
Wkh Surylvlrq ri Sxeolf Jrrgv Xqghu Dowhuqdwlyh

Hohfwrudo Lqfhqwlyhvú

Dxjxvw 56/ 4<<<

Devwudfw

Wklv sdshu vkrzv wkdw srolwlfldqv pd| qrw r>hu wr surylgh d vrfldoo| ghvludeoh

sxeolf jrrg ehfdxvh wkh ehqh?wv ri wkh sxeolf jrrg fdqqrw eh wdujhwhg wr yrwhuv

dv hdvlo| dv srun eduuho vshqglqj1 Zh suhvhqw d Grzqvldq prgho zkhuh fdqglgdwhv

fduh rqo| derxw wkh vsrlov ri r!fh1 Zh frpsduh d zlqqhu0wdnh0doo v|vwhp/ zkhuh

doo wkh vsrlov jr wr wkh zlqqhu/ wr d sursruwlrqdo v|vwhp/ zkhuh wkh vsrlov ri r!fh

duh vsolw dprqj wkh wzr fdqglgdwhv sursruwlrqdoo| wr wkhlu vkduh ri wkh yrwh1 Zh

vkrz wkdw lq d zlqqhu0wdnh0doo v|vwhp wkh sxeolf jrrg lv surylghg ohvv riwhq wkdq

lq d sursruwlrqdo v|vwhp zkhq wkh sxeolf jrrg lv sduwlfxoduo| ghvludeoh1 Zh wkhq

vkrz wkdw wkh hohfwrudo froohjh +wkh v|vwhp xvhg lq X1V1 suhvlghqwldo hohfwlrqv, lv

sduwlfxoduo| vxemhfw wr wklv lqh!flhqf|1

MHO G;5/ O48

úZh zlvk wr wkdqn Wlp Ehvoh| dqg wzr dqrq|prxv uhihuhhv iru ydoxdeoh frpphqwv1
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4 Lqwurgxfwlrq

Ghprfudwlf vrflhwlhv ghohjdwh wr hohfwhg uhsuhvhqwdwlyhv wkh srzhu wr wd{ dqg wr surylgh

sxeolf jrrgv1 D frpprq frpsodlqw pdgh e| flwl}hqv dqg e| wkh suhvv lv wkdw d odujh

iudfwlrq ri sxeolf vshqglqj lv qrw ghyrwhg wr jhqxlqho| xvhixo sxeolf surmhfwv/ exw udwkhu

wr uhglvwulexwlrq dqg srun0eduuho surmhfwv1 Dw ohdvw sduw ri wklv uhglvwulexwlrq grhv qrw

vhhp wr eh iurp wkh ulfk wr wkh srru/ udwkhu lw lv wkrxjkw wr eh d zdvwhixo uhvxow ri

mrfnh|lqj e| fdqglgdwhv iru srolwlfdo dgydqwdjh1 Wkxv/ lw zrxog eh ghvludeoh wr uhgxfh

wkh prqh| wlhg xs lq uhglvwulexwlrq/ dqg lqfuhdvh wkh iudfwlrq ghyrwhg wr sxeolf jrrgv14

Wkh hfrqrplf olwhudwxuh kdv orqj uhfrjql}hg wkdw wkh srolwlfdo surfhvv pd| ohdg wr

dq lqh!flhqw surylvlrq ri sxeolf jrrgv1 Frqyhqwlrqdo zlvgrp 0 gxh wr Erzhq ^9`/ dqg

suhvhqwhg lq wh{werrnv vxfk dv Vwljolw} ^57` 0 lv wkdw wkh lqh!flhqf| frphv iurp wkh

gl>huhqfh ehwzhhq wkh Vdpxhovrqldq rswlpxp dqg wkh srolf| suhihuuhg e| wkh phgldq

yrwhu1 Lq wklv prgho wkh lqh!flhqf| fdq pdqlihvw lwvhoi hlwkhu dv xqghusurylvlrq ru dv

ryhusurylvlrq ri wkh sxeolf jrrg/ ghshqglqj rq wkh uhodwlyh srvlwlrq ri wkh phgldq dqg

dyhudjh yrwhuv lq wkh srsxodwlrq1 Dffruglqj wr wklv ylhz/ wkh vrxufh ri lqh!flhqf| lv

yrwhu khwhurjhqhlw|> ghprfudwlf surylvlrq ri sxeolf jrrgv zrxog eh h!flhqw lq d vrflhw|

zlwk lghqwlfdo yrwhuv1 Wklv prgho dvvxphv h{rjhqrxv uhvwulfwlrqv rq wkh srolf| vsdfh

0 vxfk dv olqhdu wd{hv 0 dqg/ dv d frqvhtxhqfh/ ljqruhv d ixqgdphqwdo glvwruwlrq lq

pdmrulwduldq ghflvlrq pdnlqj= srolwlfldqv kdyh dq lqfhqwlyh wr wd{ plqrulwlhv wr wdujhw

ehqh?wv wr d pdmrulw|1

Fdqglgdwhv wkxv idfh d wudgh0r>1 Zkhq sxeolf prqh| duh ixqqhohg wr srun0eduuho

surmhfwv/ ihzhu duh dydlodeoh wr ?qdqfh sxeolf jrrgv1 Wkh ehqh?wv iurp wkh sxeolf jrrg

pd| eh kljkhu rq dyhudjh/ exw wkh| fdqqrw eh wdujhwhg wr jurxsv ri yrwhuv dv hdvlo| dv

4Khuh zh lghqwli| srun0eduuho surmhfwv +ru orfdo sxeolf jrrgv, zlwk uhglvwulexwlrq/ qrw sxeolf jrrgv1

Wklv lv ehfdxvh wkh ehqh?wv iurp srun0eduuho surmhfwv duh frqfhqwudwhg rq ihz yrwhuv1 Lqghhg/ srun0

eduuho surmhfwv duh zlgho| xqghuvwrrg dv d phdqv ri +qrq0prqhwdu|, uhglvwulexwlrq glvjxlvhg dv sxeolf

jrrgv1 Zkdw fkdudfwhul}hv sxeolf jrrgv lq rxu prgho lv wkdw wkhlu ehqh?wv fdqqrw eh hdvlo| wdujhwhg

wr vxevhwv ri wkh srsxodwlrq1
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wkh ehqh?wv iurp srun eduuho surmhfwv ru sxuh wudqvihuv1 Zh fdoo wklv d wudgh0r> ehwzhhq

h!flhqf| dqg wdujhwdelolw|15 Wkh jrdo ri rxu dqdo|vlv lv wr prgho wklv wudgh0r> dqg wr

h{soruh krz dowhuqdwlyh srolwlfdo v|vwhpv d>hfw wkh surylvlrq ri sxeolf jrrgv dqg wkh

glvwulexwlrq ri uhvrxufhv dfurvv yrwhuv16

Wr kljkoljkw wkh edvlf lghd/ zh irfxv rq d prgho wkdw lv h{wuhpho| vlpsoh1 Wzr

fdqglgdwhv frpshwh iru hohfwlrq/ e| pdnlqj d +elqglqj, hohfwrudo surplvh wr hdfk yrwhu1

Fdqglgdwhv rqo| fduh derxw wkh rxwfrph ri wkh hohfwlrq1 Yrwhuv duh krprjhqhrxv= hdfk

yrwhu zloo yrwh iru wkh fdqglgdwh surplvlqj klp wkh prvw xwlolw|1 Fdqglgdwhv duh idfhg

zlwk rqo| wzr srvvleoh fkrlfhv= surylglqj wkh sxeolf jrrg ru uhglvwulexwlqj prqh|1 Wkh

sxeolf jrrg jlyhv hyhu| yrwhu wkh vdph xwlolw|/ dqg lv wkh h!flhqw fkrlfh= vrfldo zhoiduh

lv kljkhu zkhq wkh sxeolf jrrg lv surylghg1 Prqh| +orfdo sxeolf jrrgv/ srun0eduuho

surmhfwv,/ krzhyhu/ fdq eh wdujhwhg wr vxevhwv ri yrwhuv1 Ghvslwh wklv vlpsolflw|/ wkh

vroxwlrq lv txlwh ulfk dqg d qxpehu ri lqwhuhvwlqj lvvxhv hphujh1

Zh vkrz wkdw wdujhwdelolw| frppdqgv d suhplxp/ dqg wkhuhiruh wkhuh lv lqh!flhqwo|

orz surylvlrq ri sxeolf jrrgv hyhq lq d zruog zlwk lghqwlfdo yrwhuv1 Zh wkhq vwxg| krz

gl>huhqw hohfwrudo lqfhqwlyhv d>hfw wkh surylvlrq ri sxeolf jrrgv dqg wkh glvwulexwlrq

ri wkh uhvrxufhv1 Rxu jrdo lv wr surylgh vrph lqvljkw lq wkh gl>huhqfh ehwzhhq srolwlfdo

v|vwhpv1

Srolwlfdo v|vwhpv gl>hu lq +dw ohdvw, wzr lpsruwdqw glphqvlrqv= lq wkh zd| wkdw

yrwhv duh wudqvodwhg lqwr vhdwv lq dq dvvhpeo|/ dqg lq wkh zd| dvvhpeo| vhdwv wudqvodwh

lqwr lq xhqfh rq srolf|pdnlqj1 Lq vrph frxqwulhv/ lpsruwdqw ghflvlrqv duh pdgh e|

edujdlqlqj lq dq dvvhpeo|> lq rwkhu frxqwulhv/ wkh| duh pdgh e| d suhplhu hohfwhg

e| soxudolw| yrwlqj1 Sursruwlrqdo v|vwhpv duh xvxdoo| dvvrfldwhg zlwk pdq| sduwlhv

kdylqj dq lq xhqfh rq srolf|pdnlqj/ wkurxjk wkh surfhvv ri srvw0hohfwlrq edujdlqlqj>

h{dpsohv duh frxqwulhv vxfk dv Lwdo| dqg Ehojlxp1 Pdmrulwduldq v|vwhpv duh wkrxjkw

5Vhh Vhfwlrq 718 iru d glvfxvvlrq ri wkh qrwlrq ri h!flhqf| xvhg lq wkh sdshu1
6Wkh lqirupdo lghd wkdw glvwruwlrqv zloo dulvh rxw ri pdmrulwduldq ghflvlrq pdnlqj li srolflhv zlwk

frqfhqwudwhg ehqh?wv frh{lvw zlwk srolflhv zkrvh ehqh?wv duh gl>xvh/ fdq eh dwwulexwhg wr Exfkdqdq

dqg Wxoorfn ^;`1
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wr idyru wkh sduw| zlwk wkh kljkhvw vkduh ri wkh yrwh/ lq wkh vhqvh wkdw pruh srzhu ri

srolf| vhwwlqj lv frqihuuhg wr wkdw sduw|> wklv vhhpv wr eh wkh fdvh lq frxqwulhv vxfk

dv Eulwdlq1 Zh zlvk wr froodsvh wklv frpsoh{lw| lqwr rqh fkdudfwhulvwlf/ qdpho| wkh

uhzdugv wkdw dffuxh wr yrwh vkduhv1 Yrwh vkduhv duh uhzdughg gl>huhqwo| lq gl>huhqw

srolwlfdo v|vwhpv/ wkxv ohdglqj wr gl>huhqw lqfhqwlyhv iru sduwlhv lq wkh hohfwlrq vwdjh1

Zh irfxv rq wzr h{wuhph zd|v ri uhzduglqj yrwh vkduhv1 Wkh ?uvw v|vwhp lv d

zlqqhu0wdnh0doo v|vwhp/ zkhuh doo wkh 3vsrlov ri r!fh4 jr wr wkh zlqqhu1 Wkh vhfrqg lv

d sursruwlrqdo v|vwhp= wkh vsrlov ri r!fh duh vsolw dprqj wkh fdqglgdwhv sursruwlrqdoo|

wr wkhlu vkduh ri wkh yrwh1 Wkh vsrlov ri r!fh uhsuhvhqw wkh ehqh?wv iru d sduw| ri ehlqj

deoh wr lpsohphqw lwv srolf|/ dqg wkh uhqwv iurp srzhu1 Vlqfh zh rqo| ghdo zlwk

wzr fdqglgdwhv/ zh gr qrw fdswxuh wkh ulfkqhvv ri wkh frqwudvw ehwzhhq soxudolw| uxoh

dqg sursruwlrqdo uhsuhvhqwdwlrq wkdw frphv iurp wkh surfhvv ri frdolwlrq irupdwlrq17

Krzhyhu/ lq rxu ylhz dq lpsruwdqw ihdwxuh ri sursruwlrqdo v|vwhpv lv wkh rssruwxqlw|

wr wudqvodwh yrwh vkduhv lqwr frpphqvxudwh ehqh?wv +srolwlfdo dqg prqhwdu|, iru wkh

srolwlfldq1 Zh vkrz wkdw wklv ihdwxuh dorqh/ hyhq lq wkh devhqfh ri frdolwlrqdo lvvxhv/

jhqhudwhv lpsruwdqw gl>huhqfhv ehwzhhq wkh wzr v|vwhpv dw wkh hohfwrudo vwdjh1

Lw vhhpv reylrxv wkdw d sursruwlrqdo v|vwhp vkrxog jhqhudwh gl>huhqw srolf| rxw0

frphv wkdq d zlqqhu0wdnh0doo v|vwhp1 Krzhyhu/ lq d vwdqgdug Grzqvldq prgho zlwk

olqhdu wd{hv wkh htxloleulxp zrxog eh wkh vdph xqghu hlwkhu v|vwhp= erwk fdqglgdwhv

zrxog fkrrvh wkh lghdo srlqw ri wkh phgldq yrwhu1 Olqgehfn dqg Zhlexoo ^44` dovr vkrz

wkdw wkh wzr v|vwhpv ohdg wr wkh vdph +h!flhqw, rxwfrph lq d zruog zkhuh fdqglgdwhv

hqjdjh lq sxuh uhglvwulexwlrq1 Vlploduo|/ devhqw wkh sxeolf jrrg/ rxu prgho |lhogv wkh

vdph suhglfwlrq xqghu erwk v|vwhpv1

Wkh uhdvrq wkh wzr v|vwhpv gl>hu lq rxu prgho uh hfwv d ixqgdphqwdo gl>huhqfh

lq wkh lqfhqwlyhv wkh| surylgh wr fdqglgdwhv vhhnlqj sxeolf r!fh1 Ohw xv frqvlghu wkh

fdvh zkhuh rqh fdqglgdwh surplvhv wr surylgh wkh sxeolf jrrg1 Qrz/ vxssrvh wkdw wkh

rssrqhqw wulhv wr ghihdw klp e| uhglvwulexwlqj prqh| wr vrph pdmrulw| ri yrwhuv1 Wkh

7Lq wkh frqfoxvlrq zh glvfxvv wkhvh lvvxhv ixuwkhu1
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pdujlq ri ylfwru| ri wkh uhglvwulexwlyh sodq djdlqvw wkh sxeolf jrrg ghfolqhv dv wkh

sxeolf jrrg ehfrphv pruh ydoxdeoh1 Wklv lv ehfdxvh ri wkh uhgxfwlrq lq wkh qxpehu

ri yrwhuv wr zkrp d fdqglgdwh fdq surplvh ehqh?wv wkdw duh zruwk pruh wkdq wkh

ehqh?wv surylghg e| wkh sxeolf jrrg1 Zkhq fdqglgdwhv pd{lpl}h wkh vkduh ri wkh

yrwh/ wkh pdujlq ri ylfwru| lv lpsruwdqw iru lw ghwhuplqhv fdqglgdwhv* sd|r>v1 Khqfh/

lq wkh sursruwlrqdo v|vwhp wkh rswlrq ri uhglvwulexwlqj ehfrphv ohvv dwwudfwlyh dv wkh

sxeolf jrrg ehfrphv pruh ydoxdeoh1 Lq frqwudvw/ lq d zlqqhu0wdnh0doo v|vwhp doo wkdw

pdwwhuv derxw d sduwlfxodu uhglvwulexwlyh sodq lv zkhwkhu lw ehdwv wkh sxeolf jrrg= wkh

pdujlq ri ylfwru| lv luuhohydqw1 Wkxv/ lq d zlqqhu0wdnh0doo v|vwhp wkh dwwudfwlyhqhvv ri

d uhglvwulexwlyh sodq grhv qrw ghshqg rq krz ydoxdeoh wkh sxeolf jrrg lv/ dv orqj dv

uhglvwulexwlrq ghihdwv wkh sxeolf jrrg1 Zh ?qg wkdw wkh sursruwlrqdo v|vwhp lv pruh

h!flhqw zkhq wkh sxeolf jrrg lv yhu| ydoxdeoh/ dqg wkh zlqqhu0wdnh0doo v|vwhp lv pruh

h!flhqw zkhq wkh sxeolf jrrg lv qrw yhu| ydoxdeoh1 Zh dovr ?qg wkdw wkh lqhtxdolw| lq

wkh uhglvwulexwlrq ri uhvrxufhv lqfuhdvhv zlwk wkh ydoxh ri wkh sxeolf jrrg xqghu erwk

v|vwhpv1

Dqrwkhu glphqvlrq ri wkh srolwlfdo surfhvv wkdw zh frqvlghu lqyroyhv wzr gl>huhqw

zd|v ri djjuhjdwlqj glvwulfw ohyho yrwhv wr rewdlq d zlqqhu lq qdwlrq0zlgh hohfwlrqv1 Wkh

?uvw lv wr hohfw wkh fdqglgdwh zkr rewdlqv d pdmrulw| ri yrwhv lq d qdwlrq0zlgh hohfwrudo

glvwulfw1 Wkh vhfrqg zd| lv wr hohfw wkh fdqglgdwh zkr jhwv wkh pdmrulw| ri wkh yrwhv lq

wkh pdmrulw| ri glvwulfwv1 Wkh vhfrqg v|vwhp zloo eh fdoohg wkh hohfwrudo froohjh vlqfh lw

lv xvhg lq suhvlghqwldo hohfwlrqv lq wkh Xqlwhg Vwdwhv1 Zh vkrz wkdw wkh hohfwrudo froohjh

jhqhudwhv d pruh xqhtxdo glvwulexwlrq ri uhvrxufhv dqg ohvv h!flhqw surylvlrq ri joredo

sxeolf jrrgv1 Wkh uhdvrq iru wkh gl>huhqfh lv wkh iroorzlqj1 Li wkh hohfwrudwh lv pdgh

xs ri d vlqjoh glvwulfw/ fdqglgdwhv rqo| qhhg wr zruu| derxw 3ihqglqj r>4 dwwdfnv e| wkh

rwkhu fdqglgdwhv rq wkh pdmrulw| ri yrwhuv1 Lq wkh hohfwrudo froohjh v|vwhp fdqglgdwhv

qhhg wr zruu| derxw wkh rwkhu fdqglgdwh jrlqj diwhu 427 ri wkh yrwhuv= 425 ri wkh yrwhuv

lq 425 ri wkh glvwulfwv1 Wklv fuhdwhv wkh qhhg wr frqfhqwudwh surplvhv rq vpdoohu jurxsv

ri yrwhuv dqg phdqv wkdw wkh uhodwlyh lq h{lelolw| lq wkh wdujhwlqj ri wkh ehqh?wv iurp
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sxeolf jrrgv pxvw qrz ohdg wr hyhq zruvh lqh!flhqf|1

5 Uhodwhg olwhudwxuh

D frpsuhkhqvlyh vxuyh| ri wkh olwhudwxuh lv lq Shuvvrq dqg Wdehoolql ^4<`1 Prvw ri

wkh olwhudwxuh rq wkh lqh!flhqf| ri ghprfudf| irfxvhv rq ghflvlrq pdnlqj lq ohjlvod0

wxuhv18 Iru lqvwdqfh/ Edurq ^5` prghov wkh ohjlvodwlyh surfhvv yld d vhtxhqwldo edujdlqlqj

prgho1 Wkhvh prghov dqdo|}h vshfl?f/ yhu| vwuxfwxuhg ohjlvodwlyh surfhvvhv> wkh| gr

qrw dgguhvv fdqglgdwhv frpshwlqj lq odujh hohfwlrqv1 Lq Fkdul hw do1 ^<`/ srolf| lv gh0

whuplqhg wkurxjk edujdlqlqj ehwzhhq d suhvlghqw dqg orfdo uhsuhvhqwdwlyhv1 Wklv jlyhv

ulvh wr d frpprq srro sureohp zkhuhe| dq h{fhvvlyh qxpehu ri orfdo sxeolf surmhfwv

duh ?qdqfhg iurp jhqhudo wd{dwlrq +vhh dovr Zhlqjdvw hw do1 ^58`,1 Vlploduo|/ Shuvvrq/

Urodqg/ dqg Wdehoolql ^54` frpsduh frqjuhvvlrqdo dqg sduoldphqwdu| v|vwhpv1 Lq wkhlu

prgho/ wkh srolwlfldq fkrrvlqj wkh ohyho ri sxeolf jrrg surylvlrq kdv wkh rswlrq ri

iruhjrlqj wkh sxeolf jrrg dqg dssursuldwh wkh prqh| iru klv rzq glvwulfw> rqfh djdlq/

d frpprq srro sureohp dulvhv1 Rxu vhwxs gl>huv iurp wkhvh prghov vlqfh zh irfxv

rq qdwlrqdo fdqglgdwhv zkr gr qrw uhsuhvhqw dq| vshfl?f glvwulfw= zkhq sursrvlqj wr

lqfuhdvh wudqvihuv wr d glvwulfw/ rxu fdqglgdwhv wdnh lqwr dffrxqw wkh orvv ri dqrwkhu glv0

wulfw1 Wkxv/ qdwlrqzlgh fdqglgdwhv plwljdwh wkh frpprq srro sureohp e| lqwhuqdol}lqj/

lq sduw/ wkh frvwv ri surylglqj srun0eduuho surmhfwv1

Wkh lghd ri wkh wudghr> ehwzhhq srolflhv zlwk gl>xvh ehqh?wv dqg srun0eduuho

surmhfwv kdv orqj ehhq suhvhqw lq wkh pdlqvwuhdp srolwlfdo vflhqfh olwhudwxuh1 Lq rqh

yduldqw +vhh Pd|khz ^47`/ s1 85094,/ ohjlvodwruv jr iru surmhfwv rq zklfk wkh| fdq fodlp

fuhglw zlwk wkh hohfwrudwh1 Sxeolf jrrgv duh edg iru wklv ehfdxvh yrwhuv gr qrw nqrz

zkhwkhu wkh fdqglgdwh zdv uhdoo| lqvwuxphqwdo lq vhfxulqj wkh surylvlrq ri wkh sxeolf

jrrg/ zkhuhdv lw lv hdv| iru fdqglgdwhv wr fodlp fuhglw iru d orfdo srun0eduuho surmhfw1

Wklv lghd uholhv rq lqfrpsohwh lqirupdwlrq rq wkh sduw ri yrwhuv> rqh yluwxh ri rxu

8Dq h{fhswlrq lv Frdwh dqg Pruulv ^43`/ zkr irfxv rq wkh idfw wkdw srolwlfldqv kdyh sulydwh lqiru0

pdwlrq rq wkh h>hfwv ri jryhuqphqw srolf|1
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prgho lv wkdw lqfrpsohwh lqirupdwlrq lv qrw fhqwudo wr rxu dujxphqwv1

Wkhuh lv zrun frpsdulqj wkh h>hfwv ri dowhuqdwlyh hohfwrudo v|vwhpv rq wkh glvwule0

xwlrq ri uhvrxufhv/ lq wkh devhqfh ri d sxeolf jrrg1 P|huvrq ^48` vwxglhv uhglvwulexwlyh

srolwlfv xqghu dowhuqdwlyh hohfwrudo v|vwhpv zkhq wkhuh lv frpshwlwlrq dprqj pruh

wkdq wzr fdqglgdwhv1 Lq Eudpv dqg Gdylv ^:` dqg Vq|ghu ^56`/ fdqglgdwhv uhglvwulexwh

uhvrxufhv dfurvv hohfwrudo glvwulfwv1 Zkhq wkh hqylurqphqw lv dv|pphwulf/ wkh wzr v|v0

whpv 0 zlqqhu0wdnh0doo dqg sursruwlrqdo uhsuhvhqwdwlrq 0 |lhog gl>huhqw rxwfrphv1 Doo

wkhvh prghov duh sxuho| derxw uhglvwulexwlrq/ khqfh wkh| gr qrw |lhog zhoiduh lpsolfd0

wlrqv1

Dxvwhq0Vplwk dqg Edqnv ^4` dqdo|}h sursruwlrqdo uhsuhvhqwdwlrq lq d wkuhh0fdqglgdwh

prgho ri vsdwldo frpshwlwlrq wkdw lqwhjudwhv wkh hohfwrudo dqg ohjlvodwlyh surfhvvhv1

Wkh| rewdlq d vkdus frqwudvw ehwzhhq soxudolw| uxoh zlwk wzr fdqglgdwhv dqg sur0

sruwlrqdo uhsuhvhqwdwlrq zlwk wkuhh fdqglgdwhv1 Xqghu soxudolw| uxoh/ erwk fdqglgdwhv

dgrsw wkh srolf| suhihuuhg e| wkh phgldq yrwhu1 Xqghu sursruwlrqdo uhsuhvhqwdwlrq wkh

htxloleulxp hohfwrudo sodwirupv duh v|pphwulfdoo| glvwulexwhg durxqg wkh phgldq1 Wkh

jryhuqphqw lv iruphg ehwzhhq wkh sduw| wkdw dgrswv wkh phgldq srvlwlrq +zklfk uh0

fhlyhv wkh ihzhvw yrwhv, dqg rqh ri wkh rwkhu sduwlhv1 Wkh srolf| rxwfrph wkdw hphujhv

iurp wkh ohjlvodwlyh surfhvv lv d frpsurplvh ehwzhhq wkh sodwirupv ri wkhvh wzr sduwlhv

dqg lv gl>huhqw iurp wkh phgldq yrwhu*v suhihuuhg srolf|1

Dgglwlrqdo zrun rq wkh frpsdulvrq ehwzhhq pdmrulwduldq dqg sursruwlrqdo v|vwhpv

kdv ehhq grqh e| Shuvvrq dqg Wdehoolql +4<<<,1 Wkh| frqvwuxfw d prgho ri uhglvwulex0

wlyh srolwlfv d* od Olqgehfn dqg Zhlexoo lq zklfk d pdmrulwduldq v|vwhp jhqhudwhv ohvv

sxeolf jrrg surylvlrq wkdq d sursruwlrqdo v|vwhp1 Shuvvrq dqg Wdehoolql dovr frqiurqw

wklv suhglfwlrq zlwk furvv0frxqwu| gdwd iurp durxqg 4<<3> wkh| ?qg zhdn vxssruw iru

wkh suhglfwlrq wkdw pdmrulwduldq hohfwlrqv duh dvvrfldwhg zlwk ohvv sxeolf jrrgv1

9



6 Wkh prgho

Rxu vhwxs grhv qrw uhvwulfw wkh vhw ri ihdvleoh wudqvihuv lq dq| zd| h{fhsw wr uhtxluh

wkdw wkh| vdwlvi| d exgjhw frqvwudlqw1 P|huvrq ^48` lqwurgxfhg wklv prgho +zlwkrxw wkh

sxeolf jrrg, wr vwxg| uhglvwulexwlyh srolwlfv1

614 Hfrqrp| dqg Djhqwv

Wkhuh duh wzr fdqglgdwhv/ 4 dqg 51 Wkhuh lv d frqwlqxxp ri frqvxphuv2yrwhuv> wkh

vhw ri yrwhuv lv ghqrwhg e| T zklfk fdq eh wdnhq dv wkh lqwhuydo dfc �o19 Wkhuh duh wzr

jrrgv/ prqh| dqg d sxeolf jrrg1 Wkh sxeolf jrrg fdq rqo| eh surgxfhg e| xvlqj doo

wkh prqh| lq wkh hfrqrp|1:

Hdfk yrwhu kdv dq hqgrzphqw ri rqh xqlw ri prqh|1 Wkh sxeolf jrrg |lhogv d

xwlolw| ri C wr hdfk yrwhu1 Yrwhuv kdyh qr d sulrul suhihuhqfh iru hlwkhu fdqglgdwh/ dqg

kdyh olqhdu xwlolw| ryhu jrrgv1;

Fdqglgdwhv pdnh elqglqj surplvhv wr hdfk yrwhu1 D fdqglgdwh fdq r>hu wr surylgh

wkh sxeolf jrrg +wr doo yrwhuv,> dowhuqdwlyho|/ kh fdq r>hu gl>huhqw wd{hv dqg wudqvihuv wr

gl>huhqw yrwhuv1 Ehfdxvh d fdqglgdwh*v surplvh lv rqo| uhohydqw li kh jhwv hohfwhg/ hdfk

yrwhu*v rswlpdo ehkdylru lv wr yrwh iru wkh fdqglgdwh zkr surplvhv klp wkh juhdwhvw

xwlolw|1

9Wklv lv d frqyhqlhqw dvvxpswlrq ehfdxvh lw zloo doorz xv wr lqyrnh wkh odz ri odujh qxpehuv rq

d qxpehu ri rffdvlrqv1 Wklv lv phdqw wr eh dq dssur{lpdwlrq iru d jdph zlwk d odujh +exw ?qlwh,

qxpehu ri yrwhuv1
:Ol}}hul dqg Shuvlfr +4<<;, uhod{ wklv dvvxpswlrq dqg vkrz wkdw wkh dqdo|vlv lv urexvw1
;Wklv dvvxpswlrq lv pdgh vroho| wr vlpsoli| wkh qrwdwlrq dqg suhvhqwdwlrq ri wkh uhvxowv> doo wkh

uhvxowv krog iru dq| lqfuhdvlqj xwlolw| ixqfwlrq1 Wkxv/ zh zloo ihho iuhh wr lqwhusuhw wkh uhvxowv iru wkh

fdvh lq zklfk yrwhuv duh ulvn dyhuvh1
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615 Hohfwrudo Lqfhqwlyhv

Lq rxu ylhz/ wkh rssruwxqlw| wr wudqvodwh yrwh vkduhv lqwr frpphqvxudwh ehqh?wv iru

wkh srolwlfldq lv dq lpsruwdqw ihdwxuh ri sursruwlrqdo v|vwhpv uhodwlyh wr zlqqhu0wdnh0

doo v|vwhpv1 Zh zdqw wr xqghuvwdqg wkh frqvhtxhqfhv ri wklv skhqrphqrq rq hohfwrudo

surplvhv1 Lq rxu prgho/ fdqglgdwhv duh prwlydwhg wr uxq e| wkh survshfw ri vsrlov

ri r!fh1 Zh glvfxvv wzr dowhuqdwlyh v|vwhpv/ fkdudfwhul}hg e| krz wkhvh vsrlov duh

glylghg ehwzhhq fdqglgdwhv1

D sursruwlrqdo v|vwhp/ zkhuh wkh vsrlov duh glylghg sursruwlrqdoo| wr wkh fdqglgdwhv*

vkduh ri wkh yrwh1 Wkxv/ fdqglgdwhv pd{lpl}h wkh vkduh ri wkh yrwh1

D zlqqhu0wdnh0doo v|vwhp/ zkhuh doo wkh vsrlov jr wr wkh zlqqhu1 Wkxv/ d fdqglgdwh*v

sd|r> lq wkh zlqqhu0wdnh0doo lv 3 li klv vkduh ri wkh yrwh lv ohvv wkdq 425/ 4 li lw lv juhdwhu

wkdq 425/ dqg 425 li wkh vkduh ri wkh yrwh lv h{dfwo| 4251

616 Jdph

D sxuh vwudwhj| iru d fdqglgdwh vshfl?hv zkhwkhu kh fkrrvhv wr r>hu wkh sxeolf jrrg

ru sxuh wudqvihuv +kh fdqqrw r>hu erwk/ exw vhh Ol}}hul dqg Shuvlfr +4<<;, iru d prgho

zkhuh wklv lv srvvleoh,1 Lq wkh hyhqw kh fkrrvhv wudqvihuv/ d sxuh vwudwhj| vshfl?hv d

surplvh ri d wudqvihu wr hdfk yrwhu1 Irupdoo|/ d sxuh vwudwhj| lv d ixqfwlrq x G T $
dý�cn4ä wkdw vdwlv?hv wkh iroorzlqj frqglwlrq= hlwkhu xEñä ' C ý � iru doo ñ 5 Tc ruU
T xEñä_ñ ' f1 Wklv lv d edodqfhg exgjhw frqglwlrq1 xEñä n � uhsuhvhqwv wkh xwlolw|

hqmr|hg e| yrwhu ñ1

Wkhuh duh wzr vwdjhv ri wkh jdph=

Vwdjh 4 Fdqglgdwhv fkrrvh r>huv wr yrwhuv vlpxowdqhrxvo| dqg lqghshqghqwo|1

Vwdjh 5 Hdfk yrwhu ñ jhwv r>huv x�Eñäcx2Eñä iurp fdqglgdwhv 4 dqg 51 Diwhu

revhuylqj wkh r>huv/ yrwhu ñ yrwhv iru fdqglgdwh ð li xðEñä : xûEñä1 Li wkh yrwhu jhwv

wkh vdph r>hu iurp erwk fdqglgdwhv/ kh udqgrpl}hv zlwk htxdo suredelolw|1

D pl{hg vwudwhj| lq wklv jdph frxog lq sulqflsoh eh d yhu| frpsolfdwhg remhfw vlqfh

wkh vsdfh ri sxuh vwudwhjlhv lv vr odujh1 Krzhyhu/ lw wxuqv rxw wkdw zh rqo| qhhg wr orrn

;



dw vlpsoh glvwulexwlrqv1 Lq wklv sdshu zh glvfxvv wkh fdvh zkhuh wkh r>huv ri wudqvihuv

pdgh e| fdqglgdwh ð wr yrwhuv duh uhdol}dwlrqv ri wkh vdph udqgrp yduldeoh zlwk f1g1i1

8ð G ? $ dfc �o1 Ri frxuvh/ wkh idfw wkdw r>huv duh uhdol}dwlrqv ri wkh vdph udqgrp

yduldeoh grhv qrw phdq wkdw hdfk yrwhu jhwv wkh vdph r>hu1 Qrwh dovr wkdw dw vwdjh 5

hdfk yrwhu revhuyhv klv uhdol}hg surplvhv/ qrw udqgrp yduldeohv1

Ehfdxvh wkhuh duh lq?qlwho| pdq| yrwhuv/ 8ð zloo eh wkh hpslulfdo glvwulexwlrqv ri

r>huv lq wkh hohfwrudwh> 8ðE%ä lv wkh iudfwlrq ri yrwhuv zkr uhfhlyh surplvhv ehorz %

iurp fdqglgdwh ð1 E| pdqlsxodwlqj 8ð/ fdqglgdwh ð lv deoh wr wdujhw wudqvihuv wr vhfwlrqv

ri wkh srsxodwlrqv1 Lq wkh iroorzlqj vhfwlrqv zh wkhuhiruh uhgxfh wkh uhsuhvhqwdwlrq ri

d pl{hg vwudwhj| wr wkh suredelolw| ri r>hulqj wkh sxeolf jrrg +ghqrwh wklv e| kð,

dqg wkh glvwulexwlrq ri wudqvihuv 8ðEüä xqghu fdqglgdwh ð*v vwudwhj| li kh fkrrvhv wr

r>hu wudqvihuv1 Wkh exgjhw frqvwudlqw wkhq lv
U"
3� %_8ðE%ä ' fé Wkh orzhu vxssruw

ri lqwhjudwlrq lv h{sodlqhg e| wkh idfw wkdw yrwhuv fdqqrw eh wd{hg pruh wkdq wkhlu

hqgrzphqw1

Ohw 7E8ðc 8ûä ghqrwh wkh vkduh ri wkh yrwh ri fdqglgdwh û li kh surplvhv wr wudqvihu

dffruglqj wr 8û dqg fdqglgdwh ð surplvhv wr wudqvihu dffruglqj wr glvwulexwlrq 8ð1 Wkh

vkduh ri wkh yrwh ri fdqglgdwh û lv htxdo wr wkh suredelolw| wkdw dq| udqgrp yrwhu

uhfhlyhv dq r>hu iurp û zklfk lv kljkhu wkdq wkh r>hu kh uhfhlyhv iurp ð1 Wkxv/

7E8ðc 8ûä '
] "

3�
8ðE%ä_8ûE%ä

Wkh jdph dprqj fdqglgdwhv lv frqvwdqw vxp dqg v|pphwulf xqghu hlwkhu dvvxps0

wlrq rq fdqglgdwhv* remhfwlyhv1 Khqfh/ lq htxloleulxp erwk fdqglgdwhv pxvw jhw 83 (

ri wkh yrwhv lq h{shfwdwlrq1

617 Glvfxvvlrq ri wkh Prgho

D ihz ihdwxuhv ri rxu prgho duh zruwk glvfxvvlqj1 Iluvw/ wkh qdwxuh ri wkh uhglvwulex0

wlrq1 Lq wklv prgho sulydwh ehqh?wv fdq eh wdujhwhg wr duelwudulo| vpdoo vxevhwv ri wkh

srsxodwlrq1 Wkxv/ wkh srolf| vsdfh lv qrw h{rjhqrxvo| uhvwulfwhg e| jurxslqj yrwhuv

<



dqg wkhq uhtxlulqj gl>huhqw yrwhuv lq wkh vdph jurxs wr uhfhlyh wkh vdph hohfwrudo

surplvh1 Ri frxuvh/ iru wkh orjlf ri rxu uhvxowv lw lv qrw qhfhvvdu| wkdw fdqglgdwhv fdq

olwhudoo| wdujhw wudqvihuv wr hdfk lqglylgxdo yrwhu1 Zh rqo| qhhg wkdw fdqglgdwhv fdq

glvfulplqdwh dprqj d uhodwlyho| odujh qxpehu ri jurxsv ri yrwhuv1 Wklv lv fhuwdlqo|

srvvleoh lq uhdolw| vlqfh wudqvihuv fdq eh gl>huhqw iru yrwhuv lq gl>huhqw jhrjudsklfdo

orfdwlrq/ djh jurxs/ surihvvlrq/ 1 1 1 1

Vhfrqg/ lq rxu prgho hdfk yrwhu yrwhv iru wkh fdqglgdwh zkr r>huv klp wkh prvw1

Wklv lv lq frqwudvw zlwk prghov d* od Olqgehfn dqg Zhlexoo +4<;:, ru prghov ri sured0

elolvwlf yrwlqj/ zkhuh lqfuhdvlqj wkh hohfwrudo surplvh wr dq| jurxs gholyhuv d frqwlqxrxv

fkdqjh lq vkduh ri wkh yrwh iurp wkdw jurxs1 Wkh srwhqwldo glvfrqwlqxlw| ri wkh vkduh

ri wkh yrwh lq rxu prgho/ dv rqh fdqglgdwh*v surplvh wr d yrwhu htxdov dqg wkhq h{0

fhhgv klv frpshwlwru*v/ h{sodlqv wkh uroh iru pl{hg vwudwhjlhv1 Pl{hg vwudwhjlhv surylgh

wkh vprrwkqhvv lq fdqglgdwhv* sd|r>v wkdw doorzv xv wr rewdlq dq htxloleulxp1 Wklv

vprrwkqhvv lv h{rjhqrxvo| dvvxphg lq prghov ri suredelolvwlf yrwlqj1

Wkh dvvxpswlrq ri lghqwlfdo yrwhuv lv xvhixo iru kljkoljkwlqj wkh gl>huhqfhv iurp

wkh olwhudwxuh vlqfh zh vkrz wkdw khwhurjhqhlw| lv qrw d gulylqj irufh ri rxu uhvxowv1

Wklv dvvxpswlrq kdv wkh dgglwlrqdo ehqh?w ri frqvlghudeo| vlpsoli|lqj wkh dqdo|vlv1 Lq

Ol}}hul dqg Shuvlfr +4<<;, zh doorz iru d olplwhg phdvxuh ri yrwhu khwhurjhqhlw| dqg

vkrz wkdw wkh vxevwdqfh ri rxu uhvxowv lv xqfkdqjhg1

Ilqdoo|/ wkh exgjhw frqvwudlqw1 Zh uhtxluh wkdw wudqvihuv vdwlvi| d exgjhw frqvwudlqw

zklfk lv ghwhuplqhg e| wkh dprxqw ri sxeolf uhvrxufhv wkdw d fdqglgdwh zrxog eh deoh wr

doorfdwh lq fdvh ri zlqqlqj wkh hohfwlrq1 Wklv lv lq nhhslqj zlwk wkh dvvxpswlrq ri ixoo|

udwlrqdo dqg shuihfwo| lqiruphg yrwhuv1 Lq frqqhfwlrq zlwk wkh exgjhw frqvwudlqw qrwh

wkdw/ zlwk d ?qlwh srsxodwlrq ri ù yrwhuv/ hohfwrudo surplvhv frxog qrw eh lqghshqghqw

dfurvv yrwhuv/ ehfdxvh wkh surplvhv zrxog kdyh wr vxp xs wr wkh exgjhw frqvwudlqw1

Krzhyhu/ dv wkh qxpehu ù jrhv wr lq?qlw|/ lqghshqghqw surplvhv fdq eh frqvwuxfwhg vr

wkdw wkh dyhudjh ghyldwlrq iurp wkh exgjhw frqvwudlqw frqyhujhv wr 3 zlwk suredelolw|
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rqh1 Wklv lv zk| zh dvvxph dq lq?qlwh qxpehu ri yrwhuv lq rxu prgho1<

7 Zlqqhu0wdnh0doo yv1 Sursruwlrqdo V|vwhp

LiC : 2/ wkhq xqghu hlwkhu dvvxpswlrq rq fdqglgdwhv* remhfwlyhv wkh xqltxh htxloleulxp

lqyroyhv erwk fdqglgdwhv surplvlqj wr surylgh wkh sxeolf jrrg1 Wr vhh wklv revhuyh

wkdw li fdqglgdwh ð r>huv wkh sxeolf jrrg/ kh wlhv lq wkh hyhqw fdqglgdwh û dovr r>huv

wkh sxeolf jrrg/ dqg zlqv li fdqglgdwh û r>huv wudqvihuv vlqfh/ ehfdxvh ri wkh exgjhw

frqvwudlqw/ fdqglgdwh û fdqqrw r>hu pruh wkdq C ý � : � wr pruh wkdq 83( ri wkh

yrwhuv1 Frqyhuvho|/ li fdqglgdwh ð fkrrvhv wr r>hu prqh| kh jhwv ohvv wkdq 83( ri wkh

yrwhv lq wkh hyhqw wkdw wkh rwkhu fdqglgdwh r>huv wkh sxeolf jrrg143

Vhfwlrq 714 ghvfulehv wkh ehqfkpdun fdvh zkhuhC ÷ �/ khqfh surylvlrq ri wkh sxeolf

jrrg lv grplqdwhg e| d vwudwhj| ri r>hulqj wkh vdph +}hur, wudqvihu wr hyhu| yrwhu1

Vhfwlrq 715 dqg 716 dqdo|}h wkh lqwhuhvwlqj sdudphwhu udqjh/ zkhq � ÷ C ÷ 21 Wr

ghyhors dq lqwxlwlrq iru wkh uhvxowv/ lw lv xvhixo wr frqvlghu d vlpsoh h{dpsoh1 Vxssrvh

C ' ô*2 dqg dvvxph wkdw fdqglgdwh 4 r>huv wr surylgh wkh sxeolf jrrg1 Wkhq fdqglgdwh

5 fdq rewdlq doprvw 526 ri wkh yrwhv e| r>hulqj d wudqvihu ri d olwwoh pruh wkdq 425

+khqfh d xwlolw| ri pruh wkdq C, wr d olwwoh ihzhu wkdq 526 ri wkh yrwhuv1 Wkhvh wudqvihuv

duh ?qdqfhg e| wd{lqj wkh hqwluh hqgrzphqw ri wkh uhpdlqlqj yrwhuv1 Vxssrvh qrz

wkdw wkh ydoxh ri wkh sxeolf jrrg lv :271 Qrz fdqglgdwh 5 fdq r>hu pruh wkdq wkh

ydoxh ri wkh sxeolf jrrg wr ihzhu wkdq 72: ri wkh yrwhuv1 Wkh qxpehu ri yrwhuv wr

zkrp fdqglgdwh 5 fdq r>hu pruh wkdq wkh ydoxh ri wkh sxeolf jrrg ghfolqhv zlwk C

dowkrxjk lw lv vwloo vx!flhqw wr zlq dv orqj dv C ÷ 21 Wklv looxvwudwhv wzr ixqgdphqwdo

<Vhh P|huvrq ^48`/ Qrwh 4/ iru ixuwkhu glvfxvvlrq1
43Frqvlghu dq hohfwlrq zlwk q fdqglgdwhv1 Ohw doo fdqglgdwhv r>hu wkh sxeolf jrrg/ dqg dvvxph wkdw

dw wklv vwudwhj| frpelqdwlrq hdfk fdqglgdwh uhfhlyhv d vkduh ri wkh yrwh ri 4@q1 Wkhq/ lw lv rqo| zkhq

J lv juhdwhu wkdq q wkdw wklv lv dq htxloleulxp1 Zkhq 4 ? J ? q wkh htxloleulxp lv jrlqj wr eh

lqh!flhqw1 Wklv vxjjhvwv wkdw wkh lqh!flhqf| lv lqfuhdvlqj lq wkh qxpehu ri fdqglgdwhv1 Krzhyhu/ d

ixoo dqdo|vlv ri wkh fdvh ri q fdqglgdwhv lv qrw dq hdv| h{whqvlrq ri wkh wzr fdqglgdwh prgho1
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dvshfwv ri wkh sureohp= Iluvw/ surylvlrq ri wkh sxeolf jrrg lv jrlqj wr eh lqh!flhqw

vlqfh lwv ehqh?wv duh qrw dv wdujhwdeoh dv wudqvihuv duh1 Vhfrqg/ lq wkh sursruwlrqdo

v|vwhp wkh lqfhqwlyh wr uhglvwulexwh ghfolqhv dv wkh ydoxh ri C lqfuhdvhv/ zkloh lq wkh

zlqqhu0wdnh0doo v|vwhp wkh lqfhqwlyh wr uhglvwulexwh uhpdlqv frqvwdqw1

Iru ydoxhv ri C ehwzhhq � dqg 2 wkhuh lv qr htxloleulxp lq sxuh vwudwhjlhv1 Wr vhh

wklv/ vxssrvh fdqglgdwh 4*v vwudwhj| zdv x�1 Li x�Eñä ' Cý� iru doo ñ/ l1h1 fdqglgdwh �
surplvhv hdfk yrwhu wkh sxeolf jrrg/ wkhq fdqglgdwh 2 fdq fkrrvh wr surplvh pruh wkdq

C ý � wr pruh wkdq 83( ri wkh yrwhuv dqg rewdlq pruh wkdq 83( ri wkh yrwhv1 Wklv

lv lpsrvvleoh lq htxloleulxp1 Vxssrvh wkhq wkdw fdqglgdwh � fkrrvhv wr r>hu prqh|1

Qrz fdqglgdwh 2 frxog wdnh d vhw ri yrwhuv T� zlwk vpdoo srvlwlyh phdvxuh vxfk wkdw

x�Eñä : ý� iru ñ 5 T�/ wd{ doo wkhlu hqgrzphqw dqg xvh wkh prqh| wr ?qdqfh r>huv

ri x�Eñä n " wr doo rwkhu yrwhuv1 Wkh vhw T� dqg wkh " fdq eh fkrvhq vr wkdw fdqglgdwh

2 zlqv zlwk d vkduh ri wkh yrwh duelwudulo| forvh wr rqh kxqguhg shufhqw1 Wkxv/ dw

htxloleulxp erwk fdqglgdwhv zloo eh hpsor|lqj pl{hg vwudwhjlhv1 Zh zdqw wr vwuhvv

wkdw wkhuh lv d qdwxudo lqwhusuhwdwlrq iru wkhvh pl{hg vwudwhjlhv= fkrrvlqj 8 vkrxog eh

wkrxjkw ri dv fkrrvlqj wkh Oruhq} fxuyh/ l1h1 wkh hpslulfdo glvwulexwlrq ri wudqvihuv/ lq

wkh srsxodwlrq1

714 Wkh Jdph ri Sxuh Uhglvwulexwlrq

Ehiruh glvfxvvlqj krz wkh surylvlrq ri sxeolf jrrgv gl>huv lq wkh wzr v|vwhpv lw lv

xvhixo wr vkrz wkdw wkh htxloleulxp lq wkh jdph ri sxuh uhglvwulexwlrq lv wkh vdph

xqghu wkh wzr v|vwhpv1

Sursrvlwlrq 4 +P|huvrq,1 Vxssrvh C ÷ �é Wkhq wkh xqltxh htxloleulxp xqghu wkh

zlqqhu0wdnh0doo dqg sursruwlrqdo v|vwhpv lqyroyhv erwk fdqglgdwhv gudzlqj r>huv wr doo

yrwhuv iurp d xqlirup glvwulexwlrq rq dý�c �o1 Wkxv/

8ðE%ä '

;AAAA?AAAA=
f iru % é ý�
%n�
2

iru ý � é % é �
� iru � é %

iru ð ' �c 2 +4,

45



Surri= Ohw xv vkrz wkdw wklv lv dq htxloleulxp1 Iluvw/ qrwlfh wkdw wkh vkduh ri wkh

yrwh iurp r>hulqj wkh sxeolf jrrg lv 8ð ECý �ä ÷ 8ð Efä ' �*2c vr r>hulqj wkh sxeolf

jrrg lv d edg lghd vlqfh lw |lhogv ohvv wkdq 83( ri wkh yrwhv1 Vxssrvh qrz 8� vdwlv?hv

htxdwlrq 4/ dqg fdqglgdwh 5 r>huv prqh| dffruglqj wr d glvwulexwlrq 8 1 Wr vdwlvi| wkh

exgjhw frqvwudlqw lw pxvw eh
U"
3� %_8 E%ä ' f1 Zh wkhq kdyh=

7E8�c 8 ä '
] "

3�
8�E%ä_8 E%ä é

] "

3�
%n �

2
_8 E%ä '

�

2
' 7E8�c 82ä

Wkh vhfrqg0wr0odvw htxdolw| krogv ehfdxvh ri wkh exgjhw frqvwudlqw1 Wkhuhiruh ghyldwlrq

fdqqrw lqfuhdvh wkh vkduh ri wkh yrwh iru fdqglgdwh 51 Iru d surri ri xqltxhqhvv vhh

P|huvrq +4<<6, dqg Ol}}hul +4<<:,1

Qrwlfh wkdw lq wklv jdph fdqglgdwhv zloo fkrrvh wr wd{ dqg uhglvwulexwh hyhq zkhq qr

sxeolf jrrg lv surylghg dw htxloleulxp1 Wklv lv lq frqwudvw zlwk wkh vwdqgdug/ phgldq

yrwhu/ prghov ri ghprfudwlf surylvlrq ri sxeolf jrrgv1 Wklv frqwudvw lv gxh wr wkh idfw

wkdw lq rxu prgho wkh uhglvwulexwlyh wrrov ri fdqglgdwhv duh qrw uhvwulfwhg wr olqhdu

wd{hv1

Zkhq yrwhuv duh ulvn0qhxwudo/ wkh rxwfrph ri wkh srolwlfdo surfhvv lv h!flhqw= vlqfh

C ÷ � flwl}hqv ydoxh prqh| pruh wkdq wkh| ydoxh wkh sxeolf jrrg/ dqg wkh| gr qrw

plqg wkh ulvn lqyroyhg lq wkh uhglvwulexwlrq surfhvv144

715 D zlqqhu0wdnh0doo V|vwhp

Wkhruhp 5 Vxssrvh � ÷ C ÷ 21 Xqghu wkh zlqqhu0wdnh0doo v|vwhp lq wkh xqltxh

htxloleulxp erwk fdqglgdwhv r>hu wkh sxeolf jrrg zlwk suredelolw| kECä ' �*2 iru C 5
E�c 2äé Zkhq fdqglgdwhv r>hu prqh| wkh| fkrrvh wudqvihuv dffruglqj wr wkh iroorzlqj

glvwulexwlrq=
44Iru d glvfxvvlrq ri wkh dssursuldwh qrwlrq ri h!flhqf| vhh Vhfwlrq 7181 Zlwk ulvn qhxwudolw| dqg

J ? 4/ wkh htxloleulxp rxwfrph lv h!flhqw dffruglqj wr doo gh?qlwlrqv glvfxvvhg lq wkdw vhfwlrq1
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Zkhq C : 2c wkh xqltxh htxloleulxp lv wr r>hu wkh sxeolf jrrg iru vxuh= kECä ' �

iru C 5 E2c4äé

Surri= Fdvh � ÷ C ÷ 2 G Zh zdqw wr vkrz wkdw wklv lv dq htxloleulxp1 Iluvw/

wkh vwudwhj| 8 W lv ihdvleoh vlqfh wkh dyhudjh vxp vshqw lv
U"
3� %_8

WE%ä ' f1 Vxssrvh

fdqglgdwh 5 iroorzv wkh htxloleulxp vwudwhj|= wkhq wkh vkduh ri wkh yrwh ri d fdqglgdwh

4 zkr uhglvwulexwhv dffruglqj wr 8c dqg phhwv fdqglgdwh 5 zkr surplvhv wudqvihuv lv=

7E8 Wc 8 ä '
] "

3�
8 WE%ä_8 E%äé +6,

Zkhq 8 lv d ehvw0uhvsrqvh/ lw lv qhyhu wkh fdvh wkdw wkh r>huv ri fdqglgdwh 4 idoo

rxwvlgh fdqglgdwh 5*v vxssruw= irupdoo|/ 8 Eý�ä ' f dqg 8 E�ä ' �1 Wkh vkduh ri wkh
yrwh dffuxlqj wr fdqglgdwh 4 +h{suhvvlrq +6,, lv
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duh wkh wrwdo wudqvihuv jhqhudwhg e| surplvhv lq wkh lqwhuydo dý�c �ýCo dqg dCý �c �o/
uhvshfwlyho|1 Lw lv reylrxvo| qhyhu d ehvw uhvsrqvh wr surplvh dq|wklqj lq E�ýCcCý �ä
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qru lv lw rswlpdo wr surplvh C ý � wr dq| srvlwlyh phdvxuh ri yrwhuv= lqghhg/ dq|

vwudwhj| wkdw surplvhv C ý � wr d pdvv 6 ri yrwhuv lv grplqdwhg e| rqh wkdw lv

lghqwlfdo/ h{fhsw wkdw 0 ri wkh yrwhuv suhylrxvo| ehlqj r>huhg C ý � duh qrz r>huhg

�ýCc dqg wkh uhpdlqlqj 6ý 0 duh r>huhg Cý � n Bé Wkxv/ zh fdq vdiho| uhvwulfw wr

fkhfnlqj wkrvh ghyldwlrqv 8 iru zklfk 8 ECý �äý8 E�ýCä ' féWkh deryh h{suhvvlrq
wkhq uhdgv

7E8 Wc 8 ä '
�

2

é
�� n�2

2ýC n 2
ë
Cý �
2ýC

ê
8 ECý �ä n

ë
�ý C

2ýC
ê
n

�

2ýC
è

+7,

Wkh sureohp ri fdqglgdwh 4 lv wr fkrrvh dq 8 xqghu wkh frqvwudlqw wkdw �� n�2 é f
+exgjhw frqvwudlqw,1 Iluvw/ fohduo| wkh fdqglgdwh zloo fkrrvh wr pdnh �� n�2 ' fé

Vhfrqg/ zkhqhyhu 8 EC ý �ä ÷ �
2
zh kdyh 7E8 Wc 8 ä ÷ �

2
c vr fdqglgdwh 4 lv vxuh wr orvh

djdlqvw uhglvwulexwlrq +exw wr zlq djdlqvw wkh sxeolf jrrg,> zkhqhyhu 8 ECý�ä : �
2
c wkh

fdqglgdwh lv vxuh wr zlq djdlqvw uhglvwulexwlrq exw lv vxuh wr orvh djdlqvw wkh sxeolf

jrrg1 Ilqdoo|/ zkhq 8 EC ý �ä ' �
2
wkh fdqglgdwh wlhv djdlqvw wkh sxeolf jrrg dqg

djdlqvw uhglvwulexwlrq1 Vlqfh k ' �*2c wkh fdqglgdwh lv lqgl>huhqw ehwzhhq dq| 8 vxfk

wkdw �� n�2 ' f1 Vlploduo|/ jlyhq wkdw fdqglgdwh 5 sod|v wkh htxloleulxp vwudwhj|/

fdqglgdwh 4 lv lqgl>huhqw ehwzhhq r>hulqj wkh sxeolf jrrg dqg r>hulqj prqh| ehfdxvh

wkh suredelolw| ri ylfwru| lv 425 lq hlwkhu fdvh1

Fdvh C : 2 G vwudljkwiruzdug/ vlqfh uhglvwulexwlqj uhvrxufhv fdqqrw jlyh xwlolw|

juhdwhu wkdq C wr pruh wkdq 83( ri wkh yrwhuv1

Xqltxhqhvv= vhh Ol}}hul dqg Shuvlfr +4<<;,1

716 D Sursruwlrqdo V|vwhp

Zh qrz glvfxvv wkh v|vwhp zkhuh fdqglgdwhv pd{lpl}h wkh vkduh ri wkh yrwh1

Wkhruhp 6 Vxssrvh � ÷ C ÷ 2é Xqghu wkh sursruwlrqdo v|vwhp lq wkh xqltxh htxlole0

ulxp lqyroyhv erwk fdqglgdwhv fkrrvlqj wr r>hu wkh sxeolf jrrg zlwk suredelolw| qECä '

Cý � iru C 5 E�c 2äé Zkhq fdqglgdwhv r>hu prqh| wkh| fkrrvh wudqvihuv dffruglqj wr
wkh vdph glvwulexwlrq dv lq Wkhruhp 51
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Zkhq C : 2c wkh xqltxh htxloleulxp lv wr r>hu wkh sxeolf jrrg iru vxuh= qECä ' �

iru C 5 E2c4äé

Surri= Fdvh � ÷ C ÷ 2 G

Vxssrvh wkdw fdqglgdwh 5 sod|v dffruglqj wr wkh htxloleulxp1 Dv lq wkh surri ri

Wkhruhp 5 li fdqglgdwh 4 r>huv prqh| dffruglqj wr d glvwulexwlrq 8 dqg fdqglgdwh

5 r>hu prqh| dffruglqj wr glvwulexwlrq 8 W/ zh fdq zulwh fdqglgdwh 4*v vkduh ri wkh

yrwh dffruglqj wr htxdwlrq +7,1 Iru wkh vdph uhdvrq dv lq wkh surri ri Wkhruhp 51

Fdqglgdwh 4 zloo fkrvh �� n�2 ' f1 Wkxv/ zh fdq uhzulwh htxdwlrq +7, dv iroorzv=

7E8 Wc 8 ä '
�

2E2ýCä d2ECý �ä8 ECý �ä n ôý 2Co +8,

Li fdqglgdwh 5 fkrrvhv wkh sxeolf jrrg lqvwhdg/ fdqglgdwh 4*v vkduh ri wkh yrwh li

kh r>huv prqh| dffruglqj wr 8 lv �ý 8 ECý �ä1 Wkxv/ jlyhq wkdw fdqglgdwh 5 fkrrvhv

wkh sxeolf jrrg zlwk suredelolw| Cý � dqg prqh| zlwk suredelolw| 2ý C/ fdqglgdwh
4*v h{shfwhg vkduh ri wkh yrwh zkhq kh r>huv prqh| lv=

ECý �äE�ý 8 ECý �ää n E2ýCä �

2E2ýCä d2ECý �ä8 ECý �ä n ôý 2Co '
�

2

Wkxv/ jlyhq wkdw fdqglgdwh 5 sod|v dffruglqj wr wkh htxloleulxp vwudwhj| fdqglgdwh 4*v

vkduh ri wkh yrwh lv 425 iru dq| glvwulexwlrq 8 1 Ixuwkhupruh/ lw lv fohdu wkdw jlyhq wkdw

fdqglgdwh 5 sod|v dffruglqj wr 8 W/ fdqglgdwh 4*v vkduh ri wkh yrwh iurp fkrrvlqj wkh

sxeolf jrrg lv dovr 4251 Wkxv/ fdqglgdwh 4 lv kdss| wr sod| dffruglqj wr wkh htxloleulxp

vwudwhj|1

Fdvh C : 2= lghqwlfdo wr Wkhruhp 51

Xqltxhqhvv= vhh Ol}}hul dqg Shuvlfr +4<<;,1

Lq wkh deryh vw|ol}hg prgho ri sursruwlrqdo uhsuhvhqwdwlrq zh lpsolflwo| dvvxph wkdw

wkh lpsohphqwhg srolf| lv wkdw ri wkh zlqqlqj fdqglgdwh1 Lq uhdolw|/ plqrulw| sduwlhv

pd| kdyh dq lq xhqfh rq srolf| dqg wkh ?qdo rxwfrph pljkw ghshqg lq d frpsolfdwhg

zd| rq wkh rxwfrph ri vrph srvw0hohfwlrq edujdlqlqj jdph1 Zh qrz vkrz wkdw wkh
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frqfoxvlrqv ri wklv vhfwlrq duh xqfkdqjhg zkhq zh doorz iru pruh jhqhudo zd|v ri

lpsohphqwlqj srolflhv diwhu dq hohfwlrq1

Frqvlghu d ixqfwlrq Z Erä$ dfc �o1 Wklv ixqfwlrq uhsuhvhqwv wkh suredelolw| wkdw wkh

lpsohphqwhg srolf| zloo eh wkh sodwirup ri fdqglgdwh 4 zkhq fdqglgdwh 4 kdv d vkduh ri

wkh yrwh ri r1 Zh dvvxph wkdw Z lv qrq ghfuhdvlqj lq r/ dqg wkdw Z E�*2ä ' �*21 Wkxv/

wkh ixqfwlrq Z pd| eh wkrxjkw ri dv d uhgxfhg irup ri d edujdlqlqj jdph ehwzhhq wkh

wzr fdqglgdwhv145 Jlyhq dq| vxfk Z/ rswlpdo ehkdylru iru yrwhuv vwloo lqyroyhv yrwlqj

iru wkh fdqglgdwh zkr surplvhv wkhp wkh kljkhu xwlolw|= wklv lqfuhdvhv wkh fkdqfh wkdw

wkh srolf| ri wkh idyrulwh fdqglgdwh lv lpsohphqwhg146 Wklv lpsolhv wkdw fdqglgdwhv*

htxloleulxp vwudwhjlhv duh xqfkdqjhg uhodwlyh wr rxu suhylrxv dqdo|vlv/ vlqfh fdqglgdwhv

rqo| fduh derxw vkduhv ri wkh yrwh/ dqg qrw derxw srolf|1 Wkxv/ dw htxloleulxp wkh

sxeolf jrrg lv r>huhg zlwk suredelolw| q ECä dqg/ qr pdwwhu zkdw d fdqglgdwh r>huv/

kh rewdlqv d vkduh ri wkh yrwh ri h{dfwo| 4251 Vlqfh Z E�*2ä ' �*2/ lq htxloleulxp wkh

suredelolw| wkdw wkh sxeolf jrrg lv surylghg grhv qrw fkdqjh iurp wkh rxwfrph ri rxu

vlpsoh prgho1

717 Glvfxvvlrq dqg Frpsdulvrq

Wkh glvwulexwlrq ri prqh| dfurvv yrwhuv lv wkh vdph lq erwk v|vwhpv dqg lv looxvwudwhg

lq Iljxuh 41 Dv wkh ydoxh ri wkh sxeolf jrrg C lqfuhdvhv/ wklv glvwulexwlrq ehfrphv

pruh frqfhqwudwhg rq wkh h{wuhphv1 Wkh suredelolw| ri surylvlrq ri wkh sxeolf jrrg

lq wkh zlqqhu0wdnh0doo v|vwhp lv lqghshqghqw ri C iru � ÷ C ÷ 21 Zkhq fdqglgdwhv

pd{lpl}h wkh vkduh ri wkh yrwh wkh htxloleulxp suredelolw| ri surylglqj wkh sxeolf jrrg

q ECä lv qrw frqvwdqw lq C G q jrhv iurp 3 wr 4 dv C lqfuhdvhv iurp 4 wr 51 Zh glvfxvv

wkhvh ihdwxuhv ehorz1
45Ehfdxvh ri rxu dvvxpswlrq ri glvfuhwh lqyhvwphqw lq wkh sxeolf jrrg/ lw lv dssursuldwh wr prgho

wkh frpsurplvh ehwzhhq wzr sduwlhv dv d suredelolw| udwkhu wkdq/ vd|/ d frh!flhqw lq wkh frqyh{

frpelqdwlrq ehwzhhq wkh wzr srolflhv1 D srolf| rxwfrph wkdw lv d frqyh{ frpelqdwlrq ehwzhhq sxeolf

jrrg dqg uhglvwulexwlrq zrxog eh lqfrqvlvwhqw zlwk wkdw dvvxpswlrq1
46Pruh suhflvho|/ wklv ehkdylru lv wkh olplw ri rswlpdo ehkdylru lq ?qlwh hohfwlrqv1
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Iljxuh 4= Uhglvwulexwlrq ri uhvrxufhv dw htxloleulxp1

Wkh suhvhqfh ri wkh sxeolf jrrg pdnhv uhglvwulexwlrq pruh h{wuhph wkdq lq Wkh0

ruhp 41 Wklv lv ehfdxvh/ lq rughu iru wudqvihuv wr eh d sur?wdeoh vwudwhj| djdlqvw wkh

sxeolf jrrg/ d pdmrulw| ri wkh yrwhuv pxvw uhfhlyh wudqvihuv wkdw h{fhhg wkh ydoxh ri

wkh sxeolf jrrg> wkh uhvrxufh frqvwudlqw wkhq glfwdwhv wkdw wkh uhpdlqlqj yrwhuv uhfhlyh

fruuhvsrqglqjo| orzhu wudqvihuv1 Lw lv dovr hdv| wr xqghuvwdqg zk| qr fdqglgdwh r>huv

wudqvihuv ri ydoxh forvh wr/ exw ohvv wkdq/ wkh ydoxh ri wkh sxeolf jrrg1 Lqghhg/ d fdqgl0

gdwh r>hulqj wudqvihuv ri Cý 0 fdq zlq wkhvh yrwhv rqo| li wkh rssrqhqw uhglvwulexwhv1

Exw wkhq lw lv sur?wdeoh wr lqfuhdvh wkhvh wudqvihuv e| 50> wklv frvwv pdujlqdoo| pruh/

dqg zlqv ryhu wkh yrwhv dovr lq wkh hyhqw wkdw wkh rssrqhqw surplvhv wkh sxeolf jrrg1

Dqrwkhu lqwhuhvwlqj ihdwxuh ri wkh htxloleulxp lv wkdw wkh uhglvwulexwlrq ri prqh| lv

wkh vdph lq erwk hohfwrudo v|vwhpv1 Wr xqghuvwdqg wklv idfw/ revhuyh wkdw li fdqglgdwh

4 r>huv wudqvihuv dqg fdqglgdwh 5 r>huv wkh sxeolf jrrg/ wkh rqo| uhohydqw dvshfw ri

fdqglgdwh 4*v uhglvwulexwlrqdo vwudwhj| lv wkh iudfwlrq ri yrwhuv zkr uhfhlyh wudqvihuv

wkdw duh zruwk ohvv wkdq wkh sxeolf jrrg/ l1h1 8 ECý �ä1 Wkhuhiruh/ wkh frqvlghudwlrq
wkdw slqv grzq fdqglgdwh 4*v uhglvwulexwlrqdo vwudwhj| 8 E%ä lv wkdw lw pxvw eh d ehvw

uhvsrqvh djdlqvw d fdqglgdwh 5 zkr uhglvwulexwhv/ l1h1 lw pxvw qrw eh srvvleoh wr fkdqjh

8 dqg lqfuhdvh wkh vkduh ri wkh yrwh ri 8 djdlqvw 8 W zlwkrxw fkdqjlqj 8 ECý�ä1 Li wklv
zhuh srvvleoh/ wkhuh zrxog eh dq lqfhqwlyh wr ghyldwh iurp 8 W lq erwk v|vwhpv1 Wkxv/
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wkh frqglwlrq wkdw slqv grzq 8 lv wkh vdph xqghu erwk v|vwhpv1

Zh qrz glvfxvv wkh lqwxlwlrq iru zk| sxeolf jrrg surylvlrq gl>huv ehwzhhq zlqqhu0

wdnh0doo dqg sursruwlrqdo v|vwhpv1 Zkhq d fdqglgdwh hydoxdwhv d ghyldwlrq lq wkh zd|

kh glvwulexwhv wudqvihuv/ r>hulqj pruh wkdq C ý � wr pruh wkdq 83( ri wkh yrwhuv

lv sur?wdeoh zkhq wkh rssrqhqw r>huv wr surylgh wkh sxeolf jrrg/ exw qrw zkhq kh

uhglvwulexwhv1 Zkhq dq rssrqhqw uhglvwulexwhv wkh ehvw ghyldwlrq lv wr grzqjudgh wkh

r>huv ri Cý � grzq wr r>huv ri �ýC/ vlqfh qr yrwhu lv uhfhlylqj r>huv lq wkh lqwhuydo

d�ýCcCý �o1 Wkh prqh| vdyhg wkurxjk wklv uhdoorfdwlrq fdq eh xvhg wr ex| vkduh ri

wkh yrwh1 Wkh yrwh vkduh jdlqhg e| wklv ghyldwlrq lqfuhdvhv zlwk C/ vlqfh wkh kljkhu C

wkh juhdwhu wkh vdylqjv1 Wkxv/ lq wkh sursruwlrqdo v|vwhp wkh dsshdo ri wklv ghyldwlrq

lqfuhdvhv zlwk C1 Wr glvfrxudjh wklv ghyldwlrq/ dw htxloleulxp wkh suredelolw| q wkdw

wkh rssrqhqw r>huv wkh sxeolf jrrg pxvw eh kljk hqrxjk/ dqg lqfuhdvlqj zlwk C1 E|

frqwudvw/ lq wkh zlqqhu0wdnh0doo v|vwhp wkh ydoxh ri wklv ghyldwlrq lv lqghshqghqw ri C

ehfdxvh wkh pdujlq ri ylfwru| lv luuhohydqw= dv vrrq dv d ghyldwlrq jxdudqwhhv pruh wkdq

83( ri wkh yrwhv/ lw |lhogv d sd|r> ri 41 Lq idfw/ wkh ydoxh ri wkh rssrvlwh ghyldwlrq/

r>hulqj pruh wkdq Cý � wr pruh wkdq 83( ri wkh yrwhuv/ lv dovr lqghshqghqw ri C iru

wkh vdph uhdvrq1 Lq wkh zlqqhu0wdnh0doo v|vwhp/ wr glvfrxudjh erwk nlqg ri ghyldwlrqv

lw pxvw eh htxdoo| olnho| wkdw wkh rssrqhqw r>huv wkh sxeolf jrrg dqg uhglvwulexwlrq/

khqfh k ' �*2 lqghshqghqw ri C1

Wklv glvfxvvlrq vxjjhvwv wkdw zkdw pdwwhuv iru rxu uhvxowv lv wkdw/ zkhq frqiurqwhg

zlwk dq rssrqhqw zkr surplvhv wkh sxeolf jrrg/ wkh dwwudfwlyhqhvv ri wkh rswlrq ri

uhglvwulexwlqj uhvrxufhv lv gl>huhqw lq wkh wzr v|vwhpv1

718 H!flhqf| dqg Frqvwlwxwlrqdo Ghvljq

Zh duh qrz lq d srvlwlrq wr frpsduh hohfwrudo v|vwhpv1 Zkhq C ÷ � dqg C : 2

htxloleulxp lv wkh vdph xqghu wkh wzr v|vwhpv/ vr zh fdq frqfhqwudwh rq wkh fdvh zkhuh

� ÷ C ÷ 21 Lw lv lpsruwdqw wr glvwlqjxlvk ehwzhhq h{ dqwh dqg h{ srvw Sduhwr h!flhqf|1

Wklv lv ehfdxvh fdqglgdwhv* vwudwhjlhv lqyroyh udqgrpl}dwlrq/ dqg wkxv wkhuh duh wzr
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qrwlrqv ri doorfdwlrq/ rqh ehiruh dqg rqh diwhu wkh xqfhuwdlqw| lv uhdol}hg147 Ehiruh

hohfwrudo surplvhv duh pdgh/ doorfdwlrqv duh orwwhulhv ryhu frqvxpswlrq1 H{ dqwh Sduhwr

h!flhqf| udqnv vxfk doorfdwlrqv/ wdnlqj wkh srlqw ri ylhz ri d yrwhu zkr frqvlghuv wkh

h{shfwhg xwlolw| ri wkh rxwfrph ri wkh hohfwlrq ehiruh uhfhlylqj dq hohfwrudo surplvh1 Lq

frqwudvw/ diwhu wkh zlqqlqj srolf| lv lpsohphqwhg/ dq doorfdwlrq lv d frqvxpswlrq yhfwru

wkdw vshfl?hv krz pxfk hdfk yrwhu frqvxphv1 H{ srvw Sduhwr h!flhqf| udqnv vxfk

doorfdwlrqv/ iurp wkh ylhzsrlqw ri d yrwhu zkr kdv douhdg| uhfhlyhg wklv frqvxpswlrq148

Lq wkh Sursrvlwlrq ehorz zh vkrz wkdw/ xqghu erwk hohfwrudo v|vwhpv/ zkloh wkh

htxloleulxp lv h{ srvw h!flhqw/ lw lv h{ dqwh lqh!flhqw1 Lw lv dovr srvvleoh wr udqn

hohfwrudo v|vwhpv lq whupv ri h{ dqwh h!flhqf|1

Vlqfh hdfk fdqglgdwh lv htxdoo| olnho| wr jhw hohfwhg/ wkh suredelolw| ri surylvlrq

ri wkh sxeolf jrrg lv 425 lq wkh zlqqhu0wdnh0doo v|vwhp dqg Cý � lq wkh sursruwlrqdo

v|vwhp= zkhq C ÷ ô*2 wkh suredelolw| ri surylvlrq lv kljkhu lq wkh zlqqhu0wdnh0doo

v|vwhp/ zkhq C : ô*2 lw lv kljkhu lq wkh sursruwlrqdo v|vwhp1 Wkxv/ ulvn qhxwudo

yrwhuv suhihu +h{ dqwh, wkh sursruwlrqdo v|vwhp li dqg rqo| li C : ô*21

Li yrwhuv duh ulvn dyhuvh/ wkh| fduh qrw rqo| derxw wkh suredelolw| ri sxeolf jrrg

surylvlrq/ exw dovr derxw wkh glvwulexwlrq ri wudqvihuv dw htxloleulxp1 Krzhyhu/ qrwlfh

wkdw zkloh wkh suredelolw| ri surylglqj wkh sxeolf jrrg pd| gl>hu lq wkh wzr v|vwhpv/

wkh glvwulexwlrq ri wudqvihuv lv wkh vdph> ixuwkhupruh/ zkhqhyhu wkh rxwfrph ri wkh

wzr v|vwhpv gl>hu/ wkh ehw dvvrfldwhg wr wkh sxeolf jrrg kdv kljkhu phdq/ dqg orzhu

vsuhdg/ wkdq wkh ehw dvvrfldwhg zlwk wudqvihuv1 Khqfh/ ulvn0dyhuvh yrwhuv duh h{ dqwh

xqdqlprxv lq wkhlu suhihuhqfh iru wkh v|vwhp wkdw |lhogv kljkhu surylvlrq ri wkh sxeolf

jrrg/ mxvw dv lq wkh fdvh ri ulvn0qhxwudolw|1

Sursrvlwlrq 7 +l, Wkh htxloleulxp rxwfrph lv h{ srvw h!flhqw lq erwk hohfwrudo v|v0

47Ehvoh| dqg Frdwh +4<<;, glvfxvv d prgho zkhuh lw lv lpsruwdqw wr glvwlqjxlvk ehwzhhq dowhuqdwlyh

qrwlrqv ri h!flhqf| lq d g|qdplf vhwwlqj1
48Dqrwkhu srvvleoh qrwlrq ri h!flhqf| lv vxusoxv pd{lpl}dwlrq1 Qrwlfh wkdw lq rxu prgho yrwhuv duh

wuhdwhg htxdoo| h{ dqwh e| d fdqglgdwh*v vwudwhj|1 Iru vxfk vwudwhjlhv/ vxusoxv pd{lpl}dwlrq frlqflghv

zlwk h{ dqwh Sduhwr h!flhqf|1
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whpv iru dq| ydoxh ri C1

+ll, Iru � ÷ C ÷ 2/ wkh htxloleulxp rxwfrph lv h{ dqwh lqh!flhqw lq erwk hohfwrudo

v|vwhpv1

+lll, Vxssrvh yrwhuv duh ulvn dyhuvh ru ulvn qhxwudo1 Wkhq zkhq C : E÷ä ô*2 wkh

sursruwlrqdo +zlqqhu0wdnh0doo, v|vwhp lv pruh h!flhqw h{ dqwh1

Surri= Sduw l1 Lw lv reylrxv wkdw li C ÷ � ru C : 2 wkh htxloleulxp lv h{ srvw

h!flhqw1 Vxssrvh wkhuhiruh wkdw � ÷ C ÷ 21 Li h{ srvw lw wxuqv rxw wkdw wkh sxeolf jrrg

zdv surylghg/ wklv lv dq h{ srvw h!flhqw doorfdwlrq ehfdxvh wkhuh lv qr glvwulexwlrq ri

wudqvihuv wkdw jlyhv pruh xwlolw| wr doo yrwhuv1 Vxssrvh wkhq wkdw wkh sxeolf jrrg zdv qrw

surylghg1 Wklv lpsolhv wkdw wkh hpslulfdo glvwulexwlrq ri prqh| dfurvv wkh srsxodwlrq

lv dv vshfl?hg e| htxdwlrq +5,1 Fohduo|/ wklv doorfdwlrq fdqqrw eh grplqdwhg h{ srvw

e| dq| rwkhu glvwulexwlrq ri prqh|1 Pruhryhu/ surylglqj wkh sxeolf jrrg uhtxluhv wkdw

doo wkh prqh| eh wdnhq dzd| iurp doo yrwhuv1 Wkxv/ wkh 83( ri wkh yrwhuv zkr lq

htxloleulxp jhw pruh wkdq C zrxog eh zruvh r> h{ srvw li wkh sxeolf jrrg lv surylghg1

Sduw ll1 Frqvlghu wkh zlqqhu0wdnh0doo v|vwhp1 Wr vhh wkdw wkh htxloleulxp rxwfrph

lv h{ dqwh lqh!flhqw/ revhuyh wkdw iru hdfk yrwhu/ iurp wkh h{ dqwh shuvshfwlyh/ wkh

htxloleulxp rxwfrph lv d orwwhu| wkdw sxwv suredelolw| kECä rq wkh surylvlrq ri wkh

sxeolf jrrg dqg suredelolw| � ý kECä rq wkh glvwulexwlrq lq htxdwlrq +5,1 H{ dqwh/

doo yrwhuv suhihu wkh doorfdwlrq wkdw sxwv suredelolw| rqh rq wkh surylvlrq ri wkh sxeolf

jrrg1 Wkh vdph uhdvrqlqj wdnhv fduh ri wkh sursruwlrqdo v|vwhp1

Sduw lll1 Ghqrwh zlwk Må dqg M` wkh htxloleulxp glvwulexwlrq ri xwlolwlhv lq wkh

sursruwlrqdo dqg zlqqhu0wdnh0doo v|vwhpv/ uhvshfwlyho|1 Lw lv hdv| wr yhuli| wkdw wkh

ixqfwlrq ( E+ä '
U +
3" EMå E5äýM` E5ää _5 lv juhdwhu wkdq }hur iru doo + li dqg rqo| li

C ÷ ô*21 Wkxv/ M` grplqdwhv Må lq wkh vhqvh ri vhfrqg rughu vwrfkdvwlf grplqdqfh

li dqg rqo| li li C ÷ ô*21

H{ dqwh h!flhqf| dsshduv wr eh d pruh qdwxudo frqfhsw zkhq hydoxdwlqj wkh h!0

flhqf| ri srolwlfdo v|vwhpv1 Wklv lv ehfdxvh wkh fkrlfh ri d srolwlfdo v|vwhp suhfhghv wkh

hohfwrudo vwdjh1 Dw wkh vwdjh ri frqvwlwxwlrqdo ghvljq/ lw lv uhdvrqdeoh wr eholhyh wkdw
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flwl}hqv hydoxdwh srolwlfdo v|vwhpv nqrzlqj wkh htxloleulxp glvwulexwlrq ri uhvrxufhv/

exw ehiruh uhfhlylqj d vshfl?f hohfwrudo surplvh1

8 Wkh Lqh!flhqf| ri wkh Hohfwrudo Froohjh

Lq vrph hohfwrudo v|vwhpv/ fdqglgdwhv wr qdwlrqdo ohyho r!fhv/ olnh suhvlghqw/ duh vhohfwhg

rq wkh edvlv ri wkh pdmrulw| ri yrwhv lq d qdwlrqzlgh glvwulfw1 Wklv lv wkh v|vwhp wkdw

zdv glvfxvvhg lq vhfwlrqv 715 dqg 7161 Lq rwkhu v|vwhpv/ olnh wkh Xqlwhg Vwdwhv iru

suhvlghqwldo hohfwlrqv/ wkh vhohfwlrq lv pdgh rq wkh edvlv ri d pdmrulw| ri yrwhv lq d

pdmrulw| ri glvwulfwv1 Wklv lv wkh hohfwrudo froohjh v|vwhp1 Vlploduo|/ lq Eulwdlq/ wr irup

d pdmrulw| jryhuqphqw lw lv rqo| qhfhvvdu| wr zlq d pdmrulw| ri wkh glvwulfwv/ dqg

rqo| d pdmrulw| ri wkh yrwhv lq hdfk ri wkrvh glvwulfwv lv uhtxluhg1 Wkxv/ wkh hohfwrudo

froohjh prgho lv dovr d prgho ri wkh Eulwlvk +Zhvwplqvwhu, v|vwhp1 Khuh zh dujxh wkdw

wkh hohfwrudo froohjh v|vwhp lv hyhq pruh lqh!flhqw wkdq wkh v|vwhpv ghvfulehg lq wkh

suhylrxv vhfwlrqv lq jhqhudwlqj lqfhqwlyhv iru fdqglgdwhv wr h>hfwlyho| surylgh sxeolf

jrrgv1

Wkh hohfwrudo froohjh v|vwhp lv fkdudfwhul}hg e| d zlqqhu0wdnh0doo uxoh erwk dw wkh

glvwulfw ohyho dqg dw wkh qdwlrqdo ohyho1 Wr zlq lq rxu wzr0fdqglgdwh prgho/ d fdqglgdwh

pxvw rewdlq pruh wkdq 83( ri wkh yrwhv lq pruh wkdq 83( ri wkh glvwulfwv1 D glvwulfw

zloo eh ghqrwhg e| _1 Zh dvvxph d frqwlqxxp ri phdvxuh 4 ri glvwulfwv149 Doo glvwulfwv

duh lghqwlfdo erwk lq vl}h dqg lq wkh ehqh?wv wkh| uhfhlyh iurp wkh sxeolf jrrg1 D

vwudwhj| pxvw qrz vshfli|/ lq wkh fdvh wkdw uhglvwulexwlrq lv fkrvhq/ wkh djjuhjdwh

wudqvihu wr hdfk glvwulfw dv zhoo dv wkh glvwulexwlrq lqvlgh wkh glvwulfw1

Wkh hohfwrudo froohjh v|vwhp lv pruh lqh!flhqw wkdq d qdwlrqzlgh zlqqhu0wdnh0doo

v|vwhp1 Wklv lqfuhdvh lq wkh lqh!flhqf| lv gxh wr wkh idfw wkdw d fdqglgdwh zkr r>huv

wr surylgh wkh sxeolf jrrg pxvw qrz zruu| derxw klv rssrqhqw jrlqj diwhu wkh pdmrulw|

49Mxvw dv lq wkh suhylrxv dqdo|vlv wklv dvvxpswlrq lv pdgh iru frqyhqlhqfh/ wr dyrlg wkh frpsolfdwlrqv

ri phhwlqj wkh exgjhw frqvwudlqw zlwk d vwrfkdvwlf vwudwhj|1 Wklqjv zrxog eh dssur{lpdwho| wkh vdph

zkhq wkhuh duh d odujh qxpehu +h1j1/ 83, ri glvwulfwv1
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ri yrwhuv lq wkh pdmrulw| ri glvwulfwv1 Li C ÷ e/ d fdqglgdwh fdq r>hu pruh wkdq Cý� wr
pruh wkdq 83( ri wkh yrwhuv lq pruh wkdq 83( ri wkh vwdwhv dqg }hur wr wkh uhvw1 Vxfk

d vwudwhj| ohdgv wr vxuh ylfwru| djdlqvw d fdqglgdwh zkr fkrrvhv wr r>hu wkh sxeolf

jrrg zlwk suredelolw| rqh1 Wkxv/ li C ÷ e wkhuh lv qr htxloleulxp zkhuh wkh sxeolf

jrrg lv surylghg zlwk suredelolw| 41

Wkhruhp 8 Vxssrvh hohfwlrqv duh frqgxfwhg xqghu dq hohfwrudo froohjh v|vwhp1 Ohw >_ð
eh wkh dyhudjh wudqvihu r>huhg e| fdqglgdwh ð wr yrwhuv lq glvwulfw _1

+l, Vxssrvh C ÷ �1 Lq htxloleulxp fdqglgdwhv qhyhu surplvh wr surylgh wkh sxeolf

jrrg/ dqg erwk fdqglgdwhv pdnh r>huv wr yrwhuv dffruglqj wr wkh iroorzlqj surfhvv= hdfk

fdqglgdwh gudzv >_ð iurp d xqlirup glvwulexwlrq rq dý�c �o1 Lq glvwulfw _ fdqglgdwh ð
pdnhv r>huv wr yrwhuv dffruglqj gr d xqlirup glvwulexwlrq rq dý�c 2>_ð n �o1
+ll, Vxssrvh � ÷ C ÷ eé Wkh htxloleulxp suredelolw| ri surylglqj wkh sxeolf jrrg lv

ohvv wkdq ru htxdo wr 4251

+lll, Iru C : e/ wkh sxeolf jrrg lv surylghg iru vxuh dw htxloleulxp1

Surri= Sduw +l, Wdnh d glvwulfw zkhuh fdqglgdwh ð kdv ghglfdwhg >_ð uhvrxufhv dqg

fdqglgdwh û kdv ghglfdwhg >_û uhvrxufhv1 Li >
_
ð : >

_
û wkhq/ e| iroorzlqj wkh htxloleulxp

vwudwhj|/ fdqglgdwh ð jhwv vwulfwo| pruh wkdq 83( ri wkh yrwhv lq glvwulfw ð dqg zlqv

wkh glvwulfw1 Wklv phdqv wkdw wkh fdqglgdwh zlwk pruh uhvrxufhv lq wkh glvwulfw jhwv doo

wkh hohfwrudo froohjh yrwhv lq wkh glvwulfw1 Li >_ð ÷ >_û/ sduw| û zlqv wkh glvwulfw/ dqg

li >_ð ' >_û wkhq wkh wzr fdqglgdwhv vsolw wkh glvwulfw htxdoo|1 Pruhryhu/ jlyhq >_ð c >
_
û

dqg jlyhq wkh idfw wkdw fdqglgdwh ð lv glvwulexwlqj wkh uhvrxufhv xqlirupo|/ fdqglgdwh

û fdqqrw gr dq| ehwwhu wkdq fkrrvh d xqlirup1 Zlwk dq| rwkhu glvwulexwlrq kh zrxog

vwloo orvh li >_ð : >
_
û/ zlq li >_ð ÷ >

_
û dqg wlh li >_ð ' >

_
û1 Wkh idfw wkdw fdqglgdwh û grhv

qrw nqrz >_ð zkhq fkrrvlqj wkh rswlpdo glvwulexwlrq ri uhvrxufhv lq glvwulfw _ grhv qrw

fkdqjh wkh rswlpdolw| ri wkh xqlirup glvwulexwlrq1

Ohw xv qrz frqvlghu krz fdqglgdwhv glvwulexwhg uhvrxufh dfurvv glvwulfwv1 E| suh0

fhglqj dujxphqw/ glvwulfwv ehkdyh h{dfwo| olnh yrwhuv= li d fdqglgdwh ghglfdwhv pruh
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uhvrxufhv wr wkh glvwulfw kh jhwv wkh glvwulfw1 Wkxv/ fkrrvlqj >_ð iurp d xqlirup glvwul0

exwlrq rq dý�c �o lv sduw ri dq htxloleulxp1

Sduw +ll, Vxssrvh wkdw fdqglgdwh 4 zdv r>hulqj wr surylgh wkh sxeolf jrrg zlwk

suredelolw| juhdwhu wkdq 4251 Vlqfh C ÷ ec fdqglgdwh 5 frxog r>hu pruh wkdq C wr pruh

wkdq 83( ri wkh yrwhuv lq pruh wkdq 83( ri wkh glvwulfwv= wklv ohdgv wr dq h{shfwhg

sd|r> vwulfwo| juhdwhu wkdq 425/ zklfk lv lpsrvvleoh dw htxloleulxp1

Sduw +lll, Vlqfh C : ec zkhq |rxu rssrqhqw iroorzv wkh htxloleulxp vwudwhj| wkhuh

lv qr zd| wr xvh wudqvihuv dqg r>hu pruh wkdq C wr pruh wkdq 427 ri wkh yrwhuv/ dqg

wkdw lv wkh plqlpxp vkduh ri wkh yrwh qhhghg wr uhdfk dq h{shfwhg sd|r> ri 4251 Vr/

r>hulqj prqh| lv grplqdwhg e| r>hulqj wkh sxeolf jrrg1

Lq wkh suhylrxv uhvxow/ zh kdyh qrw suryhg wkdw dq htxloleulxp h{lvwv zkhq � ÷ C ÷

21 Lq dq| ?qlwh jdph wkdw dssur{lpdwhv rxu jdph/ dq htxloleulxp zloo h{lvw dqg zloo

h{klelw wkh vdph txdolwdwlyh ihdwxuhv suhvhqwhg lq Wkhruhp 81

Wkh orjlf ri Wkhruhp 8 +l, lv d klhudufklfdo yhuvlrq ri wkh orjlf ri Wkhruhp 41 Wkh

irufhv wkdw jhqhudwh d xqlirup glvwulexwlrq lq d qdwlrqzlgh hohfwlrq dovr sxvk wrzdug

d xqlirup glvwulexwlrq lq hdfk vwdwh1 Krzhyhu/ lw fdqqrw eh dq htxloleulxp wkdw doo

glvwulfwv jhw wkh vdph uhvrxufhv1 Li wklv zhuh wkh fdvh d fdqglgdwh frxog ghyldwh e|

wdujhwlqj kljkhu dyhudjh r>huv wr d pdmrulw| ri wkh glvwulfwv1 Wkxv/ wkhuh pxvw eh dq

h{0srvw gl>huhqfh lq wkh dprxqw ri uhvrxufhv wkdw hdfk fdqglgdwh r>huv wr yrwhuv lq

gl>huhqw glvwulfwv1 Lw lv wkhq vwudljkwiruzdug wr dsso| wkh vdph orjlf wr wkh glvwulexwlrq

ri uhvrxufhv dfurvv glvwulfwv1 Wklv |lhogv d xqlirup glvwulexwlrq rq dý�c �o1
Zkhq C ÷ �/ wkhuh lv d elj gl>huhqfh ehwzhhq wkh htxloleulxp lq d qdwlrqzlgh

glvwulfw hohfwlrq glvfxvvhg lq Sursrvlwlrq 4 dqg wkh rxwfrph ghvfulehg lq Wkhruhp 81

Wklv uh hfwv wkh lqfhqwlyhv wr 3jr diwhu 58( ri wkh yrwhuv4 lq wkh hohfwrudo froohjh v|v0

whp dv rssrvhg wr jrlqj diwhu wkh pdmrulw| lq d qdwlrqzlgh glvwulfw1 Wkh djjuhjdwh

glvwulexwlrq ri uhvrxufhv lv pxfk pruh xqhtxdo lq wkh hohfwrudo froohjh v|vwhp1 Uhfdoo

wkdw lq sursrvlwlrq 4 zh vdz wkdw lq d qdwlrqzlgh glvwulfw yrwhuv* frqvxpswlrq lv glv0

wulexwhg xqlirupo| rq dfc 2o1 Lq wkh hohfwrudo froohjh vrph yrwhuv jhw wr frqvxph dv
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pxfk dv 7 zkloh d orw pruh yrwhuv frqvxph ohvv wkdq 41 Pruh irupdoo|/ wkh rxwfrph

ri Wkhruhp 8 lv grplqdwhg e| wkh qdwlrqzlgh glvwulfw rxwfrph lq wkh vhqvh ri vhfrqg

ghjuhh vwrfkdvwlf grplqdqfh>4: wkxv/ zkhqhyhu yrwhuv duh ulvn0dyhuvh wkh| zloo suhihu d

v|vwhp zlwk d qdwlrqzlgh glvwulfw1

Wkh frqwudvw ehwzhhq Wkhruhpv 5 dqg 8 lv dovr lqwhuhvwlqj1 Zkhq C : �/ wkh

hohfwrudo froohjh v|vwhp gholyhuv d suredelolw| ri surylglqj wkh sxeolf jrrg zklfk lv

qrw kljkhu wkdq lq wkh qdwlrqzlgh glvwulfw zkhq � ÷ C ÷ 2/ dqg lv vwulfwo| orzhu zkhq

2 ÷ C ÷ eé

Wkh uhvxow lq Wkhruhp 8 lv uhodwhg wr wkh olwhudwxuh wkdw glvfxvvhv wkh lqh!flhqf| ri

srun eduuho vshqglqj lq ohjlvodwxuhv zkhuh uhsuhvhqwdwlyhv uhsuhvhqw gl>huhqw glvwulfwv1

Fkdul/ Mrqhv/ dqg Pdulprq ^<` iru lqvwdqfh vkrz wkdw yrwhuv lq hdfk glvwulfw kdyh dq

lqfhqwlyh wr vhohfw d uhsuhvhqwdwlyh zkr lv vwurqjo| lq idyru ri srun0eduuho vshqglqj1

Wklv dulvhv ehfdxvh ri d frpprq srro sureohp zkhuh fdqglgdwhv lq hdfk glvwulfw gr

qrw wdnh lqwr dffrxqw wkh frvwv wr rwkhu glvwulfwv1 Rxu vhwxs gl>huv iurp wkhvh prghov

vlqfh zh irfxv rq qdwlrqdo fdqglgdwhv zkr gr qrw uhsuhvhqw dq| vshfl?f glvwulfw= zkhq

sursrvlqj wr lqfuhdvh wudqvihuv wr d glvwulfw/ rxu fdqglgdwhv wdnh lqwr dffrxqw wkh orvv

ri dqrwkhu glvwulfw1

9 Frqfoxvlrq

Zh kdyh suhvhqwhg d srolwlfdo0hfrqrplf prgho zkhuh wkh surylvlrq ri d sxeolf jrrg lv

ghwhuplqhg e| wkh hohfwrudo lqfhqwlyhv ri r!fh0vhhnlqj fdqglgdwhv1 Zkhq fdqglgdwhv

kdyh wkh rswlrq ri uhglvwulexwlqj uhvrxufhv/ sxeolf jrrgv zloo eh xqghusurylghg uhodwlyh

wr wkh h!flhqw rxwfrph1 Wklv kdsshqv ehfdxvh ehqh?wv iurp wkh sxeolf jrrgv fdqqrw

4:D udqgrp yduldeoh D grplqdwhv d udqgrp yduldeoh E lv wkh vhqvh ri vhfrqg rughu vwrfkdvwlf

grplqdqfh l>

E å D. %> zlwk H +%mD, @ 3=

Wkdw lv/ E lv htxdo/ lq glvwulexwlrq/ wr D soxv d qrlvh whup1 Wklv gh?qlwlrq lv htxlydohqw wr wkh rqh

suhvhqwhg lq irrwqrwh BB1
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eh wdujhwhg wr jurxsv ri yrwhuv dv hdvlo| dv wkh ehqh?wv iurp srun eduuho surmhfwv ru

sxuh wudqvihuv1

Lq wklv vhwxs/ zh kdyh frpsduhg gl>huhqw hohfwrudo v|vwhpv= wkh hohfwrudo froohjh

v|vwhp lv dozd|v ohvv h!flhqw wkdq d v|vwhp zlwk d qdwlrqzlgh glvwulfw1 Wkh zlqqhu0

wdnh0doo v|vwhp lv ohvv h!flhqw wkdq d sursruwlrqdo v|vwhp zkhq wkh sxeolf jrrg lv yhu|

ghvludeoh/ dqg lv pruh h!flhqw zkhq wkh sxeolf jrrg lv qrw yhu| ghvludeoh1 Lq erwk

wkh zlqqhu0wdnh0doo dqg lq wkh sursruwlrqdo v|vwhp/ wkh uhglvwulexwlrqdo sodwirupv wkdw

fdqglgdwhv sursrvh ehfrph ohvv hjdolwduldq dv wkh sxeolf jrrg ehfrphv pruh ghvludeoh1

Wklv prgho dgguhvvhv dq lpsruwdqw ihdwxuh ri srolwlfdo frpshwlwlrq/ wkh wudgh0r>

ehwzhhq h!flhqf| dqg wdujhwdelolw|1 Srolflhv zkrvh ehqh?wv duh xqlirup dfurvv wkh

srsxodwlrq duh shqdol}hg lq d srolwlfdo htxloleulxp/ uhodwlyh wr srolflhv zkrvh ehqh?wv

duh +ru fdq eh pdgh, pruh frqfhqwudwhg1 4;

Ri wkh pdq| vlpsol?fdwlrqv wkdw pdnh wklv prgho hdv| wr dqdo|}h/ wkhuh duh wkuhh

wkdw phulw sduwlfxodu hpskdvlv1 Iluvw/ rxu prgho lv rqh ri r!fh vhhnlqj fdqglgdwhv

dqg ljqruhv wkh srvvlelolw| wkdw srolwlfldqv fdq eh gulyhq e| lghrorjlfdo frqvlghudwlrqv1

Wklv lv d yhu| vw|ol}hg uhsuhvhqwdwlrq/ exw rqh wkdw/ zh eholhyh/ fdswxuhv dq lpsruwdqw

lqfhqwlyh lq hohfwrudo frpshwlwlrq1 Lw zrxog eh ghvludeoh wr h{whqg wklv prgho wr doorz

iru srolwlfldqv wkdw duh prwlydwhg erwk e| lghrorjlfdo frqvlghudwlrqv dqg wkh ehqh?wv

ri r!fh14< Vxfk dq h{whqvlrq zrxog doorz d frpsdulvrq zlwk flwl}hq0fdqglgdwh prghov

zkhuh srolwlfldqv fduh derxw wkh srolf|/ dqg fdqqrw frpplw wr hohfwrudo sodwirupv153

Wkh dvvxpswlrq wkdw hohfwrudo surplvhv duh elqglqj lv dq h{wuhph> lq uhdolw| d

srolwlfldq fdqqrw shuihfwo| frpplw wr krqru klv surplvhv1 Lw zrxog eh ghvludeoh wr

4;Wkh dqdo|vlv fdq eh h{whqghg wr doorz iru yrwhuv zkr kdyh khwhurjhqhrxv ydoxdwlrqv iru wkh sxeolf

jrrg +vhh Ol}}hul dqg Shuvlfr +4<<;,,1 Lq wklv fdvh wkh ehqh?wv iurp wkh sxeolf jrrg duh ohvv xqlirup

dfurvv wkh srsxodwlrq/ dqg wklv pdnhv wkh sxeolf jrrg pruh olnho| wr eh surylghg wkdq zkhq yrwhuv

duh krprjhqhrxv1 Wklv lv lq frqwudvw zlwk wkh frqfoxvlrqv iurp wkh wh{werrn phgldq0yrwhu prgho/

zkhuh sxeolf jrrgv surylvlrq ehfrphv pruh h!flhqw dv wkh srsxodwlrq ehfrphv pruh krprjhqhrxv1
4<Iru dq hpslulfdo glvfxvvlrq ri wkh lpsruwdqfh ri lghrorj| lq ohjlvodwxuhv vhh iru lqvwdqfh Srroh dqg

Urvhqwkdo +4<<9,1
53Vhh Ehvoh| dqg Frdwh +4<<:, dqg +4<<;,/ dqg Rveruqh dqg Volylqvnl +4<<9,1
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xqghuvwdqg krz wkh dqdo|vlv zrxog fkdqjh li frpplwphqw zhuh rqo| lpshuihfw/ exw

wklv uhtxluhv d g|qdplf dqdo|vlv wkdw lv eh|rqg wkh vfrsh ri wkh suhvhqw sdshu154

Ilqdoo|/ dq xquhdolvwlf ihdwxuh ri rxu dqdo|vlv lv wkdw zlwk srvlwlyh suredelolw| vrph

yrwhuv duh wd{hg doo wkhlu hqgrzphqw/ wkh| duh ixoo| h{sursuldwhg1 Wklv lv d frqvh0

txhqfh ri wkh dvvxpswlrq wkdw fdqglgdwhv nqrz yrwhuv* hqgrzphqwv dqg wd{hv duh qrq

glvwruwlrqdu|1 Li hlwkhu ri wkhvh dvvxpswlrqv lv uhod{hg/ doo yrwhuv zrxog uhwdlq frqwuro

ri d srvlwlyh dprxqw ri uhvrxufhv1

Zh ihho wkdw wkh prvw lqwhuhvwlqj h{whqvlrqv ri rxu prgho lqyroyh ixuwkhu h{sor0

udwlrqv ri wkh srolwlfdo surfhvv1 Lw zrxog eh lqwhuhvwlqj wr uhpryh wkh uhvwulfwlrq wr wzr

fdqglgdwhv1 Wklv zrxog eh sduwlfxoduo| lpsruwdqw iru d frpsdulvrq ri sursruwlrqdo

uhsuhvhqwdwlrq zlwk soxudolw| uxoh/ vlqfh wkhvh v|vwhpv vhhp wr eh dvvrfldwhg zlwk gli0

ihuhqw qxpehuv ri fdqglgdwhv1 Zkdw zh vkrz lq wklv sdshu lv wkdw wkhuh duh gl>huhqfhv

ehwzhhq wkh wzr srolwlfdo v|vwhpv hyhq zkhq wkh| kdyh wkh vdph qxpehu ri fdqglgdwhv

+wzr,1 Zh h{shfw wkh pdlq ihdwxuhv ri rxu dqdo|vlv wr fduu| ryhu wr wkh hqylurqphqw

zlwk pruh wkdq wzr fdqglgdwhv/ vr orqj dv wkh sursruwlrqdo v|vwhp doorfdwhv ehqh?wv

wr srolwlfldqv lq d ohvv h{wuhph idvklrq wkdq soxudolw| uxoh1

Vxfk dq h{whqvlrq zrxog shuplw dq dqdo|vlv ri lvvxhv wkdw zhuh prvwo| ljqruhg lq

wklv sdshu/ qdpho| wkh surfhvv ri ohjlvodwlyh edujdlqlqj dqg frdolwlrq irupdwlrq/ dqg

lwv lq xhqfh rq wkh surylvlrq ri sxeolf jrrgv1 Dxvwhq0Vplwk dqg Edqnv ^4` surylgh

d ehqfkpdun dqdo|vlv ri wklv lvvxh lq d xqlglphqvlrqdo vsdwldo prgho zlwk vwudwhjlf

yrwhuv155 Lw zrxog eh ghvludeoh wr exlog rq wkhlu dqdo|vlv wr h{whqg rxu prgho lq wklv

gluhfwlrq1 Wklv lv d pdwwhu iru ixwxuh uhvhdufk1

54Vhh Shuvvrq/ Urodqg dqg Wdehooolql +4<<:, iru d uhfhqw g|qdplf dqdo|vlv ri srolf| pdnlqj wkdw

grhv qrw dvvxph frpplwphqw rq wkh sduw ri srolwlfldqv1
55Edurq dqg Glhuphlhu ^6` surylgh d pruh uhfhqw dqdo|vlv ri vlplodu lvvxhv1 Wkh| irfxv rq wkh

g|qdplfv ri sduoldphqwdu| v|vwhpv1
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Uhihuhqfhv

^4` G1 Dxvwhq0Vplwk/ M1 Edqnv 3Hohfwlrqv/ Frdolwlrqv/ dqg Ohjlvodwlyh Rxwfrphv14

Dphulfdq Srolwlfdo Vflhqfh Uhylhz 4<;;/ Yro1 ;5/ ss1 73807551

^5` G1 Edurq 3Pdmrulwduldq Lqfhqwlyhv/ Srun Eduuho Surjudpv dqg Surfhgxudo Frq0

wuro14 Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh 4<<4 s1 8:0<31

^6` G1 Edurq dqg G1 Glhuphlhu1 3G|qdplfv ri Sduoldphqwdu| V|vwhpv= Hohfwlrqv/

Jryhuqphqwv/ dqg Sduoldphqwv14 4<<;/ w|shvfulsw/ Qruwkzhvwhuq Xqlyhuvlw|1

^7` Ehvoh|/ Wlprwk| dqg Vwhskhq Frdwh/ +4<<:, 3Dq Hfrqrplf Prgho ri Uhsuhvhqwd0

wlyh Ghprfudf|4 Txduwhuo| Mrxuqdo ri Hfrqrplfv 445+4,/ s1 ;804471

^8` W1 Ehvoh| dqg V1 Frdwh 3Vrxufhv ri Lqh!flhqf| lq d Uhsuhvhqwdwlyh Ghprfudf|= d

G|qdplf Dqdo|vlv4 Dphulfdq Hfrqrplf Uhylhz 4<<; yro1 ;; s1 46<04891

^9` K1 Erzhq 3Wkh lqwhusuhwdwlrq ri yrwlqj lq wkh doorfdwlrq ri hfrqrplf uhvrxufhv4

Txduwhuo| Mrxuqdo ri Hfrqrplfv 4<76 s1 5:07;1

^:` V1 Eudpv/ P1 Gdylv 3Wkh 625*v Uxoh lq Suhvlghqwldo Fdpsdljqlqj14 Dphulfdq

Srolwlfdo Vflhqfh Uhylhz 4<:7/ Yro1 9;1

^;` M1 Exfkdqdq dqg J1 Wxoorfn Wkh fdofxoxv ri frqvhqw Xqlyhuvlw| ri Plfkljdq Suhvv

4<951

^<` Y1 Fkdul/ O1 Mrqhv/ dqg U1 Pdulprq 3Wkh Hfrqrplfv ri Vsolw0wlfnhw yrwlqj lq

Uhsuhvhqwdwlyh Ghprfudflhv/4 Dphulfdq Hfrqrplf Uhylhz +4<<:, Yro1 ;: Qr1 81

^43` V1 Frdwh dqg V1 Pruulv 3Rq wkh Irup ri Wudqvihuv wr Vshfldo Lqwhuhvwv4 Mrxuqdo

ri Srolwlfdo Hfrqrp| 4<<8/ Yro 436/ Qr 91

^44` D1 Olqgehfn dqg M1 Zhlexoo1 3Edodqfhg0Exgjhw Uhglvwulexwlrq dv wkh Rxwfrph ri

Srolwlfdo Frpshwlwlrq4/ Sxeolf Fkrlfh 4<;: Yro1 851

5;



^45` D1 Ol}}hul +4<<:, 3Exgjhw Gh?flw dqg Uhglvwulexwlyh Srolwlfv4 PLPHR Sulqfhwrq

Xqlyhuvlw|/ Uhylhz ri Hfrqrplf Vwxglhv/ iruwkfrplqj1

^46` D1 Ol}}hul dqg Q1 Shuvlfr +4<<;, 3Wkh Surylvlrq ri Sxeolf Jrrgv Xqghu Dowhuqdwlyh

Hohfwrudo Lqfhqwlyhv4/ Fduhvv Zrunlqj Sdshu Qr1 <;03;/ Xqlyhuvlw| ri Shqqv|oyd0

qld1

^47` G1 Pd|khz Frqjuhvv= Wkh Hohfwrudo Frqqhfwlrq \doh Xqlyhuvlw| Suhvv/ 4<:71

^48` U1 P|huvrq/ +4<<6, 3Lqfhqwlyhv wr Fxowlydwh Idyruhg Plqrulwlhv Xqghu Dowhuqdwlyh

Hohfwrudo V|vwhpv4/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz = Yro1 ;:/ Qr1 71

^49` Rveruqh/ Pduwlq dqg Do Volylqvnl/ +4<<9, 3D Prgho ri Srolwlfdo Frpshwlwlrq zlwk

Flwl}hq0Fdqglgdwhv4 Txduwhuo| Mrxuqdo ri Hfrqrplfv 444+4, s1 980<91

^4:` W1 Shuvvrq dqg J1 Wdehoolql1 +4<<9d, 3Ihghudo Ilvfdo Frqvwlwxwlrqv= Ulvn Vkdulqj

dqg Uhglvwulexwlrq14 Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro 437= <:;0433<1

^4;` Shuvvrq/ Wruvwhq dqg Jxlgr Wdehoolql1 +4<<9e, 3Ihghudo Ilvfdo Frqvwlwxwlrqv= Ulvn

Vkdulqj dqg Prudo Kd}dug14 Hfrqrphwulfd/ Yro1 97 Qr 6= 95609791

^4<` W1 Shuvvrq dqg J1 Wdehoolql +4<<;, 3Srolwlfdo Hfrqrplfv dqg Sxeolf Ilqdqfh4

iruwkfrplqj lq wkh Kdqgerrn ri Sxeolf Hfrqrplfv1

^53` W1 Shuvvrq dqg J1 Wdehoolql +4<<<,/ Doiuhg Pduvkdoo Ohfwxuh 3Wkh Vl}h dqg Vfrsh

ri Jryhuqphqw= Frpsdudwlyh Srolwlfv zlwk Udwlrqdo Srolwlfldqv14 Hxurshdq Hfr0

qrplf Uhylhz 76/ ss1 9<<0:681

^54` W1 Shuvvrq/ J1 Urodqg/ dqg J1 Wdehoolql1 3Frpsdudwlyh Srolwlfv dqg Sxeolf Il0

qdqfh14 4<<:/ w|shvfulsw/ Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop1

^55` Srroh/ N1 dqg Urvhqwkdo/ K1 +4<<9, 3Duh ohjlvodwruv lghrorjxhv ru wkh djhqwv ri

frqvwlwxhqwvB4 Hxurshdq Hfrqrplf Uhylhz Yro1 73 +608, ss1:3:0:4:1
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^56` M1 Vq|ghu1 3Hohfwlrq Jrdov dqg wkh Doorfdwlrq ri Fdpsdljq Uhvrxufhv14 Hfrqr0

phwulfd 4<;</ s1 96:09931

^57` M1 Vwljolw} Hfrqrplfv ri wkh Sxeolf Vhfwru Qruwrq 4<;; +5qg hg1,

^58` E1 Zhlqjdvw/ N1 Vkhsvoh/ F1 Mrkqvhq 3Wkh Srolwlfdo Hfrqrp| ri Ehqh?wv dqg

Frvwv= D Qhrfodvvlfdo Dssurdfk Wr Glvwulexwlyh Srolwlfv4 Mrxuqdo ri Srolwlfdo

Hfrqrp| 4<;4/ Yro ;<1
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