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Gdurq Dfhprjox�/ Sklolssh Djklrq|dqg Ideul}lr ]lolerwwl}

Dsulo 4</ 5335

Devwudfw

Zh dqdo|}h dq hfrqrp| zkhuh hqwuhsuhqhxuv hqjdjh erwk lq wkh dgrswlrq ri

whfkqrorjlhv iurp wkh zruog iurqwlhu dqg lq lqqrydwlrq dfwlylwlhv1 Wkh vhohfwlrq ri

kljk0delolw| hqwuhsuhqhxuv lv pruh lpsruwdqw iru lqqrydwlrq dfwlylwlhv1 Dv wkh hfrq0

rp| dssurdfkhv wkh whfkqrorj| iurqwlhu/ vhohfwlrq ehfrphv pruh lpsruwdqw1 Dv d

uhvxow/ frxqwulhv dw hduo| vwdjhv ri ghyhorsphqw sxuvxh dq lqyhvwphqw0edvhg vwudw0

hj|/ zlwk orqj0whup uhodwlrqvklsv/ kljk dyhudjh vl}h dqg djh ri �upv/ odujh dyhudjh

lqyhvwphqwv/ exw olwwoh vhohfwlrq1 Forvhu wr wkh zruog whfkqrorj| iurqwlhu/ wkhuh lv

d vzlwfk wr dq lqqrydwlrq0edvhg vwudwhj| zlwk vkruw0whup uhodwlrqvklsv/ |rxqjhu

�upv/ ohvv lqyhvwphqw dqg ehwwhu vhohfwlrq ri hqwuhsuhqhxuv1 Zh vkrz wkdw uhod0

wlyho| edfnzdug hfrqrplhv pd| vzlwfk rxw ri wkh lqyhvwphqw0edvhg vwudwhj| wrr

vrrq/ vr fhuwdlq hfrqrplf lqvwlwxwlrqv dqg srolflhv/ vxfk dv olplwhg surgxfw pdu0

nhw frpshwlwlrq/ wkdw hqfrxudjh wkh lqyhvwphqw0edvhg vwudwhj| pd| eh ehqh�fldo1

Krzhyhu/ vrflhwlhv wkdw fdqqrw vzlwfk rxw ri wkh lqyhvwphqw0edvhg vwudwhj| idlo

frqyhujh wr wkh zruog whfkqrorj| iurqwlhu1 Wkh olnholkrrg ri vxfk qrq0frqyhujhqfh

wudsv ehfrphv juhdwhu zkhq srolflhv dqg lqvwlwxwlrqv duh hqgrjhql}hg/ hqdeolqj

ehqh�fldulhv ri h{lvwlqj srolflhv fdq euleh srolwlfldqv wr pdlqwdlq wkhvh srolflhv1

�Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|
|Kduydug Xqlyhuvlw| dqg Xqlyhuvlw| Froohjh Orqgrq
}Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|
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4 Lqwurgxfwlrq

Lq klv idprxv hvvd|/ Hfrqrplf Edfnzdugqhvv lq Klvwrulfdo Shuvshfwlyh/ Jhuvfkhqnurq

dujxhg wkdw uhodwlyho| edfnzdug hfrqrplhv/ vxfk dv Jhupdq| dqg Uxvvld gxulqj wkh

qlqhwhhqwk fhqwxu|/ frxog udslgo| fdwfk xs wr pruh dgydqfhg hfrqrplhv e| lqwurgxflqj

�dssursuldwh� hfrqrplf lqvwlwxwlrqv wr hqfrxudjh lqyhvwphqw dqg whfkqrorj| dgrswlrq1

Kh hpskdvl}hg wkh uroh ri orqj0whup uhodwlrqvklsv ehwzhhq �upv dqg edqnv/ ri odujh �upv

dqg ri vwdwh lqwhuyhqwlrq1 Xqghuo|lqj wklv ylhz lv wkh qrwlrq wkdw uhodwlyho| edfnzdug

hfrqrplhv fdq jurz udslgo| e| lqyhvwlqj lq/ dqg dgrswlqj/ douhdg| h{lvwlqj whfkqrorjlhv1

Li vr/ wkh lqvwlwxwlrqv wkdw duh dssursuldwh wr vxfk qdwlrqv vkrxog hqfrxudjh lqyhvwphqw

dqg whfkqrorj| dgrswlrq1 Wkh udslg jurzwk ri wkh Vrylhw hfrqrp| xqwlo wkh 4<:3v dv

zhoo dv wkh jurzwk ri wkh Vlqjdsruhdq dqg Nruhdq hfrqrp| iru pxfk ri wkh srvw0zdu

hud frxog eh ylhzhg dv h{dpsohv ri vxfk lqyhvwphqw0edvhg jurzwk1 Iru h{dpsoh/ lq wkh

Nruhdq fdvh/ wkh odujh idplo|0uxq frqjorphudwhv/ wkh fkdhero/ dsshdu wr kdyh sod|hg

dq lpsruwdqw uroh/ hvshfldoo| lq jhqhudwlqj odujh lqyhvwphqwv dqg udslg whfkqrorjlfdo

ghyhorsphqw1 D fkdudfwhulvwlf ihdwxuh ri wkh fkdhero zdv wkhlu orz pdqdjhuldo wxuqryhu=

d odujh vkduh ri wkh wrs pdqdjhphqw zdv forvho| uhodwhg wr wkh irxqghuv dqg fduhhu

zdv w|slfdoo| ghwhuplqhg e| djh1 Dqrwkhu glvwlqfwlyh wudlw zdv wkh hqwuhqfkphqw zlwk

wkh srolwlfdo v|vwhp1 Gxulqj wkh 4<83v/ 4<93v dqg 4<:3v/ wkh fkdhero uhfhlyhg vwurqj

jryhuqphqw vxssruw lq wkh irup ri lpsruw0vxevwlwxwlrq srolflhv/ vxevlgl}hg ordqv/ dqwl0

xqlrqv ohjlvodwlrqv dqg suhihuhqwldo wuhdwphqwv wkdw vkhowhuhg wkhp iurp erwk lqwhuqdo

dqg h{whuqdo frpshwlwlrq1

Dw wkh rwkhu h{wuhph/ zh fdq wklqn ri wkh surfhvv ri lqqrydwlrq0edvhg jurzwk/

zkhuh wkh vhohfwlrq ri vxffhvvixo hqwuhsuhqhxuv dqg �upv/ dv zhoo dv d ydulhw| ri rwkhu

lqqrydwlrq0w|sh dfwlylwlhv/ duh pruh lpsruwdqw1 Pdq| ylhz wkh fxuuhqw X1V1 hfrqrp|/

zlwk pdunhw0edvhg �qdqflqj/ dq lpsruwdqw uroh iru yhqwxuh fdslwdo dqg d uhodwlyho| kljk

udwh ri exvlqhvv idloxuhv/ dv dssur{lpdwlqj wklv w|sh ri lqqrydwlrq0edvhg jurzwk1

Wklv sdshu frqvwuxfwv d vlpsoh prgho wr hydoxdwh wkh surv dqg frqv ri lqyhvwphqw0

edvhg dqg lqqrydwlrq0edvhg vwudwhjlhv ri jurzwk/ dqg zkhq vxfk vwudwhjlhv zloo dulvh lq

htxloleulxp1 Rxu edvlf prgho lv irxqghg rq wkuhh lqjuhglhqwv=

41 H{shulhqfhg hqwuhsuhqhxuv dqg �upv fdq xqghuwdnh odujhu lqyhvwphqwv/ dqg hyhu|0

wklqj hovh htxdo/ dfklhyh kljkhu surgxfwlylw| jurzwk1
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51 Hqwuhsuhqhxuv frs| dqg dgrsw zhoo0hvwdeolvkhg whfkqrorjlhv iurp wkh zruog whfk0

qrorj| iurqwlhu/ dqg hqwuhsuhqhxuldo delolw| lv qrw fuxfldo iru wklv w|sh ri frs|lqj

dqg dgrswlrq dfwlylwlhv1

61 Hqwuhsuhqhxuv dovr xqghuwdnh lqqrydwlrqv ru dgdsw whfkqrorjlhv wr orfdo frqglwlrqv/

dqg hqwuhsuhqhxuldo delolw| lv hvvhqwldo lq wkhvh wdvnv1 Wklv odvw srlqw pdnhv wkh

vhohfwlrq ri kljk0delolw| hqwuhsuhqhxuv lpsruwdqw iru surgxfwlylw| jurzwk1

Wkh odwwhu wzr lqjuhglhqwv lpso| wkdw hqwuhsuhqhxuldo vhohfwlrq ehfrphv pruh lp0

sruwdqw zkhq dq hfrqrp| lv forvh wr wkh zruog whfkqrorj| iurqwlhu1 Idu iurp wklv

iurqwlhu/ udslg whfkqrorjlfdo lpsuryhphqwv fdq eh uhdol}hg hyhq zlwkrxw kljk0delolw|

hqwuhsuhqhxuv1 Forvhu wr wkh iurqwlhu/ wkhuh lv ohvv urrp iru frs|lqj/ dqg kljk0delolw| hq0

wuhsuhqhxuv/ dqg pruh jhqhudoo| vhohfwlrq ri wkh dssursuldwh �upv dqg dfwlylwlhv/ ehfrph

pruh lpsruwdqw1

Wkh �uvw dqg wkh wklug lqjuhglhqwv/ rq wkh rwkhu kdqg/ jhqhudwh dq lpsruwdqw wudgh0

r�= dq hfrqrp| fdq hlwkhu uho| rq vhohfwlrq/ e| whuplqdwlqj ohvv vxffhvvixo hqwuhsuhqhxuv/

ru vdful�fh vhohfwlrq iru h{shulhqfh1 Zkloh wkh �uvw vwudwhj| jhqhudwhv pruh lqqrydwlrq/

wkh vhfrqg wdnhv dgydqwdjh ri wkh h{shulhqfh ri hqwuhsuhqhxuv dqg hqvxuhv odujhu lqyhvw0

phqwv1

Doo wkuhh lqjuhglhqwv wrjhwkhu lpso| wkdw wkh lpsruwdqfh ri vhohfwlrq ghshqgv rq

glvwdqfh wr iurqwlhu = lq uhodwlyho| edfnzdug hfrqrplhv/ vhohfwlrq lv ohvv lpsruwdqw/ vr dq

lqyhvwphqw0edvhg vwudwhj| idyrulqj h{shulhqfh dqg frs|lqj ryhu vhohfwlrq dqg lqqryd0

wlrq lv suhihudeoh1 Forvhu wr wkh iurqwlhu/ wkh vrflhw| qhhgv vhohfwlrq/ dqg wkhuhiruh dq

lqqrydwlrq0edvhg vwudwhj|1

Zh vkrz wkdw erwk wkh vrfldo rswlpxpdqg wkh htxloleulxp lqyroyh wkh hfrqrp| vwduw0

lqj zlwk dq lqyhvwphqw0edvhg vwudwhj|/ zlwk orqj0whup uhodwlrqvklsv/ odujh dyhudjh vl}h

dqg dyhudjh djh ri �upv/ odujhu lqyhvwphqwv dqg olwwoh vhohfwlrq1 Dw vrph odwhu srlqw/

wkh hfrqrp| vzlwfkhv wr dq lqqrydwlrq0edvhg vwudwhj|/ zlwk vkruw0whup uhodwlrqvklsv/

|rxqjhu �upv/ ohvv lqyhvwphqw/ exw juhdwhu vhohfwlrq1 Zh dovr vkrz wkdw/ uhplqlvfhqw

wr Jhuvfkhqnurq*v dqdo|vlv/ uhodwlyho| edfnzdug hfrqrplhv pd| whqg wr lqyhvw wrr olwwoh

+vzlwfk rxw ri wkh lqyhvwphqw0edvhg vwudwhj| wrr vrrq,1 Wkh uhdvrq lv dq dssursuldelolw|

h�hfw= �upv gr qrw wdnh lqwr dffrxqw wkh juhdwhu frqvxphu vxusoxv fuhdwhg e| odujhu

lqyhvwphqwv1 Wkhuhiruh/ jryhuqphqw lqwhuyhqwlrq wkdw lqwurgxfhv �dssursuldwh lqvwlwx0

wlrqv� dqg srolflhv hqfrxudjlqj orqj0whup uhodwlrqvklsv/ odujh �upv dqg odujh lqyhvwphqwv
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pd| eh ehqh�fldo1 Lq sduwlfxodu/ srolflhv wkdw uhvwulfw frpshwlwlrq pd| eh xvhixo dv wkh|

zloo hqfrxudjh wkh frqwlqxdwlrq ri h{lvwlqj hqwuhsuhqhxuv dqg frqfhqwudwh fdvk lq wkh

kdqgv ri �upv/ hqfrxudjlqj lqyhvwphqw1 Wklv dujxphqw iru dssursuldwh lqvwlwxwlrqv dw

hduo| vwdjhv ri ghyhorsphqw wkxv uhvhpeohv wkh dujxphqwv iru lqidqw lqgxvwu| surwhfwlrq

ri �upv14 Zkhq d vrflhw| lv uhodwlyho| edfnzdug/ wkh vrfldoo| rswlpdo doorfdwlrq vkrxog

lqyroyh udslg lqyhvwphqw/ dqg wklv pd| uhtxluh �surwhfwlrq� iru h{lvwlqj �upv vr wkdw

wkh| fdq dffxpxodwh hqrxjk fdvk wr xqghuwdnh odujh lqyhvwphqwv1

Rxu prgho grhv pruh wkdq irupdol}h wklv qrwlrq/ krzhyhu1 Dq lpphgldwh lpsolfd0

wlrq ri rxu dqdo|vlv lv wkdw zkloh dq lqyhvwphqw0edvhg vwudwhj| pd| eh xvhixo dw hduo|

vwdjhv ri ghyhorsphqw/ forvhu wr wkh iurqwlhu lw ehfrphv d exughq1 Lq idfw/ vrflhwlhv wkdw

gr qrw vzlwfk iurp dq lqyhvwphqw0edvhg vwudwhj| wr dq lqqrydwlrq0edvhg vwudwhj| zloo

idlo wr frqyhujh wr wkh zruog whfkqrorj| iurqwlhu/ ghvslwh wkh vwurqj frqyhujhqfh irufhv

fuhdwhg e| frs|lqj dqg dgrswlrq ri h{lvwlqj whfkqrorjlhv1 Lqwxlwlyho|/ dq hfrqrp| wkdw

iroorzv dq lqyhvwphqw0edvhg vwudwhj| zloo qrw dfklhyh d jrrg vhohfwlrq ri hqwuhsuhqhxuv/

olplwlqj surgxfwlylw| jurzwk dqg fuhdwlqj d qrq0frqyhujhqfh wuds1 Zh vkrz wkdw vxfk

qrq0frqyhujhqfh wudsv qhyhu dulvh lq wkh devhqfh ri lqfhqwlyh sureohpv1 Krzhyhu/ zlwk

hqwuhsuhqhxuldo lqfhqwlyh sureohpv2prudo kd}dug/ htxloleulxp wudsv duh srvvleoh1 Wkh

uhdvrq lv dv iroorzv= lqfhqwlyh sureohpv fuhdwh hqwuhsuhqhxuldo uhqwv erwk qrz dqg lq wkh

ixwxuh1 Lqfxpehqw hqwuhsuhqhxuv fdq wkhq xvh wkhlu fxuuhqw uhqwv dv �uhwdlqhg hduqlqjv�

lq rughu wr vklhog wkhpvhoyhv iurp rxwvlgh frpshwlwlrq dqg dfklhyh ixwxuh uhqwv1

Lq wkh odvw sduw ri wkh sdshu/ zh glvfxvv wkh srolwlfdo hfrqrp| ri dssursuldwh lqvwlwx0

wlrqv1 Zkhq srolflhv dqg lqvwlwxwlrqv uhvsrqg wr oree|lqj dfwlylwlhv/ wudsv ehfrph pruh

olnho|1 Lq sduwlfxodu/ �srolwlfdo hfrqrp| wudsv�/ zkhuh oree|lqj suhyhqwv wkh hfrqrp|

iurp vzlwfklqj wr d pruh frpshwlwlyh hqylurqphqw dqg dq lqqrydwlrq0edvhg vwudwhj|/

hphujh1 Wkh xqghuo|lqj lghd lv vlpsoh1 Lq rxu prgho wkh �rswlpdo� surgxfw pdunhw

rujdql}dwlrq lv ohvv frpshwlwlyh zkhq wkh vrflhw| lv idu dzd| iurp wkh iurqwlhu/ exw dw

vrph srlqw wkh ghjuhh ri frpshwlwlrq vkrxog eh lqfuhdvhg1 Wklv fuhdwhv d qdwxudo sr0

olwlfdo hfrqrp| sureohp= dw d fulwlfdo mxqfwxuh/ d srolf| wkdw kdv hqulfkhg d jlyhq vhw

ri djhqwv�khuh wkh �fdslwdolvwv�� kdv wr eh uhyhuvhg1 Exw wkhvh djhqwv/ lq qr olwwoh

sduw ehfdxvh wkh| kdyh ehhq ehqh�wlqj iurp wklv srolf|/ zloo w|slfdoo| eh srolwlfdoo|

4Wkhuh duh reylrxv gl�huhqfhv ehwzhhq rxu phfkdqlvp dqg wkh wudglwlrqdo lqidqw lqgxvwu| olwhudwxuh/
wkdw irfxvhv rq wudgh uhjxodwlrqv1 \hw/ wkh frpprq jurxqg lv wkh srolf| lpsolfdwlrq wkdw jryhuqphqwv
vkrxog vkhowhu lqvlghu �upv iurp frpshwlwlrq/ lq rughu wr surprwh lqyhvwphqw dqg surgxfwlylw| jurzwk1
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srzhuixo/ dqg dwwhpsw wr suhyhqw wkh fkdqjh lq srolf|1 Zh vkrz wkdw xqghu fhuwdlq flu0

fxpvwdqfhv vrflhwlhv pd| jhw wudsshg zlwk �lqdssursuldwh lqvwlwxwlrqv� dqg uhodwlyho|

edfnzdug whfkqrorj|/ suhflvho| ehfdxvh hduolhu wkh| dgrswhg dssursuldwh lqvwlwxwlrqv iru

wkhlu flufxpvwdqfhv dw wkh wlph1

Wkh Nruhdq fdvh dovr looxvwudwhv wkh gdqjhuv ri wkh lqyhvwphqw0edvhg vwudwhj|/ dqg

wkh srolwlfdo hfrqrp| sureohpv fuhdwhg e| vxfk d vwudwhj|1 Wkh forvh olqnv ehwzhhq

jryhuqphqw r!fldov dqg wkh fkdhero dsshdu wr kdyh ehhq lpsruwdqw iru wkh hduo| vxf0

fhvv ri wkh Nruhdq hfrqrp| +h1j1/ Hydqv/ 4<<8,1 Wkh jryhuqphqw idyruv zhuh judwhixoo|

dfnqrzohgjhg e| wkh idplolhv rzqlqj fkdhero/ lq wkh irup ri jhqhurxv eulehv wr pd0

mru srolwlfldqv15 Dowkrxjk wklv v|vwhp suryhg vxffhvvixo lq irvwhulqj lqgxvwuldol}dwlrq

dqg jurzwk wkurxjk odujh lqyhvwphqw udwhv zkhq Nruhd zdv d whfkqrorjlfdoo| edfnzdug

hfrqrp|/ lw vx�huhg d vhyhuh glvuxswlrq gxulqj wkh Dvldq fulvlv lq wkh <3v1 Vrph frq0

jorphudwhv zhqw exvw/ rwkhuv vsolw/ rwkhuv/ olnh Gdhzrr/ zhuh irufhg lqwr uhvwuxfwxulqj1

Lqwhuhvwlqjo|/ fkdqjhv lq pdqdjhuldo sudfwlfhv kdyh ehhq dujxhg wr eh d nh| lvvxh1 Dq0

do|vwv kdyh vwuhvvhg wkh qhhg ri vhohfwlqj fdsdeoh pdqdjhuv zkr fdq jhqhudwh sur�wdeoh

lghdv/ dv rssrvhg wr or|do fohunv zkr surjuhvv lq wkh klhudufk| dffruglqj wr djh1

Rxu sdshu uhodwhv wr d qxpehu ri gl�huhqw olwhudwxuhv1 Iluvw/ wkh qrwlrq wkdw hq0

wuhsuhqhxuldo delolw| lv pruh lpsruwdqw iru lqqrydwlrq wkdq frs|lqj lv uhplqlvfhqw wr wkh

hpskdvlv lq Jdoru dqg Wvlggrq +4<<:, dqg Kdvvohu dqg Urguljxh} +5334, rq delolw| lq

wlphv ri hfrqrplf fkdqjh dqg wxuexohqfh1 Lq wklv frqwh{w/ wkh sdshu e| Wrqj dqg [x

+5333,/ zklfk frpsduhv �pxowl0�qdqflhu� dqg �vlqjoh0�qdqflhu� frqwudfwxdo uhodwlrqvklsv

dv d ixqfwlrq ri wkh vwdjh ri ghyhorsphqw/ lv dovr uhodwhg> wkh pdlq lghd ri wkhlu sdshu lv

wkdw zkloh vlqjoh0�qdqflhu uhodwlrqvklsv whqg wr grplqdwh dw hduo| vwdjhv ri ghyhorsphqw

zkhq frxqwulhv lqfxu kljk vxqn frvwv ri U)G/ pxowl0�qdqflhu uhodwlrqvklsv whqg wr grp0

lqdwh dw odwhu vwdjhv ri ghyhorsphqw zkhq vhohfwlqj jrrg U)G surmhfwv ehfrphv pruh

lpsruwdqw1 Exw wklv prgho ri �qdqfldo frqwudfwlqj dqg jurzwk grhv qrw ghdo zlwk g|0

qdplf frqyhujhqfh dvshfwv/ dqg grhv qrw ghyhors wkh frqwudvw ehwzhhq lqqrydwlrq0edvhg

dqg lqyhvwphqw0edvhg jurzwk vwudwhjlhv1

Vhfrqg/ rxu sdshu lv uhodwhg wr wkh olwhudwxuh rq wkh uhodwlrqvkls ehwzhhq jurzwk dqg

5Dv dq h{dpsoh/ wkh sdwuldufkv ri Vdpvxqj/ Gdhzrr dqg Mlqur/ wkuhh pdmru fkdhero/ zhuh frqylfwhg
lq wkh odwh 4<<3*v ri pdmru eulelqj ri wzr iruphu suhvlghqwv1 Vljql�fdqwo|/ wkhlu mdlo vhqwhqfhv zhuh
sdugrqhg lq 4<<:1 Nruhdqv kdyh frlqhg wkh h{suhvvlrq �mxqjn|xqj |xfkdn�/ olwhudoo|/ �dgkhvlrq ri
srolwlfv dqg exvlqhvv� wr uhihu wr wkh hqwuhqfkphqw ri jryhuqphqw dqg fkdhero +vhh Dvldzhhn/ Rfwrehu
43/ 4<<:,1
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frqwudfwlqj/ lqfoxglqj Dfhprjox dqg ]lolerwwl +4<<<,/ Pduwlpruw dqg Yhuglhu +5334,

dqg Iudqfrlv dqg Urehuwv +5334,/ dv zhoo dv pruh jhqhudoo|/ wr wkh olwhudwxuh rq jurzwk

dqg �qdqfh/ lqfoxglqj wkh sdshuv e| Juhhqzrrg dqg Mrydqrylf +4<<3,/ Nlqj dqg Ohylqh

+4<<6,/ Od Sruwd hw do +4<<:,/ Dfhprjox dqg ]lolerwwl +4<<:,/ Udmdq dqg ]lqjdohv +4<<;,/

Fduolq dqg Pd|hu +5335, dqg Wdghvvh +5335,1 Iru h{dpsoh/ Dfhprjox dqg ]lolerwwl

+4<<<, ghyhors d prgho zkhuh lqirupdwlrqdo sureohpv ehfrph ohvv vhyhuh dv dq hfrqrp|

ghyhorsv/ dqg ghulyh lpsolfdwlrqv iurp wklv iru wkh rujdql}dwlrqdo �upv dqg pdunhwv1

Iudqfrlv dqg Urehuwv +5334, vkrz krz d kljk udwh ri fuhdwlyh ghvwuxfwlrq pd| glvfrxudjh

orqj0whup uhodwlrqvklsv zlwklq �upv1

Wklug/ rxu prgho dovr uhodwhv wr zrun rq whfkqrorjlfdo frqyhujhqfh dqg jurzwk/ lq

sduwlfxodu/ wr wkh sdshuv e| Krzlww +5333, dqg Krzlww dqg Pd|hu +5335,/ zklfk h{whqg

wkh jurzwk iudphzrun ri Djklrq dqg Krzlww +4<<5, wr d pxowl0frxqwulhv vhw xs1 Krzlww

dqg Pd|hu +5335,/ iru h{dpsoh/ dqdo|}h frqyhujhqfh foxev/ surorqjhg vwdjqdwlrqv/ dqg

wzlq0shdn frqyhujhqfh sdwwhuqv1 Exw wkh| gr qrw surylgh dq h{solflw wuhdwphqw ri lq0

vwlwxwlrqv dqg frqwudfwxdo uhodwlrqv dqg wkh| gr qrw hpskdvl}h wkh wudgh0r� ehwzhhq

lqqrydwlrq0edvhg dqg lqyhvwphqw0edvhg jurzwk vwudwhjlhv1

Ilqdoo|/ rxu srolwlfdo hfrqrp| vhfwlrq exlogv rq wkh oree|lqj prghov e| Jurvvpdq dqg

Khospdq +4<<:/ 5334,1 Zkloh zh vlpsoli| wkhvh prghov frqvlghudeo| lq pdq| glphqvlrqv/

e| lqwurgxflqj fuhglw frqvwudlqwv rq oreelhv zh dovr dgg d olqn ehwzhhq fxuuhqw hfrqrplf

srzhu dqg srolwlfdo srzhu1 Lq wklv uhvshfw/ rxu dqdo|vlv lv dovr uhodwhg wr Gr +5335, zkr

dqdo|}hv d oree|lqj prgho zlwk fuhglw0frqvwudlqhg djhqwv/ zkhuh lqfrph glvwulexwlrq

d�hfwv srolf|1

Shukdsv wkh prvw lqwhuhvwlqj olqn lv ehwzhhq rxu dssurdfk dqg wkh h{lvwlqj ghedwh rq

wkh qhfhvvdu| ghjuhh ri jryhuqphqw lqwhuyhqwlrq lq ohvv ghyhorshg frxqwulhv1 D qxpehu

ri dxwkruv lqfoxglqj Vwljolw} +4<<8, fdoo iru jryhuqphqw lqwhuyhqwlrq lq vlwxdwlrqv zkhuh

h{whuqdolwlhv dqg pdunhw idloxuhv duh udpsdqw1 Ohvv ghyhorshg frxqwulhv dssur{lpdwh

wkhvh vlwxdwlrqv ri pdunhw idloxuh txlwh zhoo1 Dffruglqj wr wklv uhdvrqlqj/ jryhuqphqwv

vkrxog eh lqwhuyhqlqj pruh lq ohvv ghyhorshg frxqwulhv1 D uhfhqw sdshu e| Kdxvpdqq

dqg Urguln +5334, sxvkhv wklv olqh ixuwkhu dqg dujxhv wkdw prvw ri wkh jurzwk uhodwhg

dfwlylwlhv lq ohvv ghyhorshg frxqwulhv fuhdwh h{whuqdolwlhv ehfdxvh ri srwhqwldo lplwdwlrq

e| rwkhuv dqg ohduqlqj e| grlqj/ dqg vxjjhvw wkdw vxffhvvixo ohvv ghyhorshg frxqwulhv

kdyh wr uho| rq jryhuqphqw lqwhuyhqwlrq dqg vxevlglhv/ dv zdv wklv fdvh lq Vrxwk Nruhd
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dqg Wdlzdq1 Wkh| zulwh= �wkh zruog*v prvw vxffhvvixo hfrqrplhv gxulqj wkh odvw ihz

ghfdghv survshuhg grlqj wklqjv wkdw duh pruh frpprqo| dvvrfldwhg zlwk idloxuh/� dqg

sursrvh vlplodu �lqidqw0lqgxvwu|0w|sh� lqwhuyhqwlrq iru rwkhu frxqwulhv1 Wkh vdph srlqw

ri ylhz lv ghyhorshg e| pdq| srolwlfdo vflhqwlvwv/ lqfoxglqj wkrvh zrunlqj lq wkh olwhudwxuh

rq �Vwdwh Dxwrqrp|�/ iru h{dpsoh/ Mrkqvrq +4<;5,/ dqg pruh qxdqfhg yhuvlrqv ri wkhvh/

vxfk dv wkh wkhvlv ri �Hpehgghg Dxwrqrp|� e| Hydqv +4<<8,1 Wkhvh dujxphqwv duh

fulwlfl}hg e| pdq| hfrqrplvw dqg srolwlfdo vflhqwlvwv/ krzhyhu/ ehfdxvh wkh| ljqruh wkh

srwhqwldo iru jryhuqphqw idloxuh1 Iru h{dpsoh/ Vkohlihu dqg Ylvkq| +5333,/ dujxh wkdw

jryhuqphqwv duh riwhq fdswxuhg e| lqwhuhvw jurxsv ru e| srolwlfldqv wkhpvhoyhv1 Wklv

vxjjhvwv wkdw lq ohvv ghyhorshg frxqwulhv/ zkhuh fkhfnv rq jryhuqphqwv duh zhdnhu/ wkh

fdvh iru jryhuqphqw lqwhuyhqwlrq vkrxog eh zhdnhu dv zhoo1 Rxu prgho frpelqhv wkhvh

wzr lqvljkwv1 Zh ghulyh d uhdvrq iru srvvleoh jryhuqphqw lqwhuyhqwlrq dw wkh hduo| vwdjhv

ri ghyhorsphqw/ zkloh dovr kljkoljkwlqj zk| vxfk lqwhuyhqwlrq fdq eh frxqwhusurgxfwlyh

ru hyhq �glvdvwurxv� ehfdxvh ri srolwlfdo hfrqrp| frqvlghudwlrqv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 rxwolqhv wkh edvlf prgho1

Vhfwlrq 6 fkdudfwhul}hv wkh htxloleulxp uh�qdqflqj srolf|/ dqdo|}hv lwv lpsolfdwlrqv iru

jurzwk dqg wkh frqyhujhqfh ru qrq0frqyhujhqfh wr wkh whfkqrorjlfdo iurqwlhu/ dqg frp0

sduhv lw wr wkh zhoiduh0pd{lpl}lqj rxwfrph1 Vhfwlrq 7 glvfxvvhv jryhuqphqw srolf|

pd| eh xvhixo lq fuhdwlqj �dssursuldwh lqvwlwxwlrqv� iru frqyhujhqfh/ exw dovr krz vxfk

srolflhv pd| eh fdswxuhg e| jurxsv wkdw duh wkhlu pdlq ehqh�fldulhv/ fuhdwlqj srolwlfdo

hfrqrp| wudsv1 Vhfwlrq 8 frqfoxghv1

5 Wkh prgho

514 Djhqwv dqg surgxfwlrq

Wkh prgho hfrqrp| lv srsxodwhg e| d frqwlqxxp ri ryhuodsslqj jhqhudwlrqv ri wzr0

shulrg olyhg djhqwv1 Wkh srsxodwlrq lv frqvwdqw1 Hdfk jhqhudwlrq frqvlvwv ri d pdvv

�*2 ri �fdslwdolvwv� zlwk surshuw| uljkwv rq �surgxfwlrq vlwhv�/ exw qr hqwuhsuhqhxuldo

vnloo/ dqg d pdvv Eun �� *2 ri zrunhuv zkr duh eruq zlwkrxw dq| �qdqfldo dvvhw exw duh

hqgrzhg zlwk hqwuhsuhqhxuldo vnloov1 Surshuw| uljkwv duh wudqvplwwhg zlwklq g|qdvwlhv/

exw sduhqwv kdyh qr h{solflw dowuxlvwlf frqfhuq1 Hdfk zrunhu lv hqgrzhg zlwk rqh xqlw ri

oderu shu xqlw ri wlph/ zklfk vkh vxssolhv lqhodvwlfdoo| zlwkrxw glvxwlolw|1 Hdfk zrunhu

fdq eh kljk delolw|/ suredelolw| b/ ru orz delolw|/ suredelolw| ��b1 Zrunhuv fdq eh hlwkhu
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hpsor|hg lq wkh �qdo jrrg surgxfwlrq/ ru dv hqwuhsuhqhxuv lq wkh lqwhuphgldwh vhfwru1

Delolw|/ zklfk d�hfwv surgxfwlylw| rqo| lq hqwuhsuhqhxuvkls/ lv xqnqrzq dw eluwk/ dqg

ehfrphv sxeolfo| uhyhdohg diwhu wkh �uvw shulrg ri hqwuhsuhqhxuldo dfwlylw|1 Doo djhqwv

duh ulvn qhxwudo dqg glvfrxqw wkh ixwxuh dw wkh udwh o�

Wkhuh lv d xqltxh �qdo jrrg lq wkh hfrqrp|/ zklfk fdq eh dovr xvhg dv dq lqsxw

wr surgxfh lqwhuphgldwh lqsxwv/ dqg zklfk zh wdnh dv wkh qxphudluh1 Wkh surgxfwlyh

whfkqrorj| iru wkh �qdo jrrg xvhv oderu dqg d frqwlqxxp rqh ri lqwhuphgldwh jrrgv dv

lqsxwv zlwk surgxfwlrq ixqfwlrq=

+| '
�

k
u�3kd

] �

f

E�| ED��
�3k%| ED�

k _Doc +4,

zkhuh �| ED� lv wkh surgxfwlylw| lq vhfwru D dw wlph |c %|ED� lv wkh  rz ri lqwhuphgldwh

jrrg D xvhg lq �qdo jrrg surgxfwlrq djdlq dw wlph |/ dqg k 5 dfc �o�

Lq hdfk lqwhuphgldwh vhfwru D/ rqh surgxfwlrq vlwh dw hdfk gdwh kdv dffhvv wr wkh prvw

surgxfwlyh whfkqrorj|/ �| ED�/ dqg vr/ wklv �ohdglqj �up� hqmr|v prqrsro| srzhu1

Dw dq| srlqw lq wlph/ wkhuh zloo eh d pdvv �*2 ri |rxqj �upv dqg d pdvv �*2 ri

pdwxuh �upv1 Hdfk ohdglqj �up hpsor|v dq hqwuhsuhqhxu/ iru surgxfwlrq dv zhoo dv iru

lqqrydwlrq/ dqg lqfxuv d vhwxs frvw/ dv zloo eh ghvfulehg ehorz1 Lw wkhq kdv dffhvv wr d

whfkqrorj| wr wudqvirup rqh xqlw ri wkh �qdo jrrg lqwr rqh xqlw ri lqwhuphgldwh jrrg ri

surgxfwlylw| �| ED�1 D iulqjh ri dgglwlrqdo �upv fdq dovr lplwdwh wklv prqrsrolvw/ dqg

surgxfh wkh vdph lqwhuphgldwh jrrg/ zlwk wkh vdph surgxfwlylw| �| ED�/ exw zlwkrxw

xvlqj wkh surgxfwlrq vlwh ru dq hqwuhsuhqhxu1 Wkh| duh fruuhvsrqglqjo| ohvv surgxfwlyh/

dqg qhhg � xqlwv ri wkh �qdo jrrg wr surgxfh rqh xqlw ri wkh lqwhuphgldwh/ zkhuh

�*k � � : � +qdwxudoo|/ wkhvh �upv zloo qrw eh dfwlyh lq htxloleulxp,1 Zh zloo wklqn ri

wkh sdudphwhu � dv fdswxulqj erwk whfkqrorjlfdo idfwruv/ dqg dovr jryhuqphqw uhjxodwlrq

uhjduglqj frpshwlwlyh srolf|1 D kljkhu � fruuhvsrqgv wr d ohvv frpshwlwlyh pdunhw/ zlwk

wkh xsshu erxqg/ � ' �*k/ fruuhvsrqglqj wr wkh vlwxdwlrq ri xqfrqvwudlqhg prqrsro|1

Wkh idfw wkdw � : � lpsolhv wkdw lplwdwruv duh ohvv surgxfwlyh wkdq wkh lqfxpehqw

surgxfhu lq dq| lqwhuphgldwh jrrg vhfwru/ zkloh � � �*k lpsolhv wkdw wklv surgxfwlylw|

jds lv vx!flhqwo| vpdoo iru wkh lqfxpehqw wr eh irufhg wr fkdujh d olplw sulfh wr suhyhqw

frpshwlwlrq iurp lplwdwruv +h1j1/ Jurvvpdq dqg Khospdq/ 4<<4,1 Wklv olplw sulfh lv

htxdo wr wkh pdujlqdo frvw ri lplwdwruv=

R| ED� ' �c +5,

:



vr dv wr ghwhu hqwu| iurp wkh frpshwlwlyh iulqjh1

Wkh �qdo jrrg vhfwru lv frpshwlwlyh vr wkdw dq| lqsxw lv sdlg lwv pdujlqdo surgxfw1

Wkxv/ hdfk lqwhuphgldwh jrrg surgxfhu D dw gdwh | idfhv wkh lqyhuvh ghpdqg vfkhgxoh=

R| ED� ' E�| ED�u*%| ED��
�3kc +6,

Htxdwlrqv +5, dqg +6, wrjhwkhu lpso|=

%| ED� ' �3
�

�3k�| ED�uc +7,

zlwk htxloleulxp prqrsro| sur�wv fruuhvsrqglqjo| htxdo wr=

Z| ED� ' ER| ED�� ��%| ' B�| ED�u +8,

zkhuh B � E�� ���3
�

�3k lv prqrwrqlfdoo| lqfuhdvlqj lq � +vlqfh � � �*k,1 Wkxv/ d kljkhu

B fruuhvsrqgv wr d ohvv frpshwlwlyh pdunhw/ dqg lpsolhv kljkhu sur�w iru prqrsrolvwlf

�upv1

AIurp +4, dqg +7,/ lw iroorzv wkdw=

+| ' k3��3
k

�3k�|u� +9,

zkhuh

�| �

] �

f

�| ED� _D� +:,

lv wkh dyhudjh ohyho ri whfkqrorj| lq wklv vrflhw|1 Wkh pdunhw fohdulqj zdjh ohyho lv/ lq

wxuq/ jlyhq e|=

�| ' E�� k�k3��3
k

�3k�|� +;,

Ilqdoo|/ ohw qhw rxwsxw/ +?e|| / ghqrwh �qdo rxwsxw plqxv wkh frvw ri lqwhuphgldwh

surgxfwlrq1 Wkhq/

+?e|| ' +| �

] �

f

%| ED� _D ' l�|uc +<,

zkhuh l � E�� k��3
�

�3k*k lv prqrwrqlfdoo| ghfuhdvlqj lq �1 Qrwlfh wkdw iru jlyhq

dyhudjh whfkqrorj| �|/ erwk wrwdo rxwsxw dqg qhw rxwsxw duh ghfuhdvlqj lq wkh h{whqw ri

prqrsro| srzhu/ l1h1/ lq �/ ehfdxvh ri vwdqgdug vwdwlf glvwruwlrqv1

;



515 Whfkqrorjlfdo surjuhvv dqg surgxfwlylw| jurzwk

Lq hyhu| shulrg dqg lq hdfk lqwhuphgldwh jrrg vhfwru/ wkh ohdglqj �up fdq lpsuryh ryhu

wkh h{lvwlqj whfkqrorj|1 D pdvv �*2 ri wkh lqqrydwlqj �upv duh |rxqj dqg d pdvv �*2

duh pdwxuh1 Hqwuhsuhqhxuv/ dqg hqwuhsuhqhxuldo delolw|/ duh fuxfldo iru lpsuryhphqwv lq

whfkqrorj|1 Hdfk hqwuhsuhqhxu vhohfwhg wr uxq d surgxfwlrq vlwh pxvw pdnh dq lqyhvw0

phqw ri d �{hg dprxqw1 Wkhvh frvwv fdq eh �qdqfhg hlwkhu wkurxjk uhwdlqhg hduqlqjv/

ru wkurxjk eruurzlqj iurp d vhw ri frpshwlwlyh lqwhuphgldulhv +�ixqgv�,/ zkr froohfw

hduqlqjv iurp rqh vhw ri djhqwv dqg ohqg wkhp wr hqwuhsuhqhxuv1 Zh dvvxph wkdw wkhvh

lqwhuphgldulhv ixqfwlrq zlwkrxw dq| frvwv1 Wkhq/ uhwxuqv duh uhdol}hg dqg vkduhg ehwzhhq

hqwuhsuhqhxuv/ lqwhuphgldulhv dqg fdslwdolvwv dffruglqj wr wkh frqwudfwxdo duudqjhphqwv

ehwzhhq wkh wkuhh sduwlhv wkdw duh ghvfulehg lq wkh qh{w vxevhfwlrq1

Zh qrz pdnh wkuhh lpsruwdqw dvvxpswlrqv rq wkh surfhvv ri whfkqrorjlfdo surjuhvv=

41 H{shulhqfhg hqwuhsuhqhxuv fdq uxq odujhu surmhfwv dqg fuhdwh fruuhvsrqglqjo| elj0

jhu whfkqrorjlfdo lpsuryhphqwv1 Wklv dvvxpswlrq fdswxuhv wkh qrwlrq wkdw/ hy0

hu|wklqj hovh htxdo/ lw lv ehqh�fldo wr kdyh djhqwv zkr kdyh douhdg| dfwhg dv hq0

wuhsuhqhxuv frqwlqxh lq wkhvh wdvnv1

51 Hqwuhsuhqhxuv dgrsw whfkqrorjlhv iurp wkh iurqwlhu1 Hqwuhsuhqhxuldo delolw| sod|v

d plqru uroh lq wkhlu vxffhvv lq whfkqrorj| dgrswlrq1 Wklv dvvxpswlrq fdswxuhv

wkh qrwlrq wkdw uhodwlyho| edfnzdug hfrqrplhv fdq jurz e| dgrswlqj douhdg| zhoo0

hvwdeolvkhg whfkqrorjlhv/ dqg wkh dgrswlrq ri wkhvh whfkqrorjlhv lv riwhq uhodwlyho|

vwudljkwiruzdug1

61 Hqwuhsuhqhxuv dovr hqjdjh lq lqqrydwlrq ru dgdswdwlrq ri h{lvwlqj whfkqrorjlhv wr

wkhlu orfdo frqglwlrqv1 Hqwuhsuhqhxuldo delolw| pdwwhuv iru vxffhvv lq wklv dfwlylw|1

Wklv dvvxpswlrq exlogv lq wkh qrwlrq wkdw delolw| lv lpsruwdqw iru whfkqrorjlfdo

lpsuryhphqwv/ dqg vhohfwlrq ri kljk0delolw| hqwuhsuhqhxuv lv lpsruwdqw iru jurzwk1

Iluvw/ ohw xv ghqrwh wkh jurzwk udwh ri wkh zruog whfkqrorj| iurqwlhu/ �|/ e| }/ l1h1/

�| ' E� n }�|�f� +43,

Zh uhwxuq wr wkh ghwhuplqdwlrq ri wklv jurzwk udwh ehorz1 Doo frxqwulhv kdyh d vwdwh

ri whfkqrorj| �| � �|1 Zh irupxodwh wkh wkuhh deryh dvvxpswlrqv dv iroorzv= wkh

<



surgxfwlylw| ri lqwhuphgldwh jrrg D dw wlph | lv jlyhq e|

�| ED� ' 0| ED�
�
# 7�|3� n �| ED��|3�

�
c +44,

zkhuh 0| ED� lv d whup wkdw ghshqgv rq wkh h{shulhqfh ri wkh hqwuhsuhqhxu dqg wkh pdwfk

ehwzhhq wkh hqwuhsuhqhxu dqg wkh �up> �| ED� ghqrwhv wkh delolw| ri wkh hqwuhsuhqhxu

uxqqlqj wklv �up/ dqg # lv d srvlwlyh frqvwdqw1 Wklv htxdwlrq vwdwhv wkdw doo lqwhuph0

gldwh jrrgv ehqh�w iurp wkh vwdwh ri zruog whfkqrorj| lq wkh suhylrxv shulrg/ 7�|3�/ e|

frs|lqj ru dgrswlqj h{lvwlqj whfkqrorjlhv/ luuhvshfwlyh ri wkh delolw| ri wkh hqwuhsuhqhxu1

Wkh| dovr �lqqrydwh� ryhu wkh h{lvwlqj erg| ri orfdo nqrzohgjh/ �|3�/ dqg vxffhvv lq

lqqrydwlrq ghshqgv rq delolw|1 H{shulhqfh dqg pdwfk0vshfl�f hohphqwv/ 0| ED�/ d�hfw wkh

surgxfwlylw| ri erwk dgrswlrq dqg lqqrydwlrq dfwlylwlhv1

Uhduudqjlqj htxdwlrq +44,/ zh rewdlq d vlpsohu htxdwlrq

�| ED�

�|3�
' 0| ED�

�
#
7�|3�

�|3�
n �| ED�

�
� +45,

Htxdwlrq +45, vkrzv wkh lpsruwdqfh ri glvwdqfh wr whfkqrorj| iurqwlhu/ dv fdswxuhg e|

wkh whup �|3�* 7�|3�1 Zkhq wklv whup lv vpdoo/ wkh frxqwu| lv vxevwdqwldoo| ehklqg wkh

whfkqrorj| iurqwlhu/ dqg wkh pdmru lpsuryhphqwv lq whfkqrorj| frph iurp dgrswlrq1

Zkhq �|3�* 7�|3� lv kljk dqg wkh frxqwu| lv forvh wr wkh iurqwlhu/ lqqrydwlrqv pdwwhu

pruh1 Wklv ihdwxuh wkdw lqqrydwlrq dqg dgdswdwlrq ri ohvv0zhoo0hvwdeolvkhg whfkqrorjlhv/

dqg khqfh delolw|/ ehfrph pruh lpsruwdqw zkhq wkh frxqwu| lv forvhu wr wkh iurqwlhu/

lpsolhv wkdw hqwuhsuhqhxuldo vhohfwlrq ehfrphv pruh lpsruwdqw dv wkh frxqwu| ghyhorsv

dqg dssurdfkhv wkh whfkqrorj| iurqwlhu1

Iru vlpsolflw|/ zh dvvxph wkdw wkh lqqrydwlrq frpsrqhqw lv htxdo wr 3/ l1h1/ �| ED� '

f/ zkhq wkh hqwuhsuhqhxu lv orz delolw|/ dqg ghqrwh wkh surgxfwlylw| ri d kljk0delolw|

hqwuhsuhqhxu e| � : f/ l1h1/ �| ED� ' � zkhq hqwuhsuhqhxu lq vhfwru D lv kljk delolw|1

Uhfdoo wkdw d sursruwlrq b ri hqwuhsuhqhxuv zlwklq hdfk frkruw duh kljk delolw|1 Wr

jxdudqwhh d ghfuhdvlqj vshhg ri frqyhujhqfh wr wkh zruog whfkqrorj| iurqwlhu/ zh dvvxph

wkurxjkrxw wkdw b� 	 �1

Wkh whup 0| ED� lq +45, vshfl�hv wkh lpsruwdqfh ri h{shulhqfh lq whfkqrorjlfdo lp0

suryhphqwv1 Iluvw/ iru vlpsolflw|/ zh dvvxph wkdw rog hqwuhsuhqhxuv duh qrw surgxfwlyh

lq wkh whfkqrorj| xvhg e| |rxqj �upv/ vr 0| ED� ' f li d |rxqj �up kluhv dq rog hq0

wuhsuhqhxu1 Wkhuhiruh/ |rxqj �upv zloo dozd|v hpsor| |rxqj zrunhuv dv hqwuhsuhqhxuv1

43



Qh{w/ pruh lpsruwdqwo|/ zh dvvxph wkdw 0| ED� ' � li d pdwxuh �up lv uxq e| dq

h{shulhqfhg hqwuhsuhqhxu1 Li wkh hqwuhsuhqhxu lv qrw h{shulhqfhg/ wkhq zh kdyh 0| ED� '

0 	 �1 Wkh lqwhusuhwdwlrq lv wkdw dq h{shulhqfhg hqwuhsuhqhxu fdq uxq d odujhu surmhfw/

dqg khqfh jhqhudwh juhdwhu whfkqrorjlfdo lpsuryhphqwv dqg uhyhqxhv1

Wklv ihdwxuh lqwurgxfhv d wudgh0r� ehwzhhq h{shulhqfh dqg vhohfwlrq= hyhu|wklqj hovh

htxdo/ pruh h{shulhqfhg hqwuhsuhqhxuv uxq odujhu surmhfwv/ dqg jhqhudwh pruh lqqryd0

wlrq dqg kljkhu sur�wv1 Krzhyhu/ vrph ri wkh pruh h{shulhqfhg hqwuhsuhqhxuv zloo kdyh

ehhq uhyhdohg wr eh orz delolw|/ dqg kljk0delolw| hqwuhsuhqhxuv duh pruh surgxfwlyh1 Vr

d vrflhw| pljkw hlwkhu fkrrvh wr kdyh juhdwhu vhohfwlrq/ dqg rq dyhudjh |rxqjhu dqg

vpdoohu �upv/ ru ohvv vhohfwlrq dqg rq dyhudjh roghu dqg odujhu �upv1 Wkh wudgh0r� eh0

wzhhq h{shulhqfh dqg vhohfwlrq h�hfwv zloo ydu| ryhu wkh surfhvv ri ghyhorsphqw ehfdxvh

wkh lpsruwdqfh ri lqqrydwlrq yv1 dgrswlrq ri zhoo0hvwdeolvkhg whfkqrorjlhv fkdqjhv/ dv

fdswxuhg e| htxdwlrq +45,1

Ilqdoo|/ &| ED� ghqrwhv wkh lqyhvwphqw wkdw wkh hqwuhsuhqhxu lq vhfwru D pxvw pdnh

lq rughu wr xqghuwdnh wkh surmhfw/ dqg zh dvvxph=

&| ED� ' 0| ED�V�|3�c +46,

zkhuh 0| ED� ' � iru pdwxuh �upv uxq e| dq h{shulhqfhg hqwuhsuhqhxu/ dqg 0| ED� ' 0 rwk0

huzlvh1 Wklv lqwurgxfhv wkh dvvxpswlrq phqwlrqhg deryh wkdw h{shulhqfhg hqwuhsuhqhxuv

uxq odujhu surmhfwv1 Lq dgglwlrq/ lq rughu wr jxdudqwhh edodqfhg jurzwk/ wkh lqyhvwphqw

uhtxluhphqwv duh dvvxphg wr lqfuhdvh lq sursruwlrq wr wkh surgxfwlylw| ri wkh djjuhjdwh

whfkqrorj|/ �|3�1

Wkh vwdwh ri orfdo nqrzohgjh lq wkh hfrqrp| vlpso| uh hfwv wkh dyhudjh ri wkh sur0

gxfwlylw| lq ydulrxv lqwhuphgldwh surgxfw vhfwruv1 Wr vshfli| wkh odz ri prwlrq ri �|

qrwh wkuhh wklqjv= +4, kdoi ri wkh �upv zloo eh |rxqj dqg wkh rwkhu kdoi rog> +5, dyhudjh

surgxfwlylw| dprqj |rxqj �upv lv vlpso| �t | ' 0
�
# 7�|3� n b��|3�

�
/ vlqfh wkh| zloo

kluh |rxqj hqwuhsuhqhxuv/ d iudfwlrq b ri wkhvh zloo eh kljk delolw|/ zlwk surgxfwlylw|

�| ED� ' 0
�
# 7�|3� n ��|3�

�
/ dqg wkh uhpdlqghu zloo eh orz delolw|/ zlwk surgxfwlylw|

�| ED� ' 0# 7�|3� +uhfdoo htxdwlrq +44,,> +6, fohduo|/ doo hqwuhsuhqhxuv uhyhdohg wr eh kljk

delolw| zloo eh uhwdlqhg/ dqg dyhudjh surgxfwlylw| dprqj pdwxuh �upv zloo ghshqg rq

wkhlu ghflvlrq zkhwkhu wr uh�qdqfh orz0delolw| hqwuhsuhqhxuv1 Ghqrwh wkh ghflvlrq wr uh�0

qdqfh d orz0delolw| h{shulhqfhg hqwuhsuhqhxu e| -| 5 ifc �j/ zlwk -| ' � fruuhvsrqglqj
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wr uh�qdqflqj1 Wkhq/ dyhudjh surgxfwlylw| dprqj pdwxuh �upv lv=

��| '

;?
=

# 7�|3� n b��|3� li -| ' �

Ebn E� � b� 0� # 7�|3� n E� n E� � b� 0� Eb��|3�� li -| ' f�

Wkh �uvw olqh kdv h{dfwo| wkh vdph uhdvrqlqj dv iru wkh dyhudjh surgxfwlylw| ri |rxqj

�upv1 Wkh vhfrqg olqh vlpso| iroorzv iurp wkh idfw wkdw d iudfwlrq b ri wkh hqwuhsuhqhxuv

zhuh uhyhdohg wr eh kljk delolw|/ duh uhwdlqhg/ dqg kdyh surgxfwlylw| �| ED� ' # 7�|3� n

��|3�/ dqg wkh uhpdlqlqj � � b ri hqwuhsuhqhxuldo srvwv duh �oohg zlwk |rxqj hq0

wuhsuhqhxuv/ zkr kdyh dyhudjh surgxfwlylw| 0
�
# 7�|3� n b��|3�

�
1 Frpelqlqj wkh sur0

gxfwlylw| ri |rxqj dqg rog hqwuhsuhqhxuv/ zh kdyh wkdw

�| '

;?
=

�n0
2

�
# 7�|3� n b��|3�

�
li -| ' �

�
2

�
Ebn 0n E� � b� 0� # 7�|3� n E� n 0n E� � b� 0�b��|3�

�
li -| ' f�

+47,

Lq olqh zlwk rxu glvfxvvlrq lq wkh lqwurgxfwlrq/ zkhq -| ' �/ wkh dyhudjh �up vl}h

lv odujhu/ �upv duh rq dyhudjh roghu/ uhodwlrqvklsv duh orqjhu +doo hqwuhsuhqhxuv duh uh�0

qdqfhg,/ wkhuh lv pruh lqyhvwphqw +h{shulhqfhg hqwuhsuhqhxuv uxq odujhu surmhfwv,/ exw

ohvv vhohfwlrq1 Zh wklqn ri wklv fdvh dv dq hfrqrp| sxuvxlqj dq lqyhvwphqw0edvhg vwudw0

hj| ri jurzwk1 Lq frqwudvw/ zkhq -| ' f/ wkhuh lv ohvv lqyhvwphqw/ �upv duh vpdoohu dqg

|rxqjhu/ exw wkhuh duh vkruwhu uhodwlrqvklsv dqg pruh vhohfwlrq1 Zh uhihu wr wklv fdvh dv

dq lqqrydwlrq0edvhg vwudwhj| ri jurzwk1

516 Lqfhqwlyh sureohpv

Wkh �qdo hohphqw ri wkh hqylurqphqw lv wkh lqfhqwlyh sureohpv idfhg e| �upv1 Hq0

wuhsuhqhxuv hqjdjhg lq lqqrydwlyh dfwlylwlhv/ ru hyhq vlpso| hqwuxvwhg zlwk pdqdjlqj

�upv/ duh gl!fxow wr prqlwru1 Wklv fuhdwhv d vwdqgdug prudo kd}dug sureohp/ riwhq

uhvxowlqj lq uhqwv iru hqwuhsuhqhxuv/ ru dw wkh yhu| ohdvw/ lq orzhu sur�wv iru �upv1 Zh

irupxodwh wklv sureohp lq wkh vlpsohvw srvvleoh zd|/ dqg dvvxph wkdw diwhu rxwsxw/ lqqr0

ydwlrqv dqg sur�wv duh uhdol}hg/ wkh hqwuhsuhqhxu fdq uxq dzd| zlwk d iudfwlrq > ri wkh

uhwxuqv/ dqg zloo qhyhu eh fdxjkw1 Zh wklqn ri wkh sdudphwhu > dv d phdvxuh ri wkh lp0

sruwdqfh ri lqfhqwlyh sureohpv/ ru htxlydohqwo|/ d phdvxuh ri fuhglw pdunhw lpshuihfwlrqv

uhvxowlqj iurp wkhvh lqfhqwlyh sureohpv1

Vlqfh hqwuhsuhqhxuv duh qhyhu fdxjkw dqg hqwuhsuhqhxuldo shuirupdqfh +khqfh delolw|,

lv uhyhdohg hyhq zkhq wkh hqwuhsuhqhxu uxqv dzd| zlwk uhwxuqv/ rog hqwuhsuhqhxuv zloo
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eh uhzdughg dffruglqj wr wkhlu uhyhdohg delolw|/ luuhvshfwlyh ri zkhwkhu wkh| kdyh uxq

dzd| ru qrw lq wkh �uvw shulrg ri wkhlu olyhv1 Wkhuhiruh/ lq rughu wr suhyhqw hqwuhsuhqhxuv

iurp uxqqlqj dzd|/ hqwuhsuhqhxuv kdyh wr eh sdlg d iudfwlrq > ri wkh sur�wv16

Ehorz zh zloo dqdo|}h erwk wkh fdvh ri qr prudo kd}dug/ l1h1/ > ' f/ dqg wkh hfrqrp|

zlwk prudo kd}dug zkhuh > : f1

517 Ilqdqfldo lqwhuphgldwlrq/ frqwudfwv dqg htxloleulxp

Zh qrz vshfli| wkh frqwudfwxdo uhodwlrqv ehwzhhq fdslwdolvwv +�upv,/ lqwhuphgldulhv dqg

hqwuhsuhqhxuv/ dqg gh�qh dq htxloleulxp1

Surgxfwlrq uhtxluhv d surgxfwlrq vlwh +rzqhg e| d fdslwdolvw,/ dq hqwuhsuhqhxu/ dqg

�qdqflqj wr sd| iru wkh vhw0xs frvw ri wkh surmhfw1 Surgxfwlrq vlwhv duh d vfdufh idfwru lq

wklv hfrqrp|/ vlqfh wkh| doorz wkh xvh ri d vxshulru whfkqrorj|1 Vr wkh fdslwdolvwv zkr

rzq wkhp zloo dssursuldwh uhqwv vxemhfw wr vdwlvi|lqj wkh lqglylgxdo udwlrqdolw| dqg2ru

lqfhqwlyh frqvwudlqwv ri lqwhuphgldulhv dqg hqwuhsuhqhxuv1

Fdslwdolvwv pdnh frqwudfwxdo r�huv wr d vxevhw ri zrunhuv vhohfwhg wr ehfrph hq0

wuhsuhqhxuv dqg wr lqwhuphgldulhv1 Lqyhvwphqwv duh �qdqfhg hlwkhu wkurxjk wkh uhwdlqhg

hduqlqjv ri hqwuhsuhqhxuv/ ru wkurxjk eruurzlqj iurp lqwhuphgldulhv +uhfdoo wkdw |rxqj

fdslwdolvwv dqg hqwuhsuhqhxuv kdyh qr zhdowk wr �qdqfh surmhfwv,1 Wkhuh lv iuhh hqwu|

lqwr �qdqfldo lqwhuphgldwlrq/ dqg qr frvw ri �qdqfldo lqwhuphgldwlrq1

Rplwwlqj wlph vxevfulswv zkhq wklv fdxvhv qr frqixvlrq/ zh xvh � r
sec`

r
se dqg T r

se

wr ghqrwh/ uhvshfwlyho|/ wkh frqwudfwxdo sd|phqwv wr lqwhuphgldulhv/ hqwuhsuhqhxuv dqg

�upv/ frqglwlrqdo rq wkh �up*v djh +s 5 itc�j,/ hqwuhsuhqhxu*v djh0h{shulhqfh +e 5

itc�j, dqg hqwuhsuhqhxu*v uhyhdohg delolw| +r 5 iMcuj,1 Wkh vxp ri wkh sd|phqwv wr

wkh wkuhh djhqwv lqyroyhg lq hdfk uhodwlrq fdqqrw h{fhhg wkh wrwdo sur�wv ri wkh �up=

� r
se n` r

se n T r
se � Zrsec +48,

zkhuh Zrse lv d sur�w ohyho ri wkh ohdglqj �up ri djh s zlwk dq hqwuhsuhqhxu ri djh0

h{shulhqfh e/ zlwk delolw| r1

Iuhh hqwu| lqwr lqwhuphgldwlrq lpsolhv wkdw lqwhuphgldulhv kdyh wr pdnh }hur +h{0

shfwhg, sur�wv1 Lq dgglwlrq/ zh dvvxph wkdw �qdqfldo lqwhuphgldwlrq wdnhv sodfh zlwklq

6Zh dvvxph wkdw lqyhvwphqwv duh sxeolfo| revhuydeoh/ khqfh/ hqwuhsuhqhxuv fdqqrw vwhdo wkh lqyhvw0
phqwv> wkh| fdq rqo| uxq dzd| zlwk wkh sur�wv2fdvk0 rz iurp wkh surmhfw1
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d shulrg/ vr wkdw wkhuh duh qr lqwhuhvw frvwv wr eh fryhuhg1 Wkxv/ zh qhhg wkh iroorzlqj

iuhh hqwu| frqglwlrqv iru lqwhuphgldulhv=

.
�
� r
t ec|

�
' &t ec|c +49,

.
�
� r
�ec|

�
' &�ec| � E� n o�-.r

|3�c

zkhuh . lv wkh h{shfwdwlrqv rshudwru/ &sec| lv uhtxluhg lqyhvwphqw lq d �up ri djh s /

hqwuhsuhqhxu ri djh e/ dw wlph | gh�qhg dv lq +46,/ dqg -.r
|3� ghqrwhv wkh iudfwlrq ri

frvwv �qdqfhg e| dq rog hqwuhsuhqhxu wkurxjk uhwdlqhg hduqlqjv +wkh whup �n o lv wkhuh

vlqfh wkhvh duh uhwdlqhg hduqlqjv fduulhg iurp wkh suhylrxv shulrg/ vr hduq lqwhuhvw,1

E| dvvxpswlrq/ |rxqj �upv kdyh wr uxq vpdoohu surmhfwv/ dqg zloo eh uxq e| |rxqj

hqwuhsuhqhxuv zkr kdyh qr zhdowk/ khqfh kdyh wr eruurz wkh ixoo frvw ri wkh surmhfw1

Pdwxuh �upv pd| eh uxq e| rog hqwuhsuhqhxuv/ zkr pd| kdyh vrph uhwdlqhg hduqlqjv1

Wkh dprxqw ri uhwdlqhg hduqlqjv +lqyhvwhg lq wkh �up, lv ghflghg e| wkh hqwuhsuhqhxu1

Lq wkh suhvhqfh ri prudo kd}dug/ wkh sd|phqw wr dq hqwuhsuhqhxu pxvw vdwlvi| wkh

iroorzlqj lqfhqwlyh frqvwudlqw=

U�r
se '` r

se � >Zrse � f� +4:,

Wkhuh duh dovr lqglylgxdo udwlrqdolw| frqvwudlqwv iru hqwuhsuhqhxuv/ zkr pxvw suhihu

hqwuhsuhqhxuvkls wr ehfrplqj zrunhuv1 Hdfk hqwuhsuhqhxu fdq eh hpsor|hg dv d zrunhu/

dqg uhfhlyh �|1 Wkxv iru rog hqwuhsuhqhxuv/ zh qhhg=

U-r
��c| '` r

��c| ��| � E� n o�-.r
|3� � f�

Erwk w|shv ri hqwuhsuhqhxuv kdyh wr eh sdlg dw ohdvw wkh pdunhw zdjh1 Lq dgglwlrq/

li wkh| ghflgh wr lqmhfw dq| ri wkhlu rzq uhwdlqhg hduqlqjv iurp wkh suhylrxv shulrg/

wkh| kdyh wr eh frpshqvdwhg iru wkh glvfrxqwhg ydoxh ri wkhvh uhwdlqhg hduqlqjv dv

zhoo1 Jlyhq wklv frqvwudlqw dqg ulvn qhxwudolw|/ zlwkrxw orvv ri dq| jhqhudolw|/ zh fdq

vhw -.r
|3� ' ` r

t tc|3�/ wkxv/ lq htxloleulxp zh kdyh hqwuhsuhqhxuv sxwwlqj lq doo wkhlu

hduqlqjv iurp wkh suhylrxv shulrgv iru �qdqflqj lqyhvwphqwv1 Lq dgglwlrq/ iru |rxqj

hqwuhsuhqhxuv zrunlqj lq d pdwxuh �up/ zh qhhg U-r
�tc| ' .

�
` r

�tc|

�
� �| � f1 Khuh

zkdw pdwwhuv lv wkh h{shfwhg zdjh/ vlqfh wkh delolw| ri d |rxqj hqwuhsuhqhxu lv xqnqrzq1

Dovr ehfdxvh wkh hqwuhsuhqhxu lv |rxqj/ wkhuh duh qr uhwdlqhg hduqlqjv1
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Wkh lqglylgxdo udwlrqdolw| frqvwudlqw iru d |rxqj hqwuhsuhqhxu zrunlqj lq d |rxqj

�up lv pruh frpsolfdwhg/ vlqfh vxfk dq hqwuhsuhqhxu pljkw uhfhlyh uhqwv lq wkh vhfrqg

shulrg ri klv olih1 Wr fdswxuh wklv/ zh zulwh wkh lqglylgxdo udwlrqdolw| frqvwudlqw dv

U-t tc| ' .
�
` r

t tc|

�
� �| n

�

� n o
.
�
U-r

��c|n�

�
� fc +4;,

zkhuh wkh �qdo whup lv wkh h{shfwdwlrq ri uhqwv lq wkh vhfrqg shulrg ri hqwuhsuhqhxuvkls/

li dq|1

Lqglylgxdo udwlrqdolw| +dqg lqfhqwlyh frpsdwlelolw|, frqvwudlqwv iru rog hqwuhsuhqhxuv

pljkw eh vodfn/ ehfdxvh ri frpshwlwlrq ehwzhhq fdslwdolvwv1 Pruh vshfl�fdoo|/ frqvlghu

dq rog hqwuhsuhqhxu zkr kdv ehhq uhyhdohg wr eh kljk delolw|1 Vlqfh wklv hqwuhsuhqhxu

fdq eh surgxfwlyho| hpsor|hg e| dq| pdwxuh �up/ doo pdwxuh fdslwdolvwv zloo frpshwh

iru klv vhuylfhv1 Wklv frpshwlwlrq zloo vwrs rqo| zkhq pdwxuh fdslwdolvwv pdnh wkh vdph

sur�wv zlwk ru zlwkrxw vxfk dq kljk0delolw| hqwuhsuhqhxu1 Lq rwkhu zrugv/ zh qhhg=

T M
�� ' 4@ 


T u
��c . ET r

�t �
�
c +4<,

wkdw lv/ wkh sur�wv iurp klulqj dq kljk0delolw| rog hqwuhsuhqhxu pxvw eh htxdo wr wkh

sur�wv iurp wkh qh{w0ehvw rswlrq/ zklfk lv hlwkhu klulqj d orz0delolw| h{shulhqfhg hq0

wuhsuhqhxu/ ru wkh h{shfwhg ydoxh ri klulqj d |rxqj hqwuhsuhqhxu1

Dv iru orz0delolw| h{shulhqfhg hqwuhsuhqhxuv/ wzr fdvhv duh srvvleoh1 Iluvw/ pdwxuh

�upv pd| �qg lw sur�wdeoh wr hpsor| wkhp1 Uhfdoo wkdw wkh yduldeoh -| 5 ifc �j ghqrwhv

wkh uhwhqwlrq ghflvlrq ri pdwxuh �upv iru orz0delolw| hqwuhsuhqhxuv1 Zh zloo kdyh -| ' �

zkhq T u
�� : . ET r

�t �1 Lq wklv fdvh/ wkh glvwulexwlrq ri uhqwv ehwzhhq hqwuhsuhqhxuv dqg

�upv lv lqghwhuplqdwh/ ehfdxvh wkh ghpdqg iru h{shulhqfhg orz0delolw| hqwuhsuhqhxuv

zrxog h{dfwo| pdwfk vxsso|1 Wr dyrlg vxfk lqghwhuplqdf|/ zh dvvxph wkdw dq lq�qlwhv0

lpdo sursruwlrq ri |rxqj �upv fhdvh wr eh surgxfwlyh diwhu rqh shulrg1 Wklv lpsolhv

wkdw wkh vxsso| ri orz0delolw| hqwuhsuhqhxuv h{fhhgv wkh ghpdqg/ vr wkdw hlwkhu wkh lq0

fhqwlyh frpsdwlelolw| ru wkh lqglylgxdo udwlrqdolw| frqvwudlqw ri orz0delolw| h{shulhqfhg

hqwuhsuhqhxuv lv elqglqj zkhq wkh| duh uhkluhg1 Irupdoo|/ zh kdyh wkh iroorzlqj frp0

sohphqwdu| vodfnqhvv frqglwlrq=

4�?

U�u

��c U-
u
��

�
' f� +53,

Dowhuqdwlyho|/ pdwxuh �upv pd| suhihu -| ' f/ l1h1/ wr kluh |rxqj hqwuhsuhqhxuv/

lqvwhdg ri orz0delolw| h{shulhqfhg hqwuhsuhqhxuv/ dqg uxq vpdoohu lqqrydwlyh surmhfwv/
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zklfk zloo eh wkh fdvh zkhq T u
�� 	 . ET r

�t �1 Lq wklv fdvh/ wkh rog orz0delolw| hq0

wuhsuhqhxuv duh �uhg dqg ehfrph zrunhuv lq wkh vhfrqg shulrg ri wkhlu olyhv1 Zkhwkhu

hpsor|hg e| |rxqj ru e| pdwxuh �upv/ |rxqj hqwuhsuhqhxuv duh �dexqgdqw�1 Frpshwl0

wlrq gulyhv wkhlu uhwxuqv wr wkh plqlpxp ohyho wkdw lv doorzhg e| lqfhqwlyh frpsdwlelolw|

dqg lqglylgxdo udwlrqdolw| frqvwudlqwv1 Irupdoo|=

4�? kU�r
t t c U-t t l ' 4�? kU�r

�t c U-�t l ' f +54,

iru r 5 iMcuj/ l1h1/ dw ohdvw rqh ri wkh lqfhqwlyh surgxfwlylw| dqg lqglylgxdo udwlrqdolw|

frqvwudlqwv kdyh wr krog1

Ilqdoo|/ zh irfxv rq hfrqrplhv zkhuh |rxqj �upv �qg lw sur�wdeoh wr lqqrydwh1

Qdpho|/ . ET r
t t � � f� Li wklv frqglwlrq idlohg/ wkhuh zrxog eh qr0dfwlylw| lq htxloleulxp

+rwkhu wkdq e| wkh frpshwlwlyh iulqjh,17

Zh fdq qrz irupdoo| gh�qh dq htxloleulxp lq wklv hfrqrp|1 Ehiruh grlqj vr/ lw lv

xvhixo wr lqwurgxfh wkh qrwdwlrq ri @| wr ghqrwh wkh glvwdqfh wr iurqwlhu/ l1h1/

@| �
�|

7�|

� +56,

Wklv yduldeoh lv wkh nh| vwdwh yduldeoh lq rxu dqdo|vlv ehorz/ dqg zh vwduw zlwk wkh

gh�qlwlrq ri wkh �vwdwlf htxloleulxp� iru d jlyhq vwdwh ri wkh hfrqrp|/ @|=

Gh�qlwlrq 4= +Vwdwlf Htxloleulxp, Jlyhq @|/ dq htxloleulxp lv d vhw ri lqwhuphgl0

dwh jrrg sulfhv/ R| ED�/ wkdw vdwlvi| +5,/ d zdjh udwh/ �|/ jlyhq e| +;,/ sur�w ohyhov

jlyhq e| +8,/ dqg d vhw ri sd|phqwv wr lqwhuphgldulhv/ hqwuhsuhqhxuv dqg fdslwdo0

lvwv/
�
� r
sec`

r
sec T

r
se

�
dqg d frqwlqxdwlrq ghflvlrq zlwk orz0delolw| hqwuhsuhqhxuv/

-|/ vxfk wkdw wkh ihdvlelolw| htxdwlrq/ +48,/ dqg wkh iuhh hqwu| htxdwlrq iru lqwhu0

phgldulhv/ +49,/ duh vdwlv�hg/ wkh lqfhqwlyh frpsdwlelolw| dqg lqglylgxdo udwlrqdolw|

frqvwudlqwv iru |rxqj dqg orz0delolw| rog iru hqwuhsuhqhxuv krog zlwk frpsohphq0

wdu| vodfnqhvv/ l1h1/ +53, dqg +54, krog/ frpshwlwlrq dprqj fdslwdolvwv hqvxuhv +4<,

dqg zh kdyh -| ' � zkhq T u
�� : . ET r

�t �/ dqg -| ' f zkhq T u
�� 	 . ET r

�t �1

7Wkh iroorzlqj sdudphwhu uhvwulfwlrq lv vx!flhqw wr uxoh rxw wkh qr0dfwlylw| htxloleulxp=

�O +� . ��, A pd{

-
�. +4��, +�%,

�4
"�

�

4��

+�. +4� �, +4� �,,
>

�

+4� �,

.
+55,

Wklv frqglwlrq lv dovr vx!flhqw iru rog �upv wr wkh dfwlyh/ vlqfh rog �upv kdyh wkh rswlrq wr kluh d
|rxqj hqwuhsuhqhxu dqg uxq d vpdoo surmhfw1
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Gh�qlwlrq 5= +G|qdplf Htxloleulxp, D g|qdplf htxloleulxp lv d vhtxhqfh ri vwdwlf

htxloleuld vxfk wkdw wkh odz ri prwlrq ri wkh vwdwh ri wkh hfrqrp| lv jlyhq e|=

@| '

;?
=

�n0
2E�n}�

E# n b�@|3�� li -| ' �

�
2E�n}�

EEbn 0n E� � b� 0� # n E� n 0n E� � b� 0�b�@|3�� li -| ' f�

+57,

Qrwlfh wkdw wkh odz ri prwlrq ri @| lv rewdlqhg vlpso| e| xvlqj +43,/ +45,/ +47,/ dqg

+56,1

6 Htxloleulxp

Zh qrz fkdudfwhul}h wkh ghfhqwudol}hg +�odlvvh}0idluh�, htxloleulxp ri wkh hfrqrp| dv

gh�qhg lq wkh suhylrxv vhfwlrq1 Wkurxjkrxw/ wkh hpskdvlv zloo eh rq zkhwkhu wkh hfrq0

rp| sxuvxhv dq lqyhvwphqw0edvhg vwudwhj| ru dq lqqrydwlrq0edvhg vwudwhj|/ l1h1/ zkhwkhu

-| ' � ru -| ' f/ dqg krz wklv ghflvlrq ydulhv zlwk wkh vwdwh ri wkh hfrqrp|2glvwdqfh

wr iurqwlhu/ @|1

614 Wkh fdvh ri qr prudo kd}dug1

Zh vwduw zlwk wkh fdvh ri qr prudo kd}dug +> ' f,1 Vlqfh wkhuh lv qr lqfhqwlyh sureohp/

rqo| h{shulhqfhg hqwuhsuhqhxuv zkr zhuh uhyhdohg wr eh kljk delolw| fdq h{wudfw uhqwv1

Vr wkh lqglylgxdo udwlrqdolw| frqvwudlqwv ri erwk |rxqj hqwuhsuhqhxuv dqg h{shulhqfhg

orz0delolw| hqwuhsuhqhxuv kdyh wr krog/ dqg wkh| zloo doo hduq wkh pdunhw zdjh �| jlyhq

e| +;,1

Dv d uhvxow/ pdwxuh �upv zloo uh�qdqfh orz delolw| hqwuhsuhqhxuv/ l1h1/ -| ' �/ li dqg

rqo| li

T u
��c| � .

�
T r
�tc|

�
/ Zu��c| � �| � V�|3� � .

�
Zr�tc|

�
��| � 0V�|3�

zkhuh V�|3� lv wkh ohyho ri lqyhvwphqw zlwk dq rog hqwuhsuhqhxu/ zkloh 0V�|3� lv wkh

vpdoohu ohyho ri lqyhvwphqw zkhq wkh pdwxuh �up kluhv dq lqh{shulhqfhg |rxqj hq0

wuhsuhqhxu1 Xvlqj +8,0+45, dqg +46, dv zhoo dv wkh gh�qlwlrq ri @| iurp +56,/ dqg vlpsol0

i|lqj whupv/ zh fdq uhzulwh wkh lqhtxdolw| deryh dv

Bu# � V : B0u E# n b�@|3��� 0Vc
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Wkhuhiruh/ wkh htxloleulxp zlwkrxw prudo kd}dug zloo kdyh d �wkuhvkrog surshuw|�1

Lw zloo ihdwxuh dq lqyhvwphqw0edvhg vwudwhj| +uh�qdqflqj ri xqvxffhvvixo hqwuhsuhqhxuv,

li dqg rqo| li

@|3� 	 @o E> ' f� �
E�� 0� #

E�� 0�V*Bun 0b�
/ +58,

zkhuh @o E> ' f� lv wkh wkuhvkrog ri wkh glvwdqfh wkh iurqwlhu vxfk wkdw pdwxuh �upv duh

lqgl�huhqw ehwzhhq -| ' � dqg -| ' f1

Iru ixwxuh uhihuhqfh/ zh vwdwh wklv dv d vkruw sursrvlwlrq=

Sursrvlwlrq 4 Lq wkh hfrqrp| zlwk qr prudo kd}dug/ l1h1/ > ' f/ wkh htxloleulxp kdv

-| ' � dqg dq lqyhvwphqw0edvhg vwudwhj| iru doo @|3� 	 @o E> ' f�/ dqg -| ' f dqg dq

lqqrydwlrq0edvhg vwudwhj| iru doo @|3� : @o E> ' f� zkhuh @o E> ' f� lv jlyhq e| +58,1

Frxqwulhv iduwkhu dzd| iurp wkh zruog whfkqrorj| iurqwlhu iroorz dq lqyhvwphqw0

edvhg vwudwhj|/ dqg duh fkdudfwhul}hg e| orqj0whup uhodwlrqvklsv ehwzhhq �upv dqg hq0

wuhsuhqhxuv/ odujhu dqg roghu �upv/ pruh lqyhvwphqw dqg ohvv vhohfwlrq1 Dv dq hfrqrp|

dssurdfkhv wkh zruog whfkqrorj| iurqwlhu dqg sdvvhv wkh wkuhvkrog @o E> ' f�/ lw vzlwfkhv

wr dq lqqrydwlrq0edvhg vwudwhj| zlwk vkruwhu uhodwlrqvklsv/ rq dyhudjh |rxqjhu �upv/ dqg

pruh vhohfwlrq1 Wkh lqwxlwlrq iru wklv uhvxow lv wkdw wkh vhohfwlrq ri hqwuhsuhqhxuv eh0

frphv pruh lpsruwdqw dv wkh hfrqrp| dssurdfkhv wkh zruog whfkqrorj| iurqwlhu/ vlqfh

wkhuh uhpdlqv ohvv urrp iru whfkqrorjlfdo lpsuryhphqwv vlpso| edvhg rq frs|lqj dqg

dgrswlrq1

Qrwlfh wkdw wklv htxloleulxp/ olnh wkh rqh zlwk prudo kd}dug lq wkh qh{w vxevhfwlrq/

douhdg| kdv d  dyru ri vrph ri wkh lvvxhv udlvhg e| Jhuvfkhqnurq1 Zkhq wkh hfrqrp|

lv uhodwlyho| edfnzdug/ wkhuh zloo eh d yhu| gl�huhqw vhw ri +htxloleulxp, duudqjhphqwv

frpsduhg wr dq hfrqrp| forvh wr wkh whfkqrorj| iurqwlhu1 Krzhyhu/ Jhuvfkhqnurq*v

hpskdvlv zdv rq srolflhv wkdw uhodwlyho| edfnzdug hfrqrplhv rxjkw wr sxuvxh/ zklfk lv

d wrslf zh zloo uhylvlw lq wkh qh{w vhfwlrq1

Ilqdoo|/ zh qrwh wkdw wkh htxloleulxp doorfdwlrq fkdudfwhul}hg lq Sursrvlwlrq 4 dovr

dssolhv wr d udqjh ri srvlwlyh >*v/ iru > �>/ vxfk wkdw wkh lqfhqwlyh frpsdwlelolw| frq0

vwudlqwv ri erwk |rxqj dqg rog orz0delolw| hqwuhsuhqhxuv duh qrw elqglqj iru doo @ 5 dfc �o1

Vhh wkh Dsshqgl{ iru wkh fkdudfwhul}dwlrq ri >1

4;



615 Wkh fdvh zlwk prudo kd}dug

Lq wklv vhfwlrq/ zh fkdudfwhul}h wkh htxloleulxp doorfdwlrq iru ohyhov ri > vx!flhqwo|

kljk vr wkdw wkh lqglylgxdo udwlrqdolw| frqvwudlqwv ri erwk |rxqj dqg rog orz0delolw|

hqwuhsuhqhxuv duh vodfn/ dqg wkhlu lqfhqwlyh frpsdwlelolw| frqvwudlqwv duh elqglqj1 W|sl0

fdoo|/ wklv fdvh uhtxluhv > wr eh juhdwhu wkdq vrph wkuhvkrog 7>1 Krzhyhu/ lw lv vwudljkwiru0

zdug wr fkhfn wkdw dv zh frqvlghu odujh hfrqrplhv zkhuh srsxodwlrq/ u/ dqg lqyhvwphqw

frvwv/ &/ duh odujh/ doo lqglylgxdo udwlrqdolw| frqvwudlqwv zloo eh vodfn/ zkloh lqfhqwlyh frq0

vwudlqwv zloo elqg +wklv lv ehfdxvh wkh zdjh udwh/ �|/ grhv qrw ghshqg rq wkh srsxodwlrq/

u/ zkloh sur�wv gr,1 Lq rwkhu zrugv/ lq wklv fdvh erwk > dqg 7> zloo ehfrph duelwudulo|

vpdoo1 Khuh zh irfxv rq vxfk odujh hfrqrplhv zkhuh lqfhqwlyh frqvwudlqwv duh elqglqj

dqg lqglylgxdo udwlrqdolw| frqvwudlqwv duh vodfn1

Dv ehiruh/ wkh lqwhuhvwlqj txhvwlrq lv zkhwkhu orz0delolw| hqwuhsuhqhxuv duh uh�0

qdqfhg1 Vlqfh/ li uh�qdqfhg/ hqwuhsuhqhxuv fdq h{wudfw uhqwv/ wkh| duh zloolqj wr xvh

wkhlu �uvw0shulrg uhwdlqhg hduqlqjv wr fryhu sduw ri wkh lqyhvwphqw frvw1 Wkh uhwdlqhg

hduqlqjv ri dq hqwuhsuhqhxu zkr zdv uhyhdohg wr eh ri orz delolw| dw wkh hqg ri shulrg

|� � duh jlyhq e|=

-.|3� ' E� n o�>Zu��c|3� ' E� n o� >Bu0# 7�|32 '
� n o

� n }
>Bu0# 7�|3�c +59,

zkhuh o ghqrwhv wkh qhw lqwhuhvw udwh1

Vlqfh wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw ri d orz0delolw| hqwuhsuhqhxu lv elqglqj/

wkh hqwuhsuhqhxu uhfhlyhv d iudfwlrq > ri wkh sur�wv1 Wkxv/ wkh ydoxh ri d pdwxuh �up

uhwdlqlqj d orz0vnloo hqwuhsuhqhxu dw gdwh | fdq wkhq eh h{suhvvhg dv=

T u
��c| ' E�� >� Zu��c| � . E���c|�
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E� � >� Bu# n

� n o

� n }
>Bu0# � V@|3�

�
7�|3�c

zkhuh wkh odvw olqh pdnhv xvh ri wkh idfw wkdw . E���c|� ' V�|3��-.|3� dv vshfl�hg lq

htxdwlrq +49,1

Lq frqwudvw/ wkh h{shfwhg ydoxh ri d pdwxuh �up hpsor|lqj d |rxqj hqwuhsuhqhxu ri

xqnqrzq delolw| lv htxdo wr=
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zkhuh b� ghqrwhv wkh h{shfwhg delolw| ri d |rxqj hqwuhsuhqhxu1 Wklv h{suhvvlrq lqfrusr0

udwhv wkh idfw wkdw wkh hqwuhsuhqhxu zloo eh sdlg d iudfwlrq > ri wkh sur�wv vkh jhqhudwhv

luuhvshfwlyh ri khu uhyhdohg delolw|1

Djdlq/ pdwxuh �upv zloo frqwlqxh wkhlu uhodwlrqvkls zlwk h{shulhqfhg orz0vnloo hq0

wuhsuhqhxuv/ l1h1/ -| ' �/ li dqg rqo| li T u
��c| � .

�
T r
�tc|

�
ru/ htxlydohqwo|/ zkhqhyhu=
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c +5:,

zkhuh @o lv wkh wkuhvkrog iru wkh glvwdqfh wr iurqwlhu vxfk wkdw pdwxuh �upv duh lqgl�huhqw

ehwzhhq -| ' � dqg -| ' f1 Wkh vhtxhqfh ri wkh hfrqrp| prylqj iurp dq lqyhvwphqw0

edvhg vwudwhj| wr dq lqqrydwlrq0edvhg vwudwhj| lv wkh vdph dv lq wkh fdvh ri qr prudo

kd}dug1 Lw lv lpsruwdqw wr qrwh wkdw wkh wkuhvkrog @o E>c B� lq +5:, olplwv wr wkh qr0prudo

kd}dug wkuhvkrog @o E> ' f� lq +58, dv >$ f/ l1h1/ dv lqfhqwlyh sureohpv glvdsshdu1

Qh{w revhuyh wkdw @o lv lqfuhdvlqj zlwk B1 Wklv lpsolhv wkdw zkhq surgxfw pdunhwv

duh ohvv frpshwlwlyh +kljkhu B,/ wkh vzlwfk wr dq lqqrydwlrq0edvhg vwudwhj| rffxuv odwhu

+l1h1/ wkh wkuhvkrog @o E>c B� lv juhdwhu,1 Wklv uh hfwv wzr h�hfwv1 Iluvw/ d kljkhu B lpsolhv

juhdwhu sur�wv dqg juhdwhu uhwdlqhg hduqlqjv iru rog xqvxffhvvixo hqwuhsuhqhxuv/ pdnlqj

uh�qdqflqj pruh olnho|1 Vhfrqg/ d kljkhu B d�hfwv wkh sur�w gl�huhqwldo ehwzhhq klulqj d

|rxqj dqg dq h{shulhqfhg hqwuhsuhqhxu1 Wkh vljq ri wklv gl�huhqwldo lv/ lq jhqhudo/ dp0

eljxrxv1 Krzhyhu/ lq wkh uhohydqw udqjh wklv odwwhu h�hfw dovr pdnhv dq lqyhvwphqw0edvhg

vwudwhj| pruh olnho|1 Wkh uhdvrq lv wkdw uh�qdqflqj h{lvwlqj hqwuhsuhqhxu fruuhvsrqgv

wr �juhdwhu lqyhvwphqw�/ vlqfh wkh dprxqw ri lqyhvwphqw lv V dv rssrvhg wr 0V zlwk d

qhz hqwuhsuhqhxu1 Zkloh wkh fdslwdolvw sd|v wkh ixoo frvw ri wkh lqyhvwphqw/ ehfdxvh ri

wkh vwdqgdug dssursuldelolw| h�hfw/ vrph ri wkh uhwxuqv jr wr frqvxphuv lq wkh irup ri

frqvxphu vxusoxv1 Wklv glvfrxudjhv wkh vwudwhj| zlwk d juhdwhu lqyhvwphqw1 D kljkhu B

hqdeohv wkh fdslwdolvwv wr fdswxuh pruh ri wkh vxusoxv/ hqfrxudjlqj uh�qdqflqj1

Wkh h�hfw ri wkh h{whqw ri lqfhqwlyh sureohpv2fuhglw pdunhw lpshuihfwlrqv/ >/ lv

dpeljxrxv/ krzhyhu1 Rq wkh rqh kdqg/ d kljkhu > lqfuhdvhv wkh hduqlqjv uhwdlqhg e|

|rxqj hqwuhsuhqhxuv/ wkhuhe| �vklhoglqj� wkhvh lqvlghuv iurp rxwvlgh frpshwlwlrq/ dqg

hqfrxudjlqj uh�qdqflqj1 Rq wkh rwkhu kdqg/ d kljkhu > uhgxfhv wkh sur�w gl�huhqwldo

ehwzhhq klulqj d |rxqj dqg dq rog orz0delolw| hqwuhsuhqhxu1 Li

V
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wkhq/ wkh iruphu h�hfw grplqdwhv dqg @o lv lqfuhdvlqj lq >/ dqg pruh vhyhuh prudo

kd}dug2fuhglw pdunhw sureohpv hqfrxudjh wkh lqyhvwphqw0edvhg vwudwhj|1 Lq frqwudvw/

zkhq +5;, grhv qrw krog/ wkhvh sureohpv hqfrxudjh wkh whuplqdwlrq ri orz0delolw| hq0

wuhsuhqhxuv1

Zh vxppdul}h rxu glvfxvvlrq lq wklv vxevhfwlrq zlwk wkh iroorzlqj=

Sursrvlwlrq 5 Lq wkh hfrqrp| zlwk prudo kd}dug/ wkh htxloleulxp kdv -| ' � dqg dq

lqyhvwphqw0edvhg vwudwhj| iru doo @|3� 	 @o E>c B�/ dqg -| ' f dqg dq lqqrydwlrq0edvhg

vwudwhj| iru doo @|3� : @o E>c B� zkhuh @o E>c B� lv jlyhq e| +5:,1 Dovr wkh wkuhvkrog ri

glvwdqfh wr iurqwlhu/ @o E>c B�/ lv lqfuhdvlqj lq B/ vr wkh vzlwfk wr dq lqqrydwlrq0edvhg

vwudwhj| rffxuv odwhu zkhq wkh hfrqrp| lv ohvv frpshwlwlyh1

7 Jurzwk dqg frqyhujhqfh sdwwhuqv

Lq wklv vhfwlrq/ zh �uvw frqwudvw wkh jurzwk sdwk ri d odlvvh}0idluh hfrqrp| zlwk wkdw

ri dq hfrqrp| lq zklfk uh�qdqflqj ghflvlrqv pd{lpl}h jurzwk1 Wkhq/ zh dqdo|}h wkh

srvvlelolw| ri qrq0frqyhujhqfh wudsv zkhuh surgxfwlylw| dqg rxwsxw shu fdslwd qhyhu

frqyhujh wr wkh zruog whfkqrorj| iurqwlhu1 Lq wkh odvw vxevhfwlrq/ zh frpsduh wkh htxl0

oleulxp doorfdwlrq wr wkh zhoiduh0pd{lpl}lqj doorfdwlrq/ zklfk gl�huv iurp wkh jurzwk0

pd{lpl}lqj rqh/ vlqfh juhdwhu jurzwk pd| frph dw wkh frvw ri juhdwhu lqyhvwphqwv dqg

orzhu fxuuhqw frqvxpswlrq1 Zh zloo vhh wkdw wkh frpsdulvrq ri wkh htxloleulxp wr wkh

zhoiduh0pd{lpl}lqj doorfdwlrq lv wkh vdph dv wkh frpsdulvrq ri wkh htxloleulxp wr wkh

jurzwk0pd{lpl}lqj doorfdwlrq1 Vlqfh wkh odwwhu frpsdulvrq lv vlpsohu/ zh vwduw zlwk wkdw

rqh1

714 Jurzwk0pd{lpl}lqj vwudwhjlhv

Frqvlghu dq doorfdwlrq zkhuh sulfhv R| ED� vdwlvi| +5,/ wkh zdjh udwh/ �|/ lv jlyhq e| +;,/

kljk0delolw| rog hqwuhsuhqhxuv duh uh�qdqfhg/ h{dfwo| dv lq dq htxloleulxp doorfdwlrq1

Krzhyhu/ vxssrvh wkdw wkh ghflvlrq wr uh�qdqfh orz0delolw| rog hqwuhsuhqhxuv/ -|/ lv

pdgh wr pd{lpl}h wkh jurzwk udwh ri wkh hfrqrp|1 Zkdw lv wklv jurzwk0pd{lpl}lqj

uh�qdqflqj ghflvlrq/ -4@ 
| B Wkh dqvzhu lv vwudljkwiruzdug= vlpso| frpsduh wkh wzr

eudqfkhv ri htxdwlrq +57, fruuhvsrqglqj wr -| ' � dqg -| ' f/ dqg slfn zklfkhyhu lv

juhdwhu1 Wklv lpphgldwho| lpsolhv wkdw wkh jurzwk0pd{lpl}lqj ghflvlrq zloo eh -4@ 
| ' �
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li=
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� +5<,

Mxvw olnh wkh htxloleulxp/ wkh jurzwk0pd{lpl}lqj vwudwhj| dovr kdv d wkuhvkrog surshuw|=

wkh lqyhvwphqw0edvhg vwudwhj| lv sxuvxhg xqwlo wkh hfrqrp| uhdfkhv d fhuwdlq glvwdqfh

wr iurqwlhu/ e@/ dqg wkhq wkh lqqrydwlrq0edvhg vwudwhj| pd{lpl}hv jurzwk1

Vr idu/ wkhuh lv qrwklqj wr jxdudqwhh wkdw wklv wkuhvkrog/ e@/ lv ohvv wkdq 41 Li lw zhuh

juhdwhu wkdq 4/ wkhq wkh jurzwk0pd{lpl}lqj doorfdwlrq zrxog qhyhu ihdwxuh d vzlwfk wr

dq lqqrydwlrq0edvhg vwudwhj|1 Zh dvvxph wkdw e@ 	 �/ vr wkdw wkh jurzwk0pd{lpl}lqj

vwudwhj| zloo lqyroyh erwk uh�qdqflqj dqg qr0uh�qdqflqj ri orz0delolw| hqwuhsuhqhxuv

ryhu wkh gl�huhqw vwdjhv ri wkh ghyhorsphqw surfhvv1

Dvvxpswlrq 4= � : # E� � 0� *b01

Li 	@ 	 @o wkh odlvvh}0idluh hfrqrp| jhqhudwhv h{fhvv uh�qdqflqj/ ru vshqgv wrr pxfk

wlph zlwk dq lqyhvwphqw0edvhg vwudwhj|= wkhuh lv d udqjh ri vwdwhv/ @|3� 5 d	@c @ooc zkhuh

doo hqwuhsuhqhxuv duh uh�qdqfhg lq htxloleulxp zkhuhdv/ iurp d jurzwk pd{lpl}dwlrq

vwdqgsrlqw/ lw zrxog eh ehwwhu qrw wr uh�qdqfh hqwuhsuhqhxuv zkr zhuh uhyhdohg wr eh

ri orz delolw|1 Lq frqwudvw/ zkhq 	@ : @oc wkh odlvvh}0idluh hfrqrp| jhqhudwhv lqvx!flhqw

uh�qdqflqj= wkhuh lv d udqjh ri vwdwhv/ @|3� 5 d@oc 	@oc zkhuh rqo| kljk0delolw| hqwuhsuhqhxuv

duh uh�qdqfhg lq htxloleulxp zkhuhdv/ iurp d jurzwk pd{lpl}dwlrq vwdqgsrlqw/ lw zrxog

eh ehwwhu wr uh�qdqfh doo hqwuhsuhqhxuv/ hyhq wkh orz0delolw| rqhv1

Iljxuh 4 KHUH

Zkhwkhu wkh jurzwk0pd{lpl}lqj fxw0r� 	@ lv odujhu ru vpdoohu wkdq wkh odlvvh}0idluh

qr0uh�qdqflqj wkuhvkrog/ @oc ghshqgv rq wkh ohyho ri frpshwlwlrq +B, dqg rq wkh ghjuhh

ri fdslwdo pdunhw lpshuihfwlrq +>,1 Iluvw/ zh kdyh wkdw @o E> ' f� 	 	@= wkh hfrqrp|

zlwk qr prudo kd}dug vzlwfkhv wr dq lqqrydwlrq0edvhg vwudwhj| wrr txlfno|1 Wr vhh wklv/

vlpso| revhuyh wkdw

	@ '
# E�� 0�

b�0
:

# E�� 0�

E� � 0� V*Bun b�0
' @o E> ' f� �
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Wkh vdph uhvxow fduulhv rq wr hfrqrplhv zlwk vx!flhqwo| vpdoo >*v1 Lqwxlwlyho|/ wkh

lqyhvwphqw0edvhg vwudwhj| lqyroyhv juhdwhu lqyhvwphqwv/ dqg dv glvfxvvhg deryh/ ehfdxvh

ri wkh dssursuldelolw| h�hfw/ fdslwdolvwv duh eldvhg djdlqvw juhdwhu lqyhvwphqwv1 Wklv

pdnhv wkh htxloleulxp vzlwfk wr wkh lqqrydwlrq0edvhg vwudwhj| zlwk vpdoohu lqyhvwphqwv

wrr vrrq uhodwlyh wkh jurzwk0pd{lpl}lqj doorfdwlrq1

Zkloh wkh hfrqrp| zlwkrxw dq| prudo kd}dug dozd|v vzlwfkhv wr dq lqqrydwlrq0

edvhg vwudwhj| wrr vrrq/ l1h1/ @o E> ' f� 	 	@/ wkh hfrqrp| zlwk prudo kd}dug pljkw

kdyh @o E> : fc B� : 	@1 Wklv lv ehfdxvh prudo kd}dug jhqhudwhv d kljk vdodu| iru |rxqj

hqwuhsuhqhxuv/ dqg wkh| fdq xvh wkhvh dv uhwdlqhg hduqlqjv wr �vklhog� wkhpvhoyhv iurp

frpshwlwlrq1 Lq rwkhu zrugv/ vhyhuh prudo kd}dug sureohpv pljkw surwhfw orz0delolw|

lqvlghuv/ dqg pdnh wkh hfrqrp| uhpdlq lq dq lqyhvwphqw0edvhg vwudwhj| zlwk olwwoh hq0

wuhsuhqhxuldo vhohfwlrq iru dq h{fhvvlyho| orqj gxudwlrq1 Wkh srvvlelolw| ri vwd|lqj wrr

orqj lq wklv uhjlph zloo sod| dq lpsruwdqw uroh lq rxu glvfxvvlrq ehorz1

Lq dgglwlrq/ zh fdq vhh wkdw wkh ghjuhh ri frpshwlwlrq dovr d�hfwv wkh frpsdulvrq

ehwzhhq wkh htxloleulxp dqg wkh jurzwk0pd{lpl}lqj doorfdwlrqv1 Uhfdoo wkdw d ohvv

frpshwlwlyh hqylurqphqw/ l1h1/ d orzhu B/ hqfrxudjhv wkh lqyhvwphqw0edvhg vwudwhj| +fiu1/

htxdwlrq +5:,,/ zkloh wkh jurzwk0pd{lpl}lqj doorfdwlrq grhv qrw ghshqg rq B +fiu1/

htxdwlrq +5<,,1 Juhdwhu frpshwlwlrq pd| forvh ru uhgxfh wkh jds ehwzhhq wkh htxloleulxp

dqg wkh jurzwk0pd{lpl}lqj doorfdwlrqv/ krzhyhu/ ghshqglqj rq zkhwkhu zh vwduw iurp

d vlwxdwlrq zkhuh 	@ : @o E>c B� ru 	@ 	 @o E>c B�1 Pruh vshfl�fdoo|/ jlyhq >/ wkhuh h{lvwv

d xqltxh ohyho ri frpshwlwlrq B/ ghqrwhg e| eB E>�/ vxfk wkdw 	@ ' @o E>c B�/ zkhuh vlpso|

frpsdulqj htxdwlrqv +5:, dqg +5<,/ zh kdyh=

eB E>� ' E�� 0�2 E� n }�V

u02b�> E� n o�
�

Li surgxfw pdunhw frpshwlwlrq lv orzhu wkdq wklv wkuhvkrog/ qdpho|/ li B : eB E>� +vhh
xsshu sdqho lq Iljxuh 4,/ wkhq 	@ 	 @o/ dqg wkh odlvvh}0idluh hfrqrp| jhqhudwhv h{fhvv

uh�qdqflqj uhodwlyh wr wkh jurzwk0pd{lpl}lqj doorfdwlrq +wkdw wkhuh lv d vhw ri sdudphwhu

ydoxhv zkhuh 	@ 	 @o fdq eh vhhq e| wdnlqj > dqg Bu odujh dqg frpsdulqj +5:, dqg +5<,,1

Lq wklv fdvh/ juhdwhu frpshwlwlrq zrxog forvh wkh jds1 Frqyhuvho|/ li surgxfw pdunhw

frpshwlwlrq lv kljk/ qdpho| li B 	 eB E>� +vhh orzhu sdqho lq Iljxuh 4,/ wkhq 	@ : @o

dqg wkh hfrqrp| vzlwfkhv wr dq lqqrydwlrq0edvhg vwudwhj| wrr txlfno|/ dqg qrz orzhu

frpshwlwlrq zrxog forvh wkh jds ehwzhhq wkh htxloleulxp dqg wkh jurzwk0pd{lpl}lqj
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doorfdwlrqv1

Zh vxppdul}h wklv glvfxvvlrq zlwk wkh iroorzlqj=

Sursrvlwlrq 6 Wkh odlvvh}0idluh hfrqrp| zlwk vx!flhqwo| vpdoo > vzlwfkhv wr dq lqqrydwlrq0

edvhg vwudwhj| +-| ' f, wrr vrrq/ l1h1/ @o E> ' f� 	 	@ uhodwlyh wr wkh jurzwk0pd{lpl}lqj

doorfdwlrq1 Dq hfrqrp| zlwk vx!flhqwo| kljk > dqg Bu/ rq wkh rwkhu kdqg/ vzlwfkhv wr

dq lqqrydwlrq0edvhg vwudwhj| wrr odwh1

715 Qrq0frqyhujhqfh wudsv

Zh qrz glvfxvv krz dq hfrqrp| wkdw idlov wr vzlwfk wr dq lqqrydwlrq0edvhg vwudwhj|

pljkw qrw frqyhujh wr wkh zruog whfkqrorj| iurqwlhu1 Ehiruh grlqj vr/ zh qhhg wr vshfli|

wkh uhodwlrqvkls ehwzhhq frxqwu| jurzwk dqg wkh jurzwk udwh ri wkh zruog whfkqrorj|

iurqwlhu/ }1 Wkh dqdo|vlv vr idu dssolhv zlwkrxw vshfli|lqj wklv uhodwlrqvkls/ exw lw lv

qdwxudo wr wklqn wkdw dq hfrqrp| wkdw sxuvxhv dq lqqrydwlrq0edvhg vwudwhj| dqg lv forvh

wr wkh zruog iurqwlhu vkrxog jurz dssur{lpdwho| dw wkh vdph udwh dv wkh zruog iurqwlhu1

Lq rwkhu zrugv/ zh fdq wklqn ri hqgrjhql}lqj wkh jurzwk udwh ri wkh zruog whfkqrorj|

iurqwlhu/ }/ dv uhvxowlqj iurp wkh prvw dgydqfhg hfrqrp| sxuvxlqj dq lqqrydwlrq0edvhg

vwudwhj|1 Wkh qh{w dvvxpswlrq lpsrvhv wklv uhvwulfwlrq=

Dvvxpswlrq 5= � n } ' dEb n 0n E�� b� 0� # n E� n 0n E�� b� 0�b�o*21

Iljxuh 5 ghslfwv wkh uhodwlrqvklsv ehwzhhq @| dqg @|3� xqghu uh�qdqflqj +-.8 fxuyh,

dqg qr0uh�qdqflqj +��-.8 fxuyh, ri rog orz0delolw| hqwuhsuhqhxuv1 Wkh idfw wkdw erwk

fxuyhv duh olqhdu vlpso| iroorzv iurp wkh h{suhvvlrqv lq htxdwlrq +57,1 Wkh wzr olqhv

lqwhuvhfw dw @|3� ' e@c gh�qhg e| htxdwlrq +5<,/ vlqfh e| frqvwuxfwlrq dw wklv srlqw wkh|

jhqhudwh wkh vdph dprxqw ri jurzwk +wkdw e@ 	 � lv jxdudqwhhg e| Dvvxpswlrq 4,1

Zkhq @ lv juhdwhu wkdq 	@/ uh�qdqflqj uhgxfhv jurzwk/ dqg iru @ ohvv wkdq 	@/ lw lqfuhdvhv

jurzwk/ dv glvfxvvhg lq wkh suhylrxv vhfwlrq1 Ixuwkhupruh/ Dvvxpswlrq 5 lpsolhv wkdw

wkh ��-.8 fxuyh klwv wkh 78 ghjuhh olqh dw @ ' �1 Wklv lpphgldwho| lpsolhv wkdw

wkh -.8 fxuyh lv ehorz wkh 78 ghjuhh dw @ ' �1 Wkhuhiruh/ dq hfrqrp| wkdw dozd|v

sxuvxhv dq lqyhvwphqw0edvhg vwudwhj| +l1h1/ uh�qdqfhv orz0delolw| hqwuhsuhqhxuv, zloo qrw

frqyhujh wr wkh iurqwlhu1 Wklv uhvxow lv vlpso| lpsolhg e| wkh vwuxfwxuh ri rxu prgho dqg
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Dvvxpswlrq 418

Vlqfh wkh -.8 fxuyh vwduwv deryh wkh 78 ghjuhh olqh/ dqg hqgv ehorz lw dw @ ' �/ lw

pxvw lqwhuvhfw lw dw vrph

@|o@R '
E� n 0� #

2 E� n }�� b� E� n 0�
	 �� +63,

Wklv lv wkh ydoxh ri wkh glvwdqfh wr iurqwlhu dw zklfk dq hfrqrp| sxuvxlqj dq lqyhvwphqw0

edvhg vwudwhj| zloo jhw wudsshg= lw lv d �{hg srlqw ri htxdwlrq +57, iru -| ' �1

Wkh h{lvwhqfh ri wklv srlqw/ @|o@R/ grhv qrw lpso| wkdw wkhuh zloo eh htxloleulxp wudsv/

vlqfh wkh hfrqrp| pd| vzlwfk wr dq lqqrydwlrq0edvhg vwudwhj| ehiruh @|o@R1 Wkhuhiruh/

wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iru dq htxloleulxp wuds lv @|o@R 	 @o1 Zkhq lv wklv

frqglwlrq olnho| wr eh vdwlv�hgB

AIurp +63,/ @|o@R lv dq lqfuhdvlqj ixqfwlrq ri b�/ dqg lv lqghshqghqw ri V*Bu dqg

>1 Dovr/ uhfdoo wkdw @o lv d ghfuhdvlqj ri V*Bu dqg ri b�c dqg/ li frqglwlrq +5;, krogv/ lw

lv dq lqfuhdvlqj ixqfwlrq ri >/ vhh htxdwlrq +5:,1 Wkhvh revhuydwlrqv lpso| wkdw vpdoohu

ydoxhv ri V*Bu dqg b� pdnh lw pruh olnho| wkdw @|o@R 	 @o1 Ixuwkhupruh/ li frqglwlrq

+5;, krogv/ wkhq wudsv duh pruh olnho| lq hfrqrplhv zlwk vhyhuh lqfhqwlyh sureohpv2fuhglw

pdunhw lpshuihfwlrqv1

Wkhvh frpsdudwlyh vwdwlfv duh lqwxlwlyh1 Iluvw/ vpdoohu ydoxhv ri V dqg juhdwhu ydoxhv

ri Bu pdnh lw hdvlhu iru orz0delolw| hqwuhsuhqhxuv wr jhw uh�qdqfhg1 Vlqfh d wuds fdq rqo|

dulvh gxh wr h{fhvv uh�qdqflqj/ d juhdwhu V*Bu uhgxfhv wkh srvvlelolw| iru wudsv1 Vhfrqg/

odujh ydoxhv ri b� lqfuhdvh wkh rssruwxqlw| frvw ri uh�qdqflqj orz delolw| hqwuhsuhqhxuv/

dqg pdnh lw ohvv olnho| wkdw wkh d wuds fdq hphujh gxh wr odfn ri vhohfwlrq1 Ilqdoo|/ zkhq

frqglwlrq +5;, krogv/ pruh vhyhuh fuhglw pdunhw lpshuihfwlrqv +lqfhqwlyh sureohpv, idyru

lqvlghuv e| udlvlqj uhwdlqhg hduqlqjv/ dqg lqfuhdvh wkh suredelolw| ri d wuds gxh wr h{fhvv

uh�qdqflqj1

Dq lpsolfdwlrq ri wklv glvfxvvlrq/ frpelqhg zlwk wkh glvfxvvlrq lq wkh suhylrxv vxe0

vhfwlrq/ lv wkdw ohvv frpshwlwlyh hqylurqphqwv pd| irvwhu jurzwk dw hduo| vwdjhv ri gh0

yhorsphqw +iduwkhu dzd| iurp wkh whfkqrorj| iurqwlhu,/ exw zloo odwhu ehfrph kdupixo

wr jurzwk/ dqg suhyhqw frqyhujhqfh wr wkh iurqwlhu1 Lq sduwlfxodu/ wkhuh h{lvwv d fxw0r�

frpshwlwlrq ohyho/ vd|/ BW ' BWE>� vxfk wkdw @o E>c B
W E>�� ' @|o@R�� Wkhq/ dq hfrqrp| zlwk

d vx!flhqwo| kljk ohyho ri frpshwlwlrq/ B 	 BWE>�c zloo qhyhu idoo lqwr d qrq0frqyhujhqfh

8Dv orqj dv Dvvxpswlrq 4 krogv/ wkh rqo| zd| wr kdyh wkh uh�qdqflqj hfrqrp| frqyhujh wr iurqwlhu
lv wr kdyh wkh qr0uh�qdqflqj hfrqrp| jurz idvwhu wkdq wkh iurqwlhu/ zklfk lv orjlfdoo| lqfrqvlvwhqw1
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wuds1 Wrr kljk frpshwlwlrq pd| fdxvh d vorzgrzq lq wkh surfhvv ri whfkqrorjlfdo frq0

yhujhqfh dw hduolhu vwdjhv ri ghyhorsphqw/ exw grhv qrw d�hfw wkh orqj0uxq htxloleulxp191

Orz frpshwlwlrq/ lqvwhdg/ kdv ghwulphqwdo h�hfwv lq wkh orqj0uxq1 Dq lpphgldwh lpsol0

fdwlrq ri wklv lv wkdw zkhq @o 	 	@c dq hfrqrp| zlwk pruh frpshwlwlyh surgxfw pdunhwv

zloo lqlwldoo| jurz vorzhu wkdq d ohvv frpshwlwlyh hfrqrp|/ exw odwhu �ohdsiurj� lw/ zkhq

wkh ohvv frpshwlwlyh hfrqrp| ehfrphv vwxfn lq d qrq0frqyhujhqfh wuds1

716 Zhoiduh dqdo|vlv

Lq wklv vxevhfwlrq/ zh frpsduh wkh odlvvh}0idluh htxloleulxp zlwk wkh uh�qdqflqj srolf|

wkdw pd{lpl}hv vrfldo zhoiduh1 Zh zloo vhh wkdw wkh hfrqrp| zlwk qr prudo kd}dug

sxuvxhv dq lqyhvwphqw0edvhg vwudwhj| +uh�qdqflqj ri orz0delolw| hqwuhsuhqhxuv, iru wrr

orqj/ zkloh dq hfrqrp| zlwk prudo kd}dug pd| kdyh wrr pxfk ru wrr olwwoh uh�qdqflqj

uhodwlyh wr wkh vrfldo rswlpxp1

Pruh irupdoo| frqvlghu d sodqqhu zkr pd{lpl}hv wkh suhvhqw glvfrxqwhg ydoxh ri

wkh frqvxpswlrq vwuhdp/ zlwk d glvfrxqw idfwru q � �* E� n o�/ l1h1/ vkh pd{lpl}hv

�|n
S
"

�'� q
|�|n� c zkhuh �| ' lu�|�

U �

f
&| ED� _D lv htxdo wr qhw rxwsxw plqxv lqyhvwphqw

dw gdwh | zlwk

] �

f

&| ED� _D '

;?
=

�
�n0
2

�
V�|3� li -| ' �

bn0E23b�
2

V�|3� li -| ' f1

Dv ehiruh/ zh vwduw zlwk dq doorfdwlrq zkhuh sulfhv R| ED� vdwlvi| +5,/ wkh zdjh udwh/

�|/ lv jlyhq e| +;,/ kljk0delolw| rog hqwuhsuhqhxuv duh uh�qdqfhg/ h{dfwo| dv lq dq htxl0

oleulxp doorfdwlrq/ exw zh qrz vxssrvh wkdw wkh ghflvlrq wr uh�qdqfh orz0delolw| rog

hqwuhsuhqhxuv/ -|/ lv pdgh wr pd{lpl}h zhoiduh1 Lq rwkhu zrugv/ wkh sodqqhu rqo| frq0

wurov wkh uh�qdqflqj ghflvlrq/ -|1

Wr jdlq vrph lqwxlwlrq/ lw lv xvhixo wr vwduw e| fkdudfwhul}lqj wkh fkrlfh ri d �p|rslf

sodqqhu� zkr glvuhjdugv ixwxuh jhqhudwlrqv/ l1h1/ q ' f� Wkh p|rslf sodqqhu fkrrvhv wkh

uh�qdqflqj srolf| dw | vr dv wr pd{lpl}h wrwdo frqvxpswlrq dw |1 Wkh p|rslf sodqqhu

uh�qdqfhv orz delolw| hqwuhsuhqhxuv li dqg rqo| li @|3� 	 @6sK/ zkhuh wkh wkuhvkrog @6sK

9Li frpshwlwlrq zhuh vr orz wkdw hyhq �qdqflqj |rxqj hqwuhsuhqhxuv zhuh qrw sur�wdeoh/ wkhq kljk
frpshwlwlrq pljkw dovr ohdg wr qrq0frqyhujhqfh1 Wkh frqglwlrq lq irrwqrwh 7 uxohv rxw wklv srvvlelolw|1
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lv vxfk wkdw -| ' f dqg -| ' � |lhog wkh vdph frqvxpswlrq/ l1h1/

@6sK �
# E�� 0�

E�� 0� V
lu

n 0b�
�

Qrwh khuh wkdw wkh h{suhvvlrq ri @6sK lv lghqwlfdo wr wkh h{suhvvlrq ri @o E> ' f�

+vhh htxdwlrq +58,,/ h{fhsw wkdw khuh l uhsodfhv B lq +58,1 Uhfdoo wkdw ehfdxvh ri wkh

dssursuldelolw| h�hfw/ l : B1 Wklv lpsolhv wkdw @6sK : @o E> ' f� c l1h1/ wkh sodqqhu sxwv

pruh zhljkw rq wkh ehqh�wv ri lqqrydwlrq wkdq wkh htxloleulxp doorfdwlrq1 Wkhuhiruh/ wkh

sodqqhu zloo fkrrvh uh�qdqflqj +dq lqyhvwphqw0edvhg vwudwhj|, ryhu d odujhu udqjh ri @*v1

Wkh sodqqhu*v fkrlfh fdq dovr eh frpsduhg zlwk wkh jurzwk0pd{lpl}lqj srolf|1 Vlqfh

wkh sodqqhu wdnhv lqwr dffrxqw wkh frvw ri lqqrydwlrq/ ljqruhg e| wkh jurzwk0pd{lpl}lqj

vwudwhj|/ zh kdyh @6sK 	 	@� Wkxv wkh p|rslf sodqqhu vhwv @6sK 5 E@o E> ' f� c 	@� �

Qrz/ frqvlghu d qrq0p|rslf sodqqhu zkr dovr fduhv derxw ixwxuh frqvxpswlrq/ l1h1/

vkh kdv q : f� Wkh qrq0p|rslf sodqqhu uhdol}hv wkdw/ e| lqfuhdvlqj wkh qr0uh�qdqflqj

wkuhvkrog rq @6sK/ vkh fdq lqfuhdvh ixwxuh frqvxpswlrq dw wkh h{shqvh ri fxuuhqw frq0

vxpswlrq1 Iru dq| srvlwlyh q/ vpdoo lqfuhdvhv ri wkh wkuhvkrog vwduwlqj dw @6sK lqyroyh qr

�uvw0rughu orvv lq fxuuhqw frqvxpswlrq/ zkloh jhqhudwlqj �uvw0rughu jdlqv lq surgxfwlylw|

+�|, dqg lq wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh frqvxpswlrq1 Wkxv/ wkh qrq0p|rslf

sodqqhu zloo fkrrvh d wkuhvkrog/ @sK : @6sK/ wkhuhiruh/ d iruwlrul/ @sK : @o E> ' f�/

surylqj wkdw wkh htxloleulxp vzlwfk wr dq lqyhvwphqw0edvhg vwudwhj| rffxuv wrr vrrq1

Pruhryhu/ zh fdq vhh wkdw @sK fdqqrw h{fhhg wkh jurzwk0pd{lpl}lqj wkuhvkrog/ 	@1 Dq|

fdqglgdwh wkuhvkrog odujhu wkdq 	@c vd| �@ : 	@c fdq eh lpsuryhg xsrq/ vlqfh dq| wkuhvkrog

lq wkh udqjh E�@c 	@o lqfuhdvhv erwk fxuuhqw dqg ixwxuh frqvxpswlrq uhodwlyh wr �@1 Wkxv/

wkh rswlpdo wkuhvkrog fdqqrw eh wr wkh uljkw ri 	@1 Lq vxppdu|/ zh kdyh

@o E> ' f� 	 @6sK 	 @sK 	 	@�

E| frqwlqxlw|/ wkh vdph lqhtxdolw| krogv lq hfrqrplhv zlwk vx!flhqwo| orz >*v1 Wkh

dqdo|vlv hvwdeolvkhv/ wkhq=

Sursrvlwlrq 7 Wkh odlvvh}0idluh hfrqrp| zlwk vx!flhqwo| vpdoo > vzlwfkhv wr dq lqqrydwlrq0

edvhg vwudwhj| +-| ' f, wrr vrrq/ l1h1/ @o E> ' f� 	 @sK uhodwlyh wr wkh zhoiduh0pd{lpl}lqj

doorfdwlrq1 Dq hfrqrp| zlwk vx!flhqwo| kljk > dqg Bu/ rq wkh rwkhu kdqg/ vzlwfkhv wr

dq lqqrydwlrq0edvhg vwudwhj| wrr odwh1

5:



Wkh odvw sduw ri wkh sursrvlwlrq vlpso| iroorzv iurp wkh vhfrqg sduw ri Sursrvlwlrq

6/ zkhuh zh vkrz wkdw zlwk vx!flhqwo| kljk > dqg Bu/ zh kdyh @o : 	@/ frpelqhg zlwk

wkh revhuydwlrq wkdw @sK 	 	@1

Ilqdoo| qrwh wkdw wkh vdph dujxphqw dv lq Sursrvlwlrq 7 dssolhv li zh zhuh wr frpsduh

wkh odlvvh}0idluh hfrqrp| wr wkh xqfrqvwudlqhg �uvw ehvw/ zkhuh wkh sodqqhu dovr frqwurov

sulflqj ghflvlrqv1 Wkh xqfrqvwudlqhg sodqqhu zrxog vhw prqrsro| glvwruwlrqv wr }hur/

vr l zrxog uhdfk lwv kljkhvw srvvleoh ydoxh/ E�� k� *k/ dqg wkh sodqqhu zrxog kdyh d

juhdwhu lqfhqwlyh wr fkrrvh dq lqyhvwphqw0edvhg vwudwhj|1

8 Srolf|/ dssursuldwh lqvwlwxwlrqv dqg srolwlfdo hfrqrp| wudsv

Wkh dqdo|vlv lq wkh suhylrxv vhfwlrq hvwdeolvkhg wkdw=

41 Wkh htxloleulxp doorfdwlrq/ wkh jurzwk0pd{lpl}lqj doorfdwlrq dqg wkh vrfldo rs0

wlpxp doo lqyroyh dq lqyhvwphqw0edvhg uhjlph zlwk kljk lqyhvwphqw/ orqj0whup

uhodwlrqvklsv/ dqg odujhu �upv/ iroorzhg e| dq lqqrydwlrq0edvhg uhjlph zlwk orzhu

lqyhvwphqw/ vkruwhu uhodwlrqvklsv/ |rxqjhu �upv dqg pruh vhohfwlrq dv wkh hfrqrp|

pryhv forvhu wr wkh whfkqrorj| iurqwlhu1

51 Xqohvv lqfhqwlyh2fuhglw pdunhw sureohpv duh yhu| vhyhuh dqg wkh hfrqrp| lv kljko|

qrq0frpshwlwlyh/ wkh htxloleulxp vzlwfk wr dq lqqrydwlrq0edvhg vwudwhj| zloo kds0

shq wrr vrrq1 Lq rwkhu zrugv/ hfrqrplhv iduwkhu dzd| iurp wkh iurqwlhu pljkw kdyh

d whqghqf| wr �lqyhvw wrr olwwoh� dqg jurz �wrr vorzo|�1

Wkhvh revhuydwlrqv udlvh wkh srvvlelolw| ri xvhixo srolf| lqwhuyhqwlrqv dorqj wkh olqhv

vxjjhvwhg e| Jhuvfkhqnurq= uhodwlyho| edfnzdug hfrqrplhv lqwhuyhqlqj wr lqfuhdvh lq0

yhvwphqw lq rughu wr hqvxuh idvwhu dgrswlrq ri whfkqrorjlhv dqg ghyhorsphqw1 Lq wklv

vhfwlrq/ zh glvfxvv srvvleoh srolflhv wr irvwhu jurzwk/ krz wkh| fdq eh lqwhusuhwhg dv fru0

uhvsrqglqj wr �dssursuldwh lqvwlwxwlrqv� iru frxqwulhv dw gl�huhqw vwdjhv ri ghyhorsphqw/

dqg krz hqgrjhql}lqj srolf| pljkw dovr wxuq dssursuldwh lqvwlwxwlrqv lqwr �lqdssursuldwh

lqvwlwxwlrqv� ehfdxvh ri srolwlfdo hfrqrp| frqvlghudwlrqv/ dqg jhqhudwh wudsv1

814 Srolf| dqg dssursuldwh lqvwlwxwlrqv

Frqvlghu dq htxloleulxp doorfdwlrq zlwk @o E>c B� 	 @sK1 D srolf| lqwhuyhqwlrq wkdw

hqfrxudjhv juhdwhu lqyhvwphqw zloo lqfuhdvh zhoiduh dqg jurzwk ryhu d fhuwdlq udqjh1
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Wkhuh duh d qxpehu ri gl�huhqw srolflhv wkdw fdq eh xvhg iru wklv sxusrvh1 Suredeo|

wkh prvw vwudljkwiruzdug lv dq lqyhvwphqw vxevlg|1 Lpdjlqh wkh jryhuqphqw vxevlgl}lqj

d iudfwlrq r ri wkh frvw ri lqyhvwphqw1 Li r lv fkrvhq dssursuldwho|/ wkh hfrqrp| fdq eh

lqgxfhg wr vzlwfk iurp dq lqyhvwphqw0edvhg vwudwhj| wr dq lqqrydwlrq0edvhg vwudwhj|

h{dfwo| dw @sK ru +dw 	@/ ghshqglqj rq wkh sxusrvh ri srolf|,1 Krzhyhu/ lqyhvwphqw

vxevlglhv duh gl!fxow wr lpsohphqw/ hvshfldoo| lq uhodwlyho| edfnzdug hfrqrplhv zkhuh

wd{ uhyhqxhv duh vfdufh1 Lq dgglwlrq/ lw pd| eh gl!fxow iru wkh jryhuqphqw wr revhuyh

h{dfwo| wkh ohyho ri lqyhvwphqw pdgh e| �upv1

Rwkhu lqvwuxphqwv zklfk d�hfw wkh htxloleulxp wkuhvkrog @o E>c B� lqfoxgh wkh ghjuhh

ri dqwl0frpshwlwlyh srolflhv/ vxfk dv hqwu| eduulhuv/ phujhu srolflhv hwf11 Wkhvh srolflhv duh

fdswxuhg e| wkh sdudphwhu � lq rxu prgho/ dqg uhfdoo wkdw B lv prqrwrqlfdoo| lqfuhdvlqj

lq �1 Wkxv kljk ydoxhv ri � ru B fruuhvsrqg wr d ohvv frpshwlwlyh hqylurqphqw1 Vwduwlqj

iurp d vlwxdwlrq zkhuh @o E>c B� 	 @sK/ srolflhv wkdw uhvwulfw frpshwlwlrq zloo forvh wkh jds

ehwzhhq wkh htxloleulxp wkuhvkrog dqg wkh vrfldo rswlpxp +ru wkh jurzwk0pd{lpl}lqj

srlqw,1 Dowkrxjk uhvwulfwlqj frpshwlwlrq fuhdwhv vwdwlf orvvhv/ lq wkh devhqfh ri ihdvleoh

wd{2vxevlg| srolflhv wklv pd| eh wkh ehvw rswlrq dydlodeoh iru hqfrxudjlqj idvwhu jurzwk

dqg whfkqrorjlfdo frqyhujhqfh1

Wkh vlwxdwlrq zkhuh wkh jryhuqphqw fkrrvhv d ohvv frpshwlwlyh lqvwlwxwlrqdo hqylurq0

phqw lq d uhodwlyho| edfnzdug hfrqrp| lq rughu wr hqfrxudjh pruh lqyhvwphqw/ orqj0whup

uhodwlrqvklsv dqg idvwhu whfkqrorjlfdo frqyhujhqfh lv uhplqlvfhqw wr Jhuvfkhqnurq*v dqdo0

|vlv1 Dssursuldwh lqvwlwxwlrqv iru uhodwlyho| edfnzdug hfrqrplhv pd| wkhq eh wkrxjkw wr

fruuhvsrqg wr wkrvh wkdw fuhdwh d ohvv frpshwlwlyh dqg shukdsv �ohvv  xlg� hqylurqphqw/

dqg hqfrxudjlqj orqjhu0whup uhodwlrqvklsv dqg juhdwhu lqyhvwphqw1 Wklv lv dovr/ lq vrph

vhqvh/ vlplodu wr wkh idprxv �lqidqw0lqgxvwu|� dujxphqwv wkdw fdoo iru surwhfwlrq dqg

jryhuqphqw vxssruw iru lqgxvwulhv dw hduo| vwdjhv ri ghyhorsphqw1

Exw rxu dqdo|vlv dovr uhyhdov wkdw vxfk lqvwlwxwlrqv olplwlqj frpshwlwlrq duh kdupixo

iru hfrqrplhv forvhu wr wkh zruog whfkqrorj| iurqwlhu1 Dssursuldwh lqvwlwxwlrqv iru hduo|

vwdjhv ri ghyhorsphqw duh lqdssursuldwh iru dq hfrqrp| forvh wr wkh zruog whfkqrorj|

iurqwlhu1 Wkhuhiruh/ dq| hfrqrp| wkdw dgrswv vxfk lqvwlwxwlrqv pxvw wkhq dedqgrq wkhp

dw vrph srlqw> rwkhuzlvh/ lw zloo hqg xs lq d qrq0frqyhujhqfh wuds1

D vhtxhqfh ri rswlpdo srolflhv zkhuhe| fhuwdlq lqwhuyhqwlrqv duh �uvw dgrswhg dqg

wkhq dedqgrqhg udlvhv lpsruwdqw srolwlfdo hfrqrp| frqvlghudwlrqv/ krzhyhu1 Jurxsv
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wkdw ehqh�w iurp dqwl0frpshwlwlyh srolflhv zloo ehfrph ulfkhu zkloh wkhvh srolflhv duh

lpsohphqwhg/ dqg zloo rssrvh wkh fkdqjh lq srolf|1 Wr wkh h{whqw wkdw hfrqrplf srzhu

ex|v srolwlfdo srzhu/ wkh| zloo eh txlwh lq xhqwldo lq rssrvlqj vxfk fkdqjhv1 Wkhuhiruh/

wkh lqwurgxfwlrq ri dssursuldwh lqvwlwxwlrqv wr irvwhu jurzwk dovr udlvhv wkh srvvlelolw|

ri �srolwlfdo hfrqrp| wudsv�/ zkhuh fhuwdlq jurxsv rssrvh wkh fkdqjh lq srolf|/ dqg wkh

hfrqrp| hqgv xs lq d qrq0frqyhujhqfh wuds ehfdxvh/ dw hduo| vwdjhv ri ghyhorsphqw/ lw

dgrswhg dssursuldwh lqvwlwxwlrqv1

Zh qrz exlog d vlpsoh srolwlfdo hfrqrp| prgho zkhuh vshfldo lqwhuhvw jurxsv/ gh0

shqglqj rq wkh hfrqrplf srzhu/ pd| fdswxuh srolwlfldqv1 Rxu edvlf srolwlfdo0hfrqrp|

prgho lv d vlpsol�hg yhuvlrq ri wkh vshfldo0lqwhuhvw0jurxs prgho ri Jurvvpdq dqg Khos0

pdq +4<<:/ 5334, frpelqhg zlwk rxu jurzwk vhwxs1

815 Srolwlfdo hfrqrp| wudsv

Vxssrvh wkdw frpshwlwlrq srolf| +wkh �lqvwlwxwlrqdo� hqylurqphqw,/ � / lv ghwhuplqhg

lq hdfk shulrg e| d srolwlfldq +ru jryhuqphqw, zkr fduhv derxw wkh zhoiduh ri olylqj

djhqwv/ exw lv dovr vhqvlwlyh wr eulehv�ru fdpsdljq frqwulexwlrqv1 Iru wudfwdelolw|/ zh

dgrsw d yhu| vlpsoh vhwxs= wkh srolwlfldq*v sd|0r� lv htxdo wr ��|3�/ zkhuh � : f/

li vkh ehkdyhv krqhvwo| dqg fkrrvhv wkh vrfldoo| ghvludeoh srolf|/ dqg wr �| rwkhuzlvh/

zkhuh � ghqrwhv d prqhwdu| euleh wkh srolwlfldq pljkw uhfhlyh lq rughu wr sxuvxh d

gl�huhqw vwudwhj|1: � pd| eh lqwhusuhwhg dv d phdvxuh ri wkh djjuhjdwh zhoiduh frqfhuqv

ri srolwlfldqv ru/ pruh lqwhuhvwlqjo|/ dv wkh txdolw| ri wkh v|vwhp ri fkhfn0dqg0edodqfhv

wkdw olplw wkh delolw| ri vshfldo lqwhuhvw jurxsv wr fdswxuh srolwlfldqv1 Zh zloo uhihu wr

� dv wkh �krqhvw| sdudphwhu� ri srolwlfldqv1 Zkhq � lv juhdwhu/ wkh srolwlfdo v|vwhp lv

ohvv fruuxswleoh1 Wklv irupxodwlrq lv vlplodu wr wkdw lq Jurvvpdq dqg Khospdq +4<<:/

5334,/ exw vlpsohu vlqfh lq wkhlu irupxodwlrq/ wkh xwlolw| wkdw wkh srolwlfldq jhwv iurp

dgrswlqj ydulrxv srolflhv lv d frqwlqxrxv ixqfwlrq ri wkh glvwdqfh iurp wkh lghdo srolf|1

Dv lq wkhlu vhwxs/ wkh srolwlfldq lv dvvxphg wr kdyh shuihfw frpplwphqw wr gholyhu wkh

frpshwlwlrq srolf| surplvhg wr dq lqwhuhvw jurxs lq uhwxuq iru eulehv1

Dw dq| srlqw lq wlph/ wkhuh duh |rxqj dqg rog djhqwv1 \rxqj djhqwv kdyh qr zhdowk/

vr wkh| fdqqrw euleh srolwlfldqv1 Zh dovr dvvxph wkdw rqo| fdslwdolvwv fdq rujdql}h

:Wkh xwlolw| ri sxuvxlqj wkh uljkw srolf| lv dvvxphg wr eh olqhduo| lqfuhdvlqj lq D lq rughu wr hqvxuh
vwdwlrqdu| srolflhv lq htxloleulxp/ vlqfh eulehv zloo eh lqfuhdvlqj lq D1
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dv lqwhuhvw jurxsv/ vr wkh rqo| jurxs zlwk wkh fdsdelolw| wr euleh srolwlfldqv duh rog

fdslwdolvwv1

Wr vlpsoli| wkh dqdo|vlv ixuwkhu/ zh dvvxph wkdw wkh lqvwlwxwlrqdo fkrlfh idflqj wkh

srolwlfldq lv ehwzhhq kljk dqg orz frpshwlwlrq/ l1h1/ �| 5
�
�c 7�

�
zkhuh k3� � 7� : ��Zh

vhw/ e| dqdorj|/ B| ' E�| � ���
3

�

�3k

| 5 iBc Bj dqg l | '
�
k
E�| � k��

3
�

�3k

| 5 ilc lj1 Wkh

dvvxpswlrq wkdw � lv d glvfuhwh udwkhu wkdq d frqwlqxrxv fkrlfh yduldeoh lv uhdvrqdeoh/

vlqfh wkh delolw| ri wkh srolwlfldqv wr �qh0wxqh lqvwlwxwlrqv lv riwhq olplwhg +l1h1/ wkh| fdq

hlwkhu lpsrvh hqwu| eduulhuv ru qrw/ hwf1,1

Zh vwduw rxu dqdo|vlv e| fkdudfwhul}lqj wkh srolf| wkdw zrxog eh fkrvhq e| dq krqhvw

srolwlfldq zkr zloo qhyhu eh lq xhqfhg e| eulehv +l1h1/ � ' 4,1 Iluvw/ qrwh wkdw wkh

krqhvw srolwlfldq zloo qrw fkrrvh orz frpshwlwlrq +� ' 7�c B ' 7B, iru @|3� � @o E>c B�/

vlqfh ryhu wklv udqjh/ hyhq zlwk kljk frpshwlwlrq wkhuh lv uh�qdqflqj/ l1h1/ -| ' �/

vr orz frpshwlwlrq zrxog vlpso| fuhdwh vwdwlf glvwruwlrqv zlwkrxw d�hfwlqj htxloleulxp

uh�qdqflqj ghflvlrqv +vhh Iljxuh 6,1

Iljxuh 6 KHUH

Zloo wkh krqhvw srolwlfldq fkrrvh orz frpshwlwlrq iru dq| @ : @o E>c B�B Lw lv vwudljkw0

iruzdug wr yhuli| wkdw lq wklv fdvh vkh suhihuv orz frpshwlwlrq li dqg rqo| li @|3� � @�6c

zkhuh @�6 lv vxfk wkdw=;

@�6 �

�
7l E� n 0� � l Ebn 0 E2 � b��

�
#�

l Eb� E� n 0 E2� b���� 7l Eb� E� n 0�� n E�� 0� E� � b�V*u
� � +64,

@�6 lv wkh wkuhvkrog ri wkh glvwdqfh wr iurqwlhu vxfk wkdw orz frpshwlwlrq dqg -| ' �

jlyh wkh vdph ohyho ri fxuuhqw frqvxpswlrq dv juhdwhu frpshwlwlrq dqg -| ' f1 Krq0

hvw srolwlfldqv zloo suhihu orz frpshwlwlrq zkhq @ 5 d@o E>c B� c @�6o/ zkhq wklv vhw lv

;dzp lv ghulyhg e| htxdwlqj frqvxpswlrq xqghu +l, uh�qdqflqj dqg orz frpshwlwlrq/ ��> dqg +ll, qr
uh�qdqflqj dqg kljk frpshwlwlrq/ �= Irupdoo|/ zh vhw=

��O

�
4 . %

5
+� . ��dzp,

�
�
4 . %

5
�dzp

@ �O
4

5
++�. %. +4� �, %, � . +4 . %. +4� �, %,��dzp, �

� . % +5� �,

5
�dzp>

Vlpsoli|lqj wklv h{suhvvlrq jlyhv +64,1
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qrqhpsw|1 Wkh uhdvrq zk| orz frpshwlwlrq fhdvhv wr eh ghvludeoh zkhq @ : @�6 lv wkdw

wkh ehqh�wv iurp orz frpshwlwlrq ghfolqh dv wkh hfrqrp| jhwv forvhu wr wkh iurqwlhu1

Lq wkh uhvw ri wkh vhfwlrq/ zh uhvwulfw dwwhqwlrq wr hfrqrplhv zkhuh @�6 : @o E>c B� c

lpso|lqj wkdw wkhuh h{lvwv d qrq0hpsw| udqjh/ @ 5 d@o E>c B� c @�6o +vhh/ djdlq/ Iljxuh

6, zkhuh wkh krqhvw srolwlfldq fkrrvhv orz frpshwlwlrq lq rughu wr hqkdqfh jurzwk dqg

zhoiduh1 Zh vkrz lq wkh Dsshqgl{ wkdw wkh vhw ri sdudphwhuv vxfk wkdw wklv udqjh h{lvwv

lv qrq0hpsw|1

Qh{w frqvlghu wkh frpshwlwlrq srolf| vhw e| d srolwlfldq zkr uhvsrqgv wr eulehv +l1h1/

� �qlwh,1 Fohduo|/ fdslwdolvwv dozd|v suhihu orz wr kljk frpshwlwlrq/ dv wklv lqfuhdvhv

wkhlu sur�wv1 Ohw �`
�
@|3�c 7�|3�

�
ghqrwh wkh pd{lpxp euleh wkdw fdslwdolvwv duh zloolqj

wr sd| lq rughu wr lqgxfh wkh orz frpshwlwlrq srolf|/ �| ' �c udwkhu wkdq wkh kljk

frpshwlwlrq srolf|/ �| ' �1<

Zh dvvxph wkdw djhqwv fdqqrw eruurz wr sd| eulehv/ vr wkh dprxqw ri eulehv wkdw

wkh| fdq sd| zloo eh dovr olplwhg e| wkhlu fxuuhqw lqfrph1 Wklv dvvxpswlrq lqwurgxfhv

wkh olqn ehwzhhq hfrqrplf srzhu dqg srolwlfdo srzhu lq rxu frqwh{w= ulfkhu djhqwv fdq

sd| juhdwhu eulehv1 Ohw �� EB|3�c @|3�� ghqrwh wkh pd{lpxp euleh wkdw wkh| fdq sd|/

zkhuh B|3� 5 dBc7Bo zdv wkh ohyho ri frpshwlwlrq dw gdwh |� �1 Wklv lv htxdo wr wkh vkduh

ri wkh sur�wv jhqhudwhg e| |rxqj �upv lq shulrg |� � wkdw dffuxhv wr fdslwdolvwv=

��
�
B|3�c @|3�c 7�|3�

�
'

� n o

� n }
EB|3� E� � >� 0 Eu# n b�@|3��� V@|3�� 7�|3�� +65,

Wkh pd{lpxp eulehv fdslwdolvwv zloo sd| duh wkhuhiruh=
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Zh irfxv rq hfrqrplhv zkhuh fdslwdolvwv duh fuhglw frqvwudlqhg lq wkh udqjh ri lqwhu0

hvw1 Vx!flhqwo| vpdoo ydoxhv ri 0 jxdudqwhh wkdw wklv lv wkh fdvh1 Wkxv/ iurp qrz rq/

<Ohw U +�> dw�4, 5 i3> 4j ghqrwh wkh uh�qdqflqj ghflvlrq frqglwlrqdo rq wkh srolf| � dqg glvwdqfh
iurp iurqwlhu dw�41 Wkhq/ wkh pd{lpxp euleh wkdw fdslwdolvwv duh zloolqj wr sd| lv jlyhq e|

EZ
�
dw�4> �Dw�4

�
@
�
�
�
4�U

�
�> dw�4
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� � +4�U +�> dw�4,,

�
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�
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�
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�
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�
�
U
�
�> dw�4

�
�U +�> dw�4,

�
+4� +� . +4� �, %,,�dw�4

�Dw�4=

Lw fdq eh vkrzq wkdw EZ
�
dw�4> �Dw�4

�
@
�
dw�4

�Dw�4

�
lv d frqwlqxrxv ghfuhdvlqj ixqfwlrq ri dw�4=
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�
�
B|3�c @|3�c 7�|3�

�
' ��

�
B|3�c @|3�c 7�|3�

�
1 Wklv lv lq wkh vslulw ri fdswxulqj wkh qrwlrq

wkdw hfrqrplf dqg srolwlfdo srzhu duh uhodwhg1 Li fdslwdolvwv zhuh qrw fuhglw frqvwudlqhg/

wklv olqn zrxog eh devhqw1

Wkh srolwlfldq zloo eh lqgxfhg wr fkdqjh wkh srolf| wr frpshwlwlrq ohyho � li dqg rqo|

li

��EB|3�c @|3�c 7�|3�� � ��|3��

Xvlqj +65,/ zh fdq uhzulwh wklv lqhtxdolw| dv

� n o

� n }
EB|3� E�� >� 0u E# n b�@|3��� V@|3�� * E� n }� � �@|3� +66,

Zh gh�qh @u dqg @M dv wkh xqltxh ydoxhv ri @|3� vxfk wkdw +66, krogv zlwk htxdolw| iru/

uhvshfwlyho|/ B|3� ' 7B dqg B|3� ' B1 Zh kdyh=

@u �
#7B E� � >� 0u

� �n}
�no

n V� b�7B E�� >� 0u
dqg @M �

#B E� � >� 0u

� �n}
�no

n V� b�B E�� >� 0u

Wkh srolwlfldqv zloo eh eulehg wr pdlqwdlq orz frpshwlwlrq dv orqj dv @|3� � @M1 Vlpl0

oduo|/ wkh| zloo eh eulehg wr vzlwfk wr orz frpshwlwlrq zkhq @|3� � @u1

Lw lv lpphgldwh wr vhh wkdw @M � @u/ vlqfh fdslwdolvwv pdnh juhdwhu sur�wv zlwk orz

frpshwlwlrq dqg kdyh juhdwhu ixqgv wr euleh srolwlfldqv1 Wklv irupdol}hv wkh lghd wkdw

rqfh fdslwdolvwv ehfrph hfrqrplfdoo| pruh srzhuixo/ wkh| duh pruh olnho| wr vhfxuh wkh

srolf| wkdw wkh| suhihu1 Qrwh wkdw erwk fxw0r�v/ @u dqg @M / duh qrq0lqfuhdvlqj ixqfwlrqv

ri � / zklfk fdswxuhv wkh idfw wkdw pruh krqhvw srolwlfldqv zloo eh kdughu wr frqylqfh wr

sxuvxh wkh srolf| suhihuuhg e| fdslwdolvwv1

Iljxuh 7 KHUH

Qrz frqvlghu Iljxuh 71 Iru @ � @M/ wkh srolwlfldq lv vxffhvvixoo| eulehg +li qhfhvvdu|,

dqg orz frpshwlwlrq suhydlov1 Li @ � @uc wkhuh lv qr euleh/ dqg wkh srolwlfldq fkrrvhv wkh

zhoiduh0pd{lpl}lqj srolf|1 Ilqdoo|/ li @ 5 E@Mc @u� c wkh rxwfrph lv klvwru|0ghshqghqw1 Li

frpshwlwlrq lv lqlwldoo| orz/ fdslwdolvwv hqmr| juhdwhu prqrsro| sur�wv dqg duh vx!flhqwo|

zhdowk| wr vxffhvvixoo| oree| wr nhhs frpshwlwlrq orz1 Li frpshwlwlrq lv lqlwldoo| kljk/
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fdslwdolvwv gr qrw pdnh dv pxfk sur�wv dqg gr kdyh qrw hqrxjk ixqgv wr ex| srolwlfldqv1

Dv d uhvxow/ wkhuh lv qr h�hfwlyh oree|lqj dfwlylw| lq htxloleulxp1

Qh{w frqvlghu wkh hyroxwlrq ri wkh hfrqrp| ghvfulehg lq Iljxuh 7/ zkhuh zh dvvxph

wkdw @M : @�61 Wklv hfrqrp| vwduwv zlwk d whfkqrorjlfdo ohyho @f1 Luuhvshfwlyh ri

sdvw frpshwlwlrq srolflhv/ wkh oree| ri fdslwdolvwv lv zhdowk| hqrxjk wr ex| wkh dqwl0

frpshwlwlyh srolf| 7�/ dqg fruuhvsrqglqjo|/ 7B1 Lq hduolhu vwdjhv ri ghyhorsphqw +@ 	 @u,/

wkh rqo| h�hfw ri wkh oree|lqj dfwlylw| lv d vwdwlf glvwruwlrq wkdw uhgxfhv frqvxpswlrq/ exw

lw kdv qr h�hfw rq lqqrydwlrq dqg jurzwk1 Lq vrph lqwhuphgldwh vwdjh ri ghyhorsphqw/ wkh

dqwl0frpshwlwlyh srolf| dfwxdoo| ehfrph jurzwk0hqkdqflqj1 Zkhq @ : @�6c krzhyhu/ wkh

lqgxvwuldo srolf| uhvxowlqj iurp oree|lqj dfwlylwlhv ehfrphv kdupixo iru frqvxpswlrq dqg

jurzwk1 Jurzwk vorzgrzqv dqg wkh hfrqrp| pd| hyhq jhw vwxfn lqwr d qrq0frqyhujhqfh

wuds1

Lw lv lqwhuhvwlqj wr lqyhvwljdwh zkhq vxfk d �srolwlfdo hfrqrp| wuds� fdq dulvh1 Wzr

frqglwlrqv duh qhfhvvdu| dqg vx!flhqw iru d qrq0frqyhujhqfh wuds wr dulvh=

41

B 	 BWE>� 	 Bc +67,

zkhuh/ uhfdoo/ BWE>� zdv gh�qhg dv wkh fxw0r� frpshwlwlrq ohyho vxfk wkdw @o E>c B
W E>�� '

@|o@R�� Xqghu wklv dvvxpswlrq/ wkh dqwl0frpshwlwlyh srolf|/ �/ ohdgv wr d qrq0

frqyhujhqfh wuds/ zkhuh orz0delolw| hqwuhsuhqhxuv duh dozd|v uh�qdqfhg dqg wkh

hfrqrp| sxuvxhv dq lqyhvwphqw0edvhg vwudwhj|1 Wkh kljk frpshwlwlrq srolf|/ �c

zrxog kdyh lqvwhdg hqvxuhg frqyhujhqfh wr wkh zruog whfkqrorj| iurqwlhu1

51

@|o@R 	 @%c +68,

Wklv frqglwlrq lpsolhv wkdw zkhq wkh hfrqrp| uhdfkhv @|o@Rc dqg frqyhujhqfh frphv

wr d kdow/ wkh dqwl0frpshwlwlyh oree| frqwlqxhv wr suhyhqw wkh vzlwfk ri srolf| wkdw

zrxog eh qhfhvvdu| wr lqgxfh ixuwkhu frqyhujhqfh1

Wkhvh wzr frqglwlrqv/ +67, dqg +68,/ duh pruh olnho| wr eh vdwlv�hg zkhq � lv orz/

l1h1/ zkhq wkh srolwlfdo v|vwhp lv pruh fruuxswleoh1 Wkhuhiruh/ srolwlfdo hfrqrp| wudsv
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duh pruh olnho| lq vrflhwlhv zlwk zhdn srolwlfdo lqvwlwxwlrqv/ dqg vxfk lqvwlwxwlrqv pljkw

kdyh wr eh pruh fduhixo lq sxuvxlqj jryhuqphqw lqwhuyhqwlrqv1

Iljxuh 8 KHUH

Iljxuh 8 ghvfulehv krz wkh wuds dulvhv gldjudppdwlfdoo|1 Wkh srolf| fkrlfh lv hqgrjh0

qrxv/ dqg wkh oree|lqj dfwlylw| lpsolhv orz frpshwlwlrq iru doo @ � @u� Li wkh hfrqrp|

hyhu uhdfkhg d vwdwh @ ' @u/ lw zrxog vzlwfk wr kljk frpshwlwlrq dqg dq lqqrydwlrq0edvhg

vwudwhj|/ dqg zrxog hyhqwxdoo| dwwdlq ixoo frqyhujhqfh wr wkh zruog whfkqrorj| iurqwlhu1

Exw wklv vwdjh lv qhyhu uhdfkhg vlqfh frqyhujhqfh vwrsv dw @ ' @|o@R1 Zh uhihu wr wklv fdvh

dv d �srolwlfdo hfrqrp| wuds�/ vlqfh wkh uhdvrq zk| wkh qrq0frqyhujhqfh wuds hphujhv

lv wkh delolw| ri wkh fdslwdolvw oree| wr euleh srolwlfldqv1

Dqrwkhu/ srvvleo| pruh lqwhuhvwlqj/ fdvh lv zkhq wkh hfrqrp| vwduwv zlwk @|f 5

E@Mc @o E>c B�� dqg � '�/ l1h1/ kljk frpshwlwlrq1 Lq wklv fdvh/ lqlwldoo| fdslwdolvwv qrw

kdyh hqrxjk ixqgv wr euleh srolwlfldqv wr uhgxfh frpshwlwlrq1 Krzhyhu/ dv @ lqfuhdvhv

deryh @o E>c B�/ dqg dv orqj dv @�6 : @o E>c B� dv zh dvvxphg deryh/ srolwlfldqv zloo

fkrrvh wr uhgxfh frpshwlwlrq lq rughu wr fuhdwh zhoiduh jdlqv iru wkh flwl}hqv1 Krzhyhu/

rqfh frpshwlwlrq lv uhgxfhg/ fdslwdolvwv ehfrph ulfkhu/ dqg qrz wkh| kdyh hqrxjk ixqgv

wr vxffhvvixoo| euleh srolwlfldqv wr nhhs frpshwlwlrq orz1 Wklv fdvh/ wkhuhiruh/ looxvwudwhv

krz d zhoo0phdqlqj dwwhpsw wr lqwurgxfh dssursuldwh lqvwlwxwlrqv pd| ohdg wr d srolwlfdo

hfrqrp| wuds1

Ilqdoo|/ qrwh dovr wkdw zkhq @% 	 @|o@R/ d whpsrudu| lpsuryhphqw lq srolf| pljkw

kdyh orqj0uxq srolf| dqg hfrqrplf ehqh�wv1 Lq sduwlfxodu/ li wkh dgyhuvh h�hfwv ri

oree|lqj dfwlylw| frxog eh suhyhqwhg iru hyhq mxvw rqh shulrg +h1j1/ e| wkh hohfwlrq

ri dq h{fhswlrqdoo| krqhvw srolwlfldq,/ wkh hfrqrp| frxog hvfdsh iurp wkh wuds1 Wkh

krqhvw srolwlfldq zrxog fkrrvh kljk frpshwlwlrq/ dqg wklv zrxog ghvwur| wkh delolw| ri

fdslwdolvwv wr oree| djdlqvw frpshwlwlrq lq wkh ixwxuh1 Vr/ hyhq d whpsrudu| lpsuryhphqw

lq �srolwlfdo lqvwlwxwlrqv� zrxog ohdg wr shupdqhqw fkdqjhv lq �hfrqrplf lqvwlwxwlrqv�

+khuh wkh ghjuhh ri frpshwlwlrq lq wkh surgxfw pdunhw,143

43Qrwh wkdw wklv h{wuhph uhvxow klqjhv rq wkh wzr0shulrg qdwxuh ri rxu prgho1 Li djhqwv olyh iru
pruh shulrgv/ dqg wkh fdslwdolvwv rzq rwkhu dvvhwv/ rwkhu uhirupv pd| eh qhfhvvdu| wr fxue wkh srzhu
ri lqvlghuv1 Uhglvwulexwlrq dqg uhgxfwlrq ri lqfrph ru zhdowk lqhtxdolw| pd| eh qhfhvvdu| wr pdnh
wkh uhirup vxvwdlqdeoh1 Qhyhuwkhohvv/ wkh ihdwxuh wkdw fxuuhqw srolflhv d�hfw sur�wv dqg wkhuhiruh wkh
fdslwdolvw oree|*v delolw| wr lq xhqfh srolf| lq wkh ixwxuh lv pruh jhqhudo wkdq wkh 50shulrg prgho khuh
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Wklv glvfxvvlrq hvwdeolvkhv=

Sursrvlwlrq 8 Vxssrvh wkdw frpshwlwlrq srolf| lv ghflghg e| d vhtxhqfh ri srolwlfldqv

zlwk krqhvw| sdudphwhu � / dqg eulehv e| wkh oree| ri fdslwdolvwv1 Wkhq/ wkhuh h{lvwv d

fxw0r� ohyho @uc zklfk lv ghfuhdvlqj lq �c vxfk wkdw wkh srolwlfldq zloo dozd|v eh eulehg

lqwr pdlqwdlqlqj d orz ohyho ri frpshwlwlrq li @ 	 @u�Zkhq sdudphwhuv duh vxfk wkdw +l,

BWE>� 	 B dqg +ll, @u 	 @|o@Rc wkhq dq hfrqrp| vwduwlqj dw @f 	 4@ k@o E>c B� c @ul zloo

eh orfnhg0lq lqwr d qr0frqyhujhqfh wuds/ fkdudfwhul}hg e| orz frpshwlwlrq dqg eulehv

wr srolwlfldqv iurp wkh fdslwdolvw oree|1 Vxfk srolwlfdo hfrqrp| wudsv duh pruh olnho| lq

hfrqrplhv zkhuh � lv vpdoo1

9 Frqfoxvlrq

Wkhuh duh riwhq pdunhg gl�huhqfhv lq wkh hfrqrplf rujdql}dwlrq ri whfkqrorjlfdo ohdghuv

dqg whfkqrorjlfdo iroorzhuv1 Zkloh whfkqrorjlfdo ohdghuv riwhq ihdwxuh |rxqjhu �upv dqg

juhdwhu fkxuqlqj/ whfkqrorjlfdo iroorzhuv hpskdvl}h lqyhvwphqw dqg orqj0whup uhodwlrq0

vklsv1 Lq rwkhu zrugv/ zkloh whfkqrorjlfdo ohdghuv iroorz dq lqqrydwlrq0edvhg vwudwhj|/

whfkqrorjlfdo iroorzhuv dgrsw dq lqyhvwphqw0edvhg vwudwhj| ri jurzwk1

Lq wklv sdshu/ zh kdyh sursrvhg d prgho zklfk dffrxqwv iru wklv sdwwhuq/ dqg dovr

hydoxdwhv wkh surv dqg frqv ri lqyhvwphqw dqg lqqrydwlrq0edvhg vwudwhjlhv1 Lq rxu hfrq0

rp|/ hqwuhsuhqhxuv hqjdjh erwk lq frs|lqj dqg dgrswlqj whfkqrorjlhv iurp wkh zruog

iurqwlhu dqg lq lqqrydwlrq dfwlylwlhv1 Wkh vhohfwlrq ri kljk0delolw| hqwuhsuhqhxuv lv pruh

lpsruwdqw iru lqqrydwlrq dfwlylwlhv1 Dv wkh hfrqrp| dssurdfkhv wkh whfkqrorj| iurqwlhu/

vhohfwlrq ehfrphv pruh lpsruwdqw1 Dv d uhvxow/ frxqwulhv wkdw duh idu dzd| iurp wkh whfk0

qrorj| iurqwlhu sxuvxh dq lqyhvwphqw0edvhg vwudwhj|/ zlwk orqj0whup uhodwlrqvklsv/ kljk

dyhudjh vl}h dqg djh ri �upv/ odujh dyhudjh lqyhvwphqwv/ exw olwwoh vhohfwlrq1 Forvhu wr

wkh whfkqrorj| iurqwlhu/ wkhuh lv ohvv urrp iru frs|lqj dqg dgrswlrq ri zhoo0hvwdeolvkhg

whfkqrorjlhv/ dqg frqvhtxhqwo|/ wkhuh lv dq htxloleulxp vzlwfk wr dq lqqrydwlrq0edvhg

vwudwhj| zlwk vkruw0whup uhodwlrqvklsv/ |rxqjhu �upv/ ohvv lqyhvwphqw dqg ehwwhu vhohf0

wlrq ri hqwuhsuhqhxuv1

Wkh vhtxhqfh ri lqyhvwphqw0edvhg vwudwhj| iroorzhg e| dq lqqrydwlrq0edvhg vwudwhj|

lv qrw rqo| d ihdwxuh ri wkh htxloleulxp/ exw dovr ri wkh vrfldoo|0sodqqhg hfrqrp|1 Krz0

hyhu/ zh dovr vkrz wkdw vrflhwlhv dw hduo| vwdjhv ri ghyhorsphqw pd| vzlwfk rxw ri wkh

lqyhvwphqw0edvhg vwudwhj| wrr vrrq1 Wklv lv ehfdxvh ri d vwdqgdug dssursuldelolw| h�hfw=
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�upv gr qrw lqwhuqdol}h wkh juhdwhu frqvxphu vxusoxv wkdw wkh| fuhdwh e| lqyhvwlqj pruh1

Wklv lqh!flhqf| lpsolhv wkdw hfrqrplf lqvwlwxwlrqv srolflhv/ vxfk dv wkrvh olplwlqj surg0

xfw pdunhw frpshwlwlrq/ pd| eh xvhixo ehfdxvh wkh| hqfrxudjh wkh lqyhvwphqw0edvhg

vwudwhj|1

Htxdoo| lqwhuhvwlqj/ zh �qg wkdw vrflhwlhv wkdw gr qrw vzlwfk rxw ri wkh lqyhvwphqw0

edvhg vwudwhj| idlo wr frqyhujh wr wkh zruog whfkqrorj| iurqwlhu1 Wkh uhdvrq lv wkdw

wkhvh vrflhwlhv idlohg wr wdnh dgydqwdjh ri wkh lqqrydwlrq rssruwxqlwlhv wkdw uhtxluh hq0

wuhsuhqhxuldo vhohfwlrq1 Wklv phdqv wkdw srolflhv hqfrxudjlqj lqyhvwphqw0edvhg vwudwh0

jlhv pljkw dovr ohdg wr qrq0frqyhujhqfh wudsv1

Wkh rswlpdo srolf| vhtxhqfh lq wklv hfrqrp| lv wkhuhiruh d vhw ri srolflhv hqfrxu0

djlqj lqyhvwphqw dqg surwhfwlqj lqvlghuv/ vxfk dv dqwl0frpshwlwlyh srolflhv dw wkh hduo|

vwdjhv ri ghyhorsphqw/ iroorzhg e| pruh frpshwlwlyh srolflhv1 Vxfk d vhtxhqfh ri srol0

flhv fuhdwhv reylrxv srolwlfdo hfrqrp| sureohpv1 Ehqh�fldulhv ri h{lvwlqj srolflhv fdq

euleh srolwlfldqv wr pdlqwdlq wkhvh srolflhv1 Pruhryhu/ wkhvh jurxsv/ lq rxu prgho wkh

fdslwdolvwv/ zloo eh srolwlfdoo| srzhuixo suhflvho| ehfdxvh wkh| kdyh hfrqrplfdoo| ehqh0

�whg iurp wkh ohvv0frpshwlwlyh srolflhv lq sodfh1 Wkhuhiruh/ wkh prgho looxvwudwhv krz d

zhoo0phdqlqj dwwhpsw wr vshhg xs frqyhujhqfh pd| ohdg wr d srolwlfdo hfrqrp| wuds1

Lqwhuhvwlqjo|/ vxfk wudsv duh pruh olnho| zkhq wkh xqghuo|lqj srolwlfdo lqvwlwxwlrqv duh

zhdn/ pdnlqj srolwlfldqv hdvlhu wr fdswxuh1 Lq wklv frqwh{w/ wkh prgho dovr vkhgv vrph

oljkw rq wkh ghedwh derxw zkhwkhu jryhuqphqw lqwhuyhqwlrq vkrxog eh pruh suhydohqw

lq ohvv ghyhorshg frxqwulhv1 Wkh dqvzhu vxjjhvwhg e| wkh prgho lv wkdw/ devwudfwlqj

iurp srolwlfdo hfrqrp| frqvlghudwlrqv/ wkhuh lv d juhdwhu qhhg iru jryhuqphqw lqwhu0

yhqwlrq zkhq wkh hfrqrp| lv uhodwlyho| edfnzdug1 Exw xqohvv srolwlfdo lqvwlwxwlrqv duh

vx!flhqwo| ghyhorshg wr lpsrvh h�hfwlyh frqvwudlqwv rq srolwlfldqv dqg holwhv/ vxfk jry0

huqphqw lqwhuyhqwlrq pd| ohdg wr wkh fdswxuh ri srolwlfldqv e| jurxsv wkdw ehqh�w iurp

jryhuqphqw lqwhuyhqwlrq/ sdylqj wkh zd| iru srolwlfdo hfrqrp| wudsv1
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Uhihuhqfhv

^4` Dfhprjox/ Gdurq dqg Ideul}lr ]lolerwwl +4<<:, �Zdv Surphwkhxv Xqerxqg e|

FkdqfhB Ulvn Glyhuvl�fdwlrq dqg Jurzwk1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1438/

ss1:3<0841

^5` Dfhprjox/ Gdurq dqg Ideul}lr ]lolerwwl +4<<<, �Lqirupdwlrq Dffxpxodwlrq lq Gh0

yhorsphqw� Mrxuqdo ri Hfrqrplf Jurzwk/ yro1 7/ ss1 806;1

^6` Djklrq/ Sklolssh/ dqg Shwhu Krzlww1 +4<<5, �D Prgho ri Jurzwk Wkurxjk Fuhdwlyh

Ghvwuxfwlrq1� Hfrqrphwulfd yro1 93/ ss1 6560841

^7` Fduolq/ Zhqg| dqg FrolqPd|hu/ +5335,/ �Ilqdqfh/ Lqyhvwphqw dqg Jurzwk�/ Plphr

Xqlyhuvlw| Froohjh Orqgrq1

^8` Hydqv/ Shwhu/ +4<<;,/ Vwdwhv dqg Lqgxvwuldo Wudqvirupdwlrq/ Sulqfhwrq Xqlyhuvlw|

Suhvv1

^9` Iudqfrlv/ Sdwulfn dqg Mrdqqh Urehuwv +5334,/ �Frqwudfwlqj Surgxfwlylw| Jurzwk�

FhqwHU Zrunlqj Sdshu Qr168/ Wloexuj Xqlyhuvlw|

^:` Jdoru/ Rghg dqg Gdqlho Wvlggrq +4<<:,/ �Whfkqrorj|/ Prelolw|/ dqg Jurzwk�/

Dphulfdq Hfrqrplf Uhylhz/ yro1 ;:/ ss169606;5

^;` Juhhqzrrg/ Mhuhp|/ dqg Er|dq Mrydqrylf/+4<<3,/ �Ilqdqfldo Ghyhorsphqw/

Jurzwk/ dqg wkh Glvwulexwlrq ri Lqfrph�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 <;/

Qr1 8/ Sduw 41 ss1 43:90443:

^<` Jurvvpdq/ Jhqh dqg Hokdqdq Khospdq/ +4<<<,/ �Frpshwlqj iru Hqgruvhphqwv�/

Dphulfdq Hfrqrplf Uhylhz/ yro1;</ Qr1 6/ ss18340857

^43` Jurvvpdq/ Jhqh dqg Hokdqdq Khospdq/ +5334,/ Vshfldo Lqwhuhvw Srolwlfv/ PLW

Suhvv/ Fdpeulgjh PD dqg Orqgrq XN

^44` Kdvvohu/ Mrkq dqg Mrvh Y1 Urguljxh} Prud/ +5333, Lqwhooljhqfh/ Vrfldo Prelolw|/ dqg

Jurzwk/ Dphulfdq Hfrqrplf Uhylhz yro1 <3= ss1 ;;;0<3;

^45` Kdxvpdqq/ Ulfdugr dqg Gdql Urguln/ +5335,/ �Hfrqrplf Ghyhorsphqw Dv Vhoi0

Glvfryhu|�/ Plphr Kduydug Xqlyhuvlw|
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^46` Krzlww/ Shwhu/ +5333,/ Hqgrjhqrxv Jurzwk dqg Furvv0Frxqwu| Lqfrph Gl�huhqfhv/

Dphulfdq Hfrqrplf Uhylhz/ yro1 <3/ ss1 ;5<0791

^47` Krzlww/ Shwhu dqg Gdylg Pd|hu +5335,/ �Whfkqrorjlfdo Lqrydwlrq/ Lpsohphqwdwlrq

dqg Vwdjqdwlrq= D Vfkxpshwhuldq Wkhru| ri Frqyhujhqfh Foxev�/ Plphr Eurzq

Xqlyhuvlw|

^48` Mrkqvrq/ Fkdophuv/ +4<;5,/ PLWL dqg wkh Mdsdqhvh Pludfoh= Wkh Jurzwk ri Lqgxv0

wuldo Srolf|/ 4<580:8/ Vwdqirug Xqlyhuvlw| Suhvv1

^49` Nlqj/ Urehuw J1 dqg Urvv Ohylqh/ +4<<6,/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1

43;/ Qr1 61 ss1 :4:0:6:1

^4:` Od Sruwd/ Udidho/ Ioruhqflr Oösh}0gh0Vlodqhv/ Dqguhl Vkohlihu dqg Urehuw Ylvkq|

+4<<;, �Odz dqg Ilqdqfh�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1439/ Qr1 9/ ss1 1

^4;` Pduwlpruw Gdylg dqg Wklhuu| Yhuglhu +5334, �Prqrsrolhv olih f|foh/ exuhdxfudwl}d0

wlrq dqg Vfkxpshwhuldq jurzwk �/ Orqgrq = Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk1

^4<` Udmdq/ Udjkxudp J1 dqg Oxljl ]lqjdohv +4<<;,/ *Ilqdqfldo Ghshqghqfh dqg

Jurzwk*/ Dphulfdq Hfrqrplf Uhylhz/ yro1 ;;/ ss1 88<08;91

^53` Vkohlihu/ Dqguhl dqg Urehuw Ylvkq| +4<<<,/ Wkh Judeelqj Kdqg = Jryhuqphqw

Sdwkrorjlhv dqg Wkhlu Fxuhv / Kduydug Xqlyhuvlw| Suhvv/ Fdpeulgjh PD

^54` Vwljolw}/ Mrvhsk H1 +4<<8,/Zklwkhu VrfldolvpB/ PLW Suhvv1 Fdpeulgjh/ PD

^55` Wrqj/ Mldq dqg Fkhqjjdqj [x +5334,/ �Hqgrjhqrxv Ilqdqfldo Lqvwlwxwlrqv/ U)G

Vhohfwlrq dqg Jurzwk�/ Plphr Orqgrq Vfkrro ri Hfrqrplfv1
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914 Dsshqgl{= ghwhuplqdwlrq ri �

Vlqfh @o E> ' f� 	 	@c wkh LF ri wkh rog xqvxffhvvixo vwduwv elqglqj ehiruh wkh LF ri wkh

|rxqj hpsor|hg lq rog �upv1

Wkh frqglwlrq iru wkh LF ri wkh rog xqvxffhvvixo wr elqg lv=

>Bu# 7�|3� : E� � k�k3��3
k

�3k�| ' �| +69,

zkhuh wkh zdjh/ �|c ghshqgv rq -| 5 ifc �j1

Li -| ' �c wkhq +69, uhdgv +diwhu glylglqj erwk whupv ri wkh lqhtxdolw| e| 7�|3�,=

>Bu# : E�� k�k3��3
k

�3k

� n 0

2
E# n b�@|3�� +6:,

Li -| ' f/ wkhq +69, uhdgv
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EEbn 0n E� � b� 0� # n E� n 0n E� � b� 0� b�@|3�� +6;,

Wkh wzr htxdwlrqv/ +6:, dqg +6;, gh�qh/ uhvshfwlyho| wkh iroorzlqj wkuhvkrog
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Qr LF elqgv dv orqj dv @o E> ' f� : 4@ i@-'�c @-'fjc lq zklfk fdvh wkh doorfdwlrq

lv dv lq wkh fdvh zkhuh > ' f� Vlqfh @o E> ' f� 	 	@/ wkhq @-'� : @-'f� Wkh wkuhvkrog >
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