqwv duh xvhg/ �upv
duh lqgxfhg wr sd| wkh erqxv rqo| ehfdxvh ri d uhqw iurp frqwlqxlqj wkh hpsor|phqw
lq wkh ixwxuh1 Rqfh d erqxv kdv ehhq sdlg/ zrunhuv kdyh dq lqfhqwlyh wr wu| wr udlvh
zdjhv iru wkh fxuuhqw shulrg ehfdxvh lw lv rqo| wkh ixwxuh uhqw wkdw surylghv wkh lqfhq0
wlyh iru �upv wr sd|1 Exw li �upv dqwlflsdwh wkhlu vxffhhglqj/ wkh lqfhqwlyh wr sd| wkh
erqxv lq wkh suhylrxv shulrg lv ghvwur|hg1 Wkxv vxvwdlqlqj dq h!flhqw htxloleulxp lq
wklv fdvh uhtxluhv d frqyhqwlrq wkdw suhyhqwv zdjhv ehlqj elg xs1

Wkh djhqgd ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 uhylhzv wkh wkhru| ri vhoi0hqiruflqj
djuhhphqwv dqg krz wkh h{lvwhqfh ri vxfk djuhhphqwv lv uhodwhg wr wkh frqfhsw ri d
idlu zdjh1 Vhfwlrq 6 h{dplqhv wkh qdwxuh ri d pdunhw htxloleulxp lq vhoi0hqiruflqj
djuhhphqwv1 Zh looxvwudwh wkdw wkh irup ri djuhhphqw lv uhodwhg wr wkh frvw ri kdylqj
d mre ydfdqw1 Lq Vhfwlrq 7 zh frqvlghu d wzr vhfwru yhuvlrq ri wkh prgho1 Zh h{dplqh
wkh irup ri lqwhu0lqgxvwu| zdjh yduldwlrq dv d ixqfwlrq ri fdslwdo lqwhqvlw| lq wkh wzr
vhfwruv lq Vhfwlrq 7141 Vhfwlrq 715 suhvhqwv vrph vlpxodwlrq uhvxowv ri wkh h�hfw ri
jurzwk lq wkh fdslwdo lqwhqvlyh vhfwru1
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5 Vhoi0Hqiruflqj Djuhhphqwv

Zhprgho d orqj whup hpsor|phqw uhodwlrqvkls lq wkh iroorzlqj zd|1 Dw wkh ehjlqqlqj
ri hdfk shulrg zrunhu dqg �up djuhh rq d frpshqvdwlrq sdfndjh wkdw lqfoxghv d �{hg
zdjh frpsrqhqw dqg srvvleo| dq hqg ri shulrg erqxv1 Wkh zrunhu wkhq ghflghv wkh
ohyho ri h�ruw wr vxsso|/ iroorzhg e| wkh �up*v ghflvlrq rq wkh ohyho ri erqxv sd|1
Ilqdoo|/ hlwkhu sduw| pd| ghflgh wr ohdyh wkh fxuuhqw uhodwlrqvkls1 Lq wkh vslulw ri
wkh lqfrpsohwh frqwudfwv olwhudwxuh zh vxssrvh wkdw/ wkrxjk wkh shuirupdqfh ri wkh
zrunhu lv revhuyhg e| wkh �up/ lpsruwdqw dvshfwv ri shuirupdqfh duh qrw phdvxudeoh
lq d zd| wkdw fdq eh yhul�hg lq frxuw1 Khqfh wkh erqxv fdqqrw eh pdgh d ohjdoo|
elqglqj frqwudfw w|lqj sd| wr shuirupdqfh15 Dv Srvqhu +4<;9/ s1 :<, revhuyhv/
udwkhu wkdq wu| wr hqirufh shuirupdqfh zlwk wkh lqwhuyhqwlrq ri wkh frxuwv/ lw pd|
eh pruh h!flhqw wr xvh dq djuhhphqw wkdw lv vhoi0hqiruflqj1 Dq djuhhphqw lv pdgh
vhoi0hqiruflqj e| wkh zrunhu txlwwlqj ru vklunlqj lq wkh ixwxuh/ dqg e| wkh �up �ulqj
wkh zrunhu ru fxwwlqj wkh erqxv/ li wkh djuhhphqw lv eurnhq1 Wklv vhfwlrq surylghv d
frpsohwh fkdudfwhul}dwlrq ri wkh vhw ri vhoi0hqiruflqj djuhhphqwv dqg looxvwudwhv wkh
uroh ri d idlu zdjh frqyhqwlrq lq hqvxulqj wkh h{lvwhqfh ri dq htxloleulxp1

Frqvlghu d pdunhw iru krprjhqhrxv oderu zlwk glvfuhwh shulrgv wkdw fruuhvsrqg
wr wkh plqlpxp wlph d zrunhu lv hpsor|hg1 Wkhuh duh u lghqwlfdo zrunhuv dqg/ lq
frqwudvw wr PdfOhrg dqg Pdofrpvrq +4<;<> 4<<6,/ iuhh hqwu| ri �upv zlwk lghqwlfdo
mrev1 Li wkhuh duh a| mrev dw wlph |/ wkh vxqn frvw ri fuhdwlqj dq dgglwlrqdo mre
ydfdqf| dw | lv frqwlqxrxv dqg qrq0ghfuhdvlqj lq a|1 Zh ghqrwh wklv frvw e| S|Ea|�1 Lw
frqvlvwv ri wkh vxqn frvw hohphqw ri wkh fdslwdo htxlsphqw uhtxluhg iru wkh dgglwlrqdo
hpsor|hh dqg dq| frvwv ri uhrujdql}lqj wkh surgxfwlrq surfhvv1 Wklv frvw pxvw eh
lqfxuuhg ehiruh wkh pdwfklqj surfhvv vwduwv iru shulrg | vr wkdw/ dw wkh wlph pdwfklqj
wdnhv sodfh/ a| lv �{hg1

Hpsor|hg zrunhuv jhw xwlolw| `| � �e| iurp ehlqj sdlg `| dqg h{huwlqj h�ruw e|
lq shulrg |1 Iru vlpsolflw|/ zh dvvxph zrunhuv hlwkhu zrun +e| ' �, ru vklun +e| ' f,/
zlwk � : f wkh glvxwlolw| ri zrun1 Wkh prgho lv pruh jhqhudo wkdq wklv xqlglphqvlrqdo
lqwhusuhwdwlrq vxjjhvwv1 Qrw vklunlqj fdq fruuhvsrqg wr wkh surgxfwlrq ri d yhfwru ri
txdqwlwdwlyh dqg txdolwdwlyh glphqvlrqv ri shuirupdqfh dw dq dffhswdeoh ohyho1 Wkh
sur�w iurp d mre hpsor|lqj d zrunhu lq shulrg | lv Re| �`|/ zkhuh R lv wkh uhyhqxh
surgxfw ri oderu1 Hdfk �up lqglylgxdoo| wdnhv R dv jlyhq exw lw pd| lq djjuhjdwh
eh d ghfuhdvlqj ixqfwlrq ri wkh wrwdo hpsor|phqw ri qrq0vklunlqj zrunhuv lq doo �upv
ehfdxvh ri d grzqzdug vorslqj ghpdqg fxuyh iru wkh surgxfw16 Zrunhuv zlwkrxw mrev
uhfhlyh xwlolw| �| : f shu shulrg1 Ydfdqw mrev dqg mrev zlwk vklunlqj zrunhuv hduq
}hur sur�wv/ vr �upv qhyhu uhwdlq d zrunhu zkr dozd|v vklunv1

Dw wkh ehjlqqlqj ri shulrg |/ xqhpsor|hg zrunhuv dqg �upv zlwk ydfdqflhv phhw
lq d pdunhw wr qhjrwldwh hpsor|phqw1 Ilupv pdnh r�huv wkdw zrunhuv fdq hlwkhu
dffhsw ru uhmhfw1 Li dq r�hu lv uhmhfwhg/ zrunhu dqg �up uh0hqwhu wkh pdunhw zlwk
h{shfwhg ixwxuh xwlolw| 7L| dqg sur�wv 7�|/ uhvshfwlyho|1 Wkh sd| iru shulrg | frqvlvwv

5PdfOhrg +4<<9, surylghv d irupdo prgho wkdw olqnv wklv frqwudfw lqfrpsohwhqhvv wr mre frp0

soh{lw| dv phdvxuhg e| wkh qxpehu ri gl�huhqw wdvnv wkdw d zrunhu lv fdoohg xsrq wr fduu| rxw1
6Wklv frxog dovr eh ehfdxvh ri h{whuqdo ghfuhdvlqj uhwxuqv wr vfdoh/ lq zklfk fdvh wkh zhoiduh

frpsdulvrqv glvfxvvhg odwhu qhhg plqru dphqgphqwv1
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ri d edvh zdjh �| wkdw wkh �up sd|v zkdwhyhu wkh zrunhu*v shuirupdqfh dqg d erqxv
K| wkdw wkh �up djuhhv wr sd| dv orqj dv wkh zrunhu grhv qrw vklun1 Frqvlvwhqw zlwk
hpsor|phqw dw zloo/ wkh �up lv frpplwwhg wr wkh zdjh iru wkh fxuuhqw shulrg ri
hpsor|phqw rqo|1 Krzhyhu/ iru prghoolqj sxusrvhv zh dvvxph wkdw/ dw wkh wlph ri
klulqj/ zrunhu dqg �up uhdfk djuhhphqw +srvvleo| lpsolflw, rq zdjhv dqg erqxvhv iru
wkh olih ri wkh uhodwlrqvkls1 Ehorz zh glvfxvv vx!flhqw frqglwlrqv wkdw hqvxuh wkdw
wkh �up grhv qrw uhqhjh rq wkhvh ixwxuh zdjh sd|phqwv1

Wkh zdjh �| fdq eh sdlg hlwkhu dw wkh vwduw ri wkh shulrg ru/ dv orqj dv wkh frxuwv
hqirufh lw/ dw wkh hqg1 +Lq sulqflsoh/ �| pljkw eh qhjdwlyh/ lq zklfk fdvh lw zrxog
eh d erqg wkh zrunhu sd|v wkh �up lq shulrg |/ exw wklv lv qhyhu uhtxluhg iru dq| ri
wkh htxloleuld zh glvfxvv ehorz1, Wkh erqxv K| pd| eh vlpso| d shulrglf erqxv ru
wdnh wkh irup ri d slhfh udwh/ frpplvvlrq rq vdohv/ furs vkduh/ surprwlrq wr d kljkhu
sd|lqj judgh/ ru dq| rwkhu w|sh ri shuirupdqfh uhodwhg sd| edvhg rq shuirupdqfh
wkdw lv qrw yhul�deoh lq frxuw1 Lw wkxv gl�huv iurp wkh �{hg zdjh �| lq wkdw lw lv sdlg
rqo| dw wkh hqg ri wkh shulrg dqg vr fdq eh pdgh frqglwlrqdo rq wkh shuirupdqfh ri
wkh zrunhu lq shulrg |/ exw fdq qhyhu eh ohjdoo| hqirufhg ehfdxvh frxuwv fdqqrw yhuli|
shuirupdqfh1

Rqfh hpsor|phqw iru wkh fxuuhqw shulrg kdv ehhq djuhhg/ wkh zrunhu fkrrvhv
zkhwkhu wr zrun ru wr vklun1 Wkh �up revhuyhv wkh zrunhu*v shuirupdqfh dqg wkhq
ghflghv zkhwkhu wr sd| wkh erqxv K|1 Dw wkh hqg ri wkh shulrg/ wkh zrunhu dqg wkh �up
ghflgh zkhwkhu wr vwd| pdwfkhg iru wkh qh{w shulrg1 Wkhuh lv d srvlwlyh suredelolw|
wkdw wkh| zloo vhsdudwh dw wklv srlqw ehfdxvh lw ehfrphv xqsur�wdeoh wr frqwlqxh wkh
mre iru sxuho| h{rjhqrxv uhdvrqv xquhodwhg wr sd|1 Wkh wlplqj ri hyhqwv lv vkrzq lq
�jxuh 41

Li qhlwkhu sduw| uhqhjhv/ wkh zdjh sd|phqw lq shulrg | lv `| ' �| n K|1 Ohw 4|

ghqrwh wkh suredelolw| wkdw d pdwfk dw |�� frqwlqxhv dw | li qhlwkhu sduw| uhqhjhv1 Zh
dvvxph wkdw 4| lv lqghshqghqw ri krz orqj wkh pdwfk kdv odvwhg dqg/ iru wkh prphqw/
wkdw lw lv ohvv wkdq rqh rqo| ehfdxvh vrph mrev ehfrph xqsur�wdeoh iru h{rjhqrxv
uhdvrqv1 Iru dq| zdjh sur�oh/ wkh h{shfwhg ixwxuh xwlolw| ri d zrunhu hpsor|hg lq
shulrg | lq d pdwfk vwduwlqj dw � li erwk sduwlhv delgh e| wkh djuhhphqw lv

L| ' `| � � n B
k
4|n�L|n� n E�� 4|n�� 7L|n�

l
c iru doo | � �c +4,

zkhuh B 5 Efc �� lv wkh glvfrxqw idfwru dqg 7L|n� wkh h{shfwhg ixwxuh xwlolw| ri dq
hpsor|hh zkrvh pdwfk whuplqdwhv dw wkh hqg ri shulrg |17 Wkh �up*v h{shfwhg ixwxuh
sur�w iurp hpsor|lqj wkh zrunhu li erwk delgh e| wkh djuhhphqw lv

�| ' R�`| n B4|n��|n�c iru doo | � �� +5,

+Li d mre ehfrphv xqsur�wdeoh iru h{rjhqrxv uhdvrqv/ wkh sur�w iurp wkdw mre lv }hur
wkhuhdiwhu1,

Wr eh vhoi0hqiruflqj/ dq djuhhphqw pxvw eh dw ohdvw dv jrrg iru erwk zrunhu dqg
�up dv wkh| frxog jhw hovhzkhuh lq wkh pdunhw1 Wkh sd|r�v pxvw wkxv vdwlvi| wkh
iroorzlqj lqglylgxdo udwlrqdolw| frqvwudlqwv iru wkh zrunhu +LUZ, dqg iru wkh �up
+LUI,/ zlwk 7�| wkh glvfrxqwhg h{shfwhg ixwxuh sur�wv iurp d ydfdqw mre=

7Iru qrwdwlrqdo vlpsolflw|/ wkh ghshqghqfh ri xwlolw| rq wkh zdjh sur�oh lv qrw pdgh h{solflw1

Wkurxjkrxw wkh sdshu/ doo sd|r�v duh ixqfwlrqv ri wkh djuhhg zdjh sur�oh1
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LUZ=

L| � 7L|c iru doo | � �c +6,

LUI=

�| � 7�|c iru doo | � � +7,

Lq dgglwlrq lw pxvw eh lq wkh zrunhu*v lqwhuhvw qrw wr vklun dqg lq wkh �up*v
wr sd| dq| surplvhg erqxv1 Iru prghov ri wkh suhvhqw w|sh/ wkhuh w|slfdoo| h{lvw
pdq| sdwwhuqv ri ehkdylru wkdw duh frqvlvwhqw zlwk htxloleulxp/ lqfoxglqj rqhv iru
zklfk zrunhuv duh qrw �uhg iru vklunlqj1 Lw lv dq lqvljkw ri Deuhx +4<;;, wkdw wkh
vhw ri htxloleulxp sd|r�v lq d uhshdwhg jdph ri wkh suhvhqw w|sh fdq eh frpsohwho|
fkdudfwhul}hg lq whupv ri wkh prvw vhyhuh shqdowlhv iru fkhdwlqj wkdw duh dydlodeoh1
Vlqfh rxu frqfhuqv khuh duh sulpdulo| zlwk wkh vhw ri htxloleulxp sd|r�v dqg wkh irup
ri wkh zdjh djuhhphqw/ zh fkdudfwhul}h wkh vhw ri vhoi0hqiruflqj djuhhphqwv xvlqj wkh
prvw vhyhuh sxqlvkphqwv18

Jlyhq wkdw erwk zrunhu dqg �up fdq whuplqdwh wkh uhodwlrqvkls dw dq| wlph/ wkh
prvw vhyhuh shqdowlhv duh jlyhq e| wkh dowhuqdwlyhv fxuuhqwo| dydlodeoh lq wkh pdunhw1
Li wkh uhdvrq iru d vhsdudwlrq zhuh nqrzq wr wkh pdunhw/ lw zrxog eh srvvleoh wr
hvwdeolvk d uhsxwdwlrq zlwk rwkhu srwhqwldo sduwqhuv iru qrw fkhdwlqj1 Zh dvvxph khuh
wkdw survshfwlyh hpsor|huv dqg hpsor|hhv gr qrw nqrz zk| wkh suhylrxv pdwfkhv ri
srwhqwldo sduwqhuv fdph wr dq hqg/ vr hvwdeolvklqj dq h{whuqdo uhsxwdwlrq ri wkdw
vruw lv lpsrvvleoh1 Wklv lv qhfhvvdulo| wkh fdvh lq dq dqrq|prxv pdunhw lq zklfk lw
lv kdug wr nhhs wudfn ri sduwlflsdqwv/ vrphwklqj wkdw pd| zhoo eh wuxh ri zrunhuv
iurp srru duhdv ri odujh flwlhv lq wkh ghyhorslqj zruog1 Exw hyhq zkhuh lw lv hdvlhu
wr nhhs wudfn ri sduwlflsdqwv/ wkh xvh ri uhsxwdwlrq ghshqgv rq wkhuh ehlqj uholdeoh
vrxufhv ri lqirupdwlrq derxw zk| d vhsdudwlrq rffxuuhg � wkh zrug ri prxwk ri
sduwlhv wr wkh pdwfk lv xqolnho| wr eh uholdeoh vlqfh/ li uhsxwdwlrq lv ydoxdeoh/ qhlwkhu
kdv dq lqfhqwlyh wr dgplw wr fkhdwlqj1 Pdq| hpsor|huv duh xqzloolqj wr surylgh
lqirupdwlrq derxw iruphu hpsor|hhv1 Ehzoh| +4<<6, txhvwlrqhg 43 Frqqhfwlfxw �upv
derxw wklv= �qlqh vdlg iruphu hpsor|huv zrxog jlyh wkhp rqo| gdwhv ri hpsor|phqw1
Wkh| zrxogq*w hyhq jlyh vdodu| lqirupdwlrq1 Hpsor|huv fdq eh vxhg iru jlylqj rxw
qhjdwlyh lqirupdwlrq derxw iruphu hpsor|hhv1 Dv d uhvxow/ wkh| grq*w jlyh rxw srvlwlyh
lqirupdwlrq hlwkhu/ iru wkhq wkh| fdq eh dvnhg dqrwkhu wlph zk| wkh| duh qrw vd|lqj
dq|wklqj frpsolphqwdu|1� +s1 ;3,1 Lw lv w|slfdoo| rqo| lq vpdoo/ zhoo lqiruphg pdunhwv
zkhuh lw lv sxeolf lqirupdwlrq wkdw d shuvrq vzlwfkhg mrev ehfdxvh ri d ehwwhu r�hu
hovhzkhuh wkdw uhsxwdwlrq h�hfwv ehfrph uhdoo| h�hfwlyh1

Zlwkrxw h{whuqdo uhsxwdwlrq h�hfwv/ 7L| dqg 7�| uhsuhvhqw wkh fxuuhqw vsrw pdunhw
dowhuqdwlyhv qr pdwwhu zkdw wkh uhdvrq iru vhsdudwlrq1 Wkxv wr ghwhu vklunlqj e| wkh
zrunhu/ wkh h{shfwhg ixwxuh xwlolw| ri nhhslqj wr wkh djuhhphqw/ L|/ pxvw eh dw ohdvw
dv juhdw dv wkh xwlolw| iurp vklunlqj +zlwk }hur glvxwlolw| ri h�ruw,/ froohfwlqj wkh zdjh
�| exw qrw wkh erqxv K|/ ehlqj �uhg/ dqg uhfhlylqj wkh glvfrxqwhg ixwxuh xwlolw| B 7L|n�

iurp orrnlqj iru dqrwkhu pdwfk dw | n �1 Wkdw lv/ wkh zdjh sur�oh pxvw jhqhudwh

8Iru wklv prgho/ wkhuh h{lvw pdq| gl�huhqw sdwwhuqv ri ehkdylru frqvlvwhqw zlwk wkh h{lvwhqfh ri

dq htxloleulxp/ lqfoxglqj wkuhdwhqlqj wr vklun udwkhu wkdq wkuhdwhqlqj wr txlw1 Vhh PdfOhrg dqg

Pdofrpvrq +4<;<, iru d pruh frpsohwh glvfxvvlrq ri wkh vhw ri htxloleulxp djuhhphqwv lq d orqj

whup uhodwlrqvkls1
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sd|r�v wkdw vdwlvi| wkh iroorzlqj lqfhqwlyh frpsdwlelolw| +qr vklunlqj, frqglwlrq iru
wkh zrunhu=

L| � �| n B 7L|n�c iru doo | � �� +8,

Vxevwlwxwlrq iurp +4, iru wkh ohiw kdqg vlgh doorzv wklv frqglwlrq wr eh uhzulwwhq

LFZ=

. iixwxuh jdlqv wr zrunhum|j � B4|n�EL|n� � 7L|n�� � � � K|/ iru doo | � �� +9,

Wkh lqwxlwlrq iru wklv lv dv iroorzv1 Wkhuh duh wzr zd|v wr lqgxfh wkh zrunhu qrw
wr vklun1 Rqh lv wr kdyh d erqxv K| wkdw frpshqvdwhv iru wkh glvxwlolw| ri h�ruw �1
Wkh rwkhu lv wr hqvxuh wkdw wkh zrunhu kdv vx!flhqw jdlqv B4|n�EL|n� � 7L|n�� iurp
frqwlqxdwlrq ri hpsor|phqw lq wkh ixwxuh wkdw lw lv zruwk lqfxuulqj wkh glvxwlolw|
ri h�ruw lq rughu wr dyrlg ehlqj �uhg1 +4|n� lv wkh suredelolw| wkdw hpsor|phqw
frqwlqxhv zkhq wkh zrunhu grhv qrw vklun1, Li wkh erqxv lv vx!flhqwo| odujh wkhq lw
lv qrw qhfhvvdu| iru wkh zrunhu wr hduq uhqwv iurp frqwlqxlqj wkh uhodwlrqvkls1 Vxfk
sd|phqwv duh h{solflwo| h{foxghg lq wkh h!flhqf| zdjh olwhudwxuh/ zklfk lv zk| lw lv
dujxhg wkdw zrunhuv pxvw eh r�huhg d zdjh suhplxp wr glvfrxudjh vklunlqj19

Vlqfh wkh erqxv lv qrw ohjdoo| hqirufhdeoh/ wr lqgxfh wkh �up wr sd| lw wkh h{shfwhg
ixwxuh sur�wv iurp sd|lqj dqg kdylqj wkh pdwfk frqwlqxh/ �|/ pxvw eh dw ohdvw dv
juhdw dv iurp qrw sd|lqj +kdylqj douhdg| uhfhlyhg wkh surgxfw R dqg ehlqj xqdeoh wr
hvfdsh sd|lqj wkh zdjh �|, dqg kdylqj wkh zrunhu txlw +zklfk uhvxowv lq h{shfwhg
ixwxuh sur�w ri B4|n�

7�|n�,1 Ilup sur�wv pxvw wkhuhiruh vdwlvi| wkh lqfhqwlyh frqvwudlqw

�| � R� �| n B4|n�
7�|n�c iru doo | � �� +:,

Vxevwlwxwlrq iurp +5, iru wkh ohiw kdqg vlgh doorzv wklv frqglwlrq wr eh zulwwhq

LFI=

. iixwxuh jdlqv wr �upm|j � B4|n�E�|n� � 7�|n�� � K|c iru doo | � �� +;,

Wkh lqwxlwlrq lv vlpso| wkdw wkh �up zloo qrw sd| d erqxv K| xqohvv wkh h{shfwhg
ixwxuh jdlqv iurp wkh hpsor|phqw h{fhhg wkdw erqxv1

D zrunhu*v wkuhdw wr txlw vkrxog wkh �up qrw sd| d ghvhuyhg erqxv pd| vhhp
lqfuhgleoh li wkhuh lv d jdlq iurp frqwlqxhg hpsor|phqw1 Wkh vdph dssolhv wr d �up*v
wkuhdw wr �uh d vklunlqj zrunhu1 Krzhyhu/ PdfOhrg dqg Pdofrpvrq +4<;<, vkrz wkdw
vxfk wkuhdwv fdq irup sduw ri d vhw ri vhoi0hqiruflqj vrfldo qrupv1 Dv glvfxvvhg lq
pruh ghwdlo ehorz/ zkdw lv uhtxluhg lv iru erwk wkh zrunhu dqg wkh �up wr eholhyh
wkdw wkh rwkhu zrxog frqwlqxh wr uhqhjh li wkh| zhuh wr frqwlqxh wkh uhodwlrqvkls1 Lq
pruh frpprq odqjxdjh/ rqfh d zrunhu vklunv ru wkh �up uhixvhv d ghvhuyhg erqxv/
wkh uhodwlrqvkls vrxuv dqg erwk vlghv eholhyh wkdw lw fdqqrw frqwlqxh/ dv glvfxvvhg lq
wkh Lqwurgxfwlrq zlwk uhvshfw wr wkh wudghuv dw Iluvw Ervwrq1

Wkh h{shfwhg ixwxuh jdlqv wr wkh uhodwlrqvkls dv d zkroh duh jlyhq e| wkh vxp ri
wkh ohiw kdqg vlghv ri LFZ dqg LFI1 Zkhq vxpplqj wkh uljkw kdqg vlghv/ wkh erqxv
whup fdqfhov wr |lhog wkh qhfhvvdu| frqglwlrq iru d frqwudfw wr eh vhoi0hqiruflqj wkdw

9Vhh Fduplfkdho +4<<3, iru dq h{whqvlyh glvfxvvlrq ri wkhvh lvvxhv1

:



LF

. iixwxuh jdlqv wr uhodwlrqvklsm|j � B4|n�

k
L|n� n�|n� � E 7L|n� n 7�|n��

l

� �c iru doo | � �� +<,

Erwk zrunhu dqg �up duh ulvn qhxwudo dqg vkduh wkh vdph glvfrxqw udwh/ vr wkhvh
h{shfwhg ixwxuh jdlqv duh lqghshqghqw ri wkh zdjh sur�oh � wkh zdjh whupv fdqfho
zkhq +4, dqg +5, duh dgghg1: Pruhryhu/ wkh qhfhvvdu| frqglwlrqv LUZ dqg LUI gh0
shqg rqo| rq wrwdo hduqlqjv/ qrw rq krz wkhvh hduqlqjv duh glylghg ehwzhhq zdjhv dqg
erqxvhv1 Wkxv/ wkh lqglylgxdo udwlrqdolw| frqglwlrqv/ LUZ dqg LUI/ dqg wkh joredo
lqfhqwlyh frqvwudlqw/ LF/ duh doo lqghshqghqw ri wklv glylvlrq1 Pruhryhu/ PdfOhrg dqg
Pdofrpvrq +4<;<, vkrz wkdw wkhvh wkuhh frqglwlrqv duh qrw rqo| qhfhvvdu| exw dovr
vx!flhqw iru wkh h{lvwhqfh ri d vhoi0hqiruflqj djuhhphqw1 Zkhq wkh| duh vdwlv�hg/ lw lv
dozd|v srvvleoh wr �qg d vhtxhqfh ri zdjh dqg erqxv sd|phqwv vxfk wkdw wkh zrunhu
dqg �up lqfhqwlyh frqvwudlqwv/ LFZ dqg LFI/ duh vdwlv�hg1

Vlqfh � : f/ dq lpsolfdwlrq ri wkh lqfhqwlyh frqvwudlqw LF lv wkdw wkh h{lvwhqfh ri
d vhoi0hqiruflqj djuhhphqw lv lqfrqvlvwhqw zlwk erwk zrunhu dqg �up ehlqj lqgl�huhqw
ehwzhhq wkh fxuuhqw djuhhphqw dqg zkdw wkh| pljkw hduq lq wkh vsrw oderu pdunhw
� LF iru shulrg | � � fdqqrw eh vdwlv�hg li erwk L| ' 7L| dqg �| ' 7�|1 Pruhryhu/
wklv frqvwudlqw iru shulrg | ghshqgv qrw rq wkh fxuuhqw zdjh dqg erqxv sd|phqwv/
rqo| rq wkh ixwxuh uhwxuqv wr wkh uhodwlrqvkls1 Lw lv wklv idfw wkdw qhfhvvlwdwhv d vrfldo
qrup wkdw pd| eh lqwhusuhwhg dv d idlu zdjh1 Wr vhh wklv/ frqvlghu wkh srvlwlrq lq
shulrg | ri d uhodwlrqvkls wkdw vwduwhg lq shulrg � 	 |1 Vxssrvh/ dv lq wkh vklunlqj
prgho ri h!flhqf| zdjhv/ wkh �up uhfhlyhv qr uhqw/ vr �| ' 7�|1 E| LF/ wkh surylvlrq
ri lqfhqwlyhv lq shulrg | � � wkhq uhtxluhv L| � 7L| n �*B4|1 Wkxv dorqj dq| zdjh
sur�oh wkdw surylghv wkh lqfhqwlyh iru wkh zrunhu qrw wr vklun/ wkh zrunhu uhfhlyhv
xwlolw| dw wkh ehjlqqlqj ri shulrg | juhdwhu wkdq wkh qh{w ehvw pdunhw dowhuqdwlyh 7L|1
Krzhyhu/ rqfh shulrg | � � lv sdvvhg/ zkdw lv lpsruwdqw iru lqfhqwlyhv dw | duh dq|
erqxv sd|phqw iru | dqg wkh zdjhv dqg erqxv sd|phqwv iurp shulrg |n � rqzdugv/
qrw wkh zdjh �|/ vr wkh �up kdv dq lqfhqwlyh wr qhjrwldwh �| grzqzdugv1 Lw frxog dw
wkh ehjlqqlqj ri shulrg | r�hu d qhz zdjh ��

|
	 �| wkdw ohdyhv wkh zrunhu lqgl�huhqw

ru voljkwo| ehwwhu r� wkdq dw wkh pdunhw dowhuqdwlyh zlwkrxw d�hfwlqj wkh lqfhqwlyh wr
shuirup lq shulrg |1 Li/ krzhyhu/ wkh zrunhu dqwlflsdwhv dw | � � wkdw wkh �up zloo
eh vxffhvvixo lq uhgxflqj wkh zdjh dw | wr wkh pdunhw dowhuqdwlyh/ wkh lqfhqwlyhv iru
h�ruw dw |� � zloo eh ghvwur|hg1

Wklv sureohp lv vroyhg li wkh zdjh �| kdv wkh vwdwxv ri d idlu zdjh1 Vkrxog wkh �up
dwwhpsw wr r�hu dw wlph | d zdjh ��

|
ohvv wkdq �|/ wkh zrunhu uhvsrqgv e| vklunlqj

lq shulrg | li ��

|
lv juhdwhu wkdq wkh rqh shulrg uhwxuq lq wkh vsrw pdunhw/ ru e|

txlwwlqj rwkhuzlvh1 Qrwh wkdw lw lv lq wkh zrunhu*v lqwhuhvw wr uhvsrqg lq wklv zd| li
vkh eholhyhv wkdw d �up wkdw vxffhhgv lq uhgxflqj wkh zdjh lq wklv shulrg zloo dovr gr

:
Zh fdq vhh wklv e| gh�qlqj wkh uhqw Uw @ Xw . �w � + �Xw . ��w, dqg vxevwlwxwlqj iurp +4, dqg

+5, wr jlyh
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Uhfxuvlyh vxevwlwxwlrq iru ixwxuh ydoxhv ri wkh uhqw uhvxowv lq wkh zdjh dqg erqxv whupv gursslqj

rxw1
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vr lq ixwxuh shulrgv1 Uhvsrqvhv ri wklv w|sh duh lq olqh zlwk wkh ylhz ri <8( ri wkh
pdqdjhuv lqwhuylhzhg e| Eolqghu dqg Fkrl +4<<3, wkdw dq xqidlu zdjh srolf| zrxog
uhvxow lq uhgxfhg zrun h�ruw1 Surylghg wkh djuhhg zdjh sur�oh |lhogv wkh �up sur�wv
htxdo wr ru odujhu wkdq wkh pdunhw dowhuqdwlyh/ wkh �up lv kxuw li wkh zrunhu uhvsrqgv
wr d zdjh fxw lq wklv zd|1; Revhuyh wkdw wkh uhodwlrqvkls lv uhflsurfdo lq wkh vhqvh
wkdw wkh �up r�huv d kljk zdjh lq uhwxuq iru pruh h�ruw1 Wklv lv frqvlvwhqw zlwk wkh
h{shulphqwdo hylghqfh ri Ihku/ Jçfkwhu dqg Nlufkvwhljhu +4<<8, zkr �qg wkdw wkh
srwhqwldo iru uhflsurfdo h{fkdqjh lqfuhdvhv wkh h!flhqf| ri frqwudfwlqj1

Frqyhuvho|/ frqvlghu wkh fdvh lq zklfk wkh zrunhu uhfhlyhv qr uhqw/ vrL| ' 7L|1 E|
frqglwlrq LF/ wkh surylvlrq ri lqfhqwlyhv dw |� � wkhq uhtxluhv wkdw �| � 7�| n �*B4|

dqg wkh �up uhfhlyhv sur�wv dw | juhdwhu wkdq wkh qh{w ehvw pdunhw dowhuqdwlyh 7�|1
Exw rqfh wkh �up kdv sdlg dq| erqxv iru shulrg |��/ zkdw lv lpsruwdqw iru lqfhqwlyhv
duh wkh zdjhv dqg erqxv sd|phqwv iru | n � rq/ qrw wkh zdjh �|1 Wkxv wkh zrunhu
kdv dq lqfhqwlyh wr uhqhjrwldwh wkh zdjh xszdugv wr fdswxuh vrph ri wkh �up*v uhqw
dqg li wkh �up dqwlflsdwhv dw | � � wkdw wklv zloo eh vxffhvvixo/ wkh lqfhqwlyh wr sd|
wkh erqxv dw | � � zloo eh ghvwur|hg1 Zkdw lv uhtxluhg lq wklv fdvh lv d vrfldo qrup
hqvxulqj wkdw wkh zrunhu fdqqrw elg xs wkh zdjh lq wklv zd|1

Wkhvh dujxphqwv dsso| dv pxfk wr wkh ehjlqqlqj ri wkh uhodwlrqvkls dv gxulqj lw1
Li lq shulrg � zrunhuv lq wkh pdunhw eholhyh wkdw d idlu vwduwlqj zdjh lv �� / hyhq li wkh
uhvxowlqj xwlolw| lv juhdwhu wkdq wkh pdunhw dowhuqdwlyh +L� : 7L�,/ �upv zloo r�hu ��
ehfdxvh wkh| eholhyh wkdw d orzhu r�hu zrxog uhvxow lq vklunlqj zrunhuv1 Lq wklv zd|/
sd|lqj dq deryh pdunhw fohdulqj zdjh fdq eh vhhq dv fuhdwlqj wkh h{shfwdwlrq wkdw wkh
zrunhu zloo uhflsurfdwh zlwk kljk h�ruw1 Htxdoo|/ dq r�hu iurp dq xqhpsor|hg zrunhu
wr zrun iru ohvv zloo eh uhjdughg zlwk wkh vxvslflrq wkdw wkh zrunhu lqwhqgv wr wuhdw wkh
hpsor|phqw dv d zd| wr pdnh d vkruw whup jdlq e| vklunlqj1 Zkdw lv uhjdughg dv idlu
lv d frqyhqwlrq wkdw frruglqdwhv ehkdylru ehfdxvh lw uhvxowv lq dgyhuvh frqvhtxhqfhv
iru wkrvh vhhq wr euhdn lw/ lq h{dfwo| wkh vdph zd| dv wkh eholhiv glvfxvvhg deryh1 Lq
doo vruwv ri frqwh{wv/ shrsoh zkr ehkdyh xqfrqyhqwlrqdoo| +e|/ iru h{dpsoh/ r�hulqj
�wrr jrrg d ghdo�, duh uhjdughg zlwk wkh vxvslflrq wkdw �wkhuh pxvw eh d fdwfk1�

Wkhvh uhvxowv surylgh d olqn ehwzhhq wkh sureohp ri zrunhu prwlydwlrq dqg wkh
frqfhsw ri idluqhvv wkdw dxwkruv vxfk dv Dnhuori +4<;5, kdyh dujxhg duh lpsruwdqw lq
wkh rshudwlrq ri oderu pdunhwv1 Wkh wkhru| dggv wr wkh Dnhuori prgho e| lqwurgxflqj
d vhw ri frqvwudlqwv ghvfulelqj wkh vhw ri ihdvleoh frqwudfwv1 Wkhvh frqvwudlqwv irup wkh
vwduwlqj srlqw iru wkh glvfxvvlrq ri pdunhw htxloleulxp lq vhoi0hqiruflqj djuhhphqwv
lq wkh qh{w vhfwlrq1

;Wkhuh duh vxewoh lvvxhv wr hqvxuh wkdw wkh wkuhdwv wkdw zh ghvfuleh duh lq idfw fuhgleoh1 Wkhvh

lvvxhv duh glvfxvvhg lq vrph ghwdlo lq PdfOhrg dqg Pdofrpvrq +4<;<,/ zkhuh zh vkrz wkdw wkh

wkuhdwv ghvfulehg khuh duh fuhgleoh lq wkh vhqvh ri ehlqj sduw ri d shuihfw htxloleulxp lq d zhoo

gh�qhg hpsor|phqw jdph1 Vhh dovr wkh vxuyh| e| Shdufh +4<<5, iru d uhylhz ri wkh lvvxhv lqyroyhg

lq vxvwdlqlqj frrshudwlrq1

<



6 Pdunhw Htxloleulxp

Jlyhq wkh vsrw pdunhw uhwxuqv/ wkh frqvwudlqwv +6,/ +7, dqg +<, frpsohwho| fkdudfwhul}h
wkh vhw ri zdjh sur�ohv wkdw fdq eh vxssruwhg e| vrph vhoi0hqiruflqj djuhhphqw1 Lq
wklv vhfwlrq zh fkdudfwhul}h pdunhw htxloleuld zkhq �upv frpshwh zlwk hdfk rwkhu e|
r�hulqj vhoi0hqiruflqj djuhhphqwv1 Wkrxjk wkh qrwlrq ri d idlu zdjh lv qrw h{solflwo|
glvfxvvhg/ wkh htxloleulxp djuhhphqwv wkdw vdwlvi| wkh lqfhqwlyh frqvwudlqwv duh lq
hdfk fdvh hqirufhg e| dq xqghuo|lqj vhw ri vhoi0hqiruflqj qrupv1 Wkxv/ zkloh rxu
prgho ghshqgv rq wkh qrwlrq ri d idlu zdjh ru erqxv sd|phqw/ wkh ohyho ri wkh zdjh
ru erqxv lv hqgrjhqrxvo| ghwhuplqhg dv d ixqfwlrq ri xqghuo|lqj ixqgdphqwdov1

Frqvlghu �uvw wkh vhw ri htxloleuld lq d vwdwlrqdu| hqylurqphqw zlwk d �{hg qxpehu
ri mrev a hdfk shulrg/ zlwk h{rjhqrxv vhsdudwlrqv dw d frqvwdqw udwh 4| ' k ehfdxvh
lw ehfrphv xqsur�wdeoh iru �upv wr frqwlqxh vrph mrev iru uhdvrqv rwkhu wkdq sd|1
Wkh frvw ri fuhdwlqj dq dgglwlrqdo mre lv d frqvwdqw S lqghshqghqw ri wkh qxpehu
ri h{lvwlqj mrev dqg surgxfwlylw| R E.� lv vwulfwo| ghfuhdvlqj lq hpsor|phqw .1 Wr
uhwdlq vwdwlrqdulw|/ qhz mrev duh fuhdwhg dw d udwh htxdo wr wkh udwh ri h{lw/ E�� k�
shu shulrg1 Lq wkh devhqfh ri uhsxwdwlrq h�hfwv iurp suhylrxv pdwfkhv/ lq htxloleulxp
xqpdwfkhg zrunhuv dqg �upv uhdfk djuhhphqw lpphgldwho| dqg wkxv. ' 4�? iuc aj1

Lq d vwdwlrqdu| htxloleulxp zlwk �upv r�hulqj wkh vdph vhoi0hqiruflqj djuhhphqw
hdfk shulrg/ wrwdo sd| lv ` ' � n K1 Iru dq| ` wkdw lv vhoi0hqiruflqj jlyhq wkh
pdunhw dowhuqdwlyhv 7L dqg 7�/ wkhuh lv dozd|v d glylvlrq ri sd| lqwr d edvh zdjh dqg
erqxv wkdw vdwlv�hv wkh lqfhqwlyh frqvwudlqwv +9, dqg +;,1 Khqfh lw lv vx!flhqw wr
ghvfuleh dq htxloleulxp vwdwh ri wkh hfrqrp| e| E`ca�/ wkh wrwdo sd| iru hdfk mre
dqg wkh qxpehu ri mrev1 Ohw LE`ca� dqg 7LE`ca� ghqrwh wkh h{shfwhg ixwxuh xwlolw|
lq htxloleulxp ri dq hpsor|hg zrunhu dqg ri d zrunhu hqwhulqj wkh oderu pdunhw/
uhvshfwlyho|/ dqg �E`ca� dqg 7�E`ca� wkh htxloleulxp h{shfwhg ixwxuh sur�wv iurp d
�oohg mre dqg iurp d ydfdqw mre/ uhvshfwlyho|1 Iru d vwdwlrqdu| htxloleulxp/ lw iroorzv
iurp +4, dqg +5, wkdw zrunhu xwlolw| dqg �up sur�wv iurp hpsor|phqw xqghu wkh
suhvhqw dvvxpswlrqv duh

LE`ca� ' ` � � n B
k
kLE`ca� n E�� k� 7LE`ca�

l
c +43,

�E`ca� ' dR E.��` o *E�� Bk�� +44,

Uhfdoo wkdw �E`ca� lv wkh h{ srvw sur�w iurp d mre diwhu wkh frvw ri fuhdwlqj lw kdv
ehhq lqfxuuhg1 Zlwk vhsdudwlrqv rffxuulqj ehfdxvh mrev ehfrph xqsur�wdeoh zlwk
suredelolw| �� k/ wkh h�hfwlyh glvfrxqw idfwru iru �upv lv Bk1

Wkhuh fdq eh qr htxloleulxp dw zklfk wkh qxpehu ri mrev a lv htxdo wr wkh qxpehu
ri zrunhuv u1 Zlwk htxdo qxpehuv/ doo zrunhuv dqg mrev duh pdwfkhg hyhu| shulrg/
vr L E`ca� ' 7L E`ca� dqg �E`ca� ' 7� E`ca�1 Wkh uhqw iurp frqwlqxlqj d pdwfk
lv wkhq }hur/ vr lw lv qrw srvvleoh wr vdwlvi| wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw +<,
dqg qr vhoi0hqiruflqj djuhhphqw h{lvwv1 Dv lq Vkdslur dqg Vwljolw} +4<;7,/ wkh uhqw
qhhghg iru d vhw ri vhoi0hqiruflqj vrfldo qrupv lv jhqhudwhg e| dq lpedodqfh ehwzhhq
ghpdqg dqg vxsso| lq wkh oderu pdunhw1 Krzhyhu/ dv PdfOhrg dqg Pdofrpvrq
+4<;<, revhuyh/ wklv uhqw fdq eh jhqhudwhg e| xq�oohg ydfdqflhv mxvw dv zhoo dv e|
dq h{fhvv vxsso| ri zrunhuv1 Zh wkhuhiruh frqvlghu wkh wzr srvvlelolwlhv a 	 u dqg
a : u1 Zkhq a 	 u zh vkrz wkdw dq h!flhqw htxloleulxp lqyroyhv wkh xvh ri
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h!flhqf| zdjhv= zrunhuv duh sdlg dq deryh pdunhw fohdulqj zdjh dqg �uhg li wkh|
vklun1 Frqyhuvho|/ zkhq a : u/ h!flhqw htxloleuld lqyroyh wkh xvh ri erqxv sd|phqwv
wr zrunhuv zkr gr qrw vklun1

614 H!flhqf| Zdjh Htxloleuld

Frqvlghu �uvw wkh srvvlelolw| ri htxloleulxp zlwk wkh qxpehu ri mrev a ohvv wkdq wkh
qxpehu ri zrunhuv u1 Lq wklv fdvh/ . ' a dqg ydfdqw mrev fdq dozd|v eh �oohg
vwudljkwdzd|/ vr wkh| kdyh wkh vdph h{shfwhg ixwxuh sur�wv dv �oohg mrev1 Wkxv

7�E`ca� ' �E`ca� ' dR Ea��` o *E�� Bk�c +45,

zkhuh wkh vhfrqg htxdolw| iroorzv iurp +44,1 Wr uhsodfh mrev wkdw ehfrph xqsur�wdeoh
E�� k�a ydfdqflhv duh fuhdwhg hdfk shulrg1 Wkxv wkh suredelolw| ri dq xqhpsor|hg
zrunhu �qglqj d mre lq dq| shulrg lv ZEa� ' E� � k�a*Eu � ka�1 Iru jlyhq E`ca�/
wkh htxloleulxp xwlolwlhv ri hpsor|hg dqg xqhpsor|hg zrunhuv duh wkhq jlyhq e| wkh
xqltxh vroxwlrq wr +43, dqg

7L E`ca� ' Z Ea�L E`ca� n d�� Z Ea�o
k
�n B 7L E`ca�

l
c +46,

zkhuh � lv wkh xwlolw| gxulqj rqh shulrg ri xqhpsor|phqw1 Wkh xwlolw| ri erwk hp0
sor|hg dqg xqhpsor|hg zrunhuv lv lqfuhdvlqj lq` dqg a 1

Wzr frqglwlrqv pxvw eh phw iru E`ca� wr eh d vwdwlrqdu| htxloleulxp1 Iluvw/ �upv
pxvw eh suhsduhg wr fuhdwh hqrxjk qhz mrev wr uhsodfh mrev wkdw ehfrph xqsur�wdeoh
iru h{rjhqrxv uhdvrqv exw qr pruh/ zklfk uhtxluhv wkdw �E`ca� htxdov wkh frvw S ri
fuhdwlqj dq dgglwlrqdo mre1 Wkh htxloleulxp hqwu| frqglwlrq lv wkxv

dR Ea��` o *E�� Bk� ' S� +47,

Vhfrqg/ qhlwkhu �upv qru zrunhuv pxvw eh deoh wr jdlq e| fkhdwlqj rq wkhlu djuhhphqw1
Vlqfh �upv fdq dozd|v �oo ydfdqflhv/ wkh| zrxog dozd|v fkhdw rq d erqxv1 +Irupdoo|/
zlwk �E`ca� ' 7�E`ca�/ +;, uhtxluhv wkdw K � f exw qrwklqj lv orvw e| vhwwlqj wkh
erqxv wr }hur1, Wkxv erqxv sd|phqwv fdqqrw eh sduw ri dq htxloleulxp dqg wkh rqo|
sd| lv wkh edvh zdjh �1 Zlwk K ' f/ wkh zrunhu*v lqfhqwlyh frpsdwlelolw| frqvwudlqw
+9, uhgxfhv wr wkh frqvwudlqw

LE`ca�� 7LE`ca� � �*Bk� +48,

Vlqfh � : f/ wklv frqvwudlqw lpsolhv wkdw hpsor|hg zrunhuv kdyh vwulfwo| kljkhu h{0
shfwhg ixwxuh xwlolw| wkdq xqhpsor|hg zrunhuv/ vr wkh edvh zdjh� pxvw eh deryh wkh
pdunhw fohdulqj ohyho1 Wkdw lv/ lw lv dq h!flhqf| zdjh1 Vxevwlwxwlrq ri wkh vroxwlrqv
iru LE`ca� dqg 7LE`ca� ghulyhg iurp +43, dqg +46, dqg vrph whglrxv dojheud doorzv
+48, wr eh uhzulwwhq dv wkh qr vklunlqj frqvwudlqw iru zrunhuv

QVF=

` � �n
�

d�� Z Ea�o Bk
� +49,
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D pdunhw htxloleulxp lv d sdlu E`ca� wkdw vdwlv�hv wkh hqwu| dqg qr vklunlqj
frqvwudlqwv +47, dqg +49,1 Wkhvh frqvwudlqwv duh looxvwudwhg lq �jxuh 51 Wkh hqwu|
frqglwlrq +47, lpsolhv wkdw dq htxloleulxp pxvw olh rq wkh olqh` ' R Ea�� E�� Bk� S
odehoohg }hur sur�wv/ zklfk lv grzqzdug vorslqj ehfdxvh R Ea� lv ghfuhdvlqj lq a 1
Wkh qr vklunlqj frqvwudlqw +49, lpsolhv wkdw dq htxloleulxp srlqw pxvw olh deryh
wkh xszdug vorslqj olqh odehoohg QVF wkdw vwduwv iurp � n �* EBk� iru a ' f dqg lv
dv|pswrwlf wr wkh olqh a ' u1 +Li wkhuh duh qr mrev/ wkh suredelolw| Z Ea� ri d zrunhu
�qglqj d mre lv }hur dqg/ dv wkh qxpehu ri mrev dssurdfkhv wkh qxpehu ri zrunhuv/
Z Ea� dssurdfkhv 41 Wklv olqh lv dovr hyhu|zkhuh xszdug vorslqj dqg vwulfwo| frqyh{1,
Wkxv wkh vhw ri h!flhqf| zdjh htxloleuld fruuhvsrqgv wr wkh khdy| sduw ri wkh }hur
sur�wv olqh wr wkh ohiw ri wkh srlqw � lq �jxuh 51

Ghvslwh iuhh hqwu|/ wkh srwhqwldo iru wkh fuhdwlrq ri vhoi0hqiruflqj vrfldo qrupv
lpsolhv wkdw lqglylgxdo lqfhqwlyhv duh qrw vx!flhqw wr ghwhuplqh d xqltxh htxloleulxp1
Hdfk srlqw lq wkh vhw ri h!flhqf| zdjh htxloleuld fruuhvsrqgv wr d gl�huhqw idlu zdjh
frqyhqwlrq1 Iru h{dpsoh/ srlqw. lq �jxuh 5 fruuhvsrqgv wr doo �upv r�hulqj wkh zdjh
�.1 Vkrxog d �up dwwhpsw wr hqwhu zlwk d orzhu zdjh/ zrunhuv zrxog lqwhusuhw vxfk
d zdjh dv xqidlu/ dqg vklun li hpsor|hg dw wkdw zdjh1 Wkxv vxvwdlqlqj h!flhqf| zdjh
htxloleuld uhtxluhv pdunhw frqyhqwlrqv olnh wkrvh irxqg e| Eolqghu dqg Fkrl +4<<3,
wkdw suhyhqw �upv fxwwlqj zdjhv vlpso| ehfdxvh wkhuh lv h{fhvv vxsso| ri oderu1

Htxloleuld zlwk pruh mrev kdyh kljkhu hpsor|phqw dqg vr h{sorlw pruh jdlqv iurp
wudgh1 Iroorzlqj Kd|hn +4<;5,/ vxssrvh wkdw frpshwlwlrq/ h{shulphqwdwlrq dqg hyr0
oxwlrq uhvxow lq wkh pdunhw glvfryhulqj dqg dgrswlqj d vhw ri frqyhqwlrqv |lhoglqj dq
rxwfrph wkdw lv h!flhqw lq wkh vhqvh wkdw doo srwhqwldo jdlqv iurp wudgh duh h{sorlwhg1<

Dw wkh prphqw wkhuh lv qr jhqhudoo| dffhswhg dssurdfk wr prghoolqj vxfk d frpsoh{
surfhvv dqg zh gr qrw dwwhpsw lw khuh1 Udwkhu zh ehjlq zlwk wkh surshuwlhv ri dq
h!flhqw htxloleulxp dqg dvn zklfk vhw ri frqyhqwlrqv vxssruwv vxfk dq htxloleulxp1
Phwkrgrorjlfdoo|/ wklv lv qrw ixqgdphqwdoo| gl�huhqw iurp wkh vwdqgdug sudfwlfh ri
dqdo|}lqj wkh surshuwlhv ri d frpshwlwlyh htxloleulxp ghvslwh qrw kdylqj prghoohg
wkh surfhvv e| zklfk htxloleulxp lv uhdfkhg1

Iru h!flhqf| zdjh htxloleuld/ h!flhqf| fruuhvsrqgv wr pd{lpl}lqj hpsor|phqw1
Wkxv wkh h!flhqw htxloleulxp lv dw srlqw � lq �jxuh 5/ wkh lqwhuvhfwlrq ri wkh qr
vklunlqj frqvwudlqw dqg wkh }hur sur�wv olqh/ zlwk hpsor|phqw a�1 Wklv lv suhflvho|
wkh htxloleulxp lghqwl�hg e| Vkdslur dqg Vwljolw} +4<;7, iru wkh fdvh S ' f1 Lq wkdw
fdvh/ wkh }hur sur�wv olqh fdq eh lghqwl�hg zlwk djjuhjdwh oderu ghpdqg143

Krz grhv vxfk d pdunhw uhvsrqg wr vkrfnvB Vxssrvh wkhuh lv dq xqdqwlflsdwhg
exw shupdqhqw vkrfn wkdw uhgxfhv R Ea�1 Wklv vkliwv wkh }hur sur�w olqh grzqzdugv1
H{dfwo| dv lq Vkdslur dqg Vwljolw} +4<;7,/ wkh qr vklunlqj frqvwudlqw lv lqghshqghqw ri

<Hvvhqwldoo| wklv lv d qrwlrq ri lqfoxvlyh �wqhvv= wkh lqvwlwxwlrqv zh revhuyh vxuylyh ehfdxvh wkh|

khos wkh jurxs vxuylyh djdlqvw frpshwlwruv1 Vhh Er|g dqg Ulfkhuvrq +4<;8, iru ixuwkhu glvfxvvlrq

dqg dgglwlrqdo uhihuhqfhv1
43Vlqfh �upv uhfhlyh }hur sur�wv lq hyhu| htxloleulxp lq �jxuh 5 dqg sxufkdvhuv ri wkh surgxfw

uhfhlyh pruh vxusoxv iurp kljkhu rxwsxw/ wkh htxloleulxp dw D zloo Sduhwr grplqdwh li zrunhuv kdyh

kljkhu xwlolw|1 Zrunhuv zkr zrxog eh hpsor|hg lq dq htxloleulxp zlwk orzhu hpsor|phqw pd| orvh

rxw ehfdxvh wkh zdjh lv orzhu/ dowkrxjk wklv lv dw ohdvw sduwldoo| r�vhw e| d kljkhu suredelolw| ri

uh0hpsor|phqw zkhq wkhlu fxuuhqw mre hqgv1 Zkhwkhu zrunhuv rq dyhudjh +ru ehklqg wkh yhlo ri

ljqrudqfh, jdlq ghshqgv rq krz vwhhso| s +M, ghfolqhv dv M lqfuhdvhv1
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R Ea� iru jlyhq a / vr wkh vkrfn vkliwv srlqw D grzqzdugv dorqj wkh QVF fxuyh1 Wkxv
wkh qhz orqj uxq htxloleulxp kdv orzhu zdjhv dqg hpsor|phqw hyhq wkrxjk oderu
vxsso| lv frpsohwho| lqhodvwlf1 Exw/ li S : f/ wkh pryh wr wkh orqj uxq htxloleulxp
fdq eh ghod|hg1 Ehfdxvh wkh frvw ri fuhdwlqj wkh a� mrev kdv douhdg| ehhq lqfxuuhg/
�upv zloo frqwlqxh wr �oo wkhp dv orqj dv R Ea�� � ` / wkrxjk wkh| zloo qrw fuhdwh
uhsodfhphqw mrev dv fxuuhqw mrev glvdsshdu1 Lqghhg/ iru d vkrfn wkdw uhgxfhv R Ea��
e| ohvv wkdq E�� Bk� S/ hpsor|phqw dqg zdjhv qhhg qrw dgmxvw dw doo lqlwldoo|1 Wkh
qxpehu ri mrev zloo ghfolqh dv wkrvh wkdw ehfrph xqsur�wdeoh duh qrw uhsodfhg xqwlo
wkh qhz orqj uxq htxloleulxp qxpehu lv uhdfkhg1 Dw wkdw srlqw zdjhv pxvw idoo wr
lqgxfh �upv wr fuhdwh uhsodfhphqw mrev1 Krz zdjhv hyroyh lq wkh phdqwlph ghshqgv
rq krz pdunhw frqyhqwlrqv hyroyh lq uhvsrqvh wr vkrfnv1

615 Shuirupdqfh Sd| Htxloleuld

Frqvlghu qrz wkh srvvlelolw| ri htxloleuld zlwk pruh mrev wkdq zrunhuv +a : u, vr
wkdw . ' u1 Lq wklv fdvh/ zrunhuv zlwkrxw d mre fdq dozd|v jhw rqh vwudljkwdzd| dqg
vr kdyh wkh vdph h{shfwhg ixwxuh xwlolw| dv wkrvh zlwk d mre1 Wkxv

7LE`ca� ' LE`ca� ' E` � ��*E�� B�c +4:,

wkh vhfrqg htxdolw| iroorzlqj iurp xvh ri wkh �uvw lq +43,1 Hpsor|hg zrunhuv wkhq kdyh
wkh vdph h{shfwhg xwlolw| dv xqhpsor|hg zrunhuv/ vr h!flhqf| zdjhv duh qrw sdlg1
H{rjhqrxv wxuqryhu jhqhudwhv E�� k�u zrunhuv vhhnlqj qhz mrev hdfk shulrg1 Wkxv
wkh suredelolw| ri d ydfdqf| ehlqj �oohg lq dq| shulrg lv �Ea� ' E�� k�u* Ea � ku�1
Iru jlyhq E`ca�/ wkh htxloleulxp h{ srvw sur�wv iurp �oohg dqg iurp ydfdqw mrev duh
jlyhq e| wkh xqltxh vroxwlrq wr +44, zlwk . ' u dqg

7�E`ca� ' � Ea� �E`ca� n d�� �Ea�o Bk7�E`ca�c +4;,

zklfk jlyhv wkh h{shfwhg ixwxuh sur�wv iurp d ydfdqf| jlyhq wkh suredelolw| �Ea� ri
�oolqj lw lq hdfk shulrg dqg wkh glvfrxqw idfwru iru �upv Bk1

Dv zlwk h!flhqf| zdjh htxloleuld/ iru E`ca� wr eh dq htxloleulxp �upv pxvw qrw
zdqw wr fkdqjh wkh qxpehu ri mrev1 Wkxv wkh srvw hqwu| sur�w shu zrunhu pxvw htxdo
wkh frvw ri fuhdwlqj d qhz mre=

7�E`ca� ' S� +4<,

Pruhryhu/ qhlwkhu �upv qru zrunhuv pxvw jdlq e| fkhdwlqj rq wkhlu djuhhphqw1 Vlqfh
zrunhuv fdq dozd|v jhw dqrwkhu mre/ wkh| zloo vklun xqohvv wkhuh lv d erqxv ri dprxqw
� wr frpshqvdwh iru wkh glvxwlolw| ri h�ruw/ vr dq| htxloleulxp ri wklv w|sh pxvw kdyh
shuirupdqfh sd|1 +Irupdoo|/ zlwk LE`ca� ' 7LE`ca�/ +9, uhtxluhv K � � exw qrwklqj
lv orvw e| vhwwlqj K ' �1, Vxevwlwxwlrq ri wklv lqwr wkh �up*v lqfhqwlyh frpsdwlelolw|
frqglwlrq LFI +;, jlyhv wkh qr fkhdwlqj frqvwudlqw iru �upv

QFF=

�E`ca�� 7�E`ca� � �*Bk� +53,
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Frqvwudlqwv +4<, dqg +53,/ dorqj zlwk wkh fruuhvsrqglqj h!flhqf| zdjh frqvwudlqwv
iru frpsdulvrq/ duh looxvwudwhg lq �jxuh 61 Wkh ohiw kdoi ri wkh �jxuh uhsurgxfhv wkh
fxuyhv iurp �jxuh 51 Wkh }hur sur�w olqh frqwlqxhv wr idoo dv wkh qxpehu ri mrev lv
lqfuhdvhg eh|rqg wkh qxpehu ri zrunhuv u gxh wr dq lqfuhdvh lq ydfdqflhv dqg wkxv d
uhgxfwlrq lq wkh suredelolw| ri �qglqj d zrunhu iru wkh mre1 Wkh qr fkhdwlqj frqvwudlqw
+53, lpsolhv wkdw dq htxloleulxp pxvw olh ehorz wkh xszdug vorslqj olqh odehoohg QFF1
Wklv olqh vorshv xszdug ehfdxvh/ zlwk pruh mrev/ lw wdnhv orqjhu iru d �up wr �oo d
ydfdqf|/ wkxv uhgxflqj wkh sur�wv uhtxluhg wr suhyhqw uhqhjlqj rq wkh erqxv K ' �
dqg lqfuhdvlqj zkdw fdq eh sdlg wr zrunhuv1 Lw fdqqrw furvv wkh olqh a ' u ehfdxvh
zlwk a ' u d �up frxog dozd|v uhsodfh d zrunhu lpphgldwho| dqg zrxog wkhuhiruh
qhyhu sd| d erqxv1 Wkh vhw ri shuirupdqfh sd| htxloleuld fruuhvsrqgv wr wkh khdy|
sduw ri wkh }hur sur�wv olqh +wr wkh uljkw ri srlqw �,144 Lq dq| vxfk htxloleulxp/
�upv zlwk mrev wkdw kdyh douhdg| ehhq fuhdwhg uhfhlyh kljkhu sur�w wkdq wkh| uhtxluh
wr frqwlqxh wkrvh mrev ehfdxvh ` 	 R Eu�1 Wr vxvwdlq wklv uhtxluhv d frqyhqwlrq
suhyhqwlqj zrunhuv elgglqj xs zdjhv hyhq wkrxjk wkhuh duh xq�oohg ydfdqflhv wkdw
lv h{dfwo| v|pphwulf wr wkh frqyhqwlrq wkdw suhyhqwv �upv elgglqj grzq zdjhv lq
h!flhqf| zdjh htxloleuld hyhq wkrxjk wkhuh duh xqhpsor|hg zrunhuv1

Dv lq wkh h!flhqf| zdjh fdvh/ lqglylgxdo lqfhqwlyhv duh qrw e| wkhpvhoyhv vx!flhqw
wr ghwhuplqh d xqltxh htxloleulxp1 Doo shuirupdqfh sd| htxloleuld kdyh wkh vdph
hpsor|phqw u dqg wkh vdph rxwsxw1 Gxh wr wkh frvw ri uhsodflqj mrev wkdw ehfrph
xqsur�wdeoh iru uhdvrqv rwkhu wkdq sd|/ dq h!flhqw htxloleulxpplqlpl}hv wkh qxpehu
ri xq�oohg ydfdqflhv1 Wkxv wkh xqltxh h!flhqw shuirupdqfh sd| htxloleulxp lv wkdw
jlyhq e| E lq �jxuh 6 zlwk a� mrev1 Lw Sduhwr grplqdwhv rwkhu shuirupdqfh sd|
htxloleuld vlqfh rxwsxw dqg hpsor|phqw duh wkh vdph/ zdjhv duh kljkhu/ dqg �upv
uhfhlyh }hur sur�wv lq doo vxfk htxloleuld1

Surgxfwlylw| vkrfnv d�hfw wkh h!flhqw shuirupdqfh sd| htxloleulxp lq d sduwlf0
xoduo| vlpsoh zd|1 Lw fdq eh vkrzq wkdw d uhgxfwlrq lq R Eu� uhgxfhv erwk wkh QFF
dqg wkh }hur sur�wv olqhv e| wkh vdph dprxqw iru jlyhq a 1 Lq frqvhtxhqfh dq xqdq0
wlflsdwhg exw shupdqhqw idoo lq R Eu� ohdyhv wkh h!flhqw qxpehu ri mrev xqfkdqjhg
exw uhtxluhv d idoo lq wrwdo sd|1 Wkxv sd| uhvsrqgv wr vxfk d vkrfn exw hpsor|phqw
dqg ydfdqflhv uhpdlq xqfkdqjhg xqohvv wkh vkrfn lv vx!flhqwo| dgyhuvh wkdw d shu0
irupdqfh sd| htxloleulxp qr orqjhu h{lvwv1 Li lw lv vx!flhqwo| dgyhuvh/ wkhuh pxvw eh
d wudqvlwlrq wr dq h!flhqf| zdjh htxloleulxp zlwk d frqvhtxhqwo| odujh idoo lq hp0
sor|phqw exw wkh g|qdplfv ri krz wkdw kdsshqv ghshqg rq krz pdunhw frqyhqwlrqv
hyroyh lq uhvsrqvh wr vkrfnv1

616 H!flhqf| Zdjh yhuvxv Shuirupdqfh Sd| Htxloleuld

Rqh fdq frpsduh wkh shuirupdqfh sd| htxloleulxp zlwk a� mrev wr wkh h!flhqf|
zdjh htxloleulxp zlwk hpsor|phqw a�1 Wkh frvw ri prylqj iurp wkh h!flhqf| zdjh
htxloleulxp zlwk a� mrev wr wkh shuirupdqfh sd| htxloleulxp zlwk a� mrev dqg hp0
sor|phqw u lv wkh frvw ri fuhdwlqj wkh dgglwlrqdo mrev zklfk/ dpruwl}hg rq d shu shulrg
edvlv/ lv E�� Bk� Ea� � a�� S/ soxv wkh dgglwlrqdo glvxwlolw| ri zrun E�n �� Eu� a��1
Wkh ehqh�w iurp wkh pryh lv wkh ehqh�w iurp wkh dgglwlrqdo rxwsxw iurp lqfuhdvlqj

44Shuirupdqfh sd| htxloleuld h{lvw li s +O,� +4� ��, f � x. y@��1
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hpsor|phqw iurp a� wr u1 Wkxv wkhuh lv d qhw jdlq iurp wkh pryh li dqg rqo| li

]
u

a�

REa�_a : E�� Bk� Ea� � a�� Sn E�n �� Eu� a�� � +54,

Zkhq lw lv frvwohvv wr fuhdwh d mre +S ' f, dv lq Vkdslur dqg Vwljolw} +4<;7,/ wkh
shuirupdqfh sd| htxloleulxp lv pruh h!flhqw zkhqhyhu wkh ydoxh ri hpsor|phqw
R Eu��� lv juhdwhu wkdq wkh jdlq iurp xqhpsor|phqw �/ wkh vdph frqglwlrq +pdujlqdo
surgxfw juhdwhu wkdq glvxwlolw| ri zrun, iru lw wr eh h!flhqw wr hpsor| doo zrunhuv
hyhq li wkhuh zhuh qr sureohp ri frqwudfwlqj rq h�ruw1 Li hlwkhu wkh frvw ri fuhdwlqj
d mre lv vx!flhqwo| kljk/ ru wkh pdujlqdo surgxfw REu� lv vx!flhqwo| hodvwlf/ wkhq wkh
h!flhqf| zdjh htxloleulxp lv pruh h!flhqw1

Rqh uhvxow iurp wkh dqdo|vlv lv wkdw/ zkloh h!flhqf| zdjh htxloleuld kdyh xqhp0
sor|phqw/ shuirupdqfh sd| htxloleuld gr qrw1 Wklv srlqwv wr d srwhqwldoo| whvwdeoh
suhglfwlrq1 Erqxv sd|phqwv lq wkh prgho duh gl�huhqw iurp rwkhu irupv ri lqfhqwlyh
sd| vxfk dv slhfh udwhv lq ehlqj lq h�hfw glvfuhwlrqdu|/ qrw frqwudfwxdoo| �{hg1 Suh0
ylrxv zrun/ vxfk dv Eurzq +4<<3,/ kdv irfxvhg rq sd| v|vwhpv wkdw olqn sd| irupdoo|
wr vrph shuirupdqfh phdvxuh1 \hw lq pdq| rffxsdwlrqv lw lv frpprq sudfwlfh wr
pdnh shuirupdqfh sd| glvfuhwlrqdu|/ dv zlwk wkh wudghuv dw Iluvw Ervwrq glvfxvvhg
lq wkh Lqwurgxfwlrq1 Wkh prgho suhglfwv wkdw li wkh xqhpsor|phqw udwh iru dq rf0
fxsdwlrq lv orz/ zh vkrxog revhuyh wkh xvh ri vxfk erqxv sd|phqwv/ zkloh lq d kljk
xqhpsor|phqw hqylurqphqw zh vkrxog revhuyh h!flhqf| zdjhv1

Xqiruwxqdwho| vwdqgdug gdwd vhwv vxfk dv wkh Sdqho Vwxg| ri Lqfrph G|qdplfv
+SVLG, ru wkh Qdwlrqdo Orqjlwxglqdo Vxuyh| ri \rxwk +QOV\, gr qrw glvwlqjxlvk
ehwzhhq glvfuhwlrqdu| sd|phqwv dqg frqwudfwxdoo| vhw lqfhqwlyh sd|1 Rqh gdwd vhw
wkdw grhv lv wkh 4<<3 Eulwlvk Zrunsodfh Lqgxvwuldo Uhodwlrqv Vxuyh|1 Wkrxjk lw grhv
qrw uhsruw wkh vl}h ri glvfuhwlrqdu| phulw sd|/ lw grhv h{solflwo| dvn li d zrunhu uhfhlyhg
phulw sd|/ dv rssrvhg wr shuirupdqfh sd| zlwk �d phfkdqlfdo uhodwlrqvkls ehwzhhq
wkh zrunhu*v sd| dqg vrph uhodwlyho| remhfwlyh phdvxuh ri rxwsxw� +Ploozdug hw do1
+4<<5/ s1 58;,,1 Wkh deryh dqdo|vlv vxjjhvwv wkdw/ lq gdwd jurxslqj zrunhuv lq
gl�huhqw oderu pdunhwv/ wkh lqflghqfh ri phulw sd| vkrxog eh kljkhu iru jurxsv zlwk
d orzhu xqhpsor|phqw udwh1 Lq �jxuh 7 zh sorw wkh lqflghqfh ri phulw sd| e| eurdg
rffxsdwlrq djdlqvw wkh rffxsdwlrqdo xqhpsor|phqw udwh wdnhq iurp wkh 4<<3 Eulwlvk
Oderxu Irufh Vxuyh| +zlwk wkh olqh uhsuhvhqwlqj wkh ROV �w wkdw kdv vorsh 051;4 dqg
w0udwlr 0481<8,1 Wkh uhodwlrqvkls lv qhjdwlyh/ dv suhglfwhg1 Qrwh wkdw wkh lqflghqfh
ri phulw sd| ydulhg iurp 43( wr 68(1 Ri frxuvh wklv lv qrw d whvw ri wkh wkhru|1
Wkdw zrxog uhtxluh ehwwhu gdwd dqg d fduhixoo| vshfl�hg hfrqrphwulf prgho1 Lw grhv/
krzhyhu/ looxvwudwh wkdw phulw sd| lv d skhqrphqd wkdw lv hpslulfdoo| uhohydqw/ dv zhoo
dv rqh derxw zklfk wkhru| fdq pdnh suhglfwlrqv1

Wkh surshuw| wkdw htxloleuld lq wkh prgho kdyh doo uhqw jrlqj wr wkh orqj vlgh ri wkh
pdunhw +wr zrunhuv li wkhuh lv xqhpsor|phqw/ wr �upv li wkhuh duh xq�oohg ydfdqflhv,
dssolhv wr qhz pdwfkhv hyhq li wkh| duh qrw uhtxluhg wr r�hu wkh vdph djuhhphqwv dv
fxuuhqw pdwfkhv dqg dovr wr qrq0vwdwlrqdu| hqylurqphqwv1 Wkh hvvhqwldo lqwxlwlrq lv
wkdw d �up ru dq hpsor|hh uhfhlylqj qr uhqw iurp d fxuuhqw pdwfk fdqqrw uhfhlyh d uhqw
iurp d qhz pdwfk zlwkrxw pdnlqj lw sur�wdeoh wr uhqhjh rq lwv fxuuhqw djuhhphqw1
Wkh ghwdlov duh lq dq dsshqgl{1
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7 Htxloleulxp lq d Wzr Vhfwru Hfrqrp|

714 Fdslwdo Lqwhqvlw| dqg Zdjhv

Wklv vhfwlrq looxvwudwhv lq d vlpsoh wzr vhfwru hfrqrp| krz wkh uhodwlyh fdslwdo lq0
whqvlw| ri mrev kdv lpsolfdwlrqv erwk iru wkh ohyho ri zdjhv dqg iru wkh uhodwlrqvkls
ehwzhhq zdjhv dqg wxuqryhu1 D qxpehu ri vwxglhv/ lqfoxglqj Nuxhjhu dqg Vxpphuv
+4<;;,/ Derzg/ Nudpdu} dqg Pdujrolv +4<<6, dqg Fdug dqg Nuxhjhu +4<<8, vxjjhvw
wkdw wkhuh duh yduldwlrqv lq zdjhv dfurvv pdunhwv dqg lqgxvwulhv wkdw fdqqrw eh h{0
sodlqhg e| wkh vwdqgdug frpshwlwlyh prghov1 Glfnhqv dqg Ndw} +4<;:, �qg wkdw kljk
zdjhv duh dvvrfldwhg zlwk pruh sur�wdeoh fdslwdo lqwhqvlyh lqgxvwulhv1 D vlpsoh uhqw
vkdulqj dujxphqw zrxog vxjjhvw wkdw doo zrunhuv lq vxfk �upv hduq kljkhu zdjhv1
Krzhyhu/ uhfhqw zrun e| Gdylv dqg Kdowlzdqjhu +4<<4, xvlqj pdwfkhg zrunhu0�up
gdwd �qgv wkdw surgxfwlrq zrunhuv/ udwkhu wkdq qrq0surgxfwlrq zrunhuv/ dffrxqw iru
pxfk ri wkh lqwhu0lqgxvwu| zdjh yduldwlrq1 Wurvnh +4<<7, �qgv wkdw pxfk ri wklv
lqwhu0lqgxvwu| zdjh yduldwlrq iru surgxfwlrq zrunhuv fdq eh h{sodlqhg e| wkh fdslwdo
lqwhqvlw| ri wkh mre145

Zh fdswxuh wkh glvwlqfwlrq ehwzhhq uhodwlyho| fdslwdo lqwhqvlyh dqg uhodwlyho| oderu
lqwhqvlyh mrev lq lwv vwdunhvw irup zlwk wkh iroorzlqj dvvxpswlrqv1 Fdslwdo lqwhqvlyh
mrev duh fkdudfwhul}hg e| d olplwhg qxpehu a| ri srvlwlrqv lq shulrg | wkdw fdq eh
lqfuhdvhg rqo| dw d vxqn frvw ri S|Ea|� shu mre dv glvfxvvhg lq wkh suhylrxv vhfwlrq1
Zh dvvxph S|Ea|� lqfuhdvhv vx!flhqwo| zlwk a| dv d uhvxow ri glplqlvklqj uhwxuqv/
frqjhvwlrq frvwv/ hwf1/ wkdw wkh qxpehu ri surgxfwlrq mrev lv erxqghg dqg ohvv wkdq
wkh qxpehu ri dydlodeoh zrunhuv1 Hdfk fdslwdo lqwhqvlyh mre kdv surgxfwlylw| +qhw ri
qrq0oderu frvwv, ri R& lqghshqghqw ri wkh qxpehu ri mrev �oohg1 Lq frqwudvw/ wkhuh
duh qr vxqn frvw wr fuhdwlqj dgglwlrqdo oderu lqwhqvlyh mrev vr/ hyhq lq wkh vkruw
uxq/ wkhuh lv d srwhqwldoo| xqolplwhg qxpehu ri vxfk mrev1 Dvvxplqj dq xqolplwhg
qxpehu vlpsol�hv wkh dqdo|vlv zlwkrxw d�hfwlqj lwv txdolwdwlyh ihdwxuhv� wkh hvvhqwldo
fkdudfwhulvwlf lv wkdw zrunhuv duh rq wkh vkruw vlgh ri wkh pdunhw lq wklv vhfwru1 Hdfk
oderu lqwhqvlyh mre kdv surgxfwlylw| +qhw ri qrq0oderu frvwv, ri R� 	 R&1 Wr kljkoljkw
wkh h�hfw ri fdslwdo lqwhqvlw|/ lw lv dvvxphg wkdw erwk vhfwruv idfh h{dfwo| wkh vdph
sureohp ri zrunhu prwlydwlrq1

Zrunhuv duh iuhho| preloh ehwzhhq wkh wzr w|shv ri mrev/ vr wkh suredelolw| 4�

|
wkdw

d mre ri w|sh � frqwlqxhv lq shulrg | pxvw qrz uh hfw qrw rqo| h{rjhqrxv vhsdudwlrqv
exw dovr txlwv wr wkh rwkhu w|sh ri mre1 Iuhh prelolw| lpsolhv wkdw xqhpsor|hg zrunhuv
kdyh wkh vdph xwlolw| qr pdwwhu zkdw w|sh ri mre wkh| kdyh ehhq vhdufklqj iru/ vr
7L&

|
' 7L �

|
1

Xqghu wkhvh frqglwlrqv/ dq h!flhqw htxloleulxp kdv doo zrunhuv lq wkh oderu lq0
whqvlyh vhfwru hpsor|hg lq hyhu| shulrg1 Wkxv wkhvh zrunhuv fdq dozd|v �qg d oderu
lqwhqvlyh mre/ lpso|lqj 7L �

|
' L �

|
1 Wrjhwkhu zlwk iuhh prelolw|/ wklv lpsolhv

L �

|
' 7L �

|
' 7L&

|
� +55,

Wkh lqfhqwlyh frqglwlrq LF +<, wkhq lpsolhv wkdw oderu lqwhqvlyh mrev zlwk d zrunhu

45Vhh Nuhphu +4<<6, dqg Nuhphu dqg Pdvnlq +4<<7, iru dq dowhuqdwlyh frpshwlwlyh h{sodqdwlrq

iru wkhvh revhuydwlrqv1
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pxvw |lhog d uhqw wr �upv lq shulrg |146 Zlwk dq xqolplwhg qxpehu ri vxfk mrev/ wkh
h{shfwhg sur�wv iurp mrev zlwkrxw d zrunhu duh }hur +7��

|
' f,1 Wrjhwkhu wkhvh lpso|

��

|
' �*B4�

|
1 Li wkh pdunhw zhuh shuihfwo| frpshwlwlyh/ zrunhuv zrxog uhfhlyh doo wklv

uhqw dqg khqfh htxloleulxp sd| zrxog eh ` W ' R�� Xvh ri wkhvh lq wkh h{suhvvlrq iru
sur�wv +5, lq vhfwlrq 5 lpsolhv wkdw htxloleulxp sd| lq oderu lqwhqvlyh mrev lv
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|
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k
E�� B4�

|
�*B4�

|

l
� +56,

Zrunhuv jlyh xs d uhqw ri �dE� � B4�
|
�*B4�

|
o hdfk shulrg wkdw hqvxuhv wkh �up kdv dq

lqfhqwlyh wr sd| wkh hqg ri shulrg erqxv vkrxog wkh zrunhu shuirup zhoo1
Ehfdxvh fdslwdo lqwhqvlyh mrev kdyh kljkhu surgxfwlylw| wkdq oderu lqwhqvlyh mrev/

lw lv h!flhqw wr kdyh doo wkhvh mrev �oohg hyhu| shulrg1 Lq htxloleulxp/ fdslwdo lqwhqvlyh
mrev fdq wkxv �oo ydfdqflhv lpphgldwho| dqg vr/ lq frqwudvw wr oderu lqwhqvlyh mrev/
�upv gr qrw idfh d orvv lq sur�wv zkhq d zrunhu ohdyhv1 Wkhuhiruh �&

|
' 7�&

|
147 Lq

wklv fdvh wr hqvxuh wkdw wkh lqfhqwlyh frqvwudlqw LF +<, lv vdwlv�hg/ hpsor|hg zrunhuv
pxvw hduq d uhqw �*B4&

|
iurp hpsor|phqw dqg khqfh

L&

|
' 7L&

|
n �*B4&

|
c +57,

' L �

|
n �*B4&

|
�

Khuh wkh vhfrqg olqh iroorzv iurp +55,1
H{suhvvlrqv +56, iru sd| lq oderu lqwhqvlyh mrev dqg +57, iru xwlolwlhv lq wkh wzr

vhfwruv fdq eh xvhg lq wkh htxdwlrq iru zrunhu xwlolw| +4, iurp vhfwlrq 5/ wrjhwkhu
zlwk +55,/ wr vkrz wkdw sd| lq fdslwdo lqwhqvlyh mrev lv
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Wklv h{suhvvlrq uhodwhv wkh vl}h ri wkh zdjh gl�huhqwldo wr wkh ohyho ri wxuqryhu rq wkh
mre dqg wkh glvxwlolw| ri h�ruw1 Dv wkh suredelolw| ri wxuqryhu ghfuhdvhv iru fdslwdo
lqwhqvlyh mrev/ vr grhv wkh zdjh gl�huhqwldo +YE` &

|
� ` �

|
�*Y4&

|
	 f,1 Wkh zdjh

gl�huhqwldo grhv qrw ghshqg rq wkh wxuqryhu ohyho iru oderu lqwhqvlyh mrev1 Lq wkh
fdvh ri oderu lqwhqvlyh mrev/ wxuqryhu kdv wkh rssrvlwh h�hfw/ zlwk zdjhv lqfuhdvlqj dv
wxuqryhu idoov +Y` �

|
*Y4�

|
: f,1 Lq frqwudvw wr wkh wkhru| ri frpshqvdwlqj gl�huhqwldov/

wklv prgho looxvwudwhv wkdw wkhuh pd| eh qr frqvlvwhqw uhodwlrqvkls ehwzhhq wxuqryhu
dqg zdjhv1 Wkh wkhru| grhv lpso|/ krzhyhu/ wkdw lq vhfwruv ri wkh hfrqrp| zkhuh
erqxv sd|phqwv duh revhuyhg wkhuh vkrxog eh d qhjdwlyh uhodwlrqvkls ehwzhhq wxuqryhu
dqg zdjhv/ dqg frqyhuvho| zkhq zrunhuv duh sdlg d �{hg zdjh1

Wkh hvvhqwldo fkdudfwhulvwlfv ri fdslwdo lqwhqvlyh mrev lq wkh prgho duh wkdw +l,
wkh| kdyh kljkhu surgxfwlylw|/ dqg +ll, wkhuh lv d vxqn frvw wr fuhdwlqj ydfdqflhv wkdw

46Zkhq wxuqryhu rffxuv ehfdxvh zrunhuv txlw/ qrw mxvw ehfdxvh mrev ehfrph xqsur�wdeoh/ htxd0
wlrqv +5, dqg +:, lq vhfwlrq 5 qhhg vrph dphqgphqwv zkhq ��w.4 9@ 3/ exw wkhvh dphqgphqwv fdqfho
rxw lq ghulylqj +;, dqg +<,1

47Lq sudfwlfh wkhuh duh dozd|v vrph frvwv wr �oolqj d ydfdqf|/ vxfk dv wudlqlqj1 Lq wklv vhfwlrq zh
duh frqfhuqhg zlwk vhdufk frvwv dulvlqj iurp wkh wlph lw wdnhv wr �qg d vxlwdeoh uhsodfhphqw1
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fdqqrw eh uhfrxshg li wkh ydfdqf| lv qrw �oohg1 Wklv �wv ehwwhu zlwk wkh ghvfulswlrqv
ri Irug*v '8 gd| h{dpsoh lq Ud� dqg Vxpphuv +4<;:, dqg Ud� +4<;;, wkdq grhv
wkh vklunlqj vwru| lq Exorz dqg Vxpphuv +4<;9, lq zklfk h!flhqf| zdjhv duh kljkhu
zkhuh prqlwrulqj lv pruh gl!fxow1 Ud� +4<;;, frpphqwv wkdw wkh vkliw wr dvvhpeo|
olqh zrun wkdw Irug kdg dgrswhg pxvw kdyh pdgh dw ohdvw vrph dvshfwv ri prqlwrulqj
hdvlhu +iru h{dpsoh/ vshhg ri zrun, dqg wkdw wkhuh zdv dfwxdoo| dq lqfuhdvh lq wkh
udwlr ri vxshuylvru| wr surgxfwlrq hpsor|hhv lq wkh diwhupdwk ri wkh lqwurgxfwlrq ri
wkh '8 gd|1 Exw Ud� +4<;;/ s1 6<8, qrwhv wkdw �wkh whfkqlfdo fkdqjh wkdw pdgh
prqlwrulqj hdvlhu dovr lqyroyhg h{wudruglqdulo| kljko| ghglfdwhg sk|vlfdo fdslwdo dqg
d surgxfwlrq surfhvv wkdw vhqw xqsuhfhghqwhg qxpehuv ri slhfhv sdvw hdfk zrunhu
lq hdfk xqlw ri wlph1� Wklv pdgh wkh frvw wr Irug ri kdylqj d zrun vwdwlrq qrw
h�hfwlyho| rshudwhg kljk1 Lw lv suhflvho| wklv frvw ri qrw kdylqj hdfk srvlwlrq �oohg doo
wkh wlph wkdw pdnhv lw h!flhqw lq wkh suhvhqw prgho iru wkh pdunhw wr doorfdwh wkh
uhqw uhtxluhg iru d vhoi0hqiruflqj djuhhphqw wr hpsor|hhv � iru mrev wr kdyh d uhqw
uhtxluhv wkhp wr uhpdlq xq�oohg iru d wlph zkhqhyhu d pdwfk hqgv1

Wkh dqdo|vlv dssolhv wr erwk wkh fdvh lq zklfk zrunhuv fdq vhdufk iru kljkhu
sd|lqj fdslwdo lqwhqvlyh mrev zkloh hpsor|hg lq oderu lqwhqvlyh mrev dqg wkh fdvh lq
zklfk wkh| pxvw txlw wkhlu oderu lqwhqvlyh mre ehiruh wkh| fdq vhdufk iru d fdslwdo
lqwhqvlyh rqh1 Wkhuh duh wzr pdlq gl�huhqfhv ehwzhhq wkhvh fdvhv= +l, wkh dprxqw
ri xqhpsor|phqw> dqg +ll, wkh oderu wxuqryhu udwh lq oderu lqwhqvlyh mrev1 Zkhq
zrunhuv lq oderu lqwhqvlyh mrev fdq vhdufk zkloh hpsor|hg/ wkhuh lv qr xqhpsor|phqw
ehfdxvh/ li xqvxffhvvixo lq jhwwlqj d fdslwdo lqwhqvlyh mre lq rqh shulrg/ wkh| fdq
dozd|v frqwlqxh lq wkhlu oderu lqwhqvlyh mre zlwkrxw suhmxglflqj wkhlu fkdqfh ri jhwwlqj
d fdslwdo lqwhqvlyh mre lq wkh qh{w1 Zkhq wkh| fdqqrw vhdufk rq wkh mre/ wkrvh
zkr duh xqvxffhvvixo lq jhwwlqj d fdslwdo lqwhqvlyh mre uhpdlq xqhpsor|hg iru wkdw
shulrg1 Lq wkdw fdvh/ wkh prgho jhqhudwhv xqhpsor|phqw lq wkh fdslwdo lqwhqvlyh
vhfwru/ mxvw dv lq wkh xuedq vhfwru ri wkh Kduulv0Wrgdur prgho/ ghvslwh zdjhv ehlqj
ghwhuplqhg hqgrjhqrxvo| udwkhu wkdq vshfl�hg h{rjhqrxvo|1 Pruhryhu/ xqolnh lq wkh
uhirupxodwlrq ri wkh Kduulv dqg Wrgdur +4<:3, prgho gxh wr Prhqh +4<;;,/ wkh zdjh
gl�huhqwldo grhv qrw ghshqg rq gl�huhqfhv ehwzhhq wkh wzr vhfwruv lq wkh delolw| wr
prqlwru shuirupdqfh/ rqo| rq gl�huhqfhv lq fdslwdo lqwhqvlw|1

715 Htxloleulxp dqg Jurzwk

Lq wklv vhfwlrq zh vlpxodwh vrph ri wkh g|qdplf surshuwlhv ri wkh prgho iru wkh Kduulv0
Wrgdur fdvh lq zklfk zrunhuv pxvw txlw mrev lq rqh vhfwru wr orrn iru mrev lq wkh rwkhu1
Lq wklv fdvh oderu lqwhqvlyh mrev pd| eh lqwhusuhwhg dv hpsor|phqw lq uxudo duhdv/
hlwkhu lq djulfxowxuh ru lq d vpdoo hqwhusulvh lqyroylqj d plqlpdo dprxqw ri fdslwdo
lqyhvwphqw1 Fdslwdo lqwhqvlyh mrev pd| eh lqwhusuhwhg dv wkh xuedq pdqxidfwxulqj
vhfwru1

Ehfdxvh surgxfwlylw| lq fdslwdo lqwhqvlyh mrev lv kljkhu/ doo wkrvh mrev duh �oohg
lq dq h!flhqw htxloleulxp dqg/ dv glvfxvvhg lq vhfwlrq 714/ wkh| kdyh kljkhu sd|
wkdq oderu lqwhqvlyh mrev1 Zlwk vhdufk rq wkh mre qrw srvvleoh/ zrunhuv hqwhu wkh
fdslwdo lqwhqvlyh vhfwru e| prylqj lqwr wkh srro ri wkh xqhpsor|hg1 Lq rxu vlpxodwlrq
zh frqvlghu wkh h�hfw ri lqfuhdvlqj wkh qxpehu ri fdslwdo lqwhqvlyh mrev dqg wkh
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lpsdfw wkdw wkh uhvxowlqj pljudwlrq iurp wkh oderu lqwhqvlyh vhfwru kdv rq rxwsxw/
xqhpsor|phqw/ zdjhv dqg lqhtxdolw|148

Lq erwk vhfwruv vrph oderu wxuqryhu rffxuv ehfdxvh mrev ehfrph xqsur�wdeoh iru
h{rjhqrxv uhdvrqv1 Wkh suredelolw| ri d pdwfk ehlqj whuplqdwhg lq hdfk shulrg iru
vxfk uhdvrqv lv ghqrwhg E� � k�� 5 dfc ��/ iru � 5 i&c �j� Jlyhq wkdw wkh qxpehu ri
fdslwdo lqwhqvlyh mrev lv lqfuhdvlqj dqg wkdw wkh| kdyh kljkhu sd|/ wkhuh lv qr uhdvrq
iru hqgrjhqrxv wxuqryhu lq wklv vhfwru/ vr 4&

| ' k& iru doo |1 Pljudwlrq lv lqghshqghqw
ri h{rjhqrxv vhsdudwlrq/ vr wkh suredelolw| 4�

|n� wkdw d oderu lqwhqvlyh pdwfk wkdw
h{lvwv lq shulrg | frqwlqxhv lq shulrg |n � lv

4�
|n� � k� � u�

|n�*u
�
|c +5:,

zkhuh u�
| lv wkh qxpehu ri zrunhuv lq wkh oderu lqwhqvlyh vhfwru +zklfk lv qrq0

lqfuhdvlqj ryhu wlph gxh wr wkh jurzwk lq wkh qxpehu ri fdslwdo lqwhqvlyh mrev,1
Wkh wlph sdwk ri zrunhuv lq wkh oderu lqwhqvlyh vhfwru/ 	u� � iu�

|j
"

|'fc ghwhuplqhv
wkh udwh ri wxuqryhu iurp +5:, dqg khqfh wkh zdjh udwh hdfk shulrg iurp h{suhvvlrq
+56,1 Ehfdxvh prylqj wr wkh fdslwdo lqwhqvlyh vhfwru uhtxluhv mrlqlqj wkh srro ri
xqhpsor|hg zlwk wkh vdph h{shfwhg xwlolw| lq htxloleulxp dv vwd|lqj lq wkh oderu
lqwhqvlyh vhfwru/ wkh htxloleulxp xwlolw| lq wkh oderu lqwhqvlyh vhfwru dv d ixqfwlrq ri
wkh wlph sdwk ri zrunhuv lq wkdw vhfwru lv
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wkh �uvw htxdolw| iroorzlqj iurp +55,/ wkh odvw iurp +56,1
Lq wkh fdslwdo lqwhqvlyh vhfwru/ wkhuh duh u&

| � u � u�
| zrunhuv dw wkh ehjlqqlqj

ri shulrg | dqg k&a|3� mrev uhpdlqlqj �oohg iurp wkh suhylrxv shulrg1 Wkxv wkh
suredelolw| Z| wkdw dq xqhpsor|hg zrunhu jhwv d mre lq shulrg | lv jlyhq e| wkh
qxpehu ri ydfdqflhv Ea| � k&a|3�� glylghg e| wkh qxpehu ri xqhpsor|hg mre vhhnhuv
Eu&

| � k&a|3��1 Khqfh/

Z| '
a| � k&a|3�

Eu� u�
|�� k&a|3�

� +63,

Wkh ghidxow xwlolw| iru zrunhuv hqwhulqj wkh txhxh iru fdslwdo lqwhqvlyh mrev lv wkhq
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c +64,

zkhuh �& lv wkh xwlolw| uhfhlyhg iurp rqh shulrg ri xqhpsor|phqw lq wklv vhfwru1
Wrjhwkhu +57,/ +5<,/ +63, dqg +64, ghwhuplqh wkh h{shfwhg olihwlph xwlolw| ri hpsor|hg
dqg xqhpsor|hg zrunhuv dv ixqfwlrqv ri wkh qxpehuv ri zrunhuv lq wkh oderu lqwhqvlyh
vhfwru dqg mrev lq wkh fdslwdo lqwhqvlyh vhfwru lq hdfk shulrg1 Wkh wlph sdwk iru
zrunhuv lq wkh oderu lqwhqvlyh vhfwru dv d ixqfwlrq ri wkh qxpehu ri fdslwdo lqwhqvlyh

48Irupdoo|/ ehfdxvh wkh qxpehu ri fdslwdo lqwhqvlyh mrev lv hqgrjhqrxv wr wkh prgho/ wkh lqfuhdvh

vkrxog eh vhhq dv wkh uhvxow ri d idoo lq wkh frvw ri fuhdwlqj wkrvh mrev1

4<



mrev fdq wkhq eh vroyhg xvlqj wkh htxloleulxp frqglwlrq wkdw zrunhuv pljudwh xqwlo
wkh| duh lqgl�huhqw ehwzhhq vhfwruv

7L&

|
E	u�� ' 7L �

|
E	u��c iru doo |� +65,

Wkh h�hfwv ri lqfuhdvlqj wkh qxpehu ri fdslwdo lqwhqvlyh mrev duh vlpxodwhg iru
udslg jurzwk wkdw wdnhv wkh fdslwdo lqwhqvlyh vhfwru iurp 53( ri wkh zrun irufh wr
derxw ;3( ryhu d shulrg ri voljkwo| ohvv wkdq 43 |hduv1 Wkh surgxfwlylw| ri fdslwdo
lqwhqvlyh mrev lv dvvxphg wr eh 83( kljkhu wkdq wkdw ri oderu lqwhqvlyh mrev/ vr wkh
surgxfwlyh srwhqwldo ri wkh hfrqrp| jurzv derxw 58( lq wkh whq |hduv1 Wkh sdudphwhu
ydoxhv xvhg lq wkh vlpxodwlrq duh= � ' �/ B ' f�b�/ k& ' k� ' f�b/ R& ' e�D/ R� ' �/
�& ' f149 Iljxuh 8 ghslfwv wkh h�hfw ri wklv jurzwk rq xqhpsor|phqw/ rxwsxw +JQS,/
zdjhv/ dqg lqhtxdolw| ri zrunhu lqfrphv dv phdvxuhg e| wkh Jlql frh!flhqw1 Wkh
gdvkhg olqh uhsuhvhqwv wkh qxpehu ri fdslwdo lqwhqvlyh mrev dw hdfk gdwh1 Lq wkh vkruw
uxq wkh xqhpsor|phqw udwh ulvhv gudpdwlfdoo| iurp derxw :( wr doprvw 58( dw lwv
shdn/ zkloh zdjhv lq fdslwdo lqwhqvlyh mrev idoo e| derxw 53(1 Diwhu ulvlqj vorzo|/
JQS glsv voljkwo| dqg wkhuh lv d pdunhg lqfuhdvh lq lqhtxdolw|1 Exw wkhq JQS vwduwv
wr ulvh vkduso| dqg/ lq wkh orqj uxq/ zdjhv dqg wkh xqhpsor|phqw udwh uhwxuq wr wkhlu
suh0jurzwk ohyhov1 Wkh h�hfw ri jurzwk lv wr voljkwo| udlvh lqhtxdolw| lq wkh orqj uxq1

Lq wkh vlpxodwlrqv/ lqfuhdvhg wxuqryhu lq oderu lqwhqvlyh mrev dv zrunhuv pryh wr
wkh fdslwdo lqwhqvlyh vhfwru orzhuv wkh ydoxh ri d pdwfk wr �upv zlwk oderu lqwhqvlyh
mrev1 Frqvhtxhqwo|/ sd| pxvw idoo wr hqvxuh vx!flhqw uhqw wr �upv lq wkdw vhfwru
iru wkh zdjh djuhhphqw wr eh vhoi0hqiruflqj1 Wklv uhgxfhv xwlolw| lq oderu lqwhqvlyh
mrev1 Lq htxloleulxp/ wkh h{shfwhg xwlolw| iurp vhdufk lq wkh wzr pdunhwv pxvw eh
htxdo/ vr jurzwk dovr ghfuhdvhv sd| dqg xwlolw| lq fdslwdo lqwhqvlyh mrev lq wkh vkruw
uxq1 Wklv fdq eh dfklhyhg rqo| e| d vkruw whup uhgxfwlrq lq wkh suredelolw| ri dq
xqhpsor|hg zrunhu jhwwlqj d fdslwdo lqwhqvlyh mre1 Qrwh wkdw zh gr qrw dvvxph
zrunhuv kdyh wr vshqg vrph wlph xqhpsor|hg diwhu pljudwlqj wr wkh fdslwdo lqwhqvlyh
vhfwru ehiruh wkh| fdq jhw d fdslwdo lqwhqvlyh mre1 Oxfn| pljudqwv jhw mrev zlwkrxw
ehlqj xqhpsor|hg dw doo1 Wkh lqfuhdvhg xqhpsor|phqw lv vlpso| zkdw lv uhtxluhg wr
nhhs wkh h!flhqw htxloleulxp sd|r� frqglwlrqv vdwlv�hg1

Rqfh jurzwk lq wkh qxpehu ri fdslwdo lqwhqvlyh mrev ehjlqv wr vorz/ pljudwlrq idoov
dqg zdjhv vwduw wr lqfuhdvh1 Rqfh jurzwk vwrsv/ wkh xqhpsor|phqw udwh lq wkh fdslwdo
lqwhqvlyh vhfwru dqg uhdo sd| lq erwk vhfwruv uhwxuqv wr lwv ruljlqdo ydoxh1 Jurzwk
fdqqrw lqfuhdvh sd| lq hlwkhu vhfwru dv orqj dv wkhuh duh zrunhuv lq oderu lqwhqvlyh
mrev wr eh gudzq lqwr wkh fdslwdo lqwhqvlyh vhfwru vlqfh wkh oderu lqwhqvlyh vhfwru kdv
frqvwdqw uhwxuqv wr vfdoh1 Krzhyhu/ wkrvh pljudqwv zkr vxffhhg lq jhwwlqj fdslwdo
lqwhqvlyh mrev hduq kljkhu zdjhv wkdq zrunhuv zkr uhpdlq lq wkh oderu lqwhqvlyh
vhfwru/ vr dyhudjh zdjhv lqfuhdvh dqg wkhuh lv dq lqfuhdvh lq lqhtxdolw|1

Li jurzwk lq wkh qxpehu ri fdslwdo lqwhqvlyh mrev frqwlqxhg lqgh�qlwho|/ wkhuh
zrxog hyhqwxdoo| eh qr zrunhuv hpsor|hg lq wkh oderu lqwhqvlyh vhfwru/ wkdw vhfwru
zrxog glvdsshdu/ dqg zdjhv lq fdslwdo lqwhqvlyh mrev zrxog vwduw wr ulvh1 Zdjhv frxog
ulvh ehiruh wklv li whfkqrorjlfdo surjuhvv lqfuhdvhg surgxfwlylw| lq wkh oderu lqwhqvlyh
vhfwru ehfdxvh e| +56,` �

|
lqfuhdvhv e| wkh vdph dprxqw dv R� dqg wkdw ihhgv wkurxjk

49Wkh vlpxodwlrq zdv surjudpphg lq pdwode1 Wkh frgh xvhg lv dydlodeoh xsrq uhtxhvw1
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wr zdjhv lq fdslwdo lqwhqvlyh mrev1 Wklv lv d vrxufh ri uhdo zdjh jurzwk zh kdyh ljqruhg
lq wkh vlpxodwlrq wkdw frxog dpholrudwh/ dqg srvvleo| rxwzhljk/ wkh devroxwh ghfolqh
lq uhdo zdjhv uhvxowlqj iurp lqfuhdvhg pljudwlrq1

Dv lq Kduulv dqg Wrgdur +4<:3,/ pljudwlrq dqg xuedq xqhpsor|phqw duh wkh
frqvhtxhqfhv ri jurzwk lq wkh olplwhg qxpehu ri mrev lq wkh kljk zdjh pdqxidfwxulqj
+fdslwdo lqwhqvlyh, vhfwru lq xuedq duhdv1 Wkh lpsruwdqw gl�huhqfh lv wkdw khuh zh
kdyh prghoohg wkh uhdvrqv iru wkh zdjh gl�huhqwldo ehwzhhq xuedq dqg uxudo duhdv dqg
wklv doorzv xv wr prgho wkh frqvhtxhqfhv ri xuedq jurzwk iru zdjhv1 Vxfk jurzwk/
dv zh kdyh vkrzq/ uhvxowv lq d idoo lq uhdo zdjhv lq erwk vhfwruv dqg vr/ dw ohdvw lq
lwv hduo| vwdjhv/ uhvxowv lq d orzhulqj ri olylqj vwdqgdugv iru doo zrunhuv h{fhsw wkrvh
zkr pljudwh dqg duh vxffhvvixo lq jhwwlqj rqh ri wkh lqfuhdvhg qxpehu ri xuedq mrev1
Lq frqvhtxhqfh/ wkh vkduh ri sur�wv lqfuhdvhv dqg/ li sur�wv jr wr wkh douhdg| ehwwhu
r�/ jurzwk jhqhudwhv wkh Nx}qhwv +4<88, h�hfw ri dq lqfuhdvh lq wkh lqhtxdolw| ri wkh
lqfrph glvwulexwlrq1

8 Frqfoxvlrq

Vklunlqj prghov ri h!flhqf| zdjhv vxssrvh wkdw �upv prwlydwh zrunhuv e| sd|lqj
deryh pdunhw fohdulqj zdjhv dqg wkuhdwhqlqj wr �uh zrunhuv zkr vklun1 Vxfk prghov
h{sodlq qhlwkhu wkh zlghvsuhdg xvh ri shuirupdqfh uhodwhg sd| qru wkh vrfldo qrupv
vxuurxqglqj wkh frqfhsw ri d idlu zdjh1 Zh kdyh vkrzq wkdw wkh wkhru| ri vhoi0
hqiruflqj djuhhphqwv fdq h{whqg wkh edvlf h!flhqf| zdjh prgho wr lqfrusrudwh erwk
wkhvh skhqrphqd1

Rxu prgho suhglfwv wkdw h!flhqf| zdjhv duh olnho| wr eh revhuyhg lq lqgxvwulhv
zkhuh wkh frvw ri kdylqj d mre ydfdqw lv kljk uhodwlyh wr wkh frvw ri d zrunhu uhpdlqlqj
xqhpsor|hg +ru xqghuhpsor|hg,1 Zh vkrz wkdw wkh h{lvwhqfh ri dq h!flhqf| zdjh
htxloleulxp ghshqgv rq d vhw ri vhoi0hqiruflqj vrfldo qrupv wkdw hqvxuh �upv gr qrw
fxw zdjhv sxuho| wr wdnh dgydqwdjh ri dq h{fhvv vxsso| ri zrunhuv/ wkrxjk zdjhv vwloo
idoo lq uhvsrqvh wr dq lqfuhdvh lq h{fhvv vxsso|1 Zkhuh wkhuh lv h{fhvv ghpdqg iru
zrunhuv/ wkh prgho suhglfwv wkdw �upv xvh vrph irup ri shuirupdqfh sd| wr prwlydwh
hpsor|hhv1 Lq wklv fdvh/ wkh wkuhdw ri d zrunhu txlwwlqj hqvxuhv wkdw �upv kdyh dq
lqfhqwlyh wr sd| wkh surplvhg erqxvhv1

Wkhvh uhvxowv duh dssolhg wr d wzr vhfwru prgho dqg dgglwlrqdo hpslulfdo lp0
solfdwlrqv duh ghulyhg1 Lw lv vkrzq wkdw lqwhu0vhfwrudo zdjh gl�huhqwldov dulvh iurp
gl�huhqfhv lq wkh fdslwdo lqwhqvlw| ri mrev1 Zh looxvwudwh krz d shulrg ri udslg jurzwk
lq fdslwdo lqwhqvlyh mrev pd| jhqhudwh dq lqlwldo idoo lq rxwsxw/ uhgxfhg zdjhv/ kljkhu
xqhpsor|phqw dqg lqfuhdvhg lqhtxdolw|/ uhvxowv wkdw gr qrw iroorz iurp d vwdqgdug
wh{werrn prgho1

Wkh prgho suhvhqwhg khuh lv yhu| vw|ol}hg1 Lw grhv/ krzhyhu/ looxvwudwh wkdw ylhzlqj
wkh sureohp ri zrunhu prwlydwlrq iurp wkh pruh jhqhudo shuvshfwlyh ri vhoi0hqiruflqj
djuhhphqwv jhqhudwhv lpsolfdwlrqv wkdw duh gl�huhqw iurp rwkhu lqfhqwlyh prghov1
Wkhuh duh pdq| dyhqxhv iru h{whqvlrqv ri wklv zrun/ lqfoxglqj lqfrusrudwlqj yduldwlrqv
lq zrunhu delolw| dqg vhdufk frvwv/ wkdw vkrxog uhvxow lq qhz dqg lqwhuhvwlqj whvwdeoh
k|srwkhvhv1
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D Qrq0Vwdwlrqdu| Htxloleuld

Wklv dsshqgl{ vkrzv wkdw wkh surshuw| wkdw htxloleuld lq wkh prgho kdyh doo wkh uhqw
jrlqj wr wkh orqj vlgh ri wkh pdunhw +wr zrunhuv li wkhuh lv xqhpsor|phqw/ wr �upv li
wkhuh duh xq�oohg ydfdqflhv, dssolhv wr doo htxloleuld/ qrw mxvw wkh vwdwlrqdu| htxloleuld
glvfxvvhg lq vhfwlrq 61 Wkh devhqfh ri uhsxwdwlrq h�hfwv iurp suhylrxv mrev hqvxuhv
wkdw doo djhqwv rq wkh vkruw vlgh qhjrwldwlqj qhz pdwfkhv lq shulrg | uhfhlyh wkh
vdph sd|r� � ehfdxvh wkh| fdq dozd|v �qg dqrwkhu pdwfk/ wkh| zloo uhixvh dq| r�hu
wkdw jlyhv d sd|r� orzhu wkdq wkh ehvw fxuuhqwo| dydlodeoh1 Wkxv/ li wkhuh duh pruh
zrunhuv wkdq mrev/ �upv fdq dozd|v �oo ydfdqw mrev/ vr wkhlu ixwxuh sur�wv li wkh| hqg
d pdwfk duh mxvw wkh ixwxuh sur�wv iurp iruplqj d qhz rqh1 Irupdoo|/ li u : a|/
wkhq 7�| ' �|E 	̀ |�/ zkhuh 	̀

| lv wkh sd| sur�oh qhjrwldwhg iru pdwfkhv vwduwhg dw |1
Frqyhuvho|/ li wkhuh duh pruh mrev wkdq zrunhuv/ zrunhuv fdq dozd|v �qg dqrwkhu mre
vr wkhlu ixwxuh xwlolw| iurp hqglqj d pdwfk lv mxvw wkh ixwxuh xwlolw| wkh| zrxog jhw
iurp iruplqj d qhz rqh1 Wkdw lv/ li u 	 a|/ wkhq 7L| ' L|E 	̀ |�1 Wkhvh surshuwlhv
iroorz vlpso| iurp wkh devhqfh ri h{whuqdo uhsxwdwlrq h�hfwv dqg doo vkruw vlgh djhqwv
ehlqj pdwfkhg1

Wr vdwlvi| wkh lqfhqwlyh frpsdwlelolw| +LF, frqglwlrq +<, uhtxluhv d vwulfwo| srvlwlyh
uhqw ri dw ohdvw �*EB4|� iru pdwfkhv iruphg ehiruh |1 +Dw | ' �/ wkh �uvw shulrg wkh
pdunhw rshudwhv/ wkhuh duh qr h{lvwlqj pdwfkhv iru zklfk lqfhqwlyh frpsdwlelolw| pxvw
eh vdwlv�hg1, Wkdw/ lq wxuq/ lpsolhv wkh vdph uhqw iru qhz pdwfkhv vwduwhg dw | : �1
Wklv fdq eh vhhq dv iroorzv1 Lq dgglqj +4, dqg +5, iru dq| � / wkh sd| whupv fdqfho/
zklfk lpsolhv L|E 	̀ �� n �|E 	̀ �� lv lqghshqghqw qrw rqo| ri wkh zdjh sur�oh exw dovr
ri wkh gdwh � dw zklfk d pdwfk zdv iruphg1 Pruhryhu/ vlqfh wkh devhqfh ri h{whuqdo
uhsxwdwlrq h�hfwv lpsolhv wkdw wkh pdunhw dowhuqdwlyhv 7L| dqg 7�| dw hdfk | duh wkh
vdph iru doo pdwfkhv qr pdwwhu zkhq wkh| zhuh iruphg/ lw iroorzv wkdw

L|E 	̀ |� n �|E 	̀ |� ' L|E 	̀ �� n �|E 	̀ ��c iru doo � � |� +66,

Wrjhwkhu zlwk wkh lqfhqwlyh frpsdwlelolw| frqglwlrq +<,/ wklv lpsolhv

L|E 	̀ |� n �|E 	̀ |�� 7L| � 7�| �
�

B4|

c iru | : �c +67,

zklfk hvwdeolvkhv wkdw wkhuh lv d uhqw ri �*B4| wr iruplqj qhz pdwfkhv dw | : �1
Frqvlghu d pdunhw htxloleulxp zlwk a| 	 u1 Dv douhdg| vkrzq/ wklv kdv 7�| '

�|E 	̀ |�1 Exw wkhq +67, lpsolhv L|E 	̀ |� � 7L| n
�

B4|
iru | : �1 Wkxv zrunhuv qhfhvvdulo|

uhfhlyh kljkhu xwlolw| iurp jhwwlqj d mre wkdq iurp ehlqj xqhpsor|hg hyhq dw wkh vwduw
ri d pdwfk1 Frqyhuvho|/ d pdunhw htxloleulxp zlwk a| : u kdv 7L| ' L|E 	̀ |� dqg xvh
ri wklv lq +67, hvwdeolvkhv wkdw �|E 	̀ |� � 7�| n

�

B4|
iru | : �1 Wkxv �upv qhfhvvdulo|

uhfhlyh kljkhu sur�wv iurp �oolqj d mre wkdq iurp ohdylqj lw ydfdqw hyhq dw wkh vwduw
ri d pdwfk1 Wr vxppdul}h/ d pdunhw htxloleulxp zlwk pruh mrev wkdq zrunhuv kdv doo
zrunhuv hpsor|hg dqg �upv uhfhlylqj d uhqw ri dw ohdvw �*EB4|� iurp �oolqj d ydfdqw
mre dw dq| | : �1 Lq frqwudvw/ d pdunhw htxloleulxp zlwk pruh zrunhuv wkdq mrev kdv
doo mrev �oohg dqg zrunhuv uhfhlylqj d uhqw ri dw ohdvw �*EB4|� iurp ehfrplqj hpsor|hg
dw dq| | : �1

Wklv dujxphqw dssolhv rqo| wr pdwfkhv iruphg lq shulrgv | : �/ wkdw lv/ wr shul0
rgv diwhu wkh �uvw shulrg lq zklfk wkh pdunhw rshudwhv1 Lw grhv qrw dsso| wr pdwfkhv
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iruphg lq shulrg 4 ehfdxvh ghflvlrqv wr vklun dqg fkhdw ghshqg rqo| rq ixwxuh sd|0
r�v dqg vr duh xqd�hfwhg e| sd|r�v lq shulrg 41 +Wklv lv mxvw wkh srlqw pdgh lq
Fduplfkdho +4<;8, derxw erqglqj1, Exw/ lq dq| rq0jrlqj pdunhw/ | ' � lv d gdwh
lq wkh sdvw dqg/ dv wlph jrhv e|/ pdwfkhv iruphg dw wkdw gdwh ehfrph lqfuhdvlqjo|
luuhohydqw wr fxuuhqw pdunhw frqglwlrqv ehfdxvh ri h{rjhqrxv wxuqryhu1
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Iljxuh 4= Wlplqj ri Hyhqwv lq Shulrg w

Iljxuh 5= Pdunhw Htxloleulxp zlwk H!flhqf| Zdjhv
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Iljxuh 6= Pdunhw Htxloleuld zlwk Shuirupdqfh Sd| dqg H!flhqf| Zdjhv
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Iljxuh 7= Shufhqwdjh ri Zrunhuv Uhfhylqj Phulw Sd| yhuvxv Xqhpsor|phqw Udwh e|
Rffxsdwlrqdo Jurxs
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Iljxuh 8= Hfrqrplf Frqvhtxhqfhv ri Jurzwk
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