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Fdslwdo Wd{dwlrq dqg Hohfwrudo Dffrxqwdelolw|

Wrnh DlgwW

Idfxow| ri Hfrqrplfv/

Xqlyhuvlw| ri Fdpeulgjh

Iudqfhvfr Pdjulv_

HSHH/ Xqlyhuvlwh g*Hyu|0Ydo g*Hvvrqqh

Ghfhpehu 6/ 5337

Devwudfw

Wklv sdshu lqyhvwljdwhv wkh uroh ri shuirupdqfh yrwlqj lq vroylqj wkh

fdslwdo ohy| sureohp1 Lq d uhsuhvhqwdwlyh ghprfudf|/ yrwhuv fdq xvh hohf0

wlrqv wr surwhfw wkhlu surshuw| e| kroglqj srolwlfldqv dffrxqwdeoh iru wkh

wd{ srolflhv wkh| lpsohphqw1 Zh fkdudfwhul}h wkh vhw ri wd{ srolflhv wkdw

fdq eh vxvwdlqhg e| v|pphwulf shuirupdqfh vwdqgdugv dqg vkrz zkhq

wklv vhw frqwdlqv wkh vhfrqg ehvw +Udpvh|, wd{ srolf|1

Nh|zrugv= Shuirupdqfh yrwlqj/ fdslwdo wd{dwlrq/ wlph frqvlvwhqf|1

MHO fodvvl�fdwlrq = K54> G:51

4 Lqwurgxfwlrq

Lq vrflhwlhv zkhuh uxohuv duh iuhh wr h{sursuldwh wkh surshuw| ri wkhlu flwl}hqv/

wkh lqfhqwlyh wr lqyhvw lv vljql�fdqwo| uhgxfhg dqg dffxpxodwlrq lv iruhvwdoohg1

WFruuhvsrqglqj dxwkru= Idfxow| ri Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdpeulgjh/

Dxvwlq Urelqvrq Exloglqj/ Vlgjzlfn Dyhqxh/ Fdpeulgjh FE6 <GG/ XN1 Who1 .77 4556

6685641 H0pdlo= wrnh1dlgwChfrq1fdp1df1xn1
_HSHH/ Xqlyhuvlwh g*Hyu|0Ydo g*Hvvrqqh/ 7/ Eg1 Iudqfrlv Plwwhuudqg/ <4358 Hyu| Fhgh{/

Iudqfh1 Who1 .66 49< 7:; 3<71 H0pdlo= iudqfhvfr1pdjulvChfr1xqly0hyu|1iu1
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Wkh uhdvrq � nqrzq dv wkh fdslwdo ohy| sureohp4 � lv wkdw rqfh lqyhvwphqwv

kdyh ehhq xqghuwdnhq e| flwl}hqv/ wkh| ehfrph �vlwwlqj gxfnv� iru wkh uxolqj

srolwlfldq/ zkr pd| zdqw wr wd{ wkh fdslwdo vwrfn dw dq h{fhvvlyho| kljk udwh lq

rughu wr lqfuhdvh klv rzq frqvxpswlrq/ wr h{sdqg wkh sxeolf vhfwru/ ru wr uhgxfh

oderu wd{hv1 Flwl}hqv dqwlflsdwh wklv/ dqg uhdfw/ qrw rqo| e| uhgxflqj sulydwh

lqyhvwphqwv/ exw dovr/ dv srlqwhg rxw e|/ iru h{dpsoh/ Khwwlfk dqg Zlqhu +4<<</

ss1 449044:,/ e| lqyhqwlqj ru e| xvlqj h{lvwlqj srolwlfdo lqvwlwxwlrqv wr surwhfw

wkhpvhoyhv djdlqvw h{sursuldwlrq1

Wkh sxusrvh ri wklv sdshu lv wr ghprqvwudwh wkdw shuirupdqfh yrwlqj lq d

uhsuhvhqwdwlyh ghprfudf| fdq xqghu vrph flufxpvwdqfhv vroyh wkh fdslwdo ohy|

sureohp1 Lq d uhsuhvhqwdwlyh ghprfudf|/ yrwhuv hohfw +dqg uhhohfw, srolwlfldqv/

zkr lpsohphqw srolflhv rq wkhlu ehkdoi/ xvlqj wkh pdmrulw| uxoh1 Srolwlfldqv

duh iuhtxhqwo| xqdeoh wr frpplw wkhpvhoyhv wr d sduwlfxodu srolf| sodq dw wkh

wlph ri hohfwlrq1 Yrwhuv dqg/ pruh jhqhudoo|/ ghflvlrq pdnhuv lq wkh sulydwh

vhfwru/ wkhuhiruh/ h{shfw srolwlfldqv/ zlwkrxw ixuwkhu lqfhqwlyhv/ wr wd{ fdslwdo

khdylo|1 Yrwhuv fdq surylgh lqfhqwlyhv e| kroglqj wkh srolwlfldq dffrxqwdeoh

dw hohfwlrq wlphv iru sdvw ehkdylru1 Lq sduwlfxodu/ wkh| fdq hohfw srolwlfldqv

rq wkh xqghuvwdqglqj wkdw wkh| zloo qrw eh uhhohfwhg xqohvv wkh| shuirup xs

wr d fhuwdlq/ suh0vshfl�hg vwdqgdug/ dv �uvw vxjjhvwhg e| Eduur +4<:6, dqg

Ihuhmrkq +4<;9,1 Zh fkdudfwhul}h wkh vhw ri wd{ udwhv wkdw fdq eh vxvwdlqhg e|

+v|pphwulf, srolwlfdo htxloleuld lq zklfk yrwhuv qrq0frrshudwlyho| vhw vwdqgdugv

wkdw wkh srolwlfldq lv uhtxluhg wr vdwlvi| wr jhw wkh yrwh ri hdfk ri wkhp1 Wklv

vhw frqwdlqv wkh vhfrqg ehvw +Udpvh|, wd{ li wkh srolwlfldq ydoxhv srolwlfdo r!fh

vx!flhqwo|1 Zh vwuhvv wkdw yrwhuv qhhg wr frruglqdwh wkhlu yrwlqj ehkdylru

wr xvh hohfwlrqv h�hfwlyh wr vroyh wkh fdslwdo ohy| sureohp dqg wkdw devhqfh

ri frruglqdwlrq pd| uhvxow lq ixoo h{sursuldwlrq ri fdslwdo dqg kljk hohfwrudo

wxuqryhu1

Wkh uhvw ri wklv sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5/ zh surylgh d

eulhi olwhudwxuh uhylhz dqg uhodwh rxu zrun wr wkh h{lvwlqj olwhudwxuh1 Lq Vhfwlrq

6/ zh ghyhors d vlpsoh prgho ri fdslwdo wd{dwlrq1 Wkh prgho kdv wkh plqlpxp

4Vhh/ h1j1/ Ilvfkhu +4<;3, dqg Ehqkdele dqg Uxvwlfklql +4<<:,1
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surshuwlhv qhhghg wr irupdol}h rxu dujxphqw dqg lv fkrvhq iru wudqvsduhqf|1

Lq Vhfwlrq 7/ zh suhvhqw wzr ehqfkpdunv djdlqvw zklfk wkh shuirupdqfh yrw0

lqj vroxwlrq fdq eh frpsduhg1 Rqh lv wkh vhfrqg ehvw +Udpvh|, wd{ vroxwlrq

dfklhyhg zlwk frpplwphqw1 Wkh rwkhu lv wkh vroxwlrq wr wkh fdslwdo ohy| sure0

ohp vxjjhvwhg e| Fkdul dqg Nhkrh +4<<3,1 Wkh| vkrz wkdw flwl}hqv fdq xvh

klvwru| ghshqghqw lqyhvwphqwv dqg frqvxpswlrq sodqv wr vxvwdlq wd{ udwhv eh0

orz ixoo h{sursuldwlrq1 Lq Vhfwlrq 8/ zh doorz yrwhuv wr xvh hohfwlrqv wr surwhfw

wkhpvhoyhv djdlqvw h{sursuldwlrq dqg zh fkdudfwhul}h wkh vhw ri wd{ udwhv wkdw

fdq eh vxvwdlqhg lq wklv zd| dqg frpsduh wr wkh wzr ehqfkpdunv1 Lq Vhfwlrq

9/ zh glvfxvv wkh urexvwqhvv ri rxu dqdo|vlv/ dqg lq Vhfwlrq :/ zh glvfxvv vrph

hpslulfdo lpsolfdwlrqv1

5 Wkh Olwhudwxuh

Iroorzlqj N|godqg dqg Suhvfrww +4<::,/ d vxevwdqwldo olwhudwxuh kdv lqyhvwljdwhg

krz vrflhwlhv fdq dqg gr ghdo zlwk sureohpv ri wlph lqfrqvlvwhqf|15 Ghprfudwlf

lqvwlwxwlrqv sod| dq lpsruwdqw uroh lq wklv1 Shuvvrq dqg Wdehoolql +4<<7,/ iru h{0

dpsoh/ dujxh wkdw vwudwhjlf ghohjdwlrq lq d uhsuhvhqwdwlyh ghprfudf| fdq surylgh

d vroxwlrq wr wkh fdslwdo ohy| sureohp lq d wzr0shulrg phgldq yrwhu prgho1 Wkh|

vkrz wkdw wkh phgldq yrwhu zdqwv wr ghohjdwh ghflvlrq pdnlqj srzhu wr d �frq0

vhuydwlyh� srolwlfldq1 Lq wkh shulrg ehwzhhq hohfwlrqv/ wkh phgldq yrwhu fdqqrw

fkdqjh khu plqg1 Dffruglqjo|/ rqfh d uhsuhvhqwdwlyh lv hohfwhg/ wkh phgldq

yrwhu lv �frpplwwhg� wr dffhsw zkdwhyhu srolf| wkh uhsuhvhqwdwlyh lpsohphqwv1

E| hohfwlqj d uhsuhvhqwdwlyh zlwk d vwurqjhu glvolnh iru fdslwdo wd{dwlrq wkdq

khuvhoi/ wkh phgldq yrwhu fdq +xqghu fhuwdlq flufxpvwdqfhv, pdnh vxuh wkdw wkh

fdslwdo wd{ lpsohphqwhg e| khu uhsuhvhqwdwlyh diwhu lqyhvwphqwv duh vxqn fruuh0

vsrqgv wr wkh fdslwdo wd{ wkdw vkh khuvhoi zrxog kdyh olnhg wr frpplw wr ehiruh

lqyhvwphqwv duh vxqn1 Rxu prgho lv dovr rqh ri d uhsuhvhqwdwlyh ghprfudf|= wkh

surgxfwlrq ri d sxeolf jrrg lv ghohjdwhg wr d +ehqhyrohqw, srolwlfldq zlwk wkh

srzhuv wr udlvh wkh qhfhvvdu| �qdqfh e| phdqv ri fdslwdo wd{dwlrq1 Ghohjdwlrq/

5Vhh Gud}hq +5333/ fkdswhu 7 dqg 8, ru Shuvvrq dqg Wdehoolql +5333/ fkdswhu 45, iru vxuyh|v1
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krzhyhu/ fduulhv d frvw lq wkh vhqvh wkdw wkh srolwlfldq kdv dq lqfhqwlyh wr h{0

sursuldwh fdslwdo dv vrrq dv lw ehfrphv vxqn dqg lv/ wkxv/ qrw/ dv lq Shuvvrq dqg

Wdehoolql +4<<7,/ lq lwvhoi d vroxwlrq wr wkh fdslwdo ohy| sureohp1 Lqvwhdg/ yrwhuv

pxvw surylgh lqfhqwlyhv iru wkh srolwlfldq qrw wr h{sursuldwh1 Wr wklv hqg/ wkh|

xvh hohfwlrqv dv dq lpsolflw lqfhqwlyh frqwudfw dqg krog srolwlfldqv dffrxqwdeoh

iru wkhlu srolf| fkrlfhv diwhu wkh idfw16

Dq dowhuqdwlyh fkdqqho wkurxjk zklfk flwl}hqv fdq suhyhqw h{sursuldwlrq lv

oree|lqj/ dv srlqwhg rxw uhfhqwo| e| Jdu�qnho dqg Ohh +5333, dqg Pdufhdx

dqg Vpduw +5336,1 Jdu�qnho dqg Ohh +5333, dvvxph wkdw doo lqglylgxdov lqyhvw

lq fdslwdo exw gl�hu lq wkhlu ghvluh iru sxeolf vshqglqj1 Lqglylgxdov zkr fduh

olwwoh derxw sxeolf vshqglqj kdyh dq lqfhqwlyh wr irup oree| jurxsv lq rughu

wr surwhfw wkhpvhoyhv djdlqvw kljk fdslwdo wd{hv/ zkloh wkrvh zkr fduh d orw

pd| ghflgh � ehiruh lqyhvwphqwv duh vxqn � qrw wr oree|1 Wkh oree| jurxsv

wkdw gr hphujh wkhq �euleh� wkh jryhuqphqw wr wd{ fdslwdo pruh oljkwo| e|

surylglqj/ vd|/ fdpsdljq �qdqfh1 Wklv phfkdqlvp fdq sduwo| vroyh wkh fdslwdo

ohy| sureohp1 Pdufhdx dqg Vpduw +5336, uhdfk wkh vdph frqfoxvlrq exw yld

d gl�huhqw phfkdqlvp1 Wkh| dvvxph wkdw doo lqglylgxdov hqjdjh lq oree|lqj

exw vkrz wkdw wkrvh zlwk d kljk vwdnh lq orz fdslwdo wd{hv kdyh dq lqkhulwhg

dgydqwdjh lq oree|lqj dqg wkdw lv zkdw nhhsv wd{hv orz dw htxloleulxp +xqghu

vrph flufxpvwdqfhv,1 Erwk sdshuv xvh wkh frpprq djhqf| prgho � ghyhorshg

e| Ehuqkhlp dqg Zklqvwrq +4<;9, � wr vkrz wkhlu srlqw1 Wklv lpsolhv wkdw

wkh| dvvxph wkdw wkh oree| jurxsv fdq frpplw wr sduwlfxodu frqwulexwlrq ixqf0

wlrqv dqg surplvh wr sd| vshfl�f vxpv ri prqh| ghshqglqj rq wkh srolf| ehlqj

lpsohphqwhg1 Wkhvh frqwulexwlrq vfkhgxohv duh qrw wlph frqvlvwhqw= rqfh wkh

srolwlfldq kdv lpsohphqwhg d srolf|/ wkh oree| jurxsv kdyh d vwulfw lqfhqwlyh qrw

6Dv vkrzq e| Shuvvrq dqg Wdehoolql +5333/ fkdswhuv 7 dqg <,/ d vlplodu orjlf dssolhv lq

d udqjh ri rwkhu sxeolf �qdqfh sureohpv1 Lq sduwlfxodu/ yrwhuv fdq uhgxfh zdvwhixo sxeolf

vshqglqj/ l1h1/ vshqglqj wkdw ehqh�wv srolwlfldqv dw wkh h{shqvh ri wkh hohfwrudwh/ e| pdnlqj

wkh uljkw wr froohfw vxfk uhqwv lq wkh ixwxuh +uhhohfwlrq, frqwlqjhqw rq d uhgxfwlrq lq fxuuhqw

zdvwhixo vshqglqj1 Lq frqwudvw/ Frdwh dqg Pruulv +4<<<, surylgh dq h{dpsoh lq zklfk wkh

hohfwrudo dffrxqwdelolw| phfkdqlvp pd| qrw eh vx!flhqwo| vwurqj wr suhyhqw lqh!flhqw srolf|

surjudpv wr shuvlvw rqfh wkh| kdyh ehhq lpsohphqwhg +zlwk wkh frqvhqw ri wkh hohfwrudwh,1
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wr sd| wkh surplvhg uhzdug1 Lq uhdolw|/ krzhyhu/ rqh h{shfwv wkdw jryhuqphqwv

zrxog sxqlvk oree| jurxsv wkdw gr qrw nhhs wkhlu surplvhv dqg wkdw wklv zrxog

jr vrph zd| wrzdugv surylglqj surshu lqfhqwlyhv iru wkh oreelhv wr nhhs wkhlu

surplvhv1 Zh gr qrw frqvlghu oree| jurxsv lq rxu dqdo|vlv dqg irfxv lqvwhdg

rq shuirupdqfh yrwlqj1 Dv orqj dv yrwhuv fdq uhdglo| �qg d +shuihfw, vxevwlwxwh

iru wkh lqfxpehqw srolwlfldq/ wkh| kdyh qr vwulfw lqfhqwlyh wr ghyldwh iurp wkh

dqqrxqfhg yrwlqj uxoh diwhu wkh srolwlfldq kdv lpsohphqwhg wkh wd{ srolf| iru

wkh fxuuhqw shulrg1 Wkhuhiruh/ zh rqo| uhtxluh wkdw yrwhuv kdyh d plqlpxp

ri frpplwphqw srzhu= li lqgl�huhqw/ wkh| gr zkdw wkh| surplvhg wr gr1 Lw

lv fohdu/ krzhyhu/ wkdw wkh dvvxpswlrq ri shuihfw vxevwlwxwhv lv fulwlfdo= zkhq

vxfk vxevwlwxwhv duh qrw dydlodeoh/ yrwhuv gr qhhg vrph phdqv ri frpplwwlqj wr

sduwlfxodu yrwlqj vwudwhjlhv ru rwkhuzlvh pdnlqj wkhp fuhgleoh lq rughu wr frq0

wuro srolwlfldqv h�hfwlyho|17 D frpsohwh prgho ri wkh srolwlfv ri fdslwdo wd{dwlrq

zrxog wdnh erwk oree|lqj dqg yrwlqj lqwr dffrxqw/ dqg zh gr qrw ylhz wkh wzr

dv pxwxdo h{foxvlyh vroxwlrqv wr wkh fdslwdo ohy| sureohp1

Rxu sdshu lv dovr forvho| uhodwhg wr wkh olwhudwxuh rq fdslwdo wd{dwlrq lq

hfrqrplhv zlwk dq lq�qlwh wlph krul}rq/ dqg zh surylgh d ghwdlohg frpsdulvrq

zlwk uhvxowv iurp wklv olwhudwxuh lq Vhfwlrqv 7 dqg 8151 Eulh |/ dv ghprqvwudwhg

e| Fkdul dqg Nhkrh +4<<3,/ flwl}hqv fdq/ lq vxfk hfrqrplhv/ xvh klvwru| ghshq0

ghqw doorfdwlrq sodqv wr vxvwdlq qrq0h{sursuldwlqj fdslwdo wd{ srolflhv/ lqfoxglqj/

li wkh glvfrxqw idfwru lv vx!flhqwo| odujh/ wkh Udpvh| uxoh1 Wkh lghd lv wkdw wkh

+ehqhyrohqw, srolwlfldq zdqwv wr suhvhuyh klv uhsxwdwlrq iru qrw h{sursuldwlqj

fdslwdo1 Lqyhvwruv h{sorlw wklv e| ohwwlqj wkh srolwlfldq xqghuvwdqg wkdw wkh| zloo

vwrs lqyhvwlqj li wkh| hyhu revhuyh h{sursuldwlrq1 Lq wklv olwhudwxuh/ wkh xqghuo|0

lqj srolwlfdo surfhvv lv qrw frqvlghuhg lq ghwdlo1 Zh/ lq frqwudvw/ surylghv vrph

lqvwlwxwlrqdo ghwdlov dqg vkrz krz flwl}hqv fdq xvh wkhlu ghprfudwlf uljkw wr

whuplqdwh wkh whqxuh ri d plvehkdylqj srolwlfldq wr dyrlg h{sursuldwlrq zlwkrxw

kdylqj wr uhvruw wr frpsolfdwhg klvwru| ghshqghqw doorfdwlrq sodqv dqg yrwlqj

vwudwhjlhv1 Djdlq/ zh vwuhvv wkdw wklv vkrxog eh xqghuvwrrg dv d frpsohphqw

7Vhh PfFdooxp +4<<8, dqg Mhqvhq +4<<:, iru d fulwltxh ri vroxwlrqv wr wlph lqfrqvlvwdqf|

sureohpv wkdw uhorfdwh wkh frpplwphqw sureohp udwkhu wkdq vroyh lw1
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wr wkh uhsxwdwlrq phfkdqlvp dqg wkdw yrwhuv/ lq sulqflsoh/ frxog frpelqh shu0

irupdqfh yrwlqj zlwk frpsoh{ klvwru| ghshqghqw doorfdwlrq sodqv dqg yrwlqj

vwudwhjlhv1

6 Wkh Hfrqrplf Prgho

Zh frqvlghu dq hfrqrp| wkdw lv srsxodwhg e| q . 4 lghqwlfdo/ lq�qlwho|0olyhg

flwl}hqv/ lqgh{hg e| l1 Hdfk shulrg/ rqh flwl}hq lv vhohfwhg wr uxq wkh jryhuqphqw

+dv ghwdlohg ehorz,1 Wkh uhpdlqlqj q flwl}hqv duh krxvhkrogv1 Zh ghqrwh wkh

vhw ri krxvhkrogv e| Y 1 Krxvhkrogv xqghuwdnh hfrqrplf dfwlylwlhv lq wkh wzr

surgxfwlyh vhfwruv ri wkh hfrqrp|1 Wkh F0vhfwru lv shuihfwo| frpshwlwlyh dqg

surgxfhv d frqvxpswlrq jrrg1 Wkh frqvxpswlrq jrrg fdq eh xvhg iru sulydwh

+fw, ru sxeolf +jw, frqvxpswlrq dqg lv surgxfhg e| d olqhdu whfkqrorj| xvlqj

kxpdq fdslwdo +kw, dv wkh rqo| lqsxw1 Wkh pdujlqdo surgxfw ri +kxpdq, fdslwdo

lv frqvwdqw dqg htxdo wr U A 31 Wkh L0vhfwru lv d krxvhkrog vhfwru wkdw surgxfhv

kxpdq fdslwdo iurp h�ruw +hw,1 Wkh pdujlqdo surgxfw ri h�ruw lv frqvwdqw dqg

htxdo wr 41 Kxpdq fdslwdo fdqqrw eh vwruhg ehwzhhq shulrgv/ vr

kw @
[

l5Y

hlw> +4,

zkhuh hlw lv wkh h�ruw fkrlfh ri krxvhkrog l1 Lq hdfk shulrg/ w @ 3> 4> 5> ===/

krxvhkrogv pdnh ghflvlrqv dw wzr glvwlqfw srlqwv lq wlph1 Dw wkh �uvw vwdjh ri

shulrg w/ hdfk krxvhkrog ghflghv krz pxfk h�ruw wr lqyhvw lq dffxpxodwlrq ri

kxpdq fdslwdo1 Wkh kxpdq fdslwdo lv uhqwhg wr �upv dqg xvhg lq wkh surgxfwlrq

ri rxwsxw1 Dw wkh vhfrqg vwdjh/ krxvhkrogv frqvxph sulydwh dqg sxeolf jrrgv1

Hdfk krxvhkrog l 5 Y uhfhlyhv lqfrph qhw ri wd{hv/ U+4�� w,hlw/ zkhuh � w 5 ^3> 4`

lv d sursruwlrqdo fdslwdo wd{ ohylhg e| wkh jryhuqphqw iru wkdw shulrg1 Wkhuh

duh qr qrq0glvwruwlrqdu| phdqv ri udlvlqj uhyhqxh1 Wkh exgjhw frqvwudlqw ri

krxvhkrog l 5 Y uhdgv=

flw � U +4� � w, hlw= +5,
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Wkh wd{ uhyhqxh/ � wUkw/ lv xvhg/ e| wkh jryhuqphqw/ wr surgxfh sxeolf jrrgv

+jw,=

jw @ � wUkw= +6,

Wkh sxeolf jrrg lv frqvxphg e| doo krxvhkrogv dv dydlodeoh1 Hdfk krxvhkrog

ghulyhv xwlolw| iurp sulydwh dqg sxeolf jrrgv/ dqg glvxwlolw| iurp h�ruw1 Wkh

shu0shulrg xwlolw| ixqfwlrq lv

x+fwl> hlw> jw, @ flw �
h
4."

lw

+4 . ",
. �jw> +7,

zkhuh " A 4 lv wkh hodvwlflw| ri wkh pdujlqdo glvxwlolw| wr h�ruw dqg � lqglfdwhv

wkh lpsruwdqfh ri sxeolf frqvxpswlrq uhodwlyh wr sulydwh frqvxpswlrq1 Zh

dvvxph wkdw � A 41 Wklv lpsolhv wkdw krxvhkrogv suhihu wkh sxeolf wr wkh sulydwh

jrrg dqg surylghv wkh udwlrqdoh iru dssrlqwlqj d srolwlfldq wr surgxfh jw1
8 Wkh

glvfrxqw idfwru lv � 5 +3> 4,1 Krxvhkrogv wdnh � w dqg jw dv jlyhq zkhq pdnlqj

h�ruw ghflvlrqv lq wkh �uvw vwdjh dqg frqvxpswlrq ghflvlrqv lq wkh vhfrqg vwdjh1

7 Wzr Ehqfkpdunv

Wkh doorfdwlrq ri uhvrxufhv lq wklv hfrqrp| ghshqgv fulwlfdoo| rq wkh dvvxps0

wlrqv zh pdnh derxw wkh ehkdylru ri wkh jryhuqphqw1 Wkh pdlq sxusrvh ri wkh

sdshu lv wr vwxg| doorfdwlrqv lq d uhsuhvhqwdwlyh ghprfudf| zlwk shuirupdqfh

yrwlqj1 Zh gr vr lq wkh qh{w vhfwlrq1 Wklv vhfwlrq lv ghyrwhg wr wzr lpsruwdqw

ehqfkpdunv1 Vlqfh erwk ehqfkpdunv duh zhoo0nqrzq/ zh vkdoo eh eulhi lq wkh

h{srvlwlrq dqg uhohjdwh wkh ghwdlov wr wkh Dsshqgl{1 Lq erwk fdvhv/ zh dvvxph

wkdw wkh jryhuqphqw*v remhfwlyh lv wr fkrrvh d wd{ srolf| iru hdfk shulrg wr

pd{lpl}h wkh xwlolw| ri d uhsuhvhqwdwlyh krxvhkrog1

Lq wkh �uvw ehqfkpdun/ zh dvvxph wkdw wkh jryhuqphqw fdq frpplw wr d

vhtxhqfh ri wd{ udwhv dqg wkdw krxvhkrogv fkrrvh d vhtxhqfh ri h�ruw ohyhov

dw wlph 3 iru doo wlphv1 Wklv doorzv wkh vhfrqg ehvw +Udpvh|, rxwfrph wr

8
Li � $ �/ wkh srolwlfldq kdv qr lqfhqwlyh wr wd{ fdslwdo wr surylgh sxeolf jrrgv/ dqg wkh

fdslwdo ohy| sureohp grhv qrw dulvh1

:



eh dfklhyhg1 D Udpvh| htxloleulxp uhtxluhv wkdw l, iru hyhu| vhtxhqfh ri wd{

srolflhv/ wkh h�ruw dqg frqvxpswlrq ghflvlrqv ri hdfk krxvhkrog l 5 Y pd{lpl}h
S

4

w@3
�wx+flw> hlw> jw, vxemhfw wr htxdwlrq +5, dqg +flw> hlw, � 3 iru doo w > dqg

ll, wkh vhtxhqfh ri wd{ udwhv pd{lpl}h
S

4

w@3
�wx+fl3w+� w,> hl3w+� w,> jw, vxemhfw wr

jw � � wUk+� w,/ zkhuh l3 uhihuv wr d uhsuhvhqwdwlyh krxvhkrog1 Zh �qg=

Sursrvlwlrq 4 Wkh vhtxhqfh ri vhfrqg ehvw +Udpvh|, wd{ udwhv lv

�ve @
+�q� 4,"

+�q� 4,". �q
5 +3> 4, iru w @ 4> 5> ===1 +8,

Wkh vhfrqg ehvw wd{ udwh lv srvlwlyh/ ohvv wkdq rqh dqg vwdwlrqdu|1 Wkh

jryhuqphqw wudghv r� wkh qhjdwlyh h�hfw ri fdslwdo wd{dwlrq rq h�ruw zlwk wkh

zhoiduh jdlq dvvrfldwhg zlwk kljkhu sxeolf frqvxpswlrq1 Wkh vhfrqg ehvw wd{

udwh lv lqfuhdvlqj lq wkh ydoxdwlrq ri sxeolf frqvxpswlrq +�, dqg dv � jrhv wr

lq�qlwh/ �ve jrhv wr "@ +4 . ", � wkh ydoxh ri � wkdw pd{lpl}hv shu0shulrg wd{

uhyhqxh1 Wkh Udpvh| rxwfrph gh�qhv wkh ehvw srvvleoh doorfdwlrq ri uhvrxufhv

� jlyhq wkdw wd{dwlrq lv glvwruwlrqdu| � dqg lv wkh ehqfkpdun wr zklfk rwkhu

rxwfrphv vkrxog eh frpsduhg1

Lq wkh vhfrqg ehqfkpdun/ wkh jryhuqphqw fdqqrw frpplw wr d vhtxhqfh

ri wd{ udwhv1 Zh fdswxuh wkh odfn ri frpplwphqw e| dvvxplqj wkdw lq hdfk

shulrg wkh jryhuqphqw vhwv wkh fxuuhqw wd{ udwh � w ehwzhhq vwdjh 4 dqg 5> wkdw

lv/ diwhu krxvhkrogv kdyh pdgh wkhlu h�ruw ghflvlrqv/ exw ehiruh wkh| frqvxph1

Wklv wlplqj surylghv wkh jryhuqphqw zlwk d vkruw0whup lqfhqwlyh wr wd{ kxpdq

fdslwdo h{fhvvlyho| vlpso| ehfdxvh wkh h�ruw lv vxqn dw wkh srlqw lq wlph zkhq

wkh wd{ lv ohylhg1 Wkh idfw wkdw wkh hfrqrp| kdv dq lq�qlwh wlph krul}rq/

krzhyhu/ doorzv wkh krxvhkrogv wr sduwo| ru zkroo| holplqdwh wkh frpplwphqw

sureohp e| pdnlqj wkhlu ghflvlrqv frqwlqjhqw rq wkh klvwru| ri jryhuqphqw

srolflhv1 Fkdul dqg Nhkrh +4<<3, fkdudfwhul}h wkh vhw ri srolf| sodqv wkdw fdq

eh vxvwdlqhg lq wklv zd|1 Orrvho| vshdnlqj/ wkh lghd lv wkdw wkh krxvhkrogv

sxqlvk wkh jryhuqphqw li lw hyhu ghyldwhv iurp wkh vshfl�hg vhtxhqfh ri wd{

udwhv e| wkuhdwhqlqj qrw wr pdnh dq| h�ruw wr dffxpxodwh kxpdq fdslwdo hyhu

djdlq1 Wklv jhqhudwhv }hur xwlolw| wr doo dqg lv wkh zruvw srvvleoh rxwfrph1

;



Zh fdq lqwhusuhw wklv dv vd|lqj wkdw wkh jryhuqphqw orvhv lwv uhsxwdwlrq li lw

euhdnv wkh lpsolflw djuhhphqw zlwk wkh sulydwh vhfwru1 Fkdul dqg Nhkrh +4<<3,

uhihu wr vhtxhqfhv ri wd{ udwhv wkdw fdq eh vxvwdlqhg wkurxjk wklv uhsxwdwlrq

phfkdqlvp dv vxvwdlqdeoh htxloleuld1 Zh fdq dsso| wkhlu pdlq uhvxow gluhfwo| wr

rxu hfrqrp| dqg vwdwh wkh iroorzlqj uhvxow +vhh wkh Dsshqgl{ iru ghwdlov,1

Sursrvlwlrq 5 +Fkdul dqg Nhkrh/ 4<<3/ Sursrvlwlrq 5, D vwdwlrqdu| vhtxhqfh

ri wd{ udwhv �vx fdq eh lpsohphqwhg dv wkh rxwfrph ri d vxvwdlqdeoh htxloleulxp

li dqg rqo| li �vx 5 ^�vx> 4` zkhuh

�vx @ pd{i
+4 . ",+�q� 4, . +4� �q+4 . ",,�

+4 . ",+�q� 4, . �
> 3j1 +9,

Wkh vhfrqg ehvw +Udpvh|, wd{ udwh lv vxvwdlqdeoh iru � A �
vx

zkhuh

�
vx

@
+". 4, +�q� 4,

+�q� 4,+4 . ". "5, . "q�
? 4= +:,

Wkh sursrvlwlrq fkdudfwhul}hv wkh odujhvw vhw ri wd{ udwhv/ ^�vx> 4`/ wkdw fdq

eh vxvwdlqhg e| wkh uhsxwdwlrq phfkdqlvp1 Iru � A 3/ lw lv srvvleoh wr vxvwdlq

ehwwhu rxwfrphv wkdq ixoo h{sursuldwlrq +� @ 4,/ dqg dv wkh glvfrxqw idfwru

ehfrphv odujhu/ wkh vhw ri vxvwdlqdeoh wd{ udwhv lqfuhdvhv1 Iru d vx!flhqwo| kljk

glvfrxqw idfwru +� A �
vx

,/ wkh vhw lqfoxghv wkh vhfrqg ehvw +Udpvh|, wd{1

8 Wkh Srolwlfdo Prgho

Lq wklv vhfwlrq/ zh dqdo|}h fdslwdo wd{dwlrq lq d uhsuhvhqwdwlyh ghprfudf| dqg

vkrz krz hohfwrudo dffrxqwdelolw| pd| doorz krxvhkrogv sduwo| ru zkroo| wr

ryhufrph wkh fdslwdo ohy| sureohp19 Wkh dqdo|vlv lv edvhg rq wkh wkhru| ri

shuirupdqfh yrwlqj ruljlqdoo| ghyhorshg e| Eduur +4<:6, dqg Ihuhmrkq +4<;9,1:

9Vhh Gxwwd hw do1 +4<<;, iru dq dqdo|vlv ri wkh srolwlfdo hfrqrp| ri uhfhqw fkdqjhv lq fdslwdo

wd{dwlrq lq wkh XN1
:Wkh lghd wkdw yrwhuv krog srolwlfldqv dffrxqwdeoh iru dfwlrqv wdnhq zkloh lq r!fh kdv

uhfhlyhg frqvlghudeoh hpslulfdo vxssruw +vhh Qdqqhvwdg dqg Sdogdp/ 4<<7,1

<



814 Shuirupdqfh Yrwlqj

Hdfk shulrg/ wkh dxwkrulw| wr ohy| wd{hv lv ghohjdwhg wr d srolwlfldq1 Wkh re0

mhfwlyh ri wkh srolwlfldq lv wr fkrrvh d wd{ srolf| wkdw pd{lpl}hv wkh xwlolw| ri

d uhsuhvhqwdwlyh krxvhkrog1 Wkh srolwlfldq dssolhv wkh vdph glvfrxqw idfwru dv

krxvhkrogv1 Wkh srolwlfldq fdqqrw frpplw wr vshfl�f wd{ sodqv/ exw uhdfwv wr

wkh lqfhqwlyhv surylghg wr klp e| krxvhkrogv1 Srolwlfldqv hqmr| ehlqj srolwlfldqv

dqg wkh| hduq wkh hjr uhqw p A 3 iurp kroglqj r!fh1 Dw wkh hqg ri hdfk shulrg/

dq hohfwlrq lv khog lq zklfk wkh lqfxpehqw srolwlfldq uxqv djdlqvw d fkdoohqjhu

vhohfwhg iurp rqh ri wkh krxvhkrogv1 Doo krxvhkrogv duh holjleoh wr yrwh lq wkh

hohfwlrqv1; Wkh pdmrulw| uxoh ghwhuplqhv zkhwkhu wkh lqfxpehqw lv uhhohfwhg iru

dqrwkhu whup ru qrw1 Li wkh lqfxpehqw srolwlfldq orvhv r!fh/ kh uhwxuqv wr wkh

sulydwh vhfwru/ dqg wkh fkdoohqjhu wdnhv r!fh dqg ehfrphv wkh srolwlfldq1 Wkh

hjr uhqw surylghv wkh lqfxpehqw srolwlfldq zlwk dq lqfhqwlyh wr krog rq wr ri0

�fh/ dqg wklv lv zkdw doorzv wkh hohfwrudwh wr lq xhqfh klv srolf| fkrlfh1 Wr wklv

hqg/ hdfk yrwhu +krxvhkrog, l 5 Y vhwv d shuirupdqfh vwdqgdugv lpphgldwho|

diwhu hdfk hohfwlrq/ dqg ohw wkh qhzo| hohfwhg +ru uhhohfwhg, srolwlfldq xqghuvwdqg

wkdw kh lv rqo| jhwwlqj wkh yrwh ri wkdw sduwlfxodu yrwhu lq wkh qh{w hohfwlrq li

kh lpsohphqwv d srolf| wkdw lv irxqg vdwlvidfwru| frpsduhg wr wkh vwdqgdug1

Wr pdnh wkh frqwudvw ehwzhhq wklv dqg wkh uhsxwdwlrq phfkdqlvp glvfxvvhg

deryh dv fohdu dv srvvleoh/ zh gr qrw doorz yrwhuv wr pdnh wkhlu uhhohfwlrq sodqv

ghshqghqw rq wkh hqwluh klvwru| ri wd{ udwhv/ exw rqo| rq wkh wd{ srolf| lp0

sohphqwhg lq wkh fxuuhqw shulrg1 Olnhzlvh/ wkh h�ruw dqg frqvxpswlrq sodqv

ri krxvhkrogv duh rqo| doorzhg wr ghshqg rq zlwklq shulrg hyhqwv1 Zh qhhg

wr pdnh d glvwlqfwlrq ehwzhhq wkh klvwru| ri wkh �uvw dqg vhfrqg vwdjh ri hdfk

shulrg1 Wr wklv hqg/ zh ghqrwh wkh �uvw vwdjh klvwru| ri shulrg w e| KU
4w
1 Vlqfh

wkh srolf| lpsohphqwdwlrq ri shulrg w lv qrw nqrzq xqwlo diwhu wkh �uvw vwdjh/

K
U
4w

grhv qrw lqfoxgh lqirupdwlrq derxw wkh dfwxdo srolf| fkrlfh1 Lq frqwudvw/

wkh vhfrqg vwdjh klvwru| ri shulrg w/ ghqrwhg KU
5w/ lqfoxghv vxfk lqirupdwlrq1

;
Dowkrxjk zh frxog doorz wkh srolwlfdq wr fdvw d yrwh +iru klpvhoi, zlwkrxw d�hfwlqj dq|

ri rxu uhvxowv/ zh vkdoo/ iru vlpsolflw|/ ljqruh wklv lq zkdw iroorzv1

43



Zh fdq qrz gh�qh wkh jdph ehwzhhq wkh hohfwhg srolwlfldqv dqg yrwhuv pruh

suhflvho|1 Dw wkh ehjlqqlqj ri wkh �uvw vwdjh ri shulrg w/ d srolwlfldq wdnhv r!fh

dqg hdfk yrwhu l 5 Y dqqrxqfhv d yrwh ixqfwlrq/ �lw+�
L

lw
,/ wkdw lqglfdwhv/ iru hdfk

srolf| lpsohphqwdwlrq/ � L
w
5 ^3> 4`/ zkhwkhu +�

lw
+=, @ 4, ru qrw +�

lw
+=, @ 3, wkh

srolwlfldq jhwv wkh yrwh ri yrwhu l lq wkh hohfwlrq khog dw wkh hqg ri wkh shulrg1<

Zh uhvwulfw dwwhqwlrq wr wkuhvkrog yrwh ixqfwlrqv ri wkh iroorzlqj w|sh

�lw+�
L

w , @ 4 l� � Lw � �vlw> +;,

�lw+�
L

w
, @ 3 l� � L

w
A �v

lw
> +<,

zkhuh �v
lw
lv wkh shuirupdqfh vwdqgdug dqqrxqfhg e| yrwhu l 5 Y dw wlph w1 Diwhu

wkh h�ruw ghflvlrq kdv ehhq pdgh e| krxvhkrogv/ wkh srolwlfldq lpsohphqwv d

wd{ srolf| iru wkh fxuuhqw shulrg +�L
w
5 ^3> 4`,1 Dq lpsohphqwdwlrq vwudwhj| ri

wkh srolwlfldq lv wkhq d pdsslqj iurp wkh vhw ri wkuhvkrogv rqwr ^3> 4` zlwk wkh

surshuw| wkdw dw ohdvw kdoi ri wkh vwdqgdugv qhhgv wr eh vdwlv�hg wr jhw uhhohfwhg1

Lq wkh vhfrqg vwdjh ri shulrg w/ krxvhkrogv pdnh wkhlu frqvxpswlrq fkrlfhv dqg

fdvw wkhlu yrwhv dffruglqj wr wkh yrwh ixqfwlrqv �lw+�
L
w
, dqg wkh srolwlfldq lv

uhhohfwhg ru qrw1 Li wkh srolwlfldq lv qrw uhhohfwhg/ kh uhwxuqv wr wkh sulydwh

vhfwru dqg d qhz srolwlfldq hqwhuv r!fh1 Diwhu wkdw/ wkh vhtxhqfh ri hyhqwv

uhshdwv lwvhoi143

Zh vd| wkdw d vhtxhqfh ri yrwh ixqfwlrqv/ h�ruw dqg frqvxpswlrq sodqv/

dqg srolf| lpsohphqwdwlrq uxohv lv d srolwlfdo htxloleulxp li wkh iroorzlqj frq0

glwlrqv duh vdwlv�hg= l, jlyhq wkh vhtxhqfh ri srolf| lpsohphqwdwlrq uxohv/ hdfk

krxvhkrog l 5 Y fkrrvhv dq h�ruw dqg frqvxpswlrq sodq iru hdfk shulrg wr pd{l0

pl}h
S
4

w@3
�wx+flw+K

U
5w,> hlw+K

U
4w,> jw, vxemhfw wr flw+K

U
5w, � U+4��Lw ,hlw+K

U
4w, dqg

+flw> hlw, � 3> ll, jlyhq wkh yrwh ixqfwlrqv dqg wkh h�ruw dqg frqvxpswlrq sodqv

<Zh vshfli| wkh shuirupdqfh vwdqgdug gluhfwo| rq wkh srolf| lqvwuxphqw1 Lghqwlfdo uhvxowv

rewdlq lq wkh suhvhqw prgho li zh vshfl�hg wkh vwdqgdug lq whupv ri xwlolw| ohyhov1
43Wkh wlplqj ri hyhqwv lpsolhv wkdw wkhuh lv rqo| rqh srolf| ghflvlrq shu hohfwlrq shulrg1

Wkh surshu lqwhusuhwdwlrq ri wkh srolf| ghflvlrq lv wkdw lw lv d vxppdu| ri hyhu|wklqj wkh

srolwlfldq grhv zkloh lq r!fh1 Lq uhdolw|/ wkh iuhtxhqf| ri srolf| pdnlqj lv kljkhu wkdq wkdw

ri hohfwlrqv1 Lw lv srvvleoh wr dffrpprgdwh wklv zlwklq wkh fxuuhqw prgho e| doorzlqj yrwhuv

wr vhw pxowlsoh vwdqgdugv dw wkh ehjlqqlqj ri hdfk hohfwlrq whup1

44



iru shulrg w/ wkh srolwlfldq fkrrvhv wkh wd{ srolf| � w wkdw pd{lpl}hv klv olih0

wlph xwlolw| vxemhfw wr wkh sxeolf vhfwru exgjhw frqvwudlqw> lll, wkh yrwh ixqfwlrq

dqqrxqfhg e| yrwhu l 5 Y pxvw pd{lpl}h khu olih0wlph xwlolw| wdnlqj dv jlyhq

wkh yrwh ixqfwlrqv ri wkh rwkhu yrwhuv dqg wkh srolf| lpsohphqwdwlrq uxoh ri wkh

srolwlfldq1 Zh uhihu wr d srolwlfdo htxloleulxp zkhuh doo yrwhuv xvh wkh vdph yrwh

ixqfwlrq dv d v|pphwulf srolwlfdo htxloleulxp1 Wkh rxwfrph ri d srolwlfdo htxl0

oleulxp lv d vhtxhqfh ri srolf| lpsohphqwdwlrqv/ h�ruw dqg frqvxpswlrq fkrlfhv/

dqg hohfwlrq uhvxowv1 Zh uhvwulfw dwwhqwlrq wr vwdwlrqdu| htxloleuld1

815 Srolwlfdo Htxloleulxp

Lq Sursrvlwlrq 6/ zh fkdudfwhul}h wkh vhw ri wd{ udwhv wkdw fdq eh vxssruwhg

e| d vwdwlrqdu| v|pphwulf srolwlfdo htxloleulxp dqg vkrz zkhq wkh vhfrqg ehvw

+Udpvh|, wd{ udwh ehorqjv wr wklv vhw1

Sursrvlwlrq 6 +V|pphwulf Srolwlfdo Htxloleuld, Wkh vwdwlrqdu| vhtxhqfh ri wd{

udwhv �sr fdq eh vxssruwhg dv wkh rxwfrph ri d v|pphwulf srolwlfdo htxloleulxp

li dqg rqo| li �sr 5 ^�sr> 4` zkhuh

�
sr @ pd{

5
74�

#
�p

+4� �,+�q� 4,U
4."

"

$ "

4."

> 3

6
8 = +43,

Wkh vhfrqg ehvw +Udpvh|, wd{ fdq eh vxssruwhg dv wkh rxwfrph ri d v|pphwulf

srolwlfdo htxloleulxp li � A �
sr

zkhuh

�
sr

@
+�q� 4, +�qU,

4."

"

p ++�q� 4,". �q,
4."

" . +�q� 4, +�qU,
4."

"

? 4= +44,

Surri1 Vxssrvh wkdw doo yrwhuv l 5 Y dqqrxqfh lghqwlfdo yrwh ixqfwlrqv=

�+�Lw , @ 4 l� �
L
w � �

v
> +45,

�+� Lw , @ 3 l� �
L
w A �

v
> +46,

zkhuh �v lv d vwdwlrqdu| shuirupdqfh vwdqgdug dqg �Lw lv wkh srolf| lpsohphq0

wdwlrq fkrvhq e| wkh srolwlfldq1 Vxssrvh ixuwkhu wkdw wkh srolwlfldq xvhv wkh
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+vwdwlrqdu|, srolf| uxoh �+�v,1 Jlyhq wkdw/ wkh krxvhkrogv* h�ruw dqg frqvxps0

wlrq sodqv iru shulrg w @ 3> 4> === duh lghqwlfdo dqg htxdo wr

h+�+�v,, @ ^U+4� �+�v,,`
4

" > +47,

f+�+�v,> �Lw , @ +4� �
L
w ,U^U+4� �+�v,,`

4

" = +48,

Ohw

x+�v> �Lw , @ f+�+�v,> �Lw , . �j+�+�v,> �Lw ,�
h+�+�v,,4."

4 . "
= +49,

Frqvlghu wkh srolwlfldq lq r!fh lq shulrg w1 Klv sd|r� fdq eh zulwwhq dv

Yw @ p. x+�v> �Lw , . ��+�Lw ,Y
F
w.4 . �+4� �+� Lw ,,Y

S
w.4 +4:,

zkhuh Y
F
w.4 lv wkh frqwlqxdwlrq ydoxh li wkh srolwlfldq lv uhhohfwhg dw wkh hqg ri

shulrg w dqg Y
S
w.4 lv wkh ydoxh li kh lv qrw uhhohfwhg dqg uhwxuqv wr wkh sulydwh

vhfwru144 Wkh srolwlfldq lq r!fh dw wlph w pd{lpl}hv Yw vxemhfw wr wkh sxeolf

exgjhw frqvwudlqw1 Vxssrvh wkh srolwlfldq grhv qrw zdqw wr eh uhhohfwhg1 Iru

� A 3/ lw lv qhyhu sur�wdeoh wr srvwsrqh ghyldwlrq/ vr ghyldwlrq wdnhv sodfh dw

wlph w1 Wkh ehvw ghyldwlrq lv wr lpsohphqw � Lw @ 4 zlwk sd|r�

Y
G
w @ x+�v> 4, .p. �Y

S
w.4= +4;,

Vxssrvh wkh srolwlfldq zdqwv wr eh uhhohfwhg1 Wkhq/ wkh ehvw srolf| lpsohphq0

wdwlrq lv �Lw @ �
v/ zlwk sd|r�

Y
F
w @ x+�v> �v, .p. �Y

F
w.4= +4<,

44Wkh vwdqgdug dvvxpswlrq lv wkdw srolwlfldqv zkr orvh r!fh qhyhu vhuyh djdlq dqg wkdw

fkdoohqjhuv duh gudzq iurp dq lq�qlwh sroo ri srwhqwldo srolwlfldqv1 Krzhyhu/ vlqfh zh dvvxph

wkdw wkh srsxodwlrq ri wkh hfrqrp| lv �qlwh/ zh fdqqrw pdnh wklv dvvxpswlrq1 Lqvwhdg/ zh

dvvxph wkdw dq lqglylgxdo lv gudzq dw udqgrp iurp wkh srro ri krxvhkrogv wr fkdoohqjh wkh

lqfxpehqw srolwlfldq dw hdfk hohfwlrq/ dqg wkdw wkh srolwlfldq +lq r!fh, grhv qrw lqwhuqdol}h wkh

suredelolw| ri ehlqj uhhohfwhg dw vrph odwhu srlqw lq wlph diwhu kdylqj orvw r!fh lq wkh fxuuhqw

shulrg1 Olnhzlvh/ lqglylgxdo yrwhuv gr qrw wdnh lqwr dffrxqw wkdw wkh| pd| eh vhohfwhg wr

fkdoohqjh wkh lqfxpehqw zkhq wkh| vhw wkhlu shuirupdqfh vwdqgdugv1 Zlwk d odujh srsxodwlrq

ri flwl}hqv wklv vhhpv uhdvrqdeoh1
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w � Y

G
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F
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G
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w � Y
G
w li dqg rqo|

li

!+�v, � x+�v> 4,� x+�v> �v, �
�p

4� �
= +53,

Zlwk wkh dgglwlrqdo dvvxpswlrq wkdw wkh srolwlfldq frpsolhv li lqgl�huhqw/ frqgl0

wlrq +53, lv qhfhvvdu| dqg vx!flhqw iru frpsoldqfh dqg zh frqfoxgh wkdw !+�v, �

�p
4��

, �+�v, @ �
v dqg wkdw !+�v, A �p

4��
, �+�v, @ 41 Xvh htxdwlrqv +47, dqg

+48, wr vhh wkdw !+�v, @ +�q� 4, ^U+4� �
v,`

4. 4

" zlwk l, !+3, A 3> ll, !+4, @ 3>

dqg lll,
C!+=,

C�v
? 3 iru doo �v 5 ^3> 4`1 Wkxv/ wkhuh h{lvwv d ydoxh ri �v 5 ^3> 4`/ fdoo

lw �sr/ vxfk wkdw !+�v, � �p
4��

iru doo �v � �
sr1 Uhduudqjlqj |lhogv wkh h{suhv0

vlrq lq htxdwlrq +43,1 Wkh fulwlfdo ydoxh ri wkh glvfrxqw idfwru �
sr

lv irxqg e|

uhduudqjlqj �ve � �
sr1

Frqvlghu wkh yrwhuv1 Wkh srolwlfldq qhhgv wr vdwlvi| dw ohdvw kdoi ri wkh

vwdqgdugv wr jhw uhhohfwhg1 Krzhyhu/ vlqfh doo yrwhuv ehqh�w iurp wkh sxeolf

jrrg dqg sd| wkh vdph wd{/ lw lv lpsrvvleoh iru wkh srolwlfldq wr jlyh suhihuhqwldo

wuhdwphqw wr dq| vxevhw ri yrwhuv1 Lq d v|pphwulf Qdvk htxloleulxp �
v
l @ �

v

iru doo l 5 Y 1 Vxssrvh wkdw doo yrwhuv dqqrxqfh �
v1 Dq| sduwlfxodu yrwhu l

fdqqrw fkdqjh wkh srolf| rxwfrph e| ghyldwlqj wr vrph � l 9@ �
v dqg/ wkxv/

kdv qr +vwulfw, lqfhqwlyh wr ghyldwh iurp �
v1 Li �v ? �

sr/ wkhq �+�v, @ 4 dqg

h+4, @ 31 Li/ rq wkh rwkhu kdqg/ �v � �
sr/ wkhq �+�v, @ �

v dqg h+�v, @

^U+4 � �
v,`

4

" 1 Zh frqfoxgh wkdw doo � 5 ^�sr> 4` fdq eh vxssruwhg dv rxwfrphv

ri d v|pphwulf srolwlfdo htxloleulxp1 Ilqdoo|/ qrwh wkdw qr � @5 ^�sr> 4` fdq eh

wkh rxwfrph ri d v|pphwulf srolwlfdo htxloleulxp ehfdxvh doo srolwlfldqv zrxog

suhihu wr h{sursuldwh +vhw �Lw @ 4, dqg qrw jhw uhhohfwhg wr dq| � 5 ^3> �sr,

Wkh sursrvlwlrq ghprqvwudwhv wkdw shuirupdqfh yrwlqj fdq/ lq sulqflsoh/

suhyhqw frpsohwh h{sursuldwlrq ri fdslwdo zkhqhyhu srolwlfldqv ydoxh wkh ixwxuh

+� A 3, dqg ghulyh xwlolw| iurp ehlqj lq srzhu +p A 3,1 Lq idfw/ doo wd{ udwhv lq

wkh lqwhuydo ^�sr> 4` fdq eh vxssruwhg dv rxwfrphv ri v|pphwulf srolwlfdo htxlole0

uld1 Xqghu fhuwdlq flufxpvwdqfhv/ zklfk zh vkdoo glvfxvv lq pruh ghwdlo ehorz/

wkh vhfrqg ehvw +Udpvh|, wd{ fdq eh vxvwdlqhg1 Wkh wd{ udwhv lq ^�sr> 4` fdq

eh vxvwdlqhg iru dq lqwxlwlyh uhdvrq1 Hdfk shulrg/ wkh srolwlfldq idfhv wkh whps0
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wdwlrq wr h{sursuldwh wkh h{lvwlqj fdslwdo vwrfn +l1h1/ wr vhw �Lw @ 4,/ wkhuhe|

h{sorlwlqj wkh idfw wkdw h�ruw lv vxqn1 Wkh whpswdwlrq wr h{sursuldwh fdslwdo lv

!+�v, @ +�q� 4, ^U+4� �
v,`

4.
4

" 1 Wkh lqfxpehqw srolwlfldq edodqfhv wkh whps0

wdwlrq wr h{sursuldwh djdlqvw wkh ghvluh wr eh uhhohfwhg dqg hduq wkh uhhohfwlrq

uhzdug
�p

4��
1 Zkhq yrwhuv frruglqdwh rq d +v|pphwulf, shuirupdqfh vwdqgdug

vxfk wkdw �p

4��
� !+�v,/ wkh srolwlfldq suhihuv wr frpso| dqg lpsohphqwv � Lw @ �

v

wr vhfxuh uhhohfwlrq dw hdfk w1 Wkh orzhvw wd{ udwh wkdw fdq eh vxssruwhg lq wklv

zd| lv �sr1 Zh qrwlfh/ krzhyhu/ wkdw wkhuh h{lvw htxloleuld lq zklfk yrwhuv vhw

d vwdqgdug vxfk wkdw �p

4��
? !+�v,1 Wkhvh htxloleuld duh dvvrfldwhg zlwk h{0

wuhph rxwfrphv= hdfk srolwlfldq h{sursuldwhv doo fdslwdo dqg iruhjrhv uhhohfwlrq>

krxvhkrogv iruhvhh wklv dqg vwrs lqyhvwlqj h�ruw lq dffxpxodwlrq ri kxpdq fds0

lwdo1 Wkh vhw ri wd{ udwhv wkdw fdq eh vxvwdlqhg dv dq rxwfrph ri d v|pphwulf

srolwlfdo htxloleulxp ghshqgv fulwlfdoo| rq wkh hjr uhqw � dqg pruh jhqhudoo|

rq wkh lghd wkdw srolwlfldqv ydoxh srolwlfdo r!fh � dqg wkh glvfrxqw idfwru1 Zh

vwuhvv wkdw wkhvh duh vxevwlwxwhv lq wkh vhqvh wkdw dq lqfuhdvh lq hlwkhu � ru p

qhyhu ghfuhdvhv wkh vhw ri vxvwdlqdeoh wd{ udwhv1 Wkh lqwxlwlrq lv wkdw d kljk

glvfrxqw idfwru ru d kljk hjr uhqw lqfuhdvhv wkh uhhohfwlrq uhzdug zkloh ohdylqj

wkh whpswdwlrq wr h{sursuldwh xqfkdqjhg145

Lw lv lqvwuxfwlyh wr frpsduh wkhvh uhvxowv zlwk wkh ehqfkpdunv glvfxvvhg lq

wkh suhylrxv vhfwlrq1 Wkh uhsxwdwlrq phfkdqlvp doorzv flwl}hqv wr dyrlg h{sur0

suldwlrq e| wkuhdwhqlqj wr vwrs lqyhvwlqj lq doo ixwxuh shulrgv li wkh wd{ srolf|

hyhu idoov vkruw ri h{shfwdwlrqv146 Wklv w|sh ri sxqlvkphqw lv/ ri frxuvh/ frvwo|

45Wkh udqjh ri vxvwdlqdeoh wd{ udwhv dovr ghshqgv rq wkh rwkhu ixqgdphqwdov/ � dqg -/ ri

wkh prgho1 D kljk uhwxuq wr lqyhvwphqw/ -/ pdnhv lw kdughu wr frqwuro srolwlfldqv dqg vr �RJ

lv qrq0ghfuhdvlqj lq -1 Wklv lv vlpso| ehfdxvh wkh fdslwdo vwrfn dydlodeoh iru h{sursuldwlrq lv

odujhu dqg vr wkh whpswdwlrq wr h{sursuldwh lv juhdwhu1 Dq lqfuhdvh lq wkh ydoxdwlrq ri sxeolf

frqvxpswlrq/ �/ lqfuhdvhv wkh whpswdwlrq wr h{sursuldwh fdslwdo dqg vr �RJ lv qrq0ghfuhdvlqj

lq �1
46Wkh vhw ri vxvwdlqdeoh wd{ udwhv fkdudfwhul}hg lq Sursrvlwlrq 5 lv wkh odujhvw vhw wkdw fdq

eh vxvwdlqhg e| wkh uhsxwdwlrq phfkdqlvp ehfdxvh wkh sxqlvkphqw htxloleulxp lv wkh zruvh

srvvleoh htxloleulxp1 Lw lv fohdu/ krzhyhu/ wkdw vpdoohu vxevhwv fdq eh vxvwdlqhg e| ohvv h{wuhph

sxqlvkphqw vwudwhjlhv1
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qrw rqo| wr wkh srolwlfldq/ exw dovr wr wkh krxvhkrogv wkhpvhoyhv1 Wkh hohfwrudo

dffrxqwdelolw| phfkdqlvp/ rq wkh rwkhu kdqg/ h{soruhv wkh idfw wkdw srolwlfldqv

ydoxh srolwlfdo r!fh dqg wkdw yrwhuv fdq uhsodfh srolwlfldqv wkdw plvehkdyh dw

uhjxodu lqwhuydov1 Dq lpsolfdwlrq lv wkdw flwl}hqv fdq sxqlvk wkhlu srolwlfldqv

zlwkrxw kdylqj wr vwrs lqyhvwlqj= wkh hjr uhqw surylghv wkhp zlwk dq dowhuqd0

wlyh dqg frvw0h�hfwlyh zd| ri sxqlvklqj plvehkdylru1 Djdlqvw wklv edfnjurxqg/

lw lv qrw vxusulvlqj wr qrwh/ e| frpsdulqj �vx iurp Sursrvlwlrq 5 zlwk �sr iurp

Sursrvlwlrq 6/ wkdw wkh wzr phfkdqlvpv/ lq jhqhudo/ gr qrw vxvwdlq wkh vdph vhw

ri wd{ udwhv1 Zklfk ri wkh wzr phfkdqlvpv vxssruwv wkh odujhvw vhw ghshqgv rq

flufxpvwdqfhv/ exw lw lv srvvleoh iru dq| � A 3 wr �qg dq hjr uhqw p AP vxfk

wkdw wkh vhw ri wd{ udwhv wkdw lv vxvwdlqdeoh e| d v|pphwulf srolwlfdo htxloleulxp

lv dw ohdvw dv odujh dv wkh vhw vxvwdlqhg e| d vxvwdlqdeoh htxloleulxp147 Pruhryhu/

Sursrvlwlrqv 5 dqg 6 vkrz wkdw erwk phfkdqlvpv fdq vxvwdlq wkh vhfrqg ehvw

+Udpvh|, rxwfrph lq hfrqrplhv zlwk d vx!flhqwo| odujh glvfrxqw idfwru1 Lp0

sruwdqwo|/ wkh fulwlfdo ydoxh ri wkh glvfrxqw idfwru/ �
sr

/ uhtxluhg e| wkh hohfwrudo

dffrxqwdelolw| phfkdqlvp lv ghfuhdvlqj lq p1 Dq lpsolfdwlrq/ wkhq/ lv wkdw wkh

vhfrqg ehvw +Udpvh|, wd{ srolf| fdq eh vxvwdlqhg dv dq rxwfrph ri d v|pphw0

ulf srolwlfdo htxloleulxp lq dq| hfrqrp| zlwk � A 3 surylghg wkdw p lv odujh

hqrxjk1 Wkh uhsxwdwlrq phfkdqlvp fdqqrw uhsolfdwh wklv1

9 Glvfxvvlrq ri Urexvwqhvv

Wkh dqdo|vlv deryh surylghv vrph lqvljkwv lqwr wkh uroh wkdw hohfwrudo dffrxqw0

delolw| sod|v lq vroylqj wkh fdslwdo ohy| sureohp1 Hohfwrudo dffrxqwdelolw| lv

reylrxvo| qrw wkh rqo| phdqv e| zklfk flwl}hqv fdq suhyhqw h{fhvvlyho| kljk

ohyhov ri wd{dwlrq1 Zh kdyh glvfxvvhg wkh uhsxwdwlrq phfkdqlvp dw ohqjwk/ exw

dv phqwlrqhg lq wkh glvfxvvlrq ri wkh olwhudwxuh/ vwudwhjlf ghohjdwlrq dqg ore0

47Wkh fulwlfdo ydoxh ri wkh hjr uhqw lv

� '

�
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e|lqj djdlqvw kljk fdslwdo wd{hv duh dovr olnho| wr sod| d uroh1 Hdfk ri wkhvh

vroxwlrqv kdv wkhlu vwuhqjwkv dqg zhdnqhvvhv dqg zrunv ehwwhu lq vrph hqylurq0

phqwv wkdq lq rwkhuv1 Ehorz zh glvfxvv lq pruh ghwdlo vrph ri wkh olplwdwlrqv

dvvrfldwhg zlwk shuirupdqfh yrwlqj dv d vroxwlrq wr wkh fdslwdo ohy| sureohp1

� Wkh fdslwdo wd{dwlrq sureohp lv lq d vhqvh d frruglqdwlrq sureohp= krxvh0

krogv zrxog olnh wr frqvxph wkh sxeolf jrrg exw zrxog udwkhu qrw vkduh

wkh frvw ri �qdqflqj lw148 Shuirupdqfh yrwlqj prghov dvvxph wkdw yrw0

huv fdq frruglqdwh wkhlu yrwlqj vwudwhjlhv1 Wklv pdnhv wkh dqdo|vlv rshq

wr wkh fulwltxh wkdw zh vkliw wkh frruglqdwlrq sureohp iurp rqh od|hu

wr dqrwkhu= yrwhuv fdqqrw frruglqdwh wkh wd{ frvw/ exw wkh| fdq frrugl0

qdwh wkhlu yrwlqj vwudwhjlhv1 Wkh vwdqgdug irupxodwlrq ri wkh shuirupdqfh

yrwlqj prgho dvvxphv dq h{wuhph ghjuhh ri frruglqdwlrq e| irfxvlqj rq

rqh uhsuhvhqwdwlyh yrwhu zkr rq ehkdoi ri doo yrwhuv vhwv wkh frqvwudlqhg

h!flhqw shuirupdqfh vwdqgdug149 Zh uhod{ wkdw dvvxpswlrq dqg doorz lq0

glylgxdo yrwhuv wr vhw wkhlu rzq vwdqgdug lq d qrq0frrshudwlyh pdqqhu1

Wklv eulqjv wr wkh iruhiurqw wkh  rud ri srvvleoh htxloleuld dqg uhyhdov

wkh qdwxuh ri wkh frruglqdwlrq sureohp idflqj yrwhuv= wkh| kdyh wr slfn

dprqj d yhu| odujh vhw ri htxloleuld> vrph zlwk ehwwhu rxwfrphv wkdq rwk0

huv14: Zh gr qrw kdyh d wkhru| ri htxloleulxp vhohfwlrq/ vr wkh ehvw zd| wr

ylhz rxu frqwulexwlrq lv wkdw lw fkdudfwhul}hv wkh vhw ri rxwfrphv wkdw fdq

eh vxvwdlqhg e| shuirupdqfh yrwlqj lq pxfk wkh vdph zd| dv Fkdul dqg

Nhkrh +4<<3, fkdudfwhul}h wkh udqjh ri rxwfrphv wkdw fdq eh vxvwdlqhg

e| klvwru| ghshqghqw lqyhvwphqw dqg frqvxpswlrq sodqv1 Krzhyhu/ lw lv

srvvleoh wr qduurz grzq wkh vhw ri htxloleuld surylghg rqh lv zloolqj wr

hpsor| pruh ghpdqglqj htxloleulxp frqfhswv1 Li/ iru h{dpsoh/ wkh shu0

irupdqfh vwdqgdugv dqqrxqfhg e| yrwhuv vdwlvi| wkh frqglwlrqv ri d vwurqj

Qdvk htxloleulxp/ wkhq/ dv vkrzq e| Gkdupdsdod dqg Ohkpdq +5337,/ wkh

48Gud}hq +5333/ fkdswhuv 4 dqg 7, uhihuv wr wklv dv h{ srvw khwhurjhqhlw|1
49 Lq rxu prgho wkdw zrxog fruuhvsrqg wr vhwwlqj �

r
' 4@ d�

RJ
c �

rK
o hdfk shulrg +vhh Dlgw

dqg Pdjulv +5336, iru wkh ghwdlov,1
4: Lw lv hdv| wr vhh wkdw wkh vhw ri v|pphwulf srolwlfdo htxloleuld fdq eh Sduhwr udqnhg1

4:



xqltxh htxloleulxp ri wkh jdph ehwzhhq yrwhuv dqg wkh srolwlfldq lv wkh

rqh vxssruwhg e| wkh phgldq yrwhu vxemhfw wr frpsoldqfh e| wkh srolwl0

fldq1 Dssolhg wr rxu prgho wklv phdqv wkdw wkh xqltxh htxloleulxp wd{

udwh zrxog eh �
sr

@ pd{^�
sr

> �
ve
`1

� Lq rxu prgho/ srolwlfldqv �qdqfh wkh surylvlrq ri d xqlyhuvdo sxeolf jrrg

e| phdqv ri d sursruwlrqdo fdslwdo wd{1 Wkh lpsolhg uhvwulfwlrq rq wkh

vhw ri srolf| lqvwuxphqwv lv ri lpsruwdqfh1 Uhfdoo wkdw wkh srolwlfldq rqo|

qhhgv wr vdwlvi| kdoi wkh shuirupdqfh vwdqgdugv wr jhw uhhohfwhg1 Wkhuh0

iruh/ wkh srolwlfldq zrxog eh vhhnlqj rxw d plqlpxp zlqqlqj frdolwlrq

frqvlvwlqj ri wkh �fkhdshvw� yrwhuv1 Vxssrvh wkdw wkh srolwlfldq frxog

pdnh wudqvihuv gluhfwo| wr hdfk krxvhkrog ru dvvljq krxvhkrog vshfl�f wd{

vkduhv1 Li vr/ wkrvh lq wkh plqlpxp zlqqlqj frdolwlrq zrxog jhw suhihuhq0

wldo wuhdwphqw dqg/ dv d frqvhtxhqfh/ frpshwlwlrq dprqj yrwhuv wr eh lq

wkdw frdolwlrq zrxog vwduw d surfhvv ri xqghuelgglqj +vhh Ihuhmrkq/ 4<;9,1

Frqwudvw wklv zlwk wkh vlwxdwlrq lq zklfk wkh srolwlfldq fdq rqo| vdwlvi|

wkh ghpdqgv ri yrwhuv e| surylglqj d xqlyhuvdo sxeolf jrrg �qdqfhg e|

d sursruwlrqdo wd{1 Vlqfh/ e| gh�qlwlrq/ hyhu|rqh ehqh�w iurp wkh sxeolf

jrrg dqg idfh wkh vdph wd{ udwh/ phpehuvkls ri wkh plqlpxp zlqqlqj

frdolwlrq ehfrphv luuhohydqw iru krxvhkrog zhoiduh1 Wklv pdnhv lw srvvl0

eoh/ dv vkrzq lq Sursrvlwlrq 6/ wr dyrlg xqghuelgglqj14; Dq lpsolfdwlrq/

wkhq/ lv wkdw wkh vhw ri srolf| lqvwuxphqwv lv lpsruwdqw iru zkhwkhu ru qrw

hohfwrudo dffrxqwdelolw| lv h�hfwlyh/ dqg zh vwuhvv/ lq sduwlfxodu/ wkdw wkh

sxeolf jrrg vhuyh d fuxfldo uroh dv dq lpsolflw frruglqdwlrq ghylvh +vhh dovr

Shuvvrq dqg Wdehoolql/ 5333/ fkdswhu <,14<

� Wkh dvvxpswlrq wkdw krxvhkrogv/ yrwhuv dqg/ lq sduwlfxodu/ srolwlfldqv kdyh

dq lq�qlwh wlph krul}rq lv qhfhvvdu| +exw qrw vx!flhqw, iru shuirupdqfh

4;Wklv frqwlqxhv wr eh wuxh li yrwhuv gl�hu zlwk uhvshfw wr wkhlu suhihuhqfh iru sxeolf jrrgv

ru zlwk uhvshfw wr wkh glvxwlolw| wkh| ghulyh iurp dffxpxodwlqj kxpdq fdslwdo +vhh Dlgw dqg

Pdjulv/ 5336,1
4< Lw vkrxog eh qrwhg/ krzhyhu/ wkdw d yhuvlrq ri Sursrvlwlrq 6 zrxog krog lq wkh vwdqgdug

Ilvfkhu hfrqrp| +Ilvfkhu/ 4<;3, zlwk fdslwdo dqg oderxu wd{hv dqg d �{hg exgjhw uhtxluhphqw1

4;



yrwlqj wr vxvwdlq htxloleuld zlwkrxw frpsohwh h{sursuldwlrq1 Lq uhdolw|/

whup olplwv riwhq dsso| dqg zkhq wkh| gr/ srolwlfldqv lq wkhlu odvw whup

+wkh odph gxfnv, kdyh d vwurqj lqfhqwlyh wr plvehkdyh1 Wklv sureohp fdq/

krzhyhu/ eh ryhufrph lq ydulrxv zd|v1 Rqh sodxvleoh vroxwlrq/ glvfxvvhg

e| Dohvlqd dqg Vshdu +4<;;,/ lv wr vxssrvh wkdw srolwlfdo sduwlhv hphujh

dqg wkdw wkhvh sduwlhv h�hfwlyho| kdyh dq lq�qlwh wlph krul}rq1 Vxssrvh/

wkhq/ wkdw hdfk srolwlfldq ehorqjv wr d sduw|/ vd| D ru E1 Li d sduwlfxodu

srolwlfldq plvehkdyhv h1j1/ ehfdxvh kh lv derxw wr uhwluh/ wkhq klv sduw|/

vd| sduw| D/ orvhv srzhu dqg d srolwlfldq iurp sduw| E lv hohfwhg1 Rwkhu

srolwlfldqv lq sduw| D fdq dyrlg wklv e| vhwwlqj xs dq lqwhuqdo lqfhqwlyh

phfkdqlvp/ h1j1/ e| jlylqj wkh srolwlfldq d shqvlrq xsrq uhwluhphqw ru

dffhvv wr d zhoo0sdlg mre lq wkh sulydwh vhfwru1 E| vhwwlqj wklv uhzdug lq

wkh uljkw zd| wkh sduw| fdq vwd| lq srzhu dqg doo srolwlfldqv zlwklq wkh

sduw| ehkdyh/ hyhq lq wkhlu odvw whup1 Zh gr qrw surylgh wkh ghwdlov ri

wkh dqdo|vlv khuh/ exw qrwh wkdw ixuwkhu dqdo|vlv ri wkh lqvwlwxwlrqdo ghwdlov

wkdw doorzv flwl}hqv lq d ghprfudf| wr ryhufrph wkh �odvw shulrg sureohp�

zrxog eh ri ydoxh1

� Lq rxu prgho srolwlfldqv duh shuihfw vxevwlwxwhv iru hdfk rwkhu1 Wklv kdv

wkh lpsruwdqw lpsolfdwlrq wkdw yrwhuv duh lqgl�huhqw ehwzhhq dq| wzr fdq0

glgdwhv dw hdfk hohfwlrq dqg wkxv wkh| kdyh qr vwulfw lqfhqwlyh wr ghyldwh

iurp wkhlu dqqrxqfhg yrwlqj vwudwhj|1 Lq uhdolw|/ srolwlfldqv gl�hu lq pdq|

zd|v dqg yrwhuv zrxog olnh wr vhohfw dqg nhhs srolwlfldqv zlwk ghvludeoh

fkdudfwhulvwlfv1 Doorzlqj iru vxfk gl�huhqfhv frpsolfdwhv wkh dffrxqwdelo0

lw| sureohp dqg yrwhuv qhhg/ lq jhqhudo/ wr uhvruw wr pruh frpsolfdwhg

yrwlqj vwudwhjlhv dorqj wkh olqhv ri Edqnv dqg Vxqgdudp +4<<6/ 4<<;,1 Zh

gr qrw surylgh dq dqdo|vlv ri wklv khuh/ exw qrwh wkdw yrwhuv fdq dozd|v

jhw dq| srolwlfldq wr lpsohphqw wkh vhtxhqfh ri wd{ udwhv wkdw wkh �zruvw�

srolwlfldq lv zloolqj wr lpsohphqw1 Wkh| pd| zhoo eh deoh wr gr ehwwhu

wkdq wklv/ krzhyhu1

4<



: Frqfoxglqj Uhpdunv

Wklv sdshu ghprqvwudwhv wkdw shuirupdqfh yrwlqj pd| eh deoh wr vroyh wkh

fdslwdo ohy| sureohp/ exw rqo| li yrwhuv duh deoh wr frruglqdwh vx!flhqwo| dqg

srolwlfldqv ydoxh r!fh dqg fduh derxw wkh ixwxuh1 E| zd| ri frqfoxglqj/ zh

kljkoljkw vrph hpslulfdo dqg whvwdeoh lpsolfdwlrqv ri rxu dqdo|vlv1 Lq vrflhwlhv

zkhuh ghprfudwlf lqvwlwxwlrqv duh qrw ixoo| ghyhorshg/ srolwlfldqv fdq/ e| ulj0

jlqj hohfwlrqv lq ydulrxv zd|v/ dyrlg ehlqj yrwhg rxw ri r!fh lq uhvsrqvh wr

srru shuirupdqfh1 Irupdoo|/ wklv fruuhvsrqgv wr vlwxdwlrqv lq zklfk wkh yrwlqj

ixqfwlrqv kdyh d orzhu erxqg/ l1h1/ plq �+=, A 3/ dqg vxjjhvwv wkdw vrflhwlhv zlwk

ohvv zhoo0ghyhorshg ghprfudwlf lqvwlwxwlrqv zloo/ fhwhulv sdulexv/ kdyh d whqghqf|

wr uhvruw wr h{sursuldwlqj phdqv ri wd{dwlrq1 Vlploduo|/ yrwhuv pd| kdyh gl!fxo0

wlhv gholyhulqj rq wkhlu surplvhv lq vrflhwlhv zlwk xqfhuwdlq hohfwlrq wxuqrxw dqg

yrwhu dsdwk|1 Wklv lpsolhv dq xsshu erxqg rq zkdw yrwhuv fdq surplvh wr gr/

l1h1/ pd{ �+=, ? 4> djdlq pdnlqj lw kdughu iru yrwhuv wr surprwh h!flhqw srolflhv1

Wr hqkdqfh wkh h�hfwlyh yrlfh ri wkh hohfwrudwh/ vrflhwlhv pd| ghyhors vshfl�f

ghprfudwlf lqvwlwxwlrqv vxfk dv vhsdudwlrq ri srzhuv ru yrwh ri frq�ghqfh surfh0

gxuhv +Shuvvrq/ Urodqg dqg Wdehoolql/ 4<<:/ 5333,1 Hpslulfdoo|/ wkhuh lv d juhdw

ghdo ri furvv0frxqw| yduldwlrq lq phdvxuhv ri srolwlfdo lqvwlwxwlrqv1 Ri sduwlfxodu

lqwhuhvw khuh lv wkh lqgh{ ri yrlfh dqg dffrxqwdelolw|/ frqvwuxfwhg e| Ndxipdq

hw do1 +4<<<,1 Wkh lqgh{ udqnv frxqwulhv dffruglqj wr wkh txdolw| ri wkhlu gh0

prfudwlf lqvwlwxwlrqv/ xvlqj lqglfdwruv ri ghprfudwlf dffrxqwdelolw|/ iuhhgrp ri

wkh suhvv/ wudqvsduhqf| ri ghflvlrq surfhgxuhv dqg vr rq1 Odvvhq +5334, �qgv

urexvw hylghqfh wkdw wkh vl}h ri +jhqhudo, jryhuqphqw lv srvlwlyho| uhodwhg wr

wklv lqgh{ ri yrlfh dqg dffrxqwdelolw| lq d vdpsoh ri 95 ghprfudflhv lq 4<<81

Ehfnhu dqg Pxooljdq +5336, �qgv wkdw wkh vl}h ri jryhuqphqw whqgv wr eh odujhu

lq frxqwulhv zlwk wd{ v|vwhpv wkdw duh ohvv glvwruwlrqdu|1 Rxu wkhru| suhglfwv

d srvlwlyh uhodwlrqvkls ehwzhhq yrlfh dqg dffrxqwdelolw| phdvxuhv dqg h!flhqw

phwkrgv ri wd{dwlrq/ dqg wkxv vxjjhvwv wkdw wkh vl}h ri jryhuqphqw pljkw eh

d�hfwhg lqgluhfwo| e| doorzlqj pruh h!flhqw phdqv ri wd{dwlrq lq vrflhwlhv zlwk

d zhoo0ghyhorshg dffrxqwdelolw| phfkdqlvp1
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Dfnqrzohgjphqw1 Zh zrxog olnh wr wkdqn HVUF iru �qdqfldo vxssruw +judqw

qr1 O46;584339,/ dqg Huqhvwr Gdo Er/ Jhr�uh| Euhqqdq/ Pduwlq Gdxqwrq/

Md|dvul Gxwwd/ Plfkho Jxloodug/ Sklolss Kdupv/ Du|h Kloopdq/ Dqnh Nhvvohu/

Plowdglv Pdnulv/ Ohvolh Uhlqkruq dqg Ydqld Vhqd iru khosixo frpphqwv dqg

vxjjhvwlrqv1 Zh kdyh dovr ehqh�wwhg iurp frpphqwv pdgh e| sduwlflsdqwv lq

vhplqduv dw Xqlyhuvlw| ri Eluplqjkdp/ wkh HSFV*v 5334 phhwlqj lq Sdulv/ wkh

5334 FHPH Jhqhudo Htxloleulxp Frqihuhqfh dw Eurzq Xqlyhuvlw|/ Vhplqdluh

�G|qdpltxh hw dqwlflsdwlrqv� GHOWD +FQUV0HKHVV0HQV,/ wkh 43wk Vloyd0

sodqd Zrunvkrs rq Srolwlfdo Hfrqrp|/ 5334/ dqg wkh Pd| 5335 phhwlqj ri wkh

Sxeolf Hfrqrplfv Zrun Jurxs/ Xqlyhuvlw| ri Zduzlfn1

; Dsshqgl{

Surri ri Sursrvlwlrq 41 Wkh Udpvh| htxloleulxp uhtxluhv wkdw iru d jlyhq

vhtxhqfh ri wd{ udwhv i� wj
4

w@4/ wkh h�ruw dqg frqvxpswlrq ghflvlrqv ri hdfk

krxvhkrog l 5 Y pd{lpl}h
S
4

w@3 �
w
x+flw> hlw> jw, vxemhfw wr +5, dqg +flw> hlw, � 3

iru doo w1 Wkh vroxwlrq wr wklv rswlpl}dwlrq sureohp lv wkh vdph iru doo krxvhkrogv

dqg jlyhq e|

fw+� w, @ ^U +4� � w,`
4."

" iru w @ 3> 4> 5> ===> +54,

hw+� w, @ ^U +4� � w,`
4
" iru w @ 3> 4> 5> ===1 +55,

Jlyhq wkdw/ wkh jryhuqphqw vhohfwv wkh vhtxhqfh ri wd{ udwhv wkdw pd{lpl}hv
S
4

w@3 �
w
x+fw+� w,> hw+� w,> jw, vxemhfw wr jw+� w, � � wUkw+� w, @ � wqU ^U +4� � w,`

4
" 1

Wkh �uvw rughu frqglwlrqv duh

�
�4 . �q�

�q

"

� w

4� � w

�
+4� � w,

4
" @ 3 iru w @ 3> 4> ===1 +56,

Wkh vroxwlrq lv jlyhq e| wkh h{suhvvlrq lq htxdwlrq +8,1 Wkh vhfrqg rughu

frqglwlrq lv yhul�hg dw �vew dv �+�q
"

4

+4��ve,5
,+4� �vew ,

4
" ? 31 Wkh rwkhu vroxwlrq

� w @ 4 fdq eh uxohg rxw dv lw lv grplqdwhg e| � w @ 31 Zh qrwh wkdw �vew lv

vwdwlrqdu| �
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Surri ri Sursrvlwlrq 51 Wkh sursrvlwlrq lv dq dssolfdwlrq ri Sursrvlwlrq

5 lq Fkdul dqg Nhkrh +4<<3, zklfk vd|v53

Ohw d @ +f> h, eh d vhtxhqfh ri frqvxpswlrq dqg h�ruw sodqv1 Dq duelwudu|

sdlu ri vhtxhqfhv + �> d, lv wkh rxwfrph ri d vxvwdlqdeoh htxloleulxp li dqg rqo|

li l, wkh sdlu +�> d, lv d frpshwlwlyh htxloleulxp d wlph 3 dqg ll, iru hyhu| w/ wkh

iroorzlqj lqhtxdolw| krogv=

4[

v@w

�v�wx+hv> fv> jv, � x+hv> 3> j
3

v, .
�

4� �
x+3> 3> 3, +57,

zkhuh j3v @ kvU dqg x+3> 3> 3, @ 31

Dw wlph 3/ wkh vhtxhqfh +�> d , lv d frpshwlwlyh htxloleulxp li iru jlyhq i� wj
4

w@3

krxvhkrogv l 5 Y pd{lpl}h
S
4

w@3 �
wx+flw> hlw> jw, vxemhfw wr htxdwlrq +5, dqg

+flw> hlw, � 3 iru doo w1 Wklv |lhogv wkh vroxwlrqv jlyhq lq htxdwlrqv +54, dqg +55,1

Irfxvlqj rq vwdwlrqdu| vhtxhqfhv ri wd{hv/ zh fdq zulwh wkh ohiw0kdqg vlgh ri

htxdwlrq +57, dv

�qU� ^U +4� �,`
4

" .
"^U+4��,`

4."

"

4."

4� �
= +58,

Qrwlflqj wkdw x+hv> 3> j
3

v, @ �qU ^U +4� �,`
4
" � ^U+4��,`

4."
"

4."
/ zh fdq uhduudqjh wr

jhw htxdwlrq +9,1 Wkh fulwlfdo ydoxh � fdq eh irxqg e| vxevwlwxwlqj �ve iurp

htxdwlrq +8, lqwr htxdwlrq +57, dqg uhduudqjh �

Uhihuhqfhv

^4` Dlgw/ W1V1 dqg I1 Pdjulv/ 5336/ Fdslwdo Wd{dwlrq dqg Hohfwrudo Dffrxqw0

delolw|1 Fdpeulgjh Zrunlqj Sdshuv lq Hfrqrplfv 364;1

^5` Dohvlqd/ D1/ dqg V1 Vshdu/ 4<;;/ Dq ryhuodsslqj jhqhudwlrqv prgho ri hohf0

wrudo frpshwlwlrq/ Mrxuqdo ri Sxeolf Hfrqrplfv 6:/ 68<06:<1

53D pruh ghwdlohg ghprqvwudwlrq ri krz wkh Sursrvlwlrq lv dssolhg wr rxu hfrqrp| lv dydlo0

deoh xsrq uhtxhvw1
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^6` Edqnv/ M1/ dqg U1N1 Vxqgdudp/ 4<<6/ Dgyhuvh vhohfwlrq dqg prudo kd}dug

lq d uhshdwhg hohfwlrq prgho1 Lq= Z1 Eduqhww hw do1 +hgv1,/ Srolwlfdo hfrqrp|/

lqvwlwxwlrqv/ lqirupdwlrq/ frpshwlwlrq dqg uhsuhvhqwdwlrq1 Fdpeulgjh/ XN=

Fdpeulgjh Xqlyhuvlw| Suhvv1

^7` Edqnv/ M1/ dqg U1N1/ Vxqgdudp/ 4<<;/ Rswlpdo uhwhqwlrq lq djhqf| sure0

ohpv/ Mrxuqdo ri Hfrqrplf Wkhru| ;5/ 5<606561

^8` Ehfnhu/ J1V1 dqg F1E1 Pxooljdq/ 5336/ Ghdgzhljkw frvwv dqg wkh vl}h ri

jryhuqphqw/ Mrxuqdo ri Odz dqg Hfrqrplfv 79+5,/ 5<606731

^9` Eduur/ U1M1/ 4<:6/ Wkh frqwuro ri srolwlfldqv= dq hfrqrplf prgho/ Sxeolf

Fkrlfh 47/ 4<0751

^:` Ehqkdele/ M1/ dqg D1 Uxvwlfklql/ 4<<:/ Rswlpdo wd{hv zlwkrxw frpplwphqw/

Mrxuqdo ri Hfrqrplf Wkhru| ::/ 564058<1

^;` Ehuqkhlp/ G1/ dqg P1 Zklqvwrq/ 4<;9/ Phqx dxfwlrqv/ uhvrxufh doorfdwlrq/

dqg hfrqrplf lq xhqfh/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 434/ 40641

^<` Fkdul/ Y1Y1/ dqg S1M1 Nhkrh/ 4<<3/ Vxvwdlqdeoh sodqv/ Mrxuqdo ri Srolwlfdo

Hfrqrp| <;+7,/ :;60;351

^43` Frdwh/ V1/ dqg V1 Pruulv/ 4<<</ Srolf| shuvlvwhqfh/ Dphulfdq Hfrqrplf

Uhylhz ;</ 465:046691

^44` Gkdupdsdod/ G1/ dqg H1 Ohkpdqq/ 5337/ D phgldq yrwhu wkhruhp iru srvw0

hohfwrudo srolwlfv/ Zrunlqj Sdshuv HUPHV 3734/ HUPHV/ Xqlyhuvlw| Sdulv

51

^45` Gud}hq/ Doodq/ 5333/ Srolwlfdo hfrqrp| lq pdfurhfrqrplfv1 Sulqfhwrq/ Qhz

Mhuvh|= Sulqfhwrq Xqlyhuvlw| Suhvv1

^46` Gxwwd/ M1/ Vhiwrq/ M1/ dqg P1 Zhdoh/ 4<<;/ Fdslwdo wd{dwlrq dqg sxeolf

fkrlfh/ Qdwlrqdo Lqvwlwxwh/ XN/ Zrunlqj sdshu1
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^47` Odvvhq/ G1 Gdylg/ 5334/ Srolwlfdo dffrxqwdelolw| dqg wkh vl}h ri jryhuq0

phqw= wkhru| dqg furvv0frxqwu| hylghqfh1 Hfrqrplf Srolf| Uhvhdufk Xqlw/

Xqlyhuvlw| ri Frshqkdjhq/ Zrunlqj sdshu1

^48` Ihuhmrkq/ M1/ 4<;9/ Lqfxpehqw shuirupdqfh dqg hohfwrudo frqwuro/ Sxeolf

Fkrlfh 83+406,/ 80581

^49` Ilvkhu/ V1/ 4<;3/ G|qdplf lqfrqvlvwhqf|/ frrshudwlrq dqg wkh ehqhyrohqw

glvvhpeolqj jryhuqphqw/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 5/

<6043:1

^4:` Jdu�qnho/ P1U1/ dqg P1 Ohh/ 5333/ Srolwlfdo lq xhqfh dqg wkh g|qdplf

frqvlvwhqf| ri srolf|/ Dphulfdq Hfrqrplf Uhylhz <3+6,/ 97<09991

^4;` Khwwlfk/ Z1/ dqg V1O1G1 Zlqhu/ 4<<</ Ghprfudwlf fkrlfh dqg wd{dwlrq1 D

wkhruhwlfdo dqg hpslulfdo dqdo|vlv1 Fdpeulgjh/ XN= Fdpeulgjh Xqlyhuvlw|

Suhvv1

^4<` Mhqvhq/ K1/ 4<<:/ Fuhglelolw| ri rswlpdo prqhwdu| ghohjdwlrq/ Dphulfdq

Hfrqrplf Uhylhz ;:+8,/ <440<531

^53` Ndxipdq/ G1/ D1 Nudd| dqg S1 ]rlgr0Oredwrq/ 4<<</ Djjuhjdwlqj jryhuq0

phqw lqglfdwruv/ Zruog Edqn Srolf| Uhvhdufk Ghsduwphqw/ Zdvklqjwrq/

G1F1/ Zrunlqj Sdshu qr 54<81

^54` N|godqg/ I1H1/ dqg H1F1 Suhvfrww/ 4<::/ Uxohv udwkhu wkdq glvfuhwlrq= wkh

lqfrqvlvwhqf| ri rswlpdo sodqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;8+6,/ 7:60

7<41

^55` Pdufhdx/ Q1 dqg P1 Vpduw/ 5336/ Frusrudwh oree|lqj dqg frpplwphqw

idloxuh lq fdslwdo wd{dwlrq/ Dphulfdq Hfrqrplf Uhylhz <6+4,/ 57405841

^56` PfFdooxp/ E1W1/ 4<<8/ Wzr idoodflhv frqfhuqlqj fhqwudo0edqn lqghshq0

ghqfh/ Dphulfdq Hfrqrplf Uhylhz ;8/ 53:05431
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^57` Qdqqhvwdg/ S1/ dqg P1 Sdogdp/ 4<<7/ Wkh YS0ixqfwlrq= d vxuyh| ri wkh

olwhudwxuh rq yrwh dqg srsxodulw| ixqfwlrqv diwhu 58 |hduv/ Sxeolf Fkrlfh

:<+607,/ 54605781

^58` Shuvvrq/ W1/ dqg J1 Wdehoolql/ 4<<7/ Uhsuhvhqwdwlyh ghprfudf| dqg fdslwdo

wd{dwlrq/ Mrxuqdo ri Sxeolf Hfrqrplfv 88/ 860:31

^59` Shuvvrq/ W1/ dqg J1 Wdehoolql/ 5333/ Srolwlfdo Hfrqrplfv1 H{sodlqlqj Hfr0

qrplf Srolf|/ Fdpeulgjh/ Pdvv1= PLW Suhvv1

^5:` Shuvvrq/ W1/ J1 Urodqg dqg J1 Wdehoolql/ 4<<:/ Vhsdudwlrq ri srzhuv dqg

srolwlfdo dffrxqwdelolw|/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 445/ 4496045351

^5;` Shuvvrq/ W1/ J1 Urodqg dqg J1 Wdehoolql/ 5333/ Frpsdudwlyh srolwlfv dqg

sxeolf �qdqfh/ Mrxuqdo ri Srolwlfdo Hfrqrp| 43;/ 4454044741
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< H{whqghg Surri ri Sursrvlwlrq 5

Surri ri Sursrvlwlrq 51 +orqj yhuvlrq/ qrw lqwhqghg iru sxeolfdwlrq, Wkh

sursrvlwlrq lv dq dssolfdwlrq ri Sursrvlwlrq 5 lq Fkdul dqg Nhkrh +4<<3,1 Vlqfh

krxvhkrogv duh lghqwlfdo zh vdyh rq qrwdwlrq e| gursslqj wkh vxe0vfulsw l1 Wr

vwdwh wkh Sursrvlwlrq suhflvho|/ zh/ krzhyhu/ qhhg wr lqwurgxfh vrph qhz qr0

wdwlrq1 Ohw Kw�4 @ i�vm v @ 3> 4> ===> w � 4j dqg Kw @ iKw�4> � wjeh wkh klvwru|

idflqj djhqwv dw wkh �uvw dqg vhfrqg vwdjh ri shulrg w/ uhvshfwlyho|1 Ohw h+Kw�4,

eh wkh ghflvlrq uxohv fkrvhq e| krxvhkrogv lq shulrg w dv d ixqfwlrq ri �uvw0vwdjh

klvwru|1 Dorqj zlwk wklv wkh| fkrrvh d frpsohwh frqwlqjhqf| sodq wkdw vshfl�hv

iru doo srvvleoh ixwxuh klvwrulhv wkh h�ruw fkrlfh1 Diwhu wkh h�ruw ghflvlrq kdv

ehhq pdgh wkh jryhuqphqw vhwv wkh wlph w wd{ � w+Kw�4, dorqj zlwk d frqwlq0

jhqf| sodq wkdw vshfl�hv wd{ udwhv iru doo srvvleoh ixwxuh klvwrulhv1 Lq wkh vhfrqg

vwdjh/ krxvhkrogv idfh klvwru| Kw dqg fkrrvh wkh frqvxpswlrq doorfdwlrq fw+Kw,

dorqj zlwk d frqwlqjhqf| sodq wkdw vshfl�hv wkh frqvxpswlrq doorfdwlrq iru doo

srvvleoh ixwxuh klvwrulhv1 Ohw Dw @ ihv+=,> fv+=,j
4

v@w
eh wkh frqwlqxdwlrq ri wkh

vhtxhqfh ri doorfdwlrq sodqv D3 dqg )w @ i�v+=,j
4

v@w
eh wkh frqwlqxdwlrq ri wkh

vhtxhqfh ri srolf| sodqv )3 iru doo v A w1 Wkhq/ zh fdq gh�qh d vxvwdlqdeoh

htxloleulxp dv iroorzv1 D vxvwdlqdeoh htxloleulxp lv d sdlu +D3> )3, wkdw vdwlv�hv

wkh iroorzlqj frqglwlrqv= l, jlyhq wkh srolf| sodq )3/ wkh frqwlqxdwlrq ri wkh door0

fdwlrq uxoh D3 vshfl�hv d vhtxhqfh ri h�ruw ghflvlrqv wkdw pd{lpl}hv krxvhkrog

xwlolw| iru hyhu| klvwru| Kw�4 dqg d vhtxhqfh ri frqvxpswlrq fkrlfhv wkdw pd{0

lpl}hv krxvhkrog xwlolw| iru hyhu| klvwru| Kw> ll, jlyhq wkh doorfdwlrq uxoh D3/

wkh frqwlqxdwlrq ri )3 pd{lpl}hv
S
4

v@w
�
v
x+fv+Kv,> hv+Kv�4,> jv+Kv�4,, vxemhfw

wr jv+Kv�4, @ �v+Kv�4,Ukv+Kv�4,1 D sduwlfxodu vhtxhqfh ri wd{hv dqg doorfd0

wlrqv +�> d, vwduwlqj dw wlph w @ 3 lv fdoohg wkh rxwfrph lqgxfhg e| d vxvwdlqdeoh

htxloleulxp li lw vdwlv�hv wkh wzr frqglwlrqv deryh1

Wkh fkdudfwhul}dwlrq ri vxvwdlqdeoh rxwfrphv lv edvhg rq wkh iroorzlqj sodqv/

fdoohg uhyhuw0wr0vwdwlf sodqv1 Iru dq duelwudu| vhtxhqfh +�> d,/ uhyhuw0wr0vwdwlf

sodqv vshfl�hv wkh frqwlqxdwlrq zlwk +�> d, dv orqj dv wklv sodq kdv ehhq iroorzhg

lq wkh sdvw1 Li wkhuh hyhu zdv d ghyldwlrq/ wkh jryhuqphqw vhwv � @ 4 wkhuh diwhu1
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Iru krxvhkrogv wkh doorfdwlrq uxoh vshfl�hv wkdw wkh| vhw f @ 3 lpphgldwho| diwhu

wkh ghyldwlrq dqg xvh wkh vwdwlf doorfdwlrq uxoh h @ f @ 3 lq doo vxevhtxhqfh

shulrgv1 Sursrvlwlrq 5 lq Fkdul dqg Nhkrh +4<<3, vd|v=

Ohw d @ +f> h, d vhtxhqfh ri frqvxpswlrq dqg h�ruw sodqv1 Dq duelwudu| sdlu

ri vhtxhqfhv + �> d, lv wkh rxwfrph ri d vxvwdlqdeoh htxloleulxp li dqg rqo| li

l, wkh sdlu +�> d, lv d frpshwlwlyh htxloleulxp d wlph 3 dqg ll, iru hyhu| w/ wkh

iroorzlqj lqhtxdolw| krogv=

4[

v@w

�v�wx+hv> fv> jv, � x+hv> 3> j
3

v, .
�

4� �
x+3> 3> 3, +59,

zkhuh j3v @ kvU dqg x+3> 3> 3, @ 31

Dw wlph 3/ wkh vhtxhqfh +�> d , lv d frpshwlwlyh htxloleulxp li iru jlyhq i� wj
4

w@3

krxvhkrogv pd{lpl}h
S
4

w@3 �
wx+fw> hw> jw, vxemhfw wr +5, dqg +fw> hw, � 3 iru doo
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