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Devwudfw

Ilulqj frvwv duh riwhq eodphg iru xqhpsor|phqw1 Lq wklv sdshu/ zh lqyhvwljdwh wklv

zlghvsuhdg eholhi wkhruhwlfdoo|1 Ilulqj frvwv duh lqwurgxfhg lq dq h!flhqf| zdjh prgho

wr fdswxuh wkhlu h�hfwv rq hpsor|phqw wkurxjk zdjhv1 Lq dgglwlrq/ glvplvvdo frq lfwv

duh prghoohg h{solflwo| dqg wkhlu frvw lv ghulyhg1 Wkhvh wzr hohphqwv duh lqfoxghg

dqg olqnhg1 Prghoolqj �ulqj frvwv lq d frqwh{w zkhuh zrunhu h�ruw lv qrw shuihfwo|

revhuydeoh lpsolhv wkdw d grxeoh prudo kd}dug sureohp frxog dulvh1 Zkhqhyhu �upv

idfh d uhgxqgdqf|/ wkh| whqg wr xvh glvflsolqdu| glvplvvdov lq rughu wr dyrlg sd|lqj

�ulqj frvwv1 Vlploduo|/ zrunhuv zloo wkhq whqg wr ghq| dq| glvflsolqdu| fdvh wr jhw d

frpshqvdwlrq1 Rxu fodlp lq wklv sdshu lv wkdw wkh uhvroxwlrq ri wklv sureohp e| d wklug

sduw| zloo eh lpshuihfw jlyhq wkh lqirupdwlrq sureohp1 Wklv lpsolhv wkdw glvflsolqdu|

glvplvvdov zloo qrw eh frvwohvv1 Ilulqj frvwv lq wxuq zloo kdyh d qhjdwlyh h�hfw rq

djjuhjdwh hpsor|phqw ehfdxvh wkh| prgli| wkh uhqw wkdw kdv wr eh sdlg wr zrunhuv wr

suhyhqw vklunlqj1 Zh dovr �qg wkdw wkh vroxwlrq wr wkh sureohp grhv qrw qhfhvvdulo|

lpso| wkh holplqdwlrq ri �ulqj frvwv1

Nh|zrugv= h!flhqf| zdjhv/ hpsor|phqw surwhfwlrq ohjlvodwlrq/ glvflsolqdu| glv0

plvvdov/ frxuw ghflvlrqv1

MHO Fodvvl�fdwlrq frghv= M74/ M85/ M981

�Zh zrxog olnh wr wkdqn Ohrqdugr Ihool/ Hg Od}hdu/ Pljxho D1 Pdor/ Dodq Pdqqlqj dqg Jloohv Vdlqw0Sdxo
iru yhu| xvhixo frpphqwv dqg glvfxvvlrqv1 Zh duh judwhixo wr \ydq Ghfuhx{ iru khoslqj xv �qg wkh Iuhqfk
gdwd1 Zh dovr wkdqn wzr dqrq|prxv uhihuhhv dqg Nodxv P1 Vfkplgw iru yhu| xvhixo frpphqwv dqg vxjjhvwlrqv1
P1 Jÿhoo judwhixoo| dfnqrzohgjhv �qdqfldo vxssruw iurp wkh Vsdqlvk Plqlvwu| ri Vflhqfh dqg Whfkqrorj|
+Surmhfw Qr1 EHF533304359,1 M1H1 Jdogöq0Väqfkh} wkdqnv �qdqfldo vxssruw iurp wkh GJLF\W S<;0346<
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4 Lqwurgxfwlrq

Ilulqj frvwv duh riwhq eodphg iru xqhpsor|phqw lq Hxursh +vhh/ iru lqvwdqfh/ RHFG/ 4<<7,1

Exw erwk wkhruhwlfdo prghov dqg hpslulfdo vwxglhv ohdg wr pl{hg uhvxowv zkhq dqdo|vlqj wkh

h�hfw ri �ulqj frvwv rq djjuhjdwh xqhpsor|phqw +vhh/ iru lqvwdqfh/ Ehuwrod hw do1/ 5333,1

Wkh jrdo ri wklv sdshu lv wr lqyhvwljdwh wklv zlghvsuhdg eholhi iurp d wkhruhwlfdo srlqw ri

ylhz dqg wr surylgh vrph qhz lqvljkwv iru hpslulfdo dqdo|vlv1 Zh dqdo|vh wkh lqvwlwxwlrqdo

vrxufhv ri glvplvvdo frq lfwv dqg wkhlu lpsolfdwlrqv iru oderxu frvwv/ dgrswlqj d zlghu ylhz

ri hpsor|phqw surwhfwlrq ohjlvodwlrq1

Wkh prgho zh exlog kdv wzr pdlq fkdudfwhulvwlfv1 Iluvw/ xqolnh pdq| sdshuv lq wklv duhd/

�ulqj frvwv duh lqwurgxfhg lq dq h!flhqf| zdjh prgho wr fdswxuh wkhlu h�hfwv rq hpsor|phqw

wkurxjk zdjhv1 Vhfrqg/ glvplvvdo frq lfwv duh prghoohg h{solflwo| dqg wkhlu frvw lv ghulyhg1

Lq sduwlfxodu/ wzr w|shv ri glvplvvdov lq zklfk hpsor|huv dqg hpsor|hhv kdyh frq lfwlqj

lqwhuhvwv duh frqvlghuhg/ uhgxqgdqflhv dqg glvflsolqdu| glvplvvdov1 Lq rxu prgho/ hpsor|hh0

hpsor|hu frq lfwv dulvh iurp wzr idfwv1 Iluvw/ zrunhuv* h�ruw lv qrw shuihfwo| revhuydeoh1

Vhfrqg/ wkh odz lq prvw Hxurshdq frxqwulhv vwdwhv wkdw �upv kdyh wr frpshqvdwh zrunhuv

zkhq idflqj d uhgxqgdqf|/ zkloh qr frpshqvdwlrq lv uhtxluhg zkhq idflqj d glvflsolqdu|

glvplvvdo1 Lq wklv vhqvh/ wkh prgho fdswxuhv/ lq d sodxvleoh zd|/ vrph ri wkh lpsruwdqw

ihdwxuhv dvvrfldwhg zlwk od|lqj r� zrunhuv lq Hxurshdq frxqwulhv1

Ghvslwh wkh suhydohqw lghd ri wkh +qhjdwlyh, h�hfw ri �ulqj frvwv rq hpsor|phqw/ hvshfldoo|

dprqj srolf| pdnhuv dqg hpsor|huv/ wkhuh duh yhu| gl�huhqw ylhzv lq wkh olwhudwxuh ghshqglqj

rq wkh prgho xvhg1 Iru lqvwdqfh/ dffruglqj wr wkh lqvlghu0rxwvlghu wkhru| sxw iruzdug e|

Olqgehfn dqg Vqrzhu +4<;;,/ �ulqj frvwv duh d vrxufh ri pdunhw srzhu iru lqfxpehqw zrunhuv

+wkh lqvlghuv, ylv0ã0ylv wkh xqhpsor|hg +wkh rxwvlghuv,1 Lqvlghuv xvh wkhlu pdunhw srzhu wr

h{huflvh xszdug suhvvxuh rq wkhlu zdjhv dqg wkhuhe| jhqhudwh xqhpsor|phqw1 Dffruglqj wr

wklv ylhz/ wkh kljkhu wkh �ulqj frvwv/ wkh kljkhu wkh xqhpsor|phqw1
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D frpsohwho| gl�huhqw ylhz ri �ulqj frvwv lv wkh rqh e| Od}hdu +4<<3,1 Kh vkrzv wkdw li

pdunhwv duh shuihfw dqg frpsohwh/ wkhq  h{leoh zdjhv fdq xqgr doo wkh h�hfwv ri �ulqj frvwv

dqg/ wkhuhiruh/ �ulqj frvwv duh qhxwudo rq hpsor|phqw14 Zrunhuv sd| h{0dqwh d ihh zklfk lv

htxdo wr wkh vhyhudqfh sd|phqw wkh| jhw lq fdvh wkh| duh �uhg1 Li wkh| nhhs wkh mre/ wkh| jhw

wkhlu ihh edfn zlwk kljkhu zdjhv1 Lq vxfk d zruog/ iru dq| ohyho ri �ulqj frvwv/ lw lv dozd|v

srvvleoh wr zulwh dq rswlpdo frqwudfw wkdw xqgrhv doo wkh h�hfwv ri vhyhudqfh sd|phqwv1

D wklug ylhz ri �ulqj frvwv kljkoljkwv wkh srvvlelolw| ri �ulqj frvwv dulvlqj hqgrjhqrxvo|1

Wklv dssurdfk lv prwlydwhg e| wkh idfw wkdw vrphwlphv �upv dqg zrunhuv qhjrwldwh vhyhudqfh

sd|phqwv wkdw gr qrw frlqflgh zlwk wkh rqhv ohjdoo| vhw> ru hyhq/ vrph �upv r�hu vhyhudqfh

sd|phqwv lq wkh devhqfh ri hpsor|phqw surwhfwlrq ohjlvodwlrq1 Vhyhudo dxwkruv kdyh lqyhv0

wljdwhg wklv lghd lq gl�huhqw frqwh{wv1 Iru lqvwdqfh/ Errwk dqg Fkdwwhuml +4<;<, frqvwuxfw

d prgho ri �up0vshfl�f wudlqlqj zkhuh erwk wkh uhwxuqv wr wudlqlqj dqg wkh rxwvlgh rswlrqv

iru zrunhuv duh xqfhuwdlq1 Lq vxfk d frqwh{w/ wkh frvwv ri wudlqlqj duh vkduhg ehwzhhq wkh

�up dqg wkh zrunhu ehfdxvh wkhuh h{lvwv wkh srvvlelolw| wkdw wkh zrunhu txlwv1 Lq fdvh ri

ehlqj glvplvvhg/ zrunhuv duh frpshqvdwhg e| wklv frvw zlwk d uhgxqgdqf| sd|phqw1 Ilqdoo|/

Vdlqw0Sdxo +4<<9, h{soruhv krz �ulqj frvwv dulvh hqgrjhqrxvo| lq d g|qdplf h!flhqf| zdjh

prgho1 Ilupv pd| fkrvh wr yroxqwdulo| r�hu �ulqj frvwv lq wkhlu oderxu frqwudfwv ehfdxvh/ lq

dq xqfhuwdlq hqylurqphqw/ wkhvh khos �upv wr fuhgleo| frpplw wr pruh vwdeoh hpsor|phqw

srolflhv1

Wkh wkuhh ylhzv vwdwhg deryh kdyh udglfdoo| gl�huhqw lghdv rq wkh h�hfwv ri �ulqj frvwv

ryhu hpsor|phqw1 Rqh frxog fuxgho| vxppdulvh wkdw �ulqj frvwv duh �edg� dffruglqj wr wkh

�uvw ylhz/ �qhxwudo� dffruglqj wr wkh vhfrqg ylhz/ ru hyhq �jrrg� dffruglqj wr wkh wklug ylhz/

vlqfh wkh| fdq eh dq rswlpdo lqvwuxphqw iru �upv15 Frqvhtxhqwo|/ wkhvh wkuhh iudphzrunv

4Ehuwrod +4<<3, kljkoljkwv lq d prgho zkhuh zdjhv duh vhw e| lqvlghuv wkdw vxfk qhxwudolw| zrxog qrw dulvh
lq wkh suhvhqfh ri d +elqglqj, plqlpxp zdjh ohjlvodwlrq1

5Qrwh wkdw zh duh qrw frqvlghulqj prghov zkhuh zrunhuv duh ulvn0dyhuvh1 Iru d prgho ri wklv vruw/ vhh
Errwk +4<<:,1
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vxppdulvh doo srvvleoh h�hfwv ri �ulqj frvwv ryhu hpsor|phqw1 Wkh prgho suhvhqwhg khuh

lv dq h!flhqf| zdjh prgho zkhuh glvplvvdo frq lfwv duh frvwo|1 Dv zloo eh vhhq/ prghoolqj

�ulqj frvwv lq wklv zd| doorzv wkh lqwhjudwlrq ri wkh wkuhh gl�huhqw ylhzv phqwlrqhg deryh1

Prvw ri wkh h{lvwlqj zrun rq �ulqj frvwv irfxvhv rq oderxu ghpdqg prghov dqg wkh rqo|

w|shv ri glvplvvdov frqvlghuhg duh uhgxqgdqflhv +vhh/ iru h{dpsoh/ Ehqwrolod dqg Ehuwrod/

4<<3/ Ehqwrolod dqg Vdlqw0Sdxo/ 4<<7/ Ehuwrod/ 4<<5/ dqg Qlfnhoo/ 4<:;,1 Wkhvh prghov duh

yhu| xvhixo iru xqghuvwdqglqj wkh h�hfwv ri �ulqj frvwv rq wkh g|qdplf ixqfwlrqlqj ri wkh

oderxu pdunhw1 Krzhyhu/ wkh h�hfwv rq djjuhjdwh hpsor|phqw duh dpeljxrxv dqg uhpdlq lq

sduwldo htxloleulxp16 Wkh lpsolflw dvvxpswlrq ri oderxu ghpdqg prghov lv wkdw zdjhv duh

h{rjhqrxv dqg gr qrw fkdqjh lq wkh suhvhqfh ri �ulqj frvwv +dq h{hpswlrq ri wklv lv Ehuwrod/

4<<3,1 Lq rxu prgho/ zdjhv duh hqgrjhqrxv dqg �ulqj lv h{rjhqrxv17 Wklv kljkoljkwv dqrwkhu

glphqvlrq ri �ulqj frvwv zklfk lv qrw fdswxuhg e| vwdqgdug oderxu ghpdqg prghov1 Wr irfxv

rq wkh h�hfwv ri �ulqj frvwv rq zdjh0vhwwlqj lv sduwlfxoduo| lpsruwdqw iru xqhpsor|phqw

prghov lq zklfk wkh xqhpsor|phqw udwh lv ghwhuplqhg hqwluho| e| orqj0uxq vxsso| idfwruv

+vhh Od|dug hw do1/ 4<<4,1

Prvw lqgxvwuldolvhg frxqwulhv kdyh d mre surwhfwlrq ohjlvodwlrq iudphzrun wkdw surwhfwv

zrunhuv djdlqvw uhgxqgdqflhv1 Wkh lghd lv wkdw d uhgxqgdqf| lv vrphwklqj h{rjhqrxv wr d

zrunhu wkdw lpsrvhv d frvw rq klp/ dqg wkxv kh pxvw eh frpshqvdwhg iru lw1 Dw wkh vdph

wlph/ hpsor|huv duh doorzhg wr �uh zrunhuv iru glvflsolqdu| uhdvrqv zlwkrxw kdylqj wr sd|

dq| frpshqvdwlrq wr wkhp1 Wklv ohjlvodwlrq dovr shuplwv zrunhuv wr wdnh fdvhv wr frxuw zkhq

wkhuh lv glvdjuhhphqw rq wkh fdxvh ri glvplvvdo1 Dqg lw vhwv dq lqghpqlw| wr eh sdlg lq

wkh fdvh wkdw wkh frxuw frqvlghuv wkh glvplvvdo xqidlu1 Wkhvh whupv duh gh�qhg iurp wkh

zrunhuv* shuvshfwlyh1 Dq xqidlu fdvh lv zkhq wkh frxuw frqvlghuv wkdw wkh �up lv zurqj dqg

wkhuhiruh wkh zrunhu pxvw uhfhlyh wkh xqidlu �ulqj frvw ehfdxvh wkh glvplvvdo lv xqmxvw1 Wkh

6Vhh Omxqjtylvw +5333, iru d vxuyh| rq jhqhudo htxloleulxp prghov1
7Rwkhu prghov ri wklv vruw duh Gðd} dqg Vqrzhu +4<<9, dqg Urwhpehuj +4<<;,1
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idlu vhyhudqfh sd|phqw lv wkh ghidxow lqghpqlw| iru d glvplvvdo zkhq wkhuh lv qr frq lfw1

Wklv lv dovr wkh lqghpqlw| zkhq wkh fdvh jrhv wr frxuw dqg lw lv ghflghg lq idyrxu ri wkh

�up1 Juxee dqg Zhoov +4<<6, dqg RHFG +4<<<, surylgh d frpsdulvrq ri wkhvh idlu dqg

xqidlu lqghpqlwlhv lq gl�huhqw RHFG frxqwulhv1 Qrwh wkdw wkh xqidlu udwh lv wkh vdph iru

erwk glvflsolqdu| dqg uhgxqgdqflhv lq doo frxqwulhv1

Wkhuh lv d frpprqo| khog lghd wkdw �ulqj frvwv duh kljk ehfdxvh glvplvvdo frq lfwv

lqyroyh odujh dgplqlvwudwlyh dqg ohjdo frvwv dqg wkdw wkhvh ohdg wr kljkhu oderxu frvwv +vhh/

iru lqvwdqfh/ Hphuvrq/ 4<;;,1 Dowkrxjk wklv srlqw lv riwhq pdgh/ lw lv xvxdoo| prghoohg lq

d vlpsolvwlf zd|= �ulqj frvwv sdlg e| �upv duh dvvxphg wr eh kljkhu wkdq wkh lqghpqlw|

wkdw �upv kdyh wr sd| wr zrunhuv +vhh/ iru h{dpsoh/ Exugd/ 4<<5,1 Exw wklv lv qrw dfwxdoo|

wkh fdvh lq prvw Hxurshdq frxqwulhv18 Lqvwhdg/ wkh vrxufh ri kljkhu �ulqj frvwv kdv wr gr

pruh zlwk wkh idfw wkdw wkh ohjlvodwlrq jhqhudoo| vhwv d kljkhu vhyhudqfh sd| iru fdvhv wdnhq

wr frxuw dqg ghfoduhg xqidlu wkdq iru wkrvh frqvlghuhg idlu e| frxuw1 Wkh idlu vhyhudqfh

sd| ri uhgxqgdqflhv lv wkh �ulqj frvw dvvxphg lq prvw h{lvwlqj prghov1 Pruhryhu/ vlqfh wkh

idlu vhyhudqfh sd| ri glvflsolqdu| fdvhv lv }hur/ wklv w|sh ri glvplvvdo lv dozd|v ljqruhg zkhq

prghoolqj �ulqj frvwv +dw ohdvw wr rxu nqrzohgjh,1

Exw glvflsolqdu| glvplvvdov duh yhu| pxfk xvhg lq vrph Hxurshdq frxqwulhv wr �uh d

zrunhu/ dqg wkh| riwhq hqg xs lq frxuw/ zklfk lpsolhv wkdw wkh| duh qrw dozd|v frvw0

ohvv1 Lq Iudqfh/ iru lqvwdqfh/ lqglylgxdo glvplvvdov gdwd iru wkh shulrg 4<;504<<; lqglfdwh

wkdw/ rq dyhudjh/ dv pxfk dv ;3( ri lqglylgxdo glvplvvdov wkdw duulyhg wr frxuw +Frqvhlo

gh Suxg*krpphv, zhuh glvflsolqdu|19 Dqg durxqg :7( ri fdvhv wkdw duulyhg wr frxuw zhuh

ghfoduhg xqidlu/ zklfk lqglfdwhv wkdw glvflsolqdu| glvplvvdov lq Iudqfh duh qrw frvwohvv1: Xq0

iruwxqdwho|/ dw ohdvw wr rxu nqrzohgjh/ qr rwkhu Hxurshdq frxqwu| kdv vxfk ghwdlohg gdwd1

8Wkh pdmrulw| ri fdvhv duh vhwwohg sulydwho| ehwzhhq hpsor|hu dqg hpsor|hh lq Iudqfh/ Lwdo|/ Vsdlq dqg
XN +vhh Jdogöq0Väqfkh} dqg Jÿhoo/ 5333,1

9Vrxufh= Plqlvwhuh gh od Mxvwlfh +Iudqfh,1
:Wklv �jxuh fruuhvsrqgv wr doo frq lfwv wkdw duulyh wr wkh Frqvhlo gh Suxg*krpphv> glvplvvdo frq lfwv

uhsuhvhqw rq dyhudjh 93( ri wkh wrwdo fodlpv �qdolvhg lq wklv frxuw1
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Lq Vsdlq/ pdq| dxwkruv kdyh vwxglhg zk| wkh glvflsolqdu| glvplvvdo kdv ehhq ryhuxvhg +vhh

Ehqwrolod/ 4<<:/ Pdor/ 4<<; dqg 5333/ dqg Pdor dqg Wrkduld/ 4<<<,1 Lw lv djuhhg wkdw/ iru

�upv/ glvflsolqdu| glvplvvdov/ hyhq li ghfoduhg xqidlu/ fdq eh d fkhdshu zd| wr �uh zrunhuv

wkdq uhgxqgdqflhv1 Dqg wkdw iru zrunhuv/ wkhuh lv dq lqfhqwlyh wr vxh wkhlu hpsor|hu zkhq

wkh| duh �uhg iru glvflsolqdu| uhdvrqv ehfdxvh ri wkh gl�huhqfh lq frpshqvdwlrq zkhq wkh

fdvh lv ghfoduhg xqidlu1 Gxulqj 4<;904<<;/ rq dyhudjh/ durxqg :5( ri fdvhv wdnhq wr frxuw

zhuh ghfoduhg lq idyrxu ri wkh zrunhu/ lqglfdwlqj wkdw glvflsolqdu| glvplvvdov lq Vsdlq duh

qrw frvwohvv hlwkhu1;

Wklv hylghqfh kljkoljkwv wkh idfw wkdw wkhuh lv d glvsursruwlrqdwh qxpehu ri frq lfwv uh0

odwhg wr glvflsolqdu| glvplvvdov dqg wkdw wkh| duh qrw frvwohvv1 Wkhuhiruh/ lw vhhpv lpsruwdqw

wr xqghuvwdqg zkdw lv ehklqg wkhvh glvplvvdo frq lfwv dqg/ lq sduwlfxodu/ zkdw duh wkh lqfhq0

wlyhv jhqhudwhg e| wkh ohjlvodwlrq wr lqgxfh vxfk kljk shufhqwdjh ri glvflsolqdu| glvplvvdov

wr eh wdnhq wr frxuw1

Zh frqvlghu d prgho ri glvplvvdo frq lfwv zklfk kljkoljkwv wkh idfw wkdw glvflsolqdu| glv0

plvvdov pd| eh frvwo| gxh wr lqirupdwlrq sureohpv1 Lq wxuq/ wkh frvw ri uhgxqgdqflhv pd| eh

wkh xqidlu vhyhudqfh sd|phqw1 Wkhuhiruh/ wkh w|slfdo vlpsol�fdwlrq lq prvw h{lvwlqj prghov

ri ljqrulqj glvflsolqdu| glvplvvdov dv zhoo dv frqvlghulqj rqo| wkh idlu vhyhudqfh sd|phqw iru

uhgxqgdqflhv fdq eh plvohdglqj1

Frq lfwv ehwzhhq hpsor|huv dqg hpsor|hhv fdq dulvh iru yhu| gl�huhqw uhdvrqv1 Lq wklv

sdshu/ zh frqfhqwudwh lq frq lfwv lq zklfk djhqwv ehkdyh vwudwhjlfdoo|1< Lq jhqhudo/ zkhqhyhu

�upv idfh d uhgxqgdqf|/ wkh| zrxog olnh wr fodlp lw lv d glvflsolqdu| glvplvvdo lq rughu wr

dyrlg sd|lqj �ulqj frvwv1 Zh prgho �ulqj frvwv lq d frqwh{w zkhuh zrunhuv* h�ruw lv qrw

;Vrxufh= Plqlvwhulr gh Wudedmr | Dvxqwrv Vrfldohv +Vsdlq,1 Wklv hylghqfh lv uhpdundeo| vwdeoh dfurvv
wlph dqg uhjlrqv +vhh Jdogöq0Väqfkh} dqg Jÿhoo/ 5334,1

<Dqrwkhu jhqhudo fodvv ri frq lfwv lv uhodwhg wr wkh idfw wkdw wkh odz ohdyhv urrp iru lqwhusuhwdwlrq1 Lq
wkdw fdvh/ uhgxqgdqflhv frxog eh fkdoohqjhg dv vxfk dqg wkh sureohp zrxog eh wr dqdo|vh li wkh hfrqrplf
vlwxdwlrq ri wkh �up mxvwl�hv wkh glvplvvdo1 Vhh Jdogöq0Väqfkh} dqg Jÿhoo +5333, iru d prgho lq zklfk wkhvh
frq lfwv duh prghoohg h{solflwo|1 Qrwh wkdw wkh uhvxowv rq hpsor|phqw ghulyhg lq wklv sdshu zrxog qrw eh
prgl�hg li wklv fodvv ri frq lfwv zrxog kdyh ehhq lqfoxghg +vhh wkh dsshqgl{/ vhfwlrq D5,1
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shuihfwo| revhuydeoh1 Wklv dfwxdoo| surylghv d udwlrqdoh iru wkh h{lvwhqfh ri zrunhuv* uljkw wr

vxh wkhlu hpsor|huv lq fdvh ri glvdjuhhphqw1 Lq vxfk d frqwh{w/ zrunhuv fdq eh lq d zhdnhu

srvlwlrq ehfdxvh �upv fdq jhw dzd| zlwk wkh xvh ri glvflsolqdu| glvplvvdov zkhqhyhu wkh|

qhhg wr dgmxvw wkhlu zrunirufh +l1h1 lq fdvh ri uhgxqgdqf|,1 Wkhuhiruh/ wkhuh lv d uhdvrq

iru mre surwhfwlrq ohjlvodwlrq wr lqfoxgh wkh uljkw iru hpsor|hhv wr wdnh fdvhv wr frxuw1 Wkh

gudzedfn lv wkdw zrunhuv zloo wkhq whqg wr ghq| dq| glvflsolqdu| fdvh wr jhw d frpshqvdwlrq

+hvshfldoo| li wkh lqghpqlw| lv kljkhu zkhq wkh fdvh lv ghfoduhg xqidlu,/ djdlq ehfdxvh ri

wkh gl!fxow| lq revhuylqj zrunhuv* h�ruw1 Wkhuhiruh/ d grxeoh prudo kd}dug sureohp frxog

dulvh1 Rxu fodlp lq wklv sdshu lv wkdw wkh uhvroxwlrq ri wklv sureohp e| d wklug sduw| zloo eh

lpshuihfw jlyhq wkh lqirupdwlrq sureohp1

Wkh h{lvwhqfh ri lpshuihfw uhvroxwlrqv ri glvplvvdo fdvhv zloo lq wxuq lpso| wkdw glvflsol0

qdu| glvplvvdov zloo qrw eh frvwohvv dqg �ulqj frvwv zloo kdyh d qhjdwlyh h�hfw rq djjuhjdwh

hpsor|phqw1 Dv zloo eh glvfxvvhg dw wkh hqg ri wkh sdshu/ wkh vroxwlrq grhv qrw qhfhvvdulo|

lpso| wkh holplqdwlrq ri �ulqj frvwv1 Udwkhu/ zkdw zloo dsshdu wr eh lpsruwdqw lv wkh jds

ehwzhhq wkh vhyhudqfh sd|phqw iru wkrvh fdvhv frqvlghuhg xqidlu dqg wkrvh frqvlghuhg idlu1

Zh frqfhqwudwh rq glvplvvdo frq lfwv ri vpdoo2phglxp �upv iru zklfk �lqglylgxdo� glv0

plvvdo uhjxodwlrq dssolhv1 Lq fdvh ri odujh �upv/ uhgxqgdqflhv duh jhqhudoo| xqghu wkh �fro0

ohfwlyh� glvplvvdo uhjxodwlrq zklfk lpsolhv wkdw wkh qxpehu ri uhgxqgdqflhv dqg wkhlu wrwdo

frvw duh edujdlqhg zlwk d wklug sduw| +jhqhudoo|/ xqlrqv,143

Wkh uhvw ri wkh sdshu lv rujdqlvhg dv iroorzv1 Lq vhfwlrq 5/ �ulqj frvwv duh �uvw ghvfulehg/

dqg wkhlu lpsolfdwlrqv iru +h!flhqf|, zdjhv dqg hpsor|phqw duh ghulyhg1 Lq vhfwlrq 6/ zh

glvfxvv vrph srolf| lpsolfdwlrqv1 Lq vhfwlrq 7/ zh vxppdulvh rxu frqfoxvlrqv1

43Vhh Errwk +4<<:, dqg Errwk dqg PfFxoorfk +4<<<, iru d prgho ri �ulqj frvwv lq xqlrqlvhg vhfwruv ri
wkh hfrqrp|1
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5 Wkh prgho

Wkh prgho lv d prgl�hg yhuvlrq ri wkh vklunlqj prgho ri Vkdslur dqg Vwljolw} +4<;7, zlwk

�ulqj frvwv1 Wkhuh duh wzr w|shv ri glvplvvdov= uhgxqgdqflhv dqg glvflsolqdu| glvplvvdov1

Lq wkh vwdqgdug h!flhqf| zdjh prgho/ lq htxloleulxp/ zrunhuv duh vhsdudwhg iurp wkhlu

mrev rqo| iru uhgxqgdqf| uhdvrqv1 Khuh/ zh frqvlghu d vklunlqj prgho zkhuh wkhuh lv vrph

vklunlqj lq htxloleulxp dqg/ wkhuhiruh/ wkhuh duh dovr glvflsolqdu| glvplvvdov1 Zrunhuv* frvw

ri surylglqj h�ruw lv jlyhq e| SER�/ zkhuh R lv wkh iudfwlrq ri wlphv d zrunhu grhv qrw vklun1

Zrunhuv* h�ruw lv qrw shuihfwo| revhuydeoh dqg wkhuh lv d ghwhfwlrq whfkqrorj| wkdw fdwfkhv

vklunlqj zrunhuv +qhyhu huurqhrxvo|, zlwk vrph suredelolw| ^/ shu xqlw ri wlph +zkhuh ^ 	 �,1

Wkhuhiruh/ zrunhuv duh glvplvvhg iru glvflsolqdu| uhdvrqv zlwk suredelolw| E�� R�^1 Zrunhuv

dovr idfh dq h{rjhqrxv suredelolw| K/ shu xqlw ri wlph/ ri ehlqj vhsdudwhg iurp wkhlu mre iru

uhgxqgdqf| uhdvrqv144 Lq wkh qh{w vhfwlrq zh ghvfuleh krz �ulqj frvwv duh prghoohg1

514 Uhgxqgdqflhv dqg glvflsolqdu| glvplvvdov lq frq lfw

D iudphzrun zkhuh zrunhuv* h�ruw lv lpshuihfwo| revhuydeoh lv ehvw vxlwhg iru frqvlghulqj

dqrwkhu frpprq ihdwxuh ri mre surwhfwlrq ohjlvodwlrq/ qdpho| wkh uljkw iru zrunhuv wr vxh

hpsor|huv lq fdvh ri glvdjuhhphqw1 Lq rxu prgho/ �upv zloo ehdu d �ulqj frvw wkdw lv h{dfwo|

wkh vdph dv wkh lqghpqlw| uhfhlyhg e| wkh zrunhu1 Wklv lv wkh fdvh lq frxqwulhv zkhuh

dgplqlvwudwlyh dqg ohjdo frvwv +qrw wudqvihudeoh wr wkh zrunhu, duh qhjoljleoh1 Lw lv dovr wkh

fdvh lq frxqwulhv lq zklfk wkh dgplqlvwudwlyh dssurydo surfhvvhv duh yhu| frpsoh{145 Lq wkhvh

frxqwulhv/ prvw ri wkh fdvhv duh vhwwohg e| wkh zrunhu dqg wkh �up rxw ri frxuw/ suhflvho| wr

dyrlg wkhvh dgplqlvwudwlyh dqg ohjdo frvwv1 Wkhuhiruh/ �upv gr qrw ehdu d kljkhu frvw wkdq

wkh lqghpqlw| uhfhlyhg e| zrunhuv1 Lqvwhdg/ wkh| sd| zrunhuv d kljkhu vhyhudqfh sd|phqw

wkdq wkh ghidxow +idlu, sd|phqw1 Wkh zrunhu uhfhlyhv d vhwwohphqw ri dq dprxqw wkdw olhv

44Wkh whupv dgyhuvh hfrqrplf vkrfnv dqg uhgxqgdqflhv duh xvhg lqwhufkdqjhdeo| khuh1
45W|slfdoo|/ wklv lv wkh fdvh lq Vrxwkhuq Hxurshdq frxqwulhv +vhh Juxee dqg Zhoov/ 4<<6/ dqg RHFG/

4<<<,1
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ehwzhhq wkh ohjdo vhyhudqfh sd|phqw dqg wkh +h{shfwhg, frvw kdg wkh fdvh jrqh wr frxuw1 Lq

wklv vhqvh/ wkh �ulqj frvwv gxh wr glvplvvdo frq lfwv wkdw duh ghulyhg lq wkh suhvhqw prgho

fdq eh wkrxjkw dv wkh xsshu erxqg ri zkdw d zrunhu frxog uhfhlyh iurp edujdlqlqj zlwk wkh

�up1

Zkhqhyhu �upv qhhg wr dgmxvw wkhlu zrunirufh/ wkh| zdqw wr xvh glvflsolqdu| glvplvvdov

wr dyrlg sd|lqj �ulqj frvwv1 Dqg wkh gl!fxow| lq revhuylqj zrunhuv* h�ruw lpsolhv wkhuh

lv vrph fkdqfh wkdw �upv fdq jhw dzd| zlwk vxfk d vwudwhj|146 Wkh zrunhuv* uljkw wr vxh

hpsor|huv lq fdvh ri glvdjuhhphqw fdq frpshqvdwh iru wklv lpshuihfwlrq1 Vlploduo| wr �upv/

zrunhuv zloo wkhq ghq| dq| uhdvrqv iru glvflsolqdu| glvplvvdo wr jhw d frpshqvdwlrq edvhg

rq xqmxvw jurxqgv1 Lq vxfk d frqwh{w/ erwk wuxh glvflsolqdu| fdvhv dqg klgghq uhgxqgdqflhv

duulyh wr frxuw dv glvflsolqdu| fdvhv1 Frxuwv* ghflvlrqv duh edvhg rq zkdwhyhu hylghqfh +li

dq|, lv suhvhqwhg e| wkh djhqwv/ zklfk lv qrw shuihfwo| fruuhodwhg zlwk uhdolw| jlyhq wkh

lqirupdwlrq sureohp1 Vr/ lq jhqhudo/ frxuwv duh qrw deoh wr shuihfwo| glvwlqjxlvk ehwzhhq

wuxh glvflsolqdu| fdvhv dqg klgghq uhgxqgdqflhv1 Wkxv/ wkh uhvroxwlrq e| d wklug sduw| zloo

whqg wr eh lpshuihfw jlyhq wkh lqirupdwlrq sureohp1

Lq wkh prgho/ wklv lv uhsuhvhqwhg e| wkh idfw wkdw vrph +wuxh, glvflsolqdu| glvplvvdo fdvhv

frxog eh plvwdnhqo| frqvlghuhg lq idyrxu ri wkh zrunhu +l1h1 xqidlu, dqg vrph +klgghq,

uhgxqgdqflhv frxog eh plvwdnhqo| ghfoduhg lq idyrxu ri wkh �up +l1h1 idlu, e| frxuw1 Lq rwkhu

zrugv/ lq wkh �uvw fdvh/ zrunhuv duh frpshqvdwhg zkhq wkh| vkrxog qrw1 Dqg lq wkh vhfrqg

fdvh/ �upv dyrlg sd|lqj �ulqj frvwv zkhq wkh| vkrxog kdyh sdlg wkhp1

Ohw6 eh wkh suredelolw| wkdw d +wuxh, glvflsolqdu| glvplvvdo lv plvwdnhqo| ghfoduhg xqidlu

jlyhq wkh lqirupdwlrq sureohp/ zkhuh 6 : f1 Wkdw lv/ zlwk suredelolw| 6/ glvflsolqdu| fdvhv

frvw wkh xqidlu udwh ehfdxvh wkh| duh ghfoduhg lq idyrxu ri wkh zrunhu1 Rqo| zlwk suredelolw|

E��6� wkhuh lv qr frxuw plvwdnh dqg glvflsolqdu| fdvhv duh frvwohvv wr wkh �up1

46Pdor +4<<; dqg 5333, frqvlghuv wkh fdvh zkhuh �upv xvh glvflsolqdu| glvplvvdov lqvwhdg ri uhgxqgdqflhv
lq d prgho zkhuh/ lq rughu wr dyrlg ohjdo frvwv/ �ulqj frvwv duh edujdlqhg sulydwho| ehwzhhq hpsor|hu dqg
hpsor|hh ehiruh wkh fdvh lv uhvroyhg e| wkh frxuw1
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Iru vlpsolflw|/ zh dvvxph wkdw wkh suredelolw| wkdw d +klgghq, uhgxqgdqf| lv ghfoduhg

xqidlu lv dovr 6/ zkhuh 6 	 �/ jlyhq wkh lqirupdwlrq sureohp1 Doorzlqj �upv wr ehwwhu

suryh d wuxh glvflsolqdu| fdvh wkdq d klgghq uhgxqgdqf| zrxog qrw dowhu wkh uhvxowv ri wkh

sdshu +vhh Dsshqgl{/ vhfwlrq D5,1

Dvvxph wkdw wkh ohjlvodwlrq �{hv d vhyhudqfh sd|phqw ri S iru uhgxqgdqflhv dqg d vhyhu0

dqfh sd|phqw ri � li wkh fdvh lv wdnhq wr frxuw dqg lv ghfoduhg xqidlu/ zkhuh S � �1 Wkhq/

jlyhq wkh grxeoh prudo kd}dug sureohp/ wkh �up*v h{shfwhg �ulqj frvw ri d +wuxh, glvflsolqdu|

glvplvvdo lv 6� dqg ri d +klgghq, uhgxqgdqf| lv 6�1 Wdeoh 4 ehorz vxppdulvhv �ulqj frvwv1

^WDEOH 4 KHUH`

Wr vxp xs/ jlyhq wkh frqwh{w ghvfulehg deryh/ wkhuh lv dozd|v dq lqfhqwlyh iru �upv wr

ghfoduh uhgxqgdqflhv dv glvflsolqdu| fdvhv dqg iru wkh zrunhu wr ghq| dq| glvflsolqdu| fdvh1

D ixuwkhu glvfxvvlrq ri wklv grxeoh prudo kd}dug sureohp lv grqh lq wkh odvw vhfwlrq ri wkh

sdshu1

515 Qr0vklunlqj frqglwlrq

Zh zloo frqvlghu d frqwlqxrxv0wlph prgho zkhuh wkhuh lv vrph vklunlqj lq htxloleulxp1 Wkh

uhdvrq ehklqg wklv lv wkdw �upv fdq rqo| sd| d zdjh wkdw pdnhv zrunhuv surylgh h�ruw

iru d iudfwlrq R ri wkh wlph/ zkhuh R 	 �1 Wkh phfkdqlvp wkdw gulyhv wklv uhvxow lv wkh

qdwxuh ri wkh zrunhuv* frvw ixqfwlrq iru surylglqj h�ruw1 Lq Doeuhfkw dqg Yurpdq +4<<;,/

wkh khwhurjhqhlw| ri zrunhuv gulyhv wkh h{lvwhqfh ri vklunlqj lq htxloleulxp1 Gl�huhqw zrunhuv

kdyh gl�huhqw frvwv ri surylglqj h�ruw1 Iru d jlyhq zdjh/ vrph zrunhuv lq d �up zloo surylgh

h�ruw +wkrvh zkrvh frvw lv orz hqrxjk, zkloh wkh rwkhuv zloo vklun1 Lq rxu prgho/ zrunhuv

duh krprjhqhrxv/ exw wkh| gr qrw surylgh h�ruw doo wkh wlph1

Zrunhuv duh ulvn qhxwudo1 Wkhlu lqvwdqwdqhrxv xwlolw| ixqfwlrq lv= LE�c R� ' � � SER�c

zkhuh � lv wkh zdjh dqg SER� lv wkh frvw ri surylqj h�ruw/ zkhuh S�ER� : f/ dqg S��ER� : f1 Lq
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wklv vhfwlrq/ zh �uvw dqdo|vh wkh zrunhuv* ghflvlrq ri krz pxfk h�ruw wr surylgh iru d jlyhq

zdjh1 Wkhq/ zh dqdo|vh wkh lqfhqwlyh0frpsdwleoh zdjh1

Zrunhuv fkrrvh wkh qxpehu ri wlphv wkh| surylgh h�ruw wkdw pd{lplvhv wkhlu xwlolw|

dfwxdolvhg dw udwh o1 Ohw T. eh wkh suhvhqw glvfrxqwhg xwlolw| ri dq hpsor|hg zrunhu1 Wklv

lv jlyhq e|

oT. ' � � RSER� n RsETL n6� � T.� +4,

zkhuh Rs ' K n E� � R�^ lv wkh suredelolw| ri ehlqj �uhg hlwkhu iru d uhgxqgdqf| +K, ru d

glvflsolqdu| fdvh +E�� R�^,1

Vklunlqj vdyhv wkh fxuuhqw glvxwlolw| ri h�ruw exw lw lpsolhv d kljkhu ulvn ri ehfrplqj

xqhpsor|hg1 Wklv ulvn lv sursruwlrqdo wr wkh suredelolw| ri ehlqj fdxjkw vklunlqj +^,1 Qrwh

wkdw iru R ' � +dqg R ' f,/ wkh deryh h{suhvvlrq jlyhv wkh glvfrxqwhg xwlolw| ri dq hpsor|hg

zrunhu zkhq vklunlqj +dqg qr0vklunlqj, dv lq Vkdslur dqg Vwljolw}1 Ilulqj frvwv dovr lq xhqfh

wkh h�ruw ghflvlrq khuh ehfdxvh ri lpshuihfw frxuw ghflvlrqv1 Zlwk suredelolw| 6c zrunhuv

glvplvvhg iru glvflsolqdu| uhdvrqv pd| eh frpshqvdwhg zlwk d vhyhudqfh sd|phqw1 Wklv

uhgxfhv wkh frvw ri vklunlqj1 Wkh �uvw rughu frqglwlrq ri wkh zrunhu*v sureohp lv jlyhq e|

T. � TL �
SERW� n RWS�ERW�

^
n6� � g +5,

zkhuh f 	 RW 	 �� Wkdw lv/ zrunhuv surylgh h�ruw rqo| d iudfwlrq ri wkh wlph147 Lq Vkdslur

dqg Vwljolw}/ wkh frvw ixqfwlrq lv SER� ' e/ dqg R ' �/ dqg wkh deryh frqglwlrq lv wkh zhoo0

nqrzq Qr0Vklunlqj Frqglwlrq lq whupv ri xwlolwlhv +�7�/ khuhdiwhu,1 Wklv frqglwlrq vwdwhv

wkdw lq rughu wr surylgh lqfhqwlyhv/ wkh sxqlvkphqw ri orvlqj d mre pxvw eh dw ohdvw htxdo wr

wkh rssruwxqlw| frvw ri vklunlqj/ ghqrwhg e| g1 Vxevwlwxwlqj wklv frqglwlrq lq htxdwlrq +4,/

wkh lqfhqwlyh0frpsdwleoh zdjh iru zklfk wkh zrunhu zloo surylgh h�ruw d iudfwlrq RW ri wkh

47Wklv lv wkh htxlydohqw frqglwlrq wr wkdw lq d prgho ri khwhurjhqhrxv djhqwv lq zklfk wkhuh duh vrph w|shv
wkdw vklun iru dq| jlyhq zdjh1 Khuh/ lw lv wkh qdwxuh ri f+s, zklfk jhqhudwhv vrph vklunlqj1
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wlph fdq eh zulwwhq dv

� � RWSERW�� RW

s6� n oT� ng
k
o n RW

s

l
� e� +6,

zkhuh RW

s ' Kn E�� RW�^1

Lq wklv zdjh htxdwlrq/ lw lv srvvleoh wr glvwlqjxlvk ehwzhhq wkh uhvhuydwlrq zdjh +�uvw

wkuhh whupv, dqg wkh uhqw olqnhg wr wkh lqfhqwlyh sureohp +odvw whup,1 Iru � ' f/ wklv

frqglwlrq lv wkh vdph dv lq wkh ruljlqdo Vkdslur dqg Vwljolw} +4<;7,1 Lq rughu wr surylgh

lqfhqwlyhv/ zdjhv qhhg wr h{fhhg wkh uhvhuydwlrq zdjh e| d uhqw g1 Wklv uhqw lv sursruwlrqdo

wr wkh rssruwxqlw| frvw ri qrw vklunlqj zhljkwhg e| wkh whup +onRW

s,1 Wkh kljkhu wkh glvfrxqw

udwh/ wkh pruh d zrunhu ydoxhv wkh vdylqj ri h�ruw wrgd|1 Wkh kljkhu wkh suredelolw| ri ehlqj

�uhg/ hlwkhu iru rwkhu h{rjhqrxv uhdvrqv ru gxh wr vklunlqj/ wkh pruh frvwo| lw lv wr h{shqg

h�ruw wrgd|1

Iru � : f/ lw lv srvvleoh wr glvwlqjxlvk wzr w|shv ri h�hfwv ri �ulqj frvwv= wkrvh gluhfwo|

uhodwhg zlwk wkh lqfhqwlyh sureohp dqg wkrvh wkdw duh qrw1 Ilulqj frvwv d�hfw wkh lqfhqwlyh

sureohp ehfdxvh wr wkh h{whqw wkdw +wuxo|, glvflsolqdu| glvplvvdov duh ghfoduhg xqidlu +l1h1/

6 : f,/ ohjdo vhyhudqfh sd|phqwv uhgxfh wkh sxqlvkphqw dvvrfldwhg zlwk ehlqj �uhg zkhq

fdxjkw vklunlqj1 Wklv lpsolhv wkdw �upv kdyh wr sd| kljkhu uhqwv lq rughu wr suhyhqw vklunlqj/

dv fdq eh vhhq lq wkh deryh qr0vklunlqj frqglwlrq +vhh htxdwlrq +5,,1 Wklv h�hfw ri �ulqj

frvwv kdv wkh vdph  dyrxu dv wkdw lq wkh lqvlghu0rxwvlghu wkhru|/ zkhuh �ulqj frvwv lqfuhdvh

wkh pdunhw srzhu ri lqfxpehqw zrunhuv1

Dw wkh vdph wlph/ lqghshqghqwo| ri wkh lqfhqwlyh sureohp/ wkh lqwurgxfwlrq ri pdqgdwhg

vhyhudqfh sd|phqwv doorzv wkh hpsor|hu wr uhgxfh wkh zdjh h{dfwo| e| wkh vdph sursruwlrq

wkdw wkh suhvhqw glvfrxqwhg xwlolw| ri dq hpsor|hh lv lqfuhdvhg/ zlwkrxw d�hfwlqj lqfhqwlyhv1

Wklv fdq eh vhhq lq wkh �ulqj frvw hohphqw ri wkh uhvhuydwlrq zdjh +vhh htxdwlrq +6,,1 Wkh

lghd lv wkdw orzhu zdjhv wrgd|/ wrjhwkhu zlwk frpshqvdwlrq zkhq ehlqj �uhg/ ohdyh wkh

suhvhqw glvfrxqwhg xwlolw| ri ehlqj hpsor|hg xqfkdqjhg1 Wklv h�hfw ri �ulqj frvwv lv wkh
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vdph dv wkdw sursrvhg e| Od}hdu +4<<3,148

Edfn wr wkh Qr0Vklunlqj Frqglwlrq/ li d frqwudfw vdwlv�hv wkh �7�/ wkdw lv/ li wkh zrunhu

lv sdlg dw ohdvw e� ru/ li ehlqj xqhpsor|hg lv d vx!flhqwo| odujh sxqlvkphqw +T. : TL,/ wkh

zrunhu zloo fkrrvh wr h{shqg wkh h�ruw d iudfwlrq RW ri wkh wlphv1 Ohw T. eh wkh h{shfwhg

xwlolw| lq htxloleulxp1 Wkh �up fkrrvhv wkh plqlpxp zdjh dw zklfk wkh zrunhu zloo qrw

vklun/ vr wkdw lq htxloleulxp wkh �7� lv elqglqj dqg � ' e�1
516 Klulqj ghflvlrqv

Doo �upv lq wkh prgho duh lghqwlfdo dqg lq�qlwho| olyhg1 Wkh| fkrvh hpsor|phqw vr dv wr

pd{lplvh wkh h{shfwhg suhvhqw ydoxh ri sur�wv glvfrxqwhg dw udwh o1 Zkhq zrunhuv vklun/

surgxfwlrq lv }hur1 Ohw � eh wkh suhvhqw glvfrxqwhg ydoxh ri pdujlqdo sur�wv1 Wkhq

o� ' s �ERWu�� � � RW

sE6� n��

zkhuh sERu� lv wkh surgxfwlrq ixqfwlrq zlwk s �ERu� : f dqg s ��ERu� 	 f�

Lq wkh suhvhqfh ri �ulqj frvwv/ wkh pdujlqdo frvw ri klulqj d zrunhu lv jlyhq e| wkh zdjh

soxv wkh ixwxuh h{shfwhg frvw ri ehlqj �uhg1 Wkhuh lv qr frvw ri srvwlqj ydfdqflhv/ vr �upv

kluh zrunhuv wr wkh srlqw zkhuh wkh pdujlqdo sur�w lv }hur/ l1h1 � ' f1 Oderxu ghpdqg lq

vwhdg| vwdwh lv jlyhq e|

s �ERWu� ' � n RW

s6� +7,

Wklv htxdwlrq vkrzv wkdw/ iru jlyhq zdjhv/ �ulqj frvwv uhgxfh oderxu ghpdqg sursruwlrqdoo|

wr wkhlu h{shfwhg suhvhqw ydoxh1

517 Pdunhw htxloleulxp

Htxloleulxp rffxuv zkhq hdfk �up/ wdnlqj dv jlyhq doo rwkhu �upv* zdjhv dqg hpsor|phqw/

�qgv lw rswlpdo wr r�hu wkh jrlqj zdjh udwkhu wkdq d gl�huhqw zdjh1 Wkh nh| pdunhw

48Vr/ iru p @ 3/ wkh wzr prghov kdyh wkh vdph suhglfwlrqv +vhh vhfwlrq 517,1
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yduldeoh wkdw ghwhuplqhv lqglylgxdo �up ehkdylrxu lv wkh suhvhqw ydoxh ri wkh xwlolw| ri dq

xqhpsor|hg zrunhu/ TL 1 Ohw @ eh wkh udwh ri h{lw iurp xqhpsor|phqw1 Wr vlpsoli|/ vxssrvh

wkdw xqhpsor|phqw ehqh�wv duh }hur1 Wkhq

oTL ' @ET. � TL�

Jlyhq wkdw wkh �7� lv vdwlv�hg/ lq htxloleulxp

oTL ' @g +8,

Vxevwlwxwlqj htxdwlrq +8, lq htxdwlrq +6,/ wkh h!flhqf| zdjh fxuyh lq htxloleulxp fdq eh

zulwwhq dv

e� ' RWSERW�� RW

s6� ng
k
o n RW

s n @
l

+9,

Lq htxloleulxp/ wkh lqfhqwlyh frpsdwleoh zdjh lv kljkhu wkh kljkhu wkh h{lw udwh iurp

xqhpsor|phqw1 Wklv uhvxow lv dovr irxqg lq Vkdslur dqg Vwljolw} +4<;7,1 Wkh uhqw olqnhg zlwk

wkh lqfhqwlyh sureohp lv zhljkwhg e| @ ehfdxvh wkh kljkhu @c wkh ohvv ehfrplqj xqhpsor|hg

lv d shqdow|1 Wkh h{lw udwh ri xqhpsor|phqw fdq eh ghulyhg iurp wkh vwhdg| vwdwh  rzv

frqglwlrq1 Lq vwhdg| vwdwh/ lq rzv wr xqhpsor|phqw duh jlyhq e| EKnRW

s �u/ dqg rxw rzv duh

jlyhq e| @E� � u�/ zkhuh � lv wkh wrwdo ri zrunhuv lq wkh hfrqrp|1 Wkxv/ lq vwhdg| vwdwh/

@E� � u� ' EKn RW

s �u1 Wkhuhiruh

@ '
EKn RW

s�u

� � u
+:,

Wkh djjuhjdwh �7� fdq dovr eh zulwwhq lq whupv ri hpsor|phqw u1 Uhsodflqj htxdwlrq

+:, lqwr htxdwlrq +9,/ wklv frqglwlrq fdq eh zulwwhq dv

e� ' RWSERW�� RW

s6� ng

%
o n

RW

s�

� � u

&
+;,

Sursrvlwlrq 4 Li �ulqj frvwv jhqhudwh d grxeoh prudo kd}dug sureohp/ wkhq wkh| kdyh d

qhjdwlyh h�hfw rq hpsor|phqw1
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Surri= Vhh Dsshqgl{/ vhfwlrq D41

Wkh lqwxlwlrq iru wklv uhvxow lv wkh iroorzlqj= wkh h�hfwv ri vhyhudqfh sd|phqwv wkdw duh

qrw uhodwhg zlwk wkh lqfhqwlyh sureohp fdq eh ixoo| xqgrqh1 Wkh lghd lv wkdw li pdunhwv duh

frpsohwh dqg shuihfw/ dqg �ulqj frvwv duh ixoo| wudqvihuuhg wr zrunhuv/ wkhq wkh| duh qhxwudo

rq hpsor|phqw ehfdxvh wkh zdjh lv uhgxfhg e| wkh vdph sursruwlrq dv wkh lqfuhdvhg vkdgrz

frvw ri oderxu +vhh Od}hdu/ 4<<3,1

Dowkrxjk wklv odvw phfkdqlvp lv qrw gluhfwo| uhodwhg zlwk wkh lqfhqwlyh sureohp/ lw kdv

yhu| lqwhuhvwlqj olqnv zlwk h!flhqf| zdjhv lq prghov lq zklfk �ulqj lv qrw h{rjhqrxv1 Lq

wkh vwdqgdug h!flhqf| zdjh prgho/ zrunhuv duh sdlg d ��ulqj suhplxp� lq rughu wr suhyhqw

vklunlqj ehfdxvh h{shqglqj h�ruw lv pruh frvwo| wkh kljkhu wkh suredelolw| ri ehlqj �uhg1

Wklv suhplxp fdq eh r�vhw lq wkh suhvhqfh ri dq lpsrvhg vhyhudqfh sd|phqw ehfdxvh zrunhuv

duh ehlqj frpshqvdwhg zkhq �uhg1 Wklv doorzv �upv wr orzhu zdjhv149 Dq lpsruwdqw ixuwkhu

lqvljkw lv pdgh e| Vdlqw0Sdxo +4<<9,= lq d g|qdplf h!flhqf| zdjh prgho/ lw lv lq wkh lqwhuhvw

ri �upv wr yroxqwdulo| lqfoxgh d vhyhudqfh sd| lq wkh oderxu frqwudfw wkdw wkh| r�hu1 Wklv lv

rqh zd| iru wkh �up wr fuhgleo| frpplw wr kdyh d pruh vwdeoh hpsor|phqw srolf| zkhq idflqj

vkrfnv/ zklfk wkhq doorzv lw wr uhgxfh wkh sdlg zdjh1 Lq wkh suhvhqw prgho/ wkh lpshuihfw

frxuw uhvroxwlrqv lpso| wkdw �upv gr qrw zdqw wr r�hu vhyhudqfh sd|phqwv wr zrunhuv14:

Lq wklv prgho/ hyhq li �ulqj frvwv duh ixoo| uhfhlyhg e| zrunhuv/ wkh| duh qrw qhxwudo

ehfdxvh wkh| d�hfw wkh uhqw g1 Wkh h�hfwv ri vhyhudqfh sd|phqwv rq wkh h!flhqf| zdjh

vhwwlqj kdyh qr frxqwhudfwlqj h�hfwv wkurxjk wkh qrq0zdjh frpsrqhqw ri wkh vkdgrz frvw

ri oderxu1 Wkhuhiruh/ wkh zdjh vfkhgxoh lv vkliwhg wr wkh ohiw dqg lw kdv d qhjdwlyh lpsdfw

rq hpsor|phqw1 Lw lv lqwhuhvwlqj wr qrwh wkdw hyhq li wkh zdjh lv vhw e| wkh �up/ lw lv qrw

49Vhh Ndwvlpl +4<<;, iru d pruh ghwdlohg ghulydwlrq ri wklv phfkdqlvp lq d ixoo| vwrfkdvwlf h!flhqf| zdjh
prgho1

4:Wkh rswlpdo vhyhudqfh sd|phqw lv vxfk wkdw wkh ��ulqj suhplxp� ri wkh h!flhqf| zdjh lv frpsohwho|
frpshqvdwhg1 Li p @ 3/ lq wkh suhvhqw prgho �upv zrxog r�hu �ulqj frvwv1 Lq wklv fdvh/ iru F @ h@t wkh wzr
prghov zrxog frlqflgh1 Vwloo/ lq wkh suhvhqw prgho/ vhyhudqfh sd|phqwv duh vhw ohjdoo| zkloh lq Vdlqw0Sdxo
+4<<9, wkh| duh hqgrjhqrxv1 Vhh Errwk +4<<:, iru d prgho lq zklfk wkh ohyho ri pdqgdwhg �ulqj frvwv pd|
gl�hu iurp wkdw edujdlqhg1
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srvvleoh wr ixoo| hqgrjhqlvh wkh vhyhudqfh sd|phqwv lq wkh zrunhuv* zdjh1 Dv phqwlrqhg/

wklv uhvxow lv gxh wr wkh suhvhqfh ri d grxeoh prudo kd}dug sureohp wkdw fdq rqo| eh uhvroyhg

lpshuihfwo| e| d wklug sduw|1 Wklv lpsolhv wkdw �ulqj frvwv kdyh d uhdo h�hfw ehfdxvh wkh|

uhgxfh wkh frvw ri vklunlqj1

^ILJXUH 4 KHUH`

Lq �jxuh 4/ oderxu ghpdqg +htxdwlrq +7,, dqg wkh �7� +htxdwlrq +;,, duh uhsuhvhqwhg

lq wkh E�c u� vsdfh1 uE�'f� uhsuhvhqwv wkh hpsor|phqw ohyho lq wkh devhqfh ri �ulqj frvwv1

Dv phqwlrqhg lq vhfwlrq +516,/ �ulqj frvwv uhgxfh oderxu ghpdqg1 Wklv lv uhsuhvhqwhg e|

wkh erog oderxu ghpdqg fxuyh +u
�

_,1 Dv vwxglhg lq Sursrvlwlrq 4/ li wkhuh lv d grxeoh prudo

kd}dug sureohp/ �ulqj frvwv lqfuhdvh wkh uhqw wr eh sdlg wr zrunhuv1 Wklv vkliwv wkh �7�

wr wkh ohiw/ zklfk lv uhsuhvhqwhg e| wkh erog �7� fxuyh +�7� �,1 Wkh lqwhuvhfwlrq ri wkhvh

wzr erog fxuyhv uhsuhvhqwv wkh pdunhw htxloleulxp zlwk +qrq0qhxwudo, �ulqj frvwv1 Li wkhuh

zhuh qr grxeoh prudo kd}dug sureohp +l1h1/ 6 ' f,/ wkhq �ulqj frvwv zrxog kdyh qr h�hfw rq

hpsor|phqw1 Lq wkdw fdvh/ wkh zdjh zrxog eh uhgxfhg +vhh vhfrqg hohphqw ri htxdwlrq +;,,

h{dfwo| e| wkh vdph dprxqw wkdw wkh oderxu ghpdqg lv1 Wklv vlwxdwlrq lv fkdudfwhulvhg e|

wkh fxuyh �7� ��1 Wkh lqwhuvhfwlrq ri wkh odwwhu dqg wkh erog oderxu ghpdqg uhsuhvhqwv wkh

pdunhw htxloleulxp zlwk qhxwudo �ulqj frvwv/ zkhuh wkh ohyho ri hpsor|phqw lv djdlq uE�'f�1

Qrwh wkdw uhgxfwlrqv lq � pryh erwk wkh oderxu ghpdqg dqg wkh �7� wr wkh uljkw/

lqfuhdvlqj hpsor|phqw1 Krzhyhu/ wklv lv qrw wkh rqo| srolf| wkdw fdq jhqhudwh kljkhu hp0

sor|phqw ohyhov1 D ixuwkhu glvfxvvlrq rq wkh grxeoh prudo kd}dug sureohp dqg vrph srolf|

lpsolfdwlrqv duh ghyhorshg lq wkh qh{w vhfwlrq1

6 Srolf| lpsolfdwlrqv

Lq wkh prgho suhvhqwhg deryh/ wkh h{lvwhqfh ri mre surwhfwlrq ohjlvodwlrq lq d frqwh{w lq zklfk

zrunhuv* h�ruw lv qrw shuihfwo| revhuydeoh lpsolhv wkdw �ulqj frvwv kdyh d qhjdwlyh h�hfw rq
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hpsor|phqw1 Dv h{sodlqhg/ wkh sureohp lq vxfk d v|vwhp lv wkdw wkhuh lv dozd|v dq lqfhqwlyh

iru frq lfw ehwzhhq hpsor|hu dqg hpsor|hh/ l1h1 iru wkh hpsor|hu wr fodlp dq| glvplvvdo

wr eh glvflsolqdu| dqg iru wkh zrunhu wr ghq| dq| glvflsolqdu| fdvh1 Wklv/ lq wxuq/ lpsolhv

lpshuihfw uhvroxwlrqv e| wklug sduwlhv1 Wkh uhvxowlqj dyhudjh frvw ri glvflsolqdu| glvplvvdov

lv kljkhu ehfdxvh vrph glvplvvdov duh sdlg dw wkh xqidlu udwh1 Wkh jrdo ri wklv vhfwlrq lv wr

glvfxvv vrph srvvleoh srolf| lpsolfdwlrqv ghulyhg iurp wkh prgho deryh1

Wkh phfkdqlvp wkdw jhqhudwhv vxfk grxeoh prudo kd}dug sureohp lv wkdw/ iru �upv/ wkh

h{shfwhg frvw ri d uhgxqgdqf| lv kljkhu wkdq wkh h{shfwhg frvw ri ghfodulqj lw d glvflsolqdu|

glvplvvdo1 Dqg lq wxuq/ iru zrunhuv/ wkh h{shfwhg ehqh�w ri ghq|lqj d glvflsolqdu| glvplvvdo

ehfrphv srvlwlyh1 Iroorzlqj wkh prgho suhvhqwhg deryh +vhh Wdeoh 4,/ zkhq �upv ghfoduh

uhgxqgdqflhv dv glvflsolqdu| fdvhv dqg zrunhuv ghq| doo glvflsolqdu| fdvhv/ wkh frxuw lv qrw

deoh wr shuihfwo| ghwhfw doo wkh wuxh glvflsolqdu| fdvhv1 Wkh frxuw lv deoh wr fdwfk d klgghq

uhgxqgdqf| rqo| zlwk suredelolw| 61 Dqg lw lv deoh wr glvfryhu wuxh glvflsolqdu| fdvhv rqo|

zlwk suredelolw| E� � 6�1 Wkhuhiruh/ �upv �qg lw zruwkzkloh wr ghfoduh glvflsolqdu| fdvhv

zkhq idflqj uhgxqgdqflhv li

S � 6� +<,

Li �upv plvxvh glvflsolqdu| fdvhv/ wkhq zrunhuv kdyh dq lqfhqwlyh wr ghq| dq| ri wkhp ehfdxvh

6� � f +43,

Li wkhvh wzr frqglwlrqv duh phw/ wkhq wkh grxeoh prudo kd}dug lv dq htxloleulxp1 Wkdw

lv/ doo glvplvvdov duh wdnhq wr frxuw dv glvflsolqdu| fdvhv1 Lq vxfk d fdvh/ �ulqj frvwv duh qrw

qhxwudo rq hpsor|phqw1 Dv fdq eh vhhq iurp frqglwlrqv +<, dqg +43,/ srolflhv wkdw frqfhq0

wudwh rq xqgrlqj wkh grxeoh prudo kd}dug sureohp gr qrw qhfhvvdulo| lpso| wkh frpsohwh

uhprydo ri vhyhudqfh sd|phqwv1

Lq jhqhudo/ prvw hpsor|phqw surwhfwlrq ohjlvodwlrq v|vwhpv vhw kljkhu vhyhudqfh sd|phqwv

iru fdvhv ehlqj ghfoduhg xqidlu wkdq iru wkrvh frqvlghuhg idlu1 Wkh lghd ehklqg wklv uhjxodwlrq
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vhhpv dssursuldwh lq wkh vhqvh wkdw lw wulhv wr sxqlvk iru xqmxvw glvplvvdov1 Iru odujh hqrxjk

�/ wkh lqfhqwlyh ri �upv wr fkhdw frxog eh xqgrqh +vhh htxdwlrq +<,,1 Lq vxfk d fdvh/

kljk vhyhudqfh sd|phqwv iru xqidlu glvplvvdov kdyh d sxqlvkphqw uroh iru �upv zkr zrxog

xvh glvflsolqdu| glvplvvdov zkhq idflqj d uhgxqgdqf|1 Krzhyhu/ vxfk d srolf| pd| qrw

eh vx!flhqw1 Li � idlov wr eh kljk hqrxjk/ lw prwlydwhv fkhdwlqj zklfk lq wxuq jhqhudwhv

lpshuihfw frxuw ghflvlrqv1 Pruhryhu/ wklv grhv qrw vhhp wr eh wkh prvw h!flhqw srolf| vlqfh

lw grhv qrw kdyh dq| sxqlvkphqw uroh iru wkh zrunhu zkhq kh ghqlhv wuxh glvflsolqdu| fdvhv1

D odujh � lpsolhv wkdw wkh lqfhqwlyh sureohp iurp wkh zrunhu*v shuvshfwlyh lv odujhu +vhh

htxdwlrq +43,,1

D pruh h!flhqw srolf| zrxog eh rqh wkdw sxqlvkhv dq| djhqw frqvlghuhg wr eh o|lqj1

Wkdw lv/ rq wkh rqh kdqg/ wr vhw d vhyhudqfh sd|phqw wkdw �upv kdyh wr sd|/ �8 / zkhq wkh

frxuw fdwfkhv d klgghq uhgxqgdqf|1 Rq wkh rwkhu kdqg/ wr vhw d shqdow| iru zrunhuv/ ��/

zkhqhyhu fdxjkw ghq|lqj d wuxh glvflsolqdu| glvplvvdo1 Wdeoh 5 vxppdulvhv wkh h{shfwhg

frvwv ri �ulqj iru wkh �up dqg zrunhu xqghu vxfk srolf| sursrvdo14;

^WDEOH 5 KHUH`

Sursrvlwlrq 5 Li wkhuh lv d kljk hqrxjk jds ehwzhhq �8 dqg S/ dqg d srvlwlyh shqdow| wr

zrunhuv/ ��> wkhq wuxwk0whoolqj ri erwk djhqwv lv dq htxloleulxp1

Surri= Vhh Dsshqgl{/ vhfwlrq D61

Wklv srolf| kljkoljkwv wkh idfw wkdw iru dq hpsor|phqw surwhfwlrq v|vwhp wr zrun/ hvsh0

fldoo| zkhq zrunhuv* h�ruw lv qrw revhuydeoh/ wzr wklqjv duh lpsruwdqw1 Iluvw/ wkh gl�huhqfh

ehwzhhq wkh ohyhov ri �ulqj frvwv vhw iru fdvhv ghfoduhg xqidlu dqg idlu kdv wr eh kljk hqrxjk1

Vhfrqg/ gl�huhqw lqghpqlwlhv vkrxog eh vhw iru xqidlu fdvhv ghshqglqj rq zkhwkhu lw lv frq0

vlghuhg wkdw lw lv wkh zrunhu*v ru wkh �up*v lqlwldwlyh1

4;Wkh frvwv sursrvhg duh dozd|v d wudqvihu iurp rqh djhqw wr wkh rwkhu1 Lq wkh XN/ wkhuh lv d srolf| wkdw
jrhv dorqj wkhvh olqhv +vhh Eduqdug hw do1/ 4<<8,
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7 Frqfoxvlrq

Ilulqj frvwv duh riwhq eodphg iru ghsuhvvlqj hpsor|phqw ohyhov1 Exw wkhuh duh yhu| gl�huhqw

ylhzv ri �ulqj frvwv dprqj hfrqrplvwv= vrph prghov lqghhg suhglfw wkdw �ulqj frvwv uhgxfh

hpsor|phqw zkloh lq rwkhu frqwh{wv �ulqj frvwv kdyh qr h�hfw rq hpsor|phqw1 Lq vrph

rwkhu hqylurqphqwv/ �ulqj frvwv duh dfwxdoo| lqvwuxphqwv fkrvhq yroxqwdulo| e| �upv1 Zh

kdyh sursrvhg d prgho wkdw vwuhvvhv wkdw lw lv qrw mxvw wkh ohyho ri vhyhudqfh sd|phqwv zkdw

pdwwhuv/ exw rwkhu glphqvlrqv ri hpsor|phqw surwhfwlrq ohjlvodwlrq1 Lq sduwlfxodu/ glvplvvdo

frq lfwv dqg wkhlu frvw kdyh ehhq frqvlghuhg1

Zh kdyh dqdo|vhg wkh frq lfw ehwzhhq hpsor|hu dqg hpsor|hh lq fdvhv ri glvflsolqdu|

glvplvvdov dqg uhgxqgdqflhv/ lq d frqwh{w zkhuh h�ruw lv lpshuihfwo| revhuydeoh1 Lq vxfk d

frqwh{w/ wkhuh lv d grxeoh prudo kd}dug sureohp wkdw fdq rqo| eh uhvroyhg lpshuihfwo| e| d

wklug sduw|1 Wkh pdlq frqfoxvlrq ri wklv sdshu lv wkdw zkhq zrunhuv* h�ruw lv qrw shuihfwo|

revhuydeoh/ �ulqj frvwv fdq kdyh d qhjdwlyh h�hfw rq hpsor|phqw ehfdxvh wkh| prgli| wkh

uhqw wkdw kdv wr eh sdlg wr zrunhuv lq rughu wr suhyhqw vklunlqj1 D srvvleoh srolf| wr xqgr

wkh grxeoh prudo kd}dug sureohp lv wr vhw d jds zlgh hqrxjk ehwzhhq vhyhudqfh sd|phqwv

iru fdvhv ghfoduhg xqidlu dqg fdvhv ghfoduhg idlu wrjhwkhu zlwk d sxqlvkphqw wr dq| djhqw

frqvlghuhg wr eh o|lqj1

Wkh wkhruhwlfdo prgho suhvhqwhg khuh vxjjhvwv wkdw wkh jds ehwzhhq vhyhudqfh sd|phqwv

iru fdvhv ghfoduhg xqidlu/ dqg fdvhv ghfoduhg idlu/ lv dq lpsruwdqw ghwhuplqdqw ri oderxu

frvwv gxh wr wkh grxeoh prudo kd}dug sureohpv wkdw lw fdq jhqhudwh1 Lq wklv sdshu zh

kdyh ljqruhg rwkhu w|shv ri frq lfwv/ pdlqo| wkrvh uhodwhg zlwk lqwhusuhwdwlrqv ri wkh odz1

Wkhuhiruh/ pruh wkhruhwlfdo uhvhdufk lv qhhghg dorqj wkhvh olqhv/ dv zhoo dv pruh hpslulfdo

dqdo|vlv wkdw vwxglhv frxuw rxwfrphv1 Lq Jdogöq0Väqfkh} dqg Jÿhoo +5333, zh frqvlghu wkhvh

rwkhu w|shv ri frq lfwv dqg zh hqgrjhqlvh wkh grxeoh prudo kd}dug sureohp sursrvhg lq

wklv sdshu gudzlqj vrph lpsolfdwlrqv iru frxuw rxwfrphv dqg whvwlqj wkhp hpslulfdoo| iru
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gl�huhqw frxqwulhv1

Dv phqwlrqhg/ dydlodeoh hpslulfdo hylghqfh rq wkh h�hfwv ri �ulqj frvwv rq hpsor|phqw

lv pl{hg1 Vrph frpsoh{ lqglfhv kdyh ehhq exlow/ wu|lqj wr wdnh lqwr dffrxqw doo wkh gl�huhqw

glphqvlrqv ri hpsor|phqw surwhfwlrq ohjlvodwlrq1 Krzhyhu/ wkhuh lv olwwoh wkhru| vxjjhvwlqj

krz wkhvh gl�huhqw glphqvlrqv vkrxog eh wdnhq lqwr dffrxqw lq vxfk dq lqgh{1 Khuh zh kdyh

sursrvhg d wkhruhwlfdo olqn ehwzhhq wzr ri wkhvh glphqvlrqv +idlu dqg xqidlu glvplvvdo frvwv,

dqg krz wkh| d�hfw wkh frvw ri oderxu1
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Dsshqgl{

D141 Surri ri Sursrvlwlrq 4
Surri1 Htxloleulxp hpsor|phqw fdq eh ghulyhg frpelqlqj htxdwlrqv +7, dqg +;,1 Wklv
lpsolhv

s �ERWu� ' RWSERW�� RW

s6� ng

%
o n

RW

s�

� � u

&
n RW

s6� +D4,

Wkh vhfrqg dqg wkh irxuwk hohphqwv ri wkh UKV ri frqglwlrq +D4, fdqfho rxw1 Wklv lv wkh
zhoo0nqrzq uhvxow e| Od}hdu +4<<3,1 Vr/ zh kdyh
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Dv lw lv vwdqgdug lq wklv olwhudwxuh +vhh Vkdslur dqg Vwljolw}/ 4<;7,/ hpsor|phqw lv d
qhjdwlyh ixqfwlrq ri wkh uhqw +g, wkdw kdv wr eh sdlg wr zrunhuv lq rughu wr surylgh lqfhqwlyhv1

Wkdw lv/
Yu

Yg
	 f1 Pruhryhu/ lq wklv sdshu/ �ulqj frvwv lqfuhdvh vxfk uhqw1 Iurp htxdwlrq

+5,/ lw fdq eh vhhq wkdw
Yg

Y�
' 6 : f1 Wkhq/ lw iroorzv wkdw

Yu

Y�
	 f1

D151 Glvfxvvlrq rq frxuw*v huuru
Uhprylqj wkh dvvxpswlrq wkdw erwk wkh suredelolw| wkdw d +wuxh, glvflsolqdu| glvplvvdo

lv plvwdnhqo| ghfoduhg xqidlu dqg wkh suredelolw| wkdw d +klgghq, uhgxqgdqf| lv ghfoduhg
xqidlu duh wkh vdph grhv qrw fkdqjh wkh hpsor|phqw uhvxowv ri wkh prgho1

Dv lq wkh wh{w/ ohw 6 eh wkh suredelolw| wkdw d +wuxh, glvflsolqdu| glvplvvdo lv plvwdnhqo|
ghfoduhg xqidlu jlyhq wkh lqirupdwlrq sureohp/ zkhuh 6 : f1 Wkdw lv/ zlwk suredelolw| 6/
glvflsolqdu| fdvhv frvw wkh xqidlu udwh ehfdxvh wkh| duh ghfoduhg lq idyrxu ri wkh zrunhu1
Wkhuh lv qr frxuw plvwdnh dqg glvflsolqdu| fdvhv duh frvwohvv wr wkh �up zlwk suredelolw|
E��6�1 Ohw 5 eh wkh suredelolw| wkdw d +klgghq, uhgxqgdqf| lv ghfoduhg xqidlu/ zkhuh 5 	 �
jlyhq wkh lqirupdwlrq sureohp1 Wkdw lv/ zlwk suredelolw| E� � 5�/ wkhuh lv d frxuw plvwdnh
dqg uhgxqgdqflhv duh frvwohvv wr wkh �up1 Wkh zrunhu lv frpshqvdwhg iru d uhgxqgdqf| fdvh
zlwk suredelolw| 51

Jlyhq d glvplvvdo fdvh/ wkh suredelolw| wr zlq lw lq frxuw lv kljkhu iru wkh sduw| wkdw grhv
qrw olh derxw wklv glvplvvdo fdvh wkdq iru wkh rqh wkdw olhv1 Wkdw lv/ wkh suredelolw| wkdw
d glvplvvdo wdnhq wr frxuw lv frvwohvv wr wkh �up lv kljkhu zkhq lw lv d +wuxh, glvflsolqdu|
glvplvvdo/ wkdq zkhq lw lv d +klgghq, uhgxqgdqf|/ l1h1 5 � 61 Lq rwkhu zrugv/ wkh suredelolw|
wkdw wkh fdvh lv ghfoduhg lq idyrxu ri wkh zrunhu lv qrw kljkhu zkhq wkh fdvh lv d +wuxh,
glvflsolqdu| fdvh1

Wklv prgl�hv wkh htxdwlrqv +4,/ +6,/ +7,/ +9, dqg +;, ri wkh prgho lq wkh iroorzlqj zd|=
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Wklv lpsolhv wkdw frqglwlrq +D4, fdq eh uhzulwwhq dv
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Wkh vhfrqg dqg wkh irxuwk hohphqwv ri wkh UKV ri frqglwlrq +D;, fdqfho rxw froodsvlqj
lqwr frqglwlrq +D5,1 Wklv lpsolhv wkdw wkh dvvxpswlrq rq 5 lv lqqrfxrxv iru wkh h�hfw ri
�ulqj frvwv ryhu hpsor|phqw +exw qrwh wkdw wkh uhgxfwlrq lq wkh uhvhuydwlrq zdjh zrxog
ghshqg rq 5,1 Wkh lqwxlwlrq iru wklv lv vlpsoh= 5 rqo| d�hfwv wkh frvw ri uhgxqgdqflhv/ zklfk
lv qhxwudo rq hpsor|phqw +Od}hdu/ 4<<3,1

Dv phqwlrqhg lq wkh lqwurgxfwlrq/ wkh hpsor|phqw uhvxowv ri wkh sdshu zrxog qrw fkdqjh
li zh kdg dovr frqvlghuhg rwkhu w|shv ri glvplvvdo frq lfwv/ lq sduwlfxodu/ wkrvh uhodwhg wr wkh
lqwhusuhwdwlrq ri wkh odz1 Wkh lqwxlwlrq lv wkh iroorzlqj= wkh h�hfw ri uhgxqgdqflhv wdnhq wr
frxuw gxh wr dq lqwhusuhwdwlrq frq lfw zrxog eh vlplodu wr wkdw fdswxuhg e| 5> dqg wkh h�hfw
ri glvflsolqdu| fdvhv wdnhq wr frxuw gxh wr dq lqwhusuhwdwlrq frq lfw zrxog eh vlplodu wr wkdw
fdswxuhg e| 61

D161 Surri ri Sursrvlwlrq 5
Surri1 = Wkh wuxwk0whoolqj frqglwlrqv ri erwk djhqwv duh

S�6�8 � f +D<,

�6�� � f +D43,

Qrwh wkdw/ iru d jlyhq 6/ d odujh hqrxjk �8 � S lv d qhfhvvdu| frqglwlrq lq rughu iru +D<,
wr eh vdwlv�hg1 Vlploduo|/ dq| srvlwlyh �� lpsolhv wkdw +D43, lv vdwlv�hg1
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Uhihuhqfhv

^4` Doeuhfkw/ M1 Z1 dqg V1 E1 Yurpdq/ 4<<;/ Qdvk Htxloleulxp h!flhqf| zdjh glvwulexwlrqv/
Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6</ 4/ 4;605361

^5` Eduqdug/ F1/ M1 Fodun dqg U1 Ohzlv/ 4<<8/ Wkh h{huflvh ri lqglylgxdo hpsor|phqw uljkwv
lq wkh phpehu vwdwhv ri wkh Hxurshdq Frppxqlw|/ Hpsor|phqw Ghsduwphqw Uhvhdufk

Vhulhv/ Qr 7<1

^6` Ehqwrolod/ V1/ 4<<:/ Odv ghflvlrqhv mxglfldohv vreuh ghvslgrv hq Hvsdôd= xqd shuvshfwlyd
hfrqöplfd/ Fxdghuqrv gh Lqirupdflöq Hfrqöplfd/ 45;245<1

^7` Ehqwrolod/ V1 dqg J1 Ehuwrod/ 4<<3/ Ilulqj frvwv dqg oderxu ghpdqg= krz edg lv Hx0
urvfohurvlvB/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ 6;407351

^8` Ehqwrolod/ V1 dqg J1 Vdlqw0Sdxo/ 4<<7/ D prgho ri oderxu ghpdqg zlwk olqhdu dgmxvwphqw
frvwv/ Oderxu Hfrqrplfv/ 4/ 63606591

^9` Ehuwrod/ J1/ 4<<3/ Mre vhfxulw|/ hpsor|phqw dqg zdjhv/ Hxurshdq Hfrqrplf Uhylhz/
67/ ;840;;91

^:` Ehuwrod/ J1/ 4<<5/ Oderxu wxuqryhu frvwv dqg dyhudjh oderxu ghpdqg/ Mrxuqdo ri Oderxu
Hfrqrplfv/ 43 7,/ 6;<07441

^;` Ehuwrod/ J1/ W1 Erhul dqg V1 Fd}hv/ 5333/ Hpsor|phqw surwhfwlrq lq lqgxvwuldol}hg
frxqwulhv= Wkh fdvh iru qhz lqglfdwruv/ Lqwhuqdwlrqdo Oderxu Uhylhz/ 46< +4,/ 8:0:51

^<` Errwk/ D1 O1 dqg P1Fkdwwhuml/ 4<;</ Uhgxqgdqf| sd|phqwv dqg �up0vshfl�f wudlqlqj/
Hfrqrplfd/ 89 +557,/ 8380541

^43` Errwk/ D1 O1 dqg D1 PfFxoorfk/ 4<<</ Uhgxqgdqf| sd|/ Xqlrqv dqg hpsor|phqw/ Wkh
Pdqfkhvwhu Vfkrro/ 9:+6,/ 67906991

^44` Errwk/ D1 O1/ 4<<:/ Dq dqdo|vlv ri �ulqj frvwv dqg wkhlu lpsolfdwlrqv iru xqhpsor|phqw/
lq= G1 M1 Vqrzhu dqg J1 gh od Ghkhvd/ hgv1/ Xqhpsor|phqw Srolf|= jryhuqphqw rswlrqv

iru wkh oderxu pdunhw +Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh, 68<06<51

^45` Exugd/ P1 F1/ 4<<5/ D qrwh rq �ulqj frvwv dqg vhyhudqfh ehqh�wv lq htxloleulxp xqhp0
sor|phqw/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ <7 +6,/ 7:<07;<1

^46` Gðd}/ P1 dqg G1 Vqrzhu/ 4<<9/ Hpsor|phqw/ pdfurhfrqrplf  xfwxdwlrqv dqg mre vhfx0
ulw|/ FHSU Glvfxvvlrq Sdshu Qr1 47631

^47` Hphuvrq/ P1/ 4<;;/ Uhjxodwlrq ru ghuhjxodwlrq ri wkh oderxu pdunhw= srolf| uhjlphv
iru wkh uhfuxlwphqw dqg glvplvvdo ri hpsor|hhv lq lqgxvwuldol}hg frxqwulhv/ Hxurshdq
Hfrqrplf Uhylhz/ 65/ ::80;4:1

^48` Jdogöq0Väqfkh}/ M1H1 dqg P1 Jÿhoo/ 5333/ Ohw*v jr wr frxuw$ Ilulqj frvwv dqg glvplvvdo
frq lfwv/ Sulqfhwrq Xqlyhuvlw|0LU Vhfwlrq zrunlqj sdshu 7771
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^49` Jdogöq0Väqfkh}/ M1H1 dqgP1 Jÿhoo/ 5334/ Zk| duh qrw frxuw uhvroxwlrqv lq Vsdlq htxdoo|
idyrudeoh iru zrunhuv dqg �upvB/ plphr/ Xqlyhuvlwdw Srpshx Ideud1

^4:` Juxee/ G1 dqg Z1 Zhoov/ 4<<6/ Hpsor|phqw uhjxodwlrq dqg sdwwhuqv ri zrun lq HF
frxqwulhv/ RHFG Hfrqrplf Vwxglhv/ Qr1 54/ :08;1

^4;` Ndwvlpl/ P1/ 4<<;/ Ilulqj frvwv dqg h!flhqf| zdjhv/ plphr/ Dwkhqv Xqlyhuvlw| ri Hfr0
qrplfv dqg Exvlqhvv1

^4<` Od|dug/ U1/ V1 M1 Qlfnhoo dqg U1 Mdfnpdq/ 4<<4/ Xqhpsor|phqw= Pdfurhfrqrplf Shu0

irupdqfh dqg wkh Oderxu Pdunhw +R{irug Xqlyhuvlw| Suhvv/ R{irug,1

^53` Od}hdu/ Hgzdug S1 /4<<3/ Mre vhfxulw| surylvlrqv dqg hpsor|phqw/ Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ 438/ 9<<0:591

^54` Olqgehfn/ D1 dqg G1 M1 Vqrzhu/ 4<;;/ Wkh Lqvlghu0Rxwvlghu Wkhru| ri hpsor|phqw dqg

Xqhpsor|phqw +PLW Suhvv/ Fdpeulgjh/ PD,1

^55` Omxqjtylvw/ O1/ 5333/ Krz gr od|r� frvwv d�hfw hpsor|phqwB/ plphr/ Vwrfnkrop Vfkrro
ri Hfrqrplfv1

^56` Pdor Rfdôd/ P1D1/ 4<<;/ Odv lqghpql}dflrqhv sru ghvslgr/ xq sureohpd gh qhjrfldflöq

+Hglwruldo DFDUO/ Pdgulg,1

^57` Pdor Rfdôd/ P1D1/ 5333/ D vlpsoh prgho ri vhyhudqfh sd| ghwhuplqdwlrq= wkh fdvh ri
lqglylgxdo glvplvvdov lq Vsdlq/ Oderxu/ 47+5,/ 59<05<31

^58` Pdor Rfdôd1 P1D1 dqg O1 Wrkduld Fruwìv/ 4<<</ Frvwhv gh ghvslgr | fuhdflöq gh hpsohr

+Plqlvwhulr gh Wudedmr | Dvxqwrv Vrfldohv/ Pdgulg,1

^59` Qlfnhoo/ V1M1/ 4<:;/ Il{hg0frvwv/ hpsor|phqw dqg oderxu ghpdqg ryhu wkh f|foh/ Hfr0
qrplfd/ 78/ 65<06781

^5:` RHFG/ 4<<7/ Wkh RHFG Mrev Vwxg|/ Sdulv1

^5;` RHFG/ 4<<</ Hpsor|phqw Rxworrn/ Sdulv1

^5<` Urwhpehuj/ M1M1/ 4<<;/ F|folfdo pryhphqw lq zdjhv dqg frqvxpswlrq lq d edujdlqlqj
prgho ri xqhpsor|phqw/ QEHU Zrunlqj Sdshu Qr1 97781

^63` Vdlqw0Sdxo/ J1/ 4<<9/ Gxdo oderxu pdunhwv/ d pdfurhfrqrplf shuvshfwlyh +PLW Suhvv/
Fdpeulgjh/ PD,1

^64` Vkdslur/ F1 dqg M1H1 Vwljolw}/ 4<;7/ Htxloleulxp xqhpsor|phqw dv d zrunhu glvflsolqh
ghylfh/ Dphulfdq Hfrqrplf Uhylhz/ :7 +6,/ 76607771
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Wdeoh 4= Ilulqj frvwv iru uhgxqgdqflhv dqg glvflsolqdu| fdvhv

Uhdolw| Ghfodudwlrq H{shfwhg Frvw
ri �up ri zrunhu iru �up

Uhgxqgdqf| Uhgxqgdqf| dffhswv S

Uhgxqgdqf| Glvflsolqdu| ghqlhv 6�

Glvflsolqdu| Glvflsolqdu| ghqlhv 6�
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Wdeoh 5= Ilulqj frvwv= d srolf| sursrvdo

Uhdolw| Ghfodudwlrq H{shfwhg Frvw
ri �up ri zrunhu iru �up iru zrunhu

Uhgxqgdqf| Uhgxqgdqf| dffhswv S

Uhgxqgdqf| Glvflsolqdu| ghqlhv 6�8

Glvflsolqdu| Glvflsolqdu| ghqlhv 6��
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Non-neutral firing costs
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Neutral firing costs
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Iljxuh 4= Pdunhw htxloleulxp zlwk qhxwudo dqg qrq0qhxwudo �ulqj frvwv
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