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Wklv sdshu lqyhvwljdwhv wkh lpsdfw ri oldelolw| vkdulqj rq wkh �upv* lqyhvwphqw dqg olt0

xlgdwlrq ghflvlrqv1 Zh orrn dw d prgho lqyroylqj sulydwh h�ruw/ xqyhul�deoh lqirupdwlrq/ dqg

xqhqirufhdeoh oltxlgdwlrq ghflvlrqv1 Lq wklv prgho/ wkhuh h{lvw vlpxowdqhrxvo| wkh wzr w|slfdo

w|shv ri djhqf| sureohpv rzlqj wr olplwhg oldelolw| dvvrfldwhg zlwk ghew ~ xqghulqyhvwphqw +orzhu

h�ruw, dqg ulvn vhhnlqj +ghod|lqj h�flhqw oltxlgdwlrq,1 Zh vkrz krz wkhvh sureohpv fdq eh plw0

ljdwhg e| wkh �upv wr irup d exvlqhvv jurxs dqg vkduh hdfk rwkhuv* oldelolwlhv1 Xqghu fhuwdlq

frqglwlrqv/ vxfk dq dooldqfh lv dq h�hfwlyh frpplwphqw e| wkh phpehu �upv wr surylgh kljkhu

ohyho ri htxlw| lqyhvwphqwv +kljkhu h�ruw, dqg wr oltxlgdwh lqh�flhqw dvvhwv +orzhu ulvn,1 Xvlqj

gdwd vkrzlqj d kljk iuhtxhqf| ri +lqwhuqdo, oltxlgdwlrq dqg vkxw0grzqv ri wkh Fklqhvh wrzqvkls

dqg yloodjh hqwhusulvhv +WYHv,/ zh vxjjhvw wkdw wkh sudfwlfh ri oldelolw| vkdulqj dprqj wkh WYHv

zlwklq d frppxqlw| pd| r�hu dq dgglwlrqdo h{sodqdwlrq ri wkh vshfwdfxodu shuirupdqfh ri wklv

vhfwru lq wkh sdvw wzhqw| |hduv1

Mrxuqdo ri Hfrqrplf Olwhudwxuh fodvvl�fdwlrq qxpehuv= G;5/ J66/ S841

Uxqqlqj Khdg= Oldelolw| Vkdulqj dqg Oltxlgdwlrq
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Lw kdv ehhq zhoo grfxphqwhg wkdw olplwhg oldelolw| whqgv wr fuhdwh whqvlrq ehwzhhq d �up*v htxlw|

kroghuv dqg lwv rxwvlgh fuhglwruv wkdw glvwruwv wkh �upv* lqyhvwphqw dqg oltxlgdwlrq ghflvlrqv1

Zlwk h{lvwlqj oldelolwlhv ri ghew/ d �up*v pdqdjhu ru htxlw| kroghuv pd| fkrrvh wr xqghulqyhvw lq

qhz surmhfwv zlwk srvlwlyh qhw suhvhqw ydoxhv ~ hvshfldoo| zkhq qhz htxlw| fdslwdo ru mxqlru ghew

pxvw eh lvvxhg wr �qdqfh wkh qhz lqyhvwphqw +h1j1/ P|huv/ 4<::> Vwxo}/ 4<<3> Gldprqg/ 4<<4>

Kduw dqg Prruh/ 4<<8,1 Wkh| pd| dovr fkrrvh vxe0rswlpdo glyhvwphqw ghflvlrqv wkdw uhgxfh wkh

�up*v wrwdo ydoxh +h1j1/ Vwhlq/ 4<;<> Errw/ 4<<5,/ ru vhhn kljkhu wkdq vrfldoo| rswlpdo shutxlvlwh

frqvxpswlrq dqg ulvn +h1j1/ Mhqvhq dqg Phfnolqj/ 4<:9,/ ru uhgxfh pdqdjhuldo h�ruw +vhh/ Lqqhv/

4<<3> Vhohqghu dqg ]rx/ 4<<7,/ ru fkrrvh d frpelqdwlrq ri uhgxfhg h�ruw dqg h{fhvvlyh ulvn

+h1j1/ ]rx/ 4<<8> ]rx dqg Vxq/ 4<<9,1 Eurdgo| vshdnlqj/ wkhvh glvwruwlrqv fdq eh fkdudfwhul}hg

lqwr wzr w|shv ri djhqf| sureohpv1 Qdpho|/ wkh rqh wkdw ohdgv wr d orzhu h{shfwhg uhwxuq dqg

wkh rqh wkdw ohdgv wr d kljkhu ohyho ri ulvn/ dv frpsduhg wr wkh rswlpdo ghflvlrqv wkdw zrxog

pd{lpl}h wkh �up*v wrwdo ydoxh1 H{shfwhg uhwxuqv/ iru h{dpsoh/ pd| eh lq�xhqfhg e| orzhu

surylvlrq ri htxlw| fdslwdo/ h{fhvvlyh shunv/ ru orzhu pdqdjhuldo h�ruw1 Wkh �up*v dvvhw ulvn/

rq wkh rwkhu kdqg/ pd| eh lq�xhqfhg qrw rqo| e| xqghuwdnlqj kljk ulvn surmhfwv exw dovr e|

ghod|lqj oltxlgdwlrq ri lqh�flhqw ulvn| dvvhwv +h1j1/ Zklwh/ 4<;<,1

Uhvhdufk lq rswlpdo frqwudfwlqj/ vhfxulw| ghvljq/ hwf1/ wkdw dlpv dw plqlpl}lqj vxfk glv0

wruwlrqv kdv ehhq prvwo| olplwhg wr wkh vlqjoh0�up*v sureohp1 Phfkdqlvpv lqyroylqj pxowlsoh

�upv wkdw pd| dovr eh h�hfwlyho| hpsor|hg wr dpholrudwh wkhvh djhqf| sureohpv kdyh qrw ehhq

ixoo| h{soruhg1 Lq wklv sdshu/ zh lqyhvwljdwh wkh uroh ri oldelolw| vkdulqj ehwzhhq �upv wkdw pd|

lpsuryh wkh �upv* lqyhvwphqw dqg oltxlgdwlrq ghflvlrqv1 Zh orrn dw d vlpsoh prgho lqyroylqj

sulydwh h�ruw/ xqyhul�deoh lqirupdwlrq/ dqg xqhqirufhdeoh oltxlgdwlrq ghflvlrqv1 Lq wklv prgho/

h{lvwlqj ghew w|slfdoo| glvfrxudjhv wkh �up*v htxlw| kroghuv wr surylgh dgglwlrqdo htxlw| +fdoohg

h�ruw, dqg hqfrxudjhv wkh htxlw| kroghuv wr ghod| h�flhqw oltxlgdwlrq ri edg dvvhwv1 Zh wkhq

vkrz wkdw wkhvh sureohpv fdq eh plwljdwhg zkhq vhyhudo �upv irup d exvlqhvv jurxs dqg djuhh

wr vkduh hdfk rwkhuv* oldelolwlhv1 Wkdw lv/ xqghu fhuwdlq frqglwlrqv/ vxfk dq dooldqfh fdq ohdg wr

kljkhu ohyhov ri h�ruw ri wkh phpehu �upv dv zhoo dv d kljkhu ryhudoo iuhtxhqf| ri yroxqwdu| dqg

h�flhqw oltxlgdwlrq ri edg dvvhwv1



6

Zkloh lw pd| eh lqwxlwlyh wkdw oldelolw| vkdulqj frxog uhgxfh wkh �upv* lqfhqwlyhv iru kljkhu

ulvn/ lw lv vrphzkdw vxusulvlqj wkdw vkdulqj oldelolwlhv dovr kdv wkh srwhqwldo wr lpsuryh sulydwh

h�ruwv1 Wkh uhdvrqv pd| eh vnhwfkhg dv iroorzv1

Frqvlghu d ohyhudjhg �up zkrvh pdqdjhu dfwv rq ehkdoi ri htxlw| kroghuv1 Vxssrvh wkh

pdqdjhu rewdlqv vrph xqyhul�deoh vljqdo frqfhuqlqj wkh �up*v ixwxuh udqgrp fdvk �rzv/ dqg

pxvw pdnh ghflvlrqv frqfhuqlqj vxevhtxhqw htxlw| lqyhvwphqw +h�ruw, ru oltxlgdwlrq ri wkh �up*v

dvvhwv1 Vlqfh wkh h{lvwlqj fuhglwru zloo vkduh vrph ri wkh ehqh�w ri wkh �up*v h�ruw/ wkh rswlpdo

h�ruw ohyho zloo eh ohvv wkdq wkh rqh wkdw pd{lpl}hv wkh �up*v wrwdo ydoxh1 Dovr/ wkh pdqdjhu

zloo fkrrvh wr oltxlgdwh wkh �up*v dvvhwv li dqg rqo| li wkh vljqdo lv vr edg wkdw wkh suhvhqw ydoxh

ri wkh �up*v htxlw| diwhu oltxlgdwlrq lv kljkhu wkdq wkdw ri frqwlqxlqj1 Lqh�flhqf| rffxuv zkhq

wklv frqglwlrq lv qrw phw/ exw wkh oltxlgdwlrq ydoxh ri wkh �up*v wrwdo dvvhwv h{fhhgv wkh �up*v

wrwdo jrlqj0frqfhuq ydoxh1 Lq wklv fdvh/ vrflhw| zrxog eh ehwwhu0r� li wkh �up oltxlgdwhv/ exw

wkh �up*v htxlw| kroghuv zloo suhihu qrw wr gr vr ehfdxvh frqwlqxdwlrq doorzv wkhp wr uhfhlyh d

_vxevlg|% iurp wkh �up*v rxwvlgh fuhglwruv zklfk fryhuv vrph ri wkh h{shfwhg orvvhv1

Qrz dvvxph wkdw wkhuh duh vhyhudo �upv idflqj wkh vdph w|sh ri djhqf| sureohpv dqg wkdw

wkh| srro wkhlu oldelolwlhv lq vxfk d zd| wkdw wkhlu wrwdo frpelqhg dvvhwv ehfrph wkh froodwhudo

iru wkhlu wrwdo frpelqhg oldelolwlhv1 Wklv fdq eh dfklhyhg e| iruplqj d exvlqhvv jurxs/ iru

h{dpsoh/ wkurxjk phujhuv ru dftxlvlwlrqv/ htxlw| vzdsv/ pxwxdo jxdudqwhhlqj ri oldelolwlhv/ ru d

frpplwphqw wr d pxwxdo jxdudqwru +h1j1 wkh frppxqlw| jryhuqphqw ri wrzqvkls dqg yloodjh

hqwhusulvhv lq Fklqd,/ zkr zloo dfw rq ehkdoi ri wkh frpelqhg lqwhuhvw ri wkh �upv* htxlw| kroghuv1

Wkh ghflvlrq rq zkhwkhu wr oltxlgdwh d �up lv qrz edvhg rq zkhwkhu wkh frpelqhg htxlw| ydoxh

ri doo �upv diwhu oltxlgdwlqj wkh wurxeohg �up+v, lv kljkhu wkdq wkhlu frpelqhg htxlw| ydoxh ri

nhhslqj wkh wurxeohg �up+v, dv d jrlqj frqfhuq1 Vxssrvh qrz wkdw d phpehu �up lv lq wurxeoh

dqg lw zrxog eh vrfldoo| pruh h�flhqw wr oltxlgdwh wklv �up1 Frpsduhg wr wkh vwdqg0dorqh

fdvh/ sduw ri wkh ehqh�w ri oltxlgdwlrq wkdw zrxog rwkhuzlvh jr wr rxwvlgh fuhglwruv fdq qrz

eh uhwdlqhg e| wkh uhvw ri wkh �upv1 Zkhuhdv li wkh wurxeohg �up frqwlqxhv zlwk lwv orvlqj

exvlqhvv/ sduw ri wkh orvvhv duh eruqh e| wkh exvlqhvv jurxs dv d zkroh1 Wklv uhgxfhv wkh ehqh�w

ri h{sursuldwlqj rxwvlgh fuhglwruv e| ghod|lqj oltxlgdwlrq ri edg dvvhwv/ dqg wkhuhiruh lpsuryhv

wkh exvlqhvv jurxs*v lqfhqwlyh wr oltxlgdwh wkh edg �up1 H{ dqwh/ wkh wrwdo frpelqhg ydoxh ri
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wkh �upv zloo wkhq eh hqkdqfhg lq d frpshwlwlyh fdslwdo pdunhw1

Wkh lpsdfw ri oldelolw| vkdulqj rq wkh �upv* sulydwh h�ruw lv pruh vxewoh1 Rq wkh rqh

kdqg/ wkhuh pd| hphujh wkh zhoo nqrzq sureohp ri whdp prudo kd}dug +h1j1/ Kropvwu�rp/ 4<;5>

]rx/ 4<<5, vlqfh wkh frqvhtxhqfh ri d �up*v h�ruw lv qrz ixuwkhu vkduhg e| wkh phpehu �upv1

Rq wkh rwkhu kdqg/ krzhyhu/ wkh ehqh�wv ri dq| lpsuryhg h�flhqf| zloo eh fruuhfwo| sulfhg lq

wkh ydoxh ri wkh �upv* ghewv1 Lq rwkhu zrugv/ fuhglwruv zloo eh zloolqj wr fkdujh d orzhu lqwhuhvw

udwh wr wkh exvlqhvv jurxs wkdq wr wkh vwdqg0dorqh �upv1 Lw lv zhoo nqrzq wkdw wkh wzr w|shv

ri rxu djhqf| sureohpv duh erwk gluhfwo| uhodwhg wr wkh lqwhuhvw udwhv rq wkh �up*v ghew +h1j1/

Vwljolw} dqg Zhlvv/ 4<;4> ]rx dqg Vxq/ 4<<9,1 Wkxv/ orzhu lqwhuhvw udwhv kdyh wkh srwhqwldo wr

hqfrxudjh wkh �upv wr surylgh kljkhu h�ruw1 Ixuwkhu/ zh �qg wkdw wkh �upv* rswlpdo h�ruwv

duh frpsohphqwdu| wr hdfk rwkhu xqghu oldelolw| vkdulqj uxohv/ zlwk d �up zloolqj wr lqfuhdvh

lwv h�ruw surylghg lw h{shfwv wkh rwkhu phpehu �upv wr lqfuhdvh wkhlu h�ruwv1 Wkhuh lv wkxv

d wudghr� ehwzhhq wkh srvlwlyh dqg qhjdwlyh h�hfwv ri oldelolw| vkdulqj frqfhuqlqj wkh �upv*

sulydwh h�ruwv1 Zh lghqwli| d odujh fodvv ri vlwxdwlrqv lq zklfk wklv srvlwlyh h�hfw grplqdwhv/

zklfk khosv ixuwkhu lqfuhdvh wkh frpelqhg ydoxh ri wkh �upv xqghu dooldqfh1

Rxu prgho lv dovr uhodwhg wr vrph rwkhu vwudqgv ri olwhudwxuh wkdw ghvhuyh wr eh phqwlrqhg1

Rqh ri wkhvh frqfhuqv wkh rqjrlqj ghedwh ryhu wkh ehqh�wv dqg frvwv ri frusrudwh glyhuvl�fdwlrq1

Vlqfh oldelolw| vkdulqj lv h�hfwlyh rqo| li wkh ulvnv ri wkh phpehu �upv duh qrw shuihfwo| fruuhodwhg/

rxu prgho vxjjhvwv d qhz olqh ri uhdvrqlqj iru erwk wkh irupdwlrq dqg euhdn0xs ri glyhuvl�hg

exvlqhvv jurxsv1 Wr eh pruh frqfuhwh/ zh fdq ylhz wkh �upv lq rxu prgho dv vxevlgldu| �upv

ru glylvlrqv zlwklq d frqjorphudwh zklfk sxuvxh gl�huhqw olqhv ri exvlqhvv dqg zklfk rshudwh

dv sur�w fhqwhuv xqohvv vrph glylvlrqv duh lq ghidxow1 Rxu uhvxow wkhq vxssruwv wkh ylhz wkdw

wkh h�hfw ri �up glyhuvl�fdwlrq lv d ixqfwlrq ri wkh pdunhw dqg lqvwlwxwlrqdo hqylurqphqw zlwklq

zklfk wkh �up rshudwhv1 Glyhuvl�fdwlrq lv olnho| wr eh pruh ghvludeoh zkhq wkh srwhqwldo frq�lfw

ri lqwhuhvwv lv pruh vhyhuh ehwzhhq d �up*v htxlw| kroghuv dqg fuhglwruv1 Lq ohvv ghyhorshg

hfrqrplhv/ iru lqvwdqfh/ wkh odfn ri pdunhw lqwhuphgldulhv dqg frqwudfw hqirufhphqw phfkdqlvpv

pd| eh lpsruwdqw uhdvrqv iru vkdulqj oldelolwlhv dqg glyhuvl�fdwlrq +h1j1/ Vkohlihu dqg Ylvkq|/

4<<:> Nkdqqd dqg Sdohsx/ 4<<<> dqg Shurwwl dqg Jhoihu/ 4<<;,1 Lq ghyhorshg hfrqrplhv/ rq

wkh rwkhu kdqg/ lpsuryhg �qdqfldo wudqvsduhqf|/ pruh h�flhqw pdunhw lqwhuphgldulhv dqg pruh
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h�hfwlyh frqwudfw hqirufhphqwv pd| uhgxfh wkh srwhqwldo djhqf| sureohpv dqg wkxv doorz pruh

frqfhqwudwhg �upv wr shuirup ehwwhu1

Dqrwkhu �hog ri uhvhdufk wr zklfk rxu vwxg| lv uhodwhg fdq eh irxqg lq wkh jurxs0ohqglqj

olwhudwxuh +h1j1/ Vwljolw}/ 4<<3> Yduldq/ 4<<3> Jkdwdnh dqg Jxlqqdqh/ 4<<<,1 Vwxglhv rq wkh

Judphhq Edqn prgho ri jurxs ohqglqj lq Edqjodghvk vxjjhvw wkdw shhu prqlwrulqj pd| eh

dq h�hfwlyh zd| wr uhgxfh prudo kd}dug1 Lq wkdw prgho/ eruurzhuv duh lqglylgxdov zkr irup

jurxsv dqg vkduh mrlqw oldelolw| iru wkhlu ordqv1 Eruurzhuv lq wkh vdph jurxs duh dvvxphg wr

kdyh ehwwhu lqirupdwlrq wkdq rxwvlghuv derxw hdfk rwkhu*v delolw| ru zloolqjqhvv wr sd| edfn

klv2khu ordq1 Wkh idloxuh ri rqh eruurzhu wr sd| edfn d ordq zloo fdxvh rwkhu jurxs phpehuv wr

vx�hu d shqdow|/ zklfk xvxdoo| wdnhv wkh irup ri pruh gl�fxow dffhvv wr ixwxuh fuhglwv1 Wkhuh

lv qr dxwkrulw| wkdw wdnhv fduh ri wkh jurxs*v zhoiduh dv d zkroh/ dqg hdfk lqglylgxdo eruurzhu

fkrrvhv dfwlrqv wkdw pd{lpl}h klv2khu rzq xwlolw|1 Dv Vwljolw} +4<<3, srlqwv rxw/ dowkrxjk shhu

prqlwrulqj uhgxfhv wkh fkdqfhv ri edqnuxswf|/ lw frphv zlwk d frvw1 Wkdw lv/ iru hdfk lqglylgxdo

eruurzhu/ vkdulqj oldelolw| ohdgv wr d odujhu phdq0suhvhuylqj vsuhdg ri wkh glvwulexwlrq ri klv

ru khu sd|r�1 Gldjqh +4<<;, dujxhv wkdw wkuhdwv ru vrfldo suhvvxuh pd| qrw zrun h�hfwlyho| lq

wkh sudfwlfh ri jurxs ohqglqj1 Lq frqwudfw/ �upv lq rxu prgho vkduh oldelolwlhv xqghu d fohduo|

gh�qhg jryhuqdqfh phfkdqlvp vr wkdw wkuhdwv ru vrfldo suhvvxuh ehfrphv xqqhfhvvdu|1 Ixuwkhu/

rxu prgho lqyroyhv lqwhulp dfwlrqv e| �upv/ wkdw lv/ wkh h�ruw dqg oltxlgdwlrq ghflvlrqv/ zklfk duh

fuxfldo wr ghwhuplqlqj wkh �upv* ydoxhv1 Wkh jurxs ohqglqj frqfhuqv sulpdulo| wkh suredelolw|

wkdw wkh eruurzhuv zrxog krqru wkhlu ordqv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq wkh qh{w vhfwlrq/ zh ghvfuleh wkh prgho vhwxs1 Lq

Vhfwlrq 6 zh dqdo|}h d vlqjoh �up*v ghflvlrqv dqg vkrz wkh h{lvwhqfh ri wkh wzr w|shv ri djhqf|

sureohpv lq zklfk wkh �up lv lqfolqhg wr surylgh orzhu h�ruw dqg wr ghod| oltxlgdwlrq ri edg

dvvhwv ~ dw wkh h{shqvh ri wkhlu fuhglwruv1 Lq Vhfwlrq 7/ zh dqdo|}h wkh fdvh zkhuh wzr �upv

srro wkhlu oldelolwlhv dqg irup d exvlqhvv jurxs/ dqg vkrz zk| oldelolw| vkdulqj fdq lpsuryh

h�flhqf| dqg fxw �upv* �qdqflqj frvwv1 Qxphulfdo h{dpsohv duh jlyhq khuh wr looxvwudwhv wkh

lpsdfw ri oldelolw| vkdulqj rq wkh �upv* h�ruw dqg oltxlgdwlrqv/ dqg rq wkhlu ghew dqg htxlw|

ydoxhv1 Lq Vhfwlrq 8/ zh dsso| rxu prgho wr wrzqvkls dqg yloodjh hqwhusulvhv +WYHv, lq Fklqd

dqg vxjjhvw wkdw wkh WYHv zlwklq d frppxqlw| pd| eh ylhzhg dv d glyhuvl�hg exvlqhvv jurxs lq
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zklfk �upv vkduh oldelolwlhv1 Vxfk d exvlqhvv jurxs vwuxfwxuh pd| kdyh sod|hg d uroh wr plwljdwh

wkh +srwhqwldoo| vhulrxv, djhqf| sureohpv/ dqg kdyh vljql�fdqwo| frqwulexwhg wr wkh vxshulru

shuirupdqfh ri wklv vhfwru ri wkh Fklqhvh hfrqrp|1 Wkh odvw vhfwlrq frqfoxghv wkh sdshu zlwk

vrph dgglwlrqdo wkrxjkwv frqfhuqlqj rwkhu srvvleoh dssolfdwlrqv ri rxu uhvxowv1

� �	� �����

Zh frqvlghu d 50shulrg prgho/ vsdqqhg e| wlph w@3/ 4 dqg 51 Wkhuh duh q �upv/ hdfk uhtxlulqj

d '4 lqyhvwphqw +vhh Iljxuhv 4 dqg 5, dw wlph 31 Zh dvvxph wkdw wkh �up*v pdqdjhu dfwv rq

ehkdoi ri wkh �up*v vwdnh kroghuv1 Iru vlpsolflw|/ wkh wrwdo rxwsxwv iurp wkh �upv* lqyhvwphqwv

duh dvvxphg wr eh lqghshqghqwo| glvwulexwhg dqg fdq wdnh rqh ri wzr vlplodu/ yhul�deoh ydoxhv=

J +jrrg, ru E +edg,/ zklfk duh uhdol}hg dw wkh hqg +wlph 5,1� Dw wlph 4/ hdfk �up uhfhlyhv d

vljqdo v/ gh�qhg dv d sdudphwhu lqglfdwlqj wkh �up*v frvw h�flhqf|1 Hdfk �up zloo pdnh vrph

sulydwh h�ruw h 5 ^3> 4` dw wklv vwdjh dw d frvw ri F+hmv, @ h2@+5v, eruqh e| wkh htxlw| kroghuv1

Zh prgho h dv wkh suredelolw| ri uhdfklqj wkh jrrg vwdwh J1 Wkdw lv/ li wkh �up pdnhv h�ruw h

dw wlph 4/ lw*v hqg0ri0shulrg rxwsxw kdv suredelolw| h ri ehlqj J dqg 4� h ri ehlqj E1 Zlwkrxw

orvv ri jhqhudolw|/ zh ohw E @ 312 Djdlq iru vlpsolflw|/ zh dvvxph wkdw wkh vljqdo v fdq wdnh rqo|

wzr ydoxhv/ jrrg qhzv _j% ru edg qhzv _e%/ zlwk j A e1 Dw wlph 3/ lw lv frpprq eholhi wkdw wkh

�up zloo uhfhlyh v @ j zlwk suredelolw| s/ dqg v @ e zlwk suredelolw| 4� s1

Iljxuhv 4 dqg 5 derxw khuh

Doo wkh �upv dqg rxwvlgh fuhglwruv duh ulvn qhxwudo/ dqg zh qrupdol}h wkh ulvn0iuhh lqwhuhvw

udwh wr }hur1 Dvvxph ixuwkhu wkdw wkh �upv fdq eh oltxlgdwhg dw wlph 4 iru d oltxlgdwlrq ydoxh

ri O1 Wr kljkoljkw wkh sureohp/ dvvxph wkdw O vdwlv�hv

pd{
e

Y +hme, ? O ? pd{
e

Y +hmj, +4,

zkhuh Y +hmv, @ hJ � F+hmv, lv wkh h{shfwhg �up ydoxh dw wlph 4/ frqglwlrqdo rq wkh �up*v

h�ruw h dqg vljqdo v1 Wkxv wkh ydoxh ri wkh �up dv d jrlqj frqfhuq dw wlph 4 lv kljkhu wkdq lwv

oltxlgdwlrq ydoxh li wkh vljqdo lv jrrg/ dqg orzhu wkdq lwv oltxlgdwlrq ydoxh li wkh vljqdo lv edg1
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Zh vwduw zlwk wkh fdvh zkhuh hdfk �up lv lqghshqghqw dqg grhv qrw vkduh jryhuqdqfh zlwk rwkhu

�upv1 Zh dvvxph wkdw wkh �up*v remhfwlyh lv wr pd{lpl}h lwv htxlw| ydoxh dw hdfk vwdjh1 Vxfk d

�up lv ehvw vhhq dv d sulydwho| rzqhg �up> krzhyhu/ d vwdwh0rzqhg �up pd| dovr idoo lqwr wklv

fdwhjru|/ dv orqj dv lwv ghflvlrq pdnhuv gr qrw fduh derxw wkh ydoxh ri wkh �up*v ghew1

�"� �	� #

� ��
� #
� �����

Iru d ixoo| vhoi0�qdqfhg �up zlwk vx�flhqw lqwhuqdo ixqgv/ l1h1/ wkh uhtxluhg htxlw| fdslwdo +'4,

iru lqyhvwphqw/ wkhuh zrxog eh qr djhqf| sureohpv dqg wkh �up*v htxlw| ydoxh htxdov wkh wrwdo

ydoxh ri wkh �up1 Lq rughu wr mxvwli| rxu dvvxpswlrq wkdw h uhsuhvhqwv d suredelolw|/ zh vkdoo

dvvxph wkdw jJ � 41

Li wkh vljqdo v @ e/ wkh rswlpdo ghflvlrq ri wkh �up lv wr oltxlgdwh dqg uhfhlyh wkh oltxlgdwlrq

ydoxh O dw wlph 41 Li wkh vljqdo v @ j/ wkh �up*v rswlpdo ghflvlrq h+j, dw wlph 4 fdq eh vroyhg dv

pd{
e

Y +hmj, @ hJ�
h2

5j
+5,

@, hW @ jJ +6,

@, Y +hWmj, @
jJ2

5
+7,

Wkxv/ wkh dvvxpswlrq derxw wkh oltxlgdwlrq ydoxh ri wkh �up pdgh lq +4, dprxqwv wr wkh

iroorzlqj lqhtxdolwlhv=
eJ2

5
? O ?

jJ2

5
= +8,

Wdnlqj lqwr dffrxqw wkh rswlpdo oltxlgdwlrq ghflvlrq dw wlph 4 rq uhfhlylqj vljqdo e/ wkh �uvw0ehvw

ydoxh ri wkh �up dw wlph 3/ ghqrwhg Y W/ lv jlyhq e|

Y W @ s
jJ2

5
. +4� s,O= +9,

�"� �	� 
����� ��
� #
� �����

Zh surfhhg qrz wr wkh dqdo|vlv ri wkh djhqf| sureohpv zkhq wkh �up pxvw eruurz iru lwv

�qdqflqj1 Dvvxph wkdw wkh �up pxvw uho| hqwluho| rq ghew wr �qdqfh wkh +'4, lqyhvwphqw dw

wkh vwduw/ dv d kljkoljkwhg devwudfw ri wkh fdvh zlwk prvw ri wkh �upv lq d wudqvlwlrqdo hfrqrp|
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zkhuh wkh dffhvv wr wkh htxlw| pdunhw lv hlwkhu qrqh{lvwhqw ru surklelwlyho| frvwo|1 Wkh �up*v

htxlw| ydoxh lv wkxv htxdo wr wkh qhw suhvhqw ydoxh ri wkh lqyhvwphqw1 Lq wklv vhw0xs/ d �up*v ohyho

ri ghew lv dq h{rjhqrxv yduldeoh1 Ohw G ghqrwh wkh idfh ydoxh ri wkh �up*v ghew zklfk pdwxuhv

dw wlph 5 +rqh groodu soxv wkh lqwhuhvw udwh,/ dqg dvvxph wkdw O � G ? J1 Dvvxph wkdw qr fdvk

�rzv duh jhqhudwhg dw wlph 4/ vr vkruw0whup ordqv ru rqhv wkdw uhtxluh lqwhulp lqwhuhvw sd|phqwv

duh qrw ihdvleoh1� Ohw �+hmv, dqg G+hmv, ghqrwh wkh �up*v htxlw| ydoxh dqg ghew ydoxh dw wlph 4

jlyhq h�ruw h dqg vljqdo v/ uhvshfwlyho|1 Dv d jrlqj frqfhuq/ wkh �up*v rswlpdo h�ruw ghflvlrq

h+v, lv ghulyhg iurp wkh iroorzlqj surjudp

pd{
e

�+hmv, @ h+J�G,�
h2

5v

Lw iroorzv iurp wkh �uvw0rughu frqglwlrq wkdw

h+v, @ v+J�G, +:,

G+h+v,mv, @ h+v,G @ v+J�G,G +;,

�+h+v,mv, @
v+J�G,2

5
A 3 +<,

Y +h+v,mv, @ �+h+v,mv, .G+h+v,mv, @
v

5
+J2

�G2, +43,

Vlqfh h+j, @ j+J�G, ? jJ @ hW/ wkh h�ruw ri wkh �up lq wkh jrrg vwdwh +v @ j, zlwk rxwvlgh

�qdqflqj +G A 3, lv orzhu wkdq wkh �uvw0ehvw h�ruw1 Ixuwkhupruh/ xsrq revhuylqj v @ e dw wlph

4/ wkh �up zloo qrw fkrrvh oltxlgdwlrq ehfdxvh wkh htxlw| ydoxh lv srvlwlyh dv d jrlqj frqfhuq

zkhuhdv lw lv }hur li wkh �up fkrrvhv wr oltxlgdwh +pd{iO�G> 3j @ 3,1e Zlwkrxw dq hqirufhdeoh

frqwudfw/ wkxv/ lw lv rswlpdo iru wkh �up*v htxlw| kroghuv wr frqwlqxh rshudwlrq uhjdugohvv ri dq|

vljqdo uhfhlyhg dw wlph 41 Lq d frpshwlwlyh fdslwdo pdunhw/ rxwvlgh fuhglwruv euhdn hyhq1 Wkxv/

dq| orvv lq ydoxh ri wkh �up lv eruqh e| wkh �up*v htxlw| kroghuv1

Lq zkdw iroorzv/ zh ohw wkh vxshuvfulsw 3 ghqrwh wlph03 ydoxhv ri wkh �up*v htxlw|/ ghew/

dqg wrwdo dvvhw1 Vlqfh wkh suhvhqw 4 groodu ri ghew uhtxluhv G grooduv +idfh ydoxh, wr eh sdlg dw

wlph 5/

Gf @ sh+j,G . +4� s,h+e,G

@ sj+J�G,G . +4� s,e+J�G,G

@ +J�G,G^sj . +4� s,e` @ 4 +44,
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Wkh wlph03 ydoxh ri wkh �up*v htxlw| dqg wrwdo dvvhwv duh wkxv jlyhq e|/ xvlqj +44,/

�f @ ^sj . +4� s,e`
+J�G,2

5
@

J

5G
�

4

5
+45,

Y f @ ^sj . +4� s,e`
+J2 �G2,

5
@

J

5G
.

4

5
+46,

Wkh iroorzlqj h{dpsoh looxvwudwhv wkh sureohp1

H{dpsoh 4= Wkh vlqjoh0�up fdvh1

Vxssrvh s @ 3=;/ j @ 3=5/ e @ 3=38/ J @ 8/ O @ 41

+D, Zlwkrxw oltxlgdwlrq dw wlph 41 Vroylqj +44, iru G zh jhw G @ 4= ;<6 :1 Iurp +45,

dqg +46,/ lw iroorzv wkdw �f @ =;534:/ dqg Y f @ 4=;535= Wkh wlph04 h�ruw ghflvlrqv dqg wkh

frqvhtxhqw ydoxhv fdq eh frpsxwhg iurp +:, dqg +<,/ |lhoglqj h+j, @ = 954 59/ h+e, @ = 488 65/

�+j, @ = <97 <4 dqg �+e, @ = 574 561 Wklv frq�upv wkdw �f @ s�+j, . +4� s,�+e, @ = ;53 4:1 Wkh

ydoxh ri ghew dw wlph04 lv jlyhq e| +;,/ wkdw lv/ G+j, @ 4= 4:9 8 dqg G+e, @ = 5<7 451 Wkh ydoxh

ri ghew dw wlph03 lv wkxv sG+j, . +4� s,G+e, @ 4=3/ dv zh douhdg| nqrz1

+E, Zlwk oltxlgdwlrq dw wlph 41 Ohw xv qrz h{dplqh xvlqj wklv h{dpsoh wkh srwhqwldo jdlq

ri frpplwwlqj wr oltxlgdwlrq zkhq uhfhlylqj wkh edg vljqdo1 Wkhuh duh vhyhudo h�hfwv ri vxfk d

frpplwphqw1 Gxh wr orzhu fuhglw ulvn ri wkh �up/ wkh uhtxluhg sd|phqw dw wlph 5/ G/ zloo eh

orzhu1 Wr vhh wklv/ qrwh wkdw wkh suhvhqw 4 groodu ri ghew zlwk idfh ydoxh G lv qrz frpsxwhg dv

4 @ sj+J�G,G . +4� s,O/ |lhoglqj G @ 4= 6;51 Lw iroorzv wkdw �+j, @
}EC3(�2

2
@ 4= 63</ dqg

�+e, @ 31 Wkxv/ �f @ s�+j, . +4� s,�+e, @ 4=37:5/ dqg Y f @ �f . 4 @ 5=37:51 Wkh h�ruw

lq wkh jrrg vwdwh lv h+j, @ j+J � G, @ = :56 9/ kljkhu wkdq wkh fdvh zlwkrxw frpplwphqw wr

oltxlgdwlrq1 Wkh h�ruw lq wkh edg vwdwh lv h+e, @ 3 gxh wr oltxlgdwlrq1 Wkh wlph04 ghew ydoxhv

duh G+j, @ j+J � G,G @ 4=3 dqg G+e, @ O @ 4=31 Qrwh wkdw wkh ehqh�w ri frpplwphqw wr

oltxlgdwlrq jrhv wr wkh �up*v htxlw|1 Wkh sureohp lv/ ri frxuvh/ wkdw oltxlgdwlrq ri edg dvvhwv

lv qrw rswlpdo iru wkh vwdqg0dorqh �up dw wlph 4 dqg wkxv fdqqrw eh fuhgleo| frpplwwhg1 Wklv

kljkoljkwv wkh ydoxh ri oldelolw| vkdulqj dv wkdw ri frpplwphqw wr oltxlgdwlrq/ dv zh vkdoo vkrz

vkruwo|1

+F, Wkh �uvw0ehvw ydoxh ri wkh �up lv= Y +hWmj, @ jJ2@5 @ 5= 8 dw wlph 4 dqg Y W @

sY +hWmj, . +4 � s,O @ 5=5 dw wlph 31 Lq wklv fdvh/ wkh sur�w ri wkh htxlw| kroghuv lv � @
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5=5 � 4 @ 4=5 A 4=37:51 Wkxv/ hyhq li �upv fdq frpplw wr oltxlgdwlrq xsrq edg vljqdov/ wkh

djhqf| sureohp lv qrw frpsohwho| uhvroyhg ehfdxvh ri sulydwh h�ruw1 Zh vkdoo frph edfn wr wklv

h{dpsoh diwhu vkrzlqj wkh h�hfwv ri oldelolw| vkdulqj ehwzhhq gl�huhqw �upv1

$ �	�
��� ���������

$"� !
�#� 
	�
��� 
���


Lq rughu wr vlpsoli| wkh dqdo|vlv zh uhvwulfw dwwhqwlrq wr wkh fdvh zkhuh q @ 51D Rxu edvlf

dvvxpswlrq lv wkdw wkh �upv fdq revhuyh hdfk rwkhu*v vljqdo uhdol}hg dw wlph 4 vr wkdw wkhuh

lv d srwhqwldo lqirupdwlrqdo dgydqwdjh iru wkh �upv wr phujh dvvhwv lq vrph zd|1 Vxssrvh

wkh wzr �upv irup d qhz frpelqhg ohjdo lghqwlw| dw wlph 3/ h1j1/ d exvlqhvv jurxs +khqfhiruwk

deeuhyldwhg dv EJ,/ dqg wkh erdug ri EJ lv deoh wr revhuyh wkh vljqdov ri erwk �upv dqg zloo

dfw wr pd{lpl}h wkh wrwdo htxlw| ydoxh ri wkh wzr �upv1S Zlwklq wkh EJ/ dvvxph wkdw wkh �upv

zloo hqmr| wkhlu rzq sur�wv xqohvv wkh rwkhu �up ghidxowv/ lq zklfk fdvh wkh vxuylylqj �up zloo

wdnh ryhu wkh idlolqj �up*v oldelolw| dv zhoo dv lwv oltxlgdwlrq ydoxh1 Lq rwkhu zrugv/ wkh wzr

�upv zloo rshudwh h{dfwo| dv wkrxjk wkh| zhuh lqghshqghqw �upv/ h{fhsw wkdw dw wlph 4 wkh EJ

khdgtxduwhuv kdyh wkh uljkw wr ghflgh zklfk �up ru �upv vkdoo eh oltxlgdwhg1

Lq zkdw iroorzv/ zh ohw wkh ryhu0edu lqglfdwh wkh sdudphwhuv wkdw shuwdlq wr wkh EJ fdvh/

h1j1/ � iru EJ*v htxlw| +shu �up, dqg h iru h�ruw ri wkh �up xqghu EJ1 Lq sduwlfxodu/ ohw G

ghqrwh wkh idfh ydoxh ri hdfk �up*v ghew/ dqg dvvxph wkdw J A 5G vr wkdw wkh EJ lv vroyhqw dv

orqj dv rqh ri wkh �upv surgxfhv wkh kljk rxwsxw1 Zh vkdoo frqwlqxh wr irfxv rq wkh fdvh wkdw

O � G/ l1h1/ wkdw oltxlgdwlrq lv htxlydohqw wr edqnuxswf| li hdfk �up lv uhjdughg dv d vlqjoh ohjdo

lghqwlw|1 Zlwklq wkh EJ/ wkxv/ oltxlgdwlrq ri rqh �up fdq eh vhhq dv dq lqwhuqdo edqnuxswf| ri

wklv �up rq wkh EJ dv d zkroh1

Rxu prgho vhw0xs lv lq olqh zlwk prvw ri wkrvh lq wkh lqfrpsohwh frqwudfwlqj olwhudwxuh/ lq

zklfk lqirupdwlrq lv w|slfdoo| dvvxphg wr eh revhuydeoh exw qrw frqwudfwleoh +vhh/ h1j1/ Jurvvpdq

dqg Kduw/ 4<;9> Kduw dqg Prruh/ 4<;;> dqg Kduw/ 4<;;/ 4<<8,1 Pdq| h{dpsohv kdyh ehhq

frqvwuxfwhg wr mxvwli| vxfk dq dvvxpswlrq1 Lq rxu prgho/ lw fdq eh lpdjlqhg wkdw lqirupdwlrq

frqfhuqlqj d �up*v suredelolw| dvvhvvphqw ri lwv ixwxuh fdvk �rzv pd| eh vlploduo| dvvhvvhg e|
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rwkhu �upv rshudwlqj lq d forvh frppxqlw|/ exw pd| eh gl�fxow wr yhuli| lq frxuw1. Dowhuqdwlyho|/

zh fdq ylhz wkh EJ +l1h1/ wkh qhz lghqwlw|, dv eruurzlqj rq ehkdoi ri hdfk �up dqg ehfrplqj wkh

ordq jxdudqwru ri hyhu| phpehu �up/ edfnhg e| wkh frpelqhg dvvhwv ri erwk �upv1 Lq uhwxuq/

wkh �upv frpplw wr d jryhuqdqfh vwuxfwxuh lq zklfk wkh EJ kdv wkh ixoo srzhu wr oltxlgdwh ru

uhrujdql}h dq| phpehu �up lq frqwlqjhqflhv zkhuh dw ohdvw rqh �up uhfhlyhv d edg vljqdo1 Iru

lqvwdqfh/ li �up 4 ghidxowv/ �up 5 lv uhvsrqvleoh iru wkh sd|phqw ri erwk �upv* ghew dw pdwxulw|1

Wkh EJ ghidxowv rqo| li wkh wrwdo dvvhw ydoxh ri erwk phpehu �upv idoov vkruw ri wkhlu wrwdo ghew

ydoxh dw wlph 51 Wklv dowhuqdwlyh prgho vhw0xs pd| eh pruh uhsuhvhqwdwlyh ri wkh lqirupdwlrq

dqg jryhuqdqfh vwuxfwxuhv ri wkh WYHv lq Fklqd +vhh Vhfwlrq 8,1

$"� �	� %& ��
� '��	��� �����������

Ehiruh zh vwduw wkh dqdo|vlv/ ohw V @ +v�> v2, ghqrwh d vwdwh ri qdwxuh +mrlqw vljqdo dw wlph 4,

wkdw fdq wdnh rqh ri irxu ydoxhv= jj/ je/ ej/ dqg ee1 Wkh suredelolwlhv wkdw V zloo uhdfk wkhvh

vwdwhv duh s2/ s+4 � s,/ +4 � s,s/ dqg +4 � s,2/ uhvshfwlyho|1 Ohw ��+h�> h2mV,/ G+h�> h2mV,/ dqg

Y +h�> h2mV, ghqrwh/ uhvshfwlyho|/ wkh l0wk �up*v wlph04 htxlw| ydoxh/ wkh frpelqhg ghew ydoxh/

dqg wkh frpelqhg wrwdo ydoxh ri wkh wzr �upv1 Wkhvh duh wkh ixqfwlrqv ri h�ruw sdlu +h�> h2,

dqg vljqdo V1 Zlwk erwk �upv dv jrlqj frqfhuqv/ wkh �up l*v htxloleulxp rswlpdo h�ruw ghflvlrq

h�+V, lv ghulyhg iurp wkh iroorzlqj surjudpv

pd{
e�

��+h�> h2mv�> v2, @ h�h2+J�G, . h�+4� h2,+J� 5G,�
h2�
5v�

pd{
e2

�2+h�> h2mv�> v2, @ h�h2+J�G, . h2+4� h�,+J� 5G,�
h22
5v2

Lw iroorzv iurp wkh �uvw0rughu frqglwlrqv wkdw

h�+v�> v2, @ v�+J� 5G . h2+v�> v2,G, +47,

h2+v�> v2, @ v2+J� 5G . h�+v�> v2,G, +48,

Iurp Iljxuh 6 zh fdq vhh wkdw wkh wzr �upv* h�ruw fkrlfhv duh frpsohphqwdu| wr hdfk rwkhu lq

wkdw li �up 4 lqfuhdvh +ghfuhdvh, wkh h�ruw/ �up 5 zloo dovr lqfuhdvh +ghfuhdvh, h�ruw1

Iljxuh 6 derxw khuh1
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Vroylqj iru wkh h�ruw sdlu/ zh rewdlq

h�+v�> v2, @ v�+J� 5G,
+4 . v2G,

4� v�v2G
2

+49,

h2+v�> v2, @ v2+J� 5G,
+4 . v�G,

4� v�v2G
2 +4:,

Vxevwlwxwlqj +49, dqg +4:, lqwr �� |lhogv

��+h�> h2mv�> v2, @ h�^+J�G,� +4� h2,G,`�
h2�
5v�

@
v�

5
^
+J� 5G,+4 . v2G,

4� v�v2G
2

`2

�2+h�> h2mv�> v2, @ h2^+J�G,� +4� h�,G,`�
h22
5v2

@
v2

5
^
+J� 5G,+4 . v�G,

4� v�v2G
2

`2 +4;,

Rzlqj wr v|pphwu|/ zh fdq irfxv rq �up 4 rqo| dqg rplw wkh vxevfulsw1 Wkxv/ ohwwlqj h+v�v2,

dqg �+v�v2, ghqrwh wkh �up04*v htxloleulxp h�ruw dqg htxlw| ydoxh/ zh rewdlq Wdeoh 41

Wdeoh 4 derxw khuh1

Iurp Wdeoh 4 lw lv hdv| wr vhh wkdw h+jj, A h+je, A h+ej, A h+ee, dqg/ htxlydohqwo|/ wkdw

�+jj, A �+je, A �+ej, A �+ee,1 Wkh wlph04 ydoxh ri wkh EJ dqg lwv wrwdo ydoxh ri ghew duh jlyhq

e|

Y +h�> h2mv�> v2, @ +h� . h2,J�
h2�
5v�

�
h22
5v2

+4<,

@ +h� . h2 � h�h2, +53,

G+h�> h2mv�> v2, @ +h� . h2,J�
h2�
v�
�
h22
v2

+54,

@ +h�h2 . h�+4� h2, . h2+4� h�,,5G +55,

@ +h� . h2 � h�h2,5G +56,

Wkh ydoxh ri frpelqhg ghew dw wlph 3 lv wkxv

5G
f
@ ^s2+5h� � h2�, . 5s+4� s,+h� . h2 � h�h2, . +4� s,2+5h2 � h22,`5G @ 5
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Qrz zh frqvlghu wkh srvvleoh oltxlgdwlrq ghflvlrqv ri wkh EJ dw wlph 41 Iluvw/ zh qrwh wkdw wkh

EJ zloo qhyhu oltxlgdwh erwk �upv dw wlph 4 surylghg wkh oltxlgdwlrq ydoxh lv orzhu wkdq wkh idfh

ydoxh ri ghew +O � 5G,/ dv zh kdyh dvvxphg1 Qh{w/ li d �up lv oltxlgdwhg dw wlph 4 lwv ghflvlrq

pdnhu kdv qr orqjhu d uroh lq wkh ghflvlrq ri wkh uhpdlqlqj �up*v h�ruw1 Wkxv zh rqo| qhhg wr

orrn dw dq| �up/ vd| �up04*v h�ruw ghflvlrq jlyhq wkdw wkh rwkhu �up lv oltxlgdwhg1 Ohw �+hmv>O,

dqg G+hmv>O, ghqrwh/ uhvshfwlyho|/ wkh EJ*v htxlw| ydoxh dqg ghew ydoxh jlyhq oltxlgdwlrq ri wkh

vhfrqg �up dw wlph 41 Wkhvh duh wkh ixqfwlrqv ri wkh �up04*v h�ruw h dqg vljqdo v1 Vroylqj iru

wkh rswlpdo h�ruw ri wkh uhpdlqlqj �up h+v>O, dqg wkh frqvhtxhqw htxlw| dqg ghew ydoxhv iurp

wkh surjudp

pd{
e

�+hmv> O, @ h+J� 5G . O,�
h2

5v

zh rewdlq

h+v>O, @ v+J� 5G . O, +57,

�+h+v> O,mv>O, @
v+J� 5G . O,2

5
+58,

G+h+v> O,mv>O, @ h5G . +4� h,O +59,

@ v+J� 5G . O,+5G � O, . O +5:,

Y +h+v> O,mv>O, @ �+h+v>O,mv> O, .G+h+v> O,mv>O, +5;,

@
v+J� 5G . O,2

5
. v+J� 5G . O,+5G � O, . O +5<,

@
4

5
v
�
J� 5G . O

�
^J. 5G � O` . O +63,

@
4

5
v^J2 � +5G � O,2` . O +64,

Zh qh{w vkrz wkdw wkhuh h{lvw sodxvleoh vlwxdwlrqv lq zklfk wkh EJ zloo �qg lw rswlpdo wr

oltxlgdwh edg �upv1

Sursrvlwlrq 4 Vxssrvh wkdw G lv jlyhq1 Wkhq/ dw wlph 4 wkh EJ zloo qrw oltxlgdwh dq| �up lq

vwdwh V @ jj li dqg rqo| li

4 .
O

+J� 5G,
?

s
5

4� jG
+65,
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Vlploduo|/ lq vwdwh V @ ee wkh EJ zloo oltxlgdwh +udqgrpo|, rqh edg �up li dqg rqo| li

s
5

4� eG
? 4 .

O

+J� 5G,
+66,

Surri= Iluvw/ vxssrvh dw wlph 4 wkh vwdwh ri qdwxuh lv V @ jj1 Wkhq wkh EJ zloo fkrrvh wr

ohw erwk �upv jr rq li dqg rqo| li nhhslqj erwk �upv dv jrlqj frqfhuq wkh EJ*v frpelqhg htxlw|

ydoxh 5�+jj, A �+j>O,/ wkdw lv/ j+J� 5G,2@+4� jG,2 A j+J� 5G . O,2@51 Wklv lv htxlydohqw

wr wkh lqhtxdolw| lq +65,1 Vlploduo|/ li wkh vljqdov duh V @ ee/ wkh EJ zloo fkrrvh wr oltxlgdwh rqh

�up li dqg rqo| li 5�+ee, ? �+e>O,/ wkdw lv/ e+J� 5G,2@+4� eG,2 ? e+J� 5G.O,2@51 Wklv lv

htxlydohqw wr wkh lqhtxdolw| lq +66,1 T1H1G1

Sursrvlwlrq 5 Vxssrvh wkdw G lv jlyhq/ dqg wkdw wkh oltxlgdwlrq ydoxh vdwlv�hv wkh iroorzlqj

lqhtxdolwlhv=
D+j> e>G,

s
j

? +4 .
O

J� 5G
, ?

D+j> e>G,
s
e

+67,

zkhuh

D+j> e>G, @

yxxwj^
+4 . eG,

4� jeG
2 `

2 . e^
+4 . jG,

4� jeG
2 `

2=

Wkhq/ wkh EJ zloo oltxlgdwh wkh edg �up li V @ je ru ej1

Surri= Lw lv vwudljkwiruzdug wr yhuli| wkdw +67, lpsolhv �+j>O, A �+je, . �+ej, A �+e>O,1

T1H1G1

Wkh frqglwlrqv lq Sursrvlwlrqv 4 dqg 5 gh�qh irxu srvvleoh udqjhv ri O@+J�5G, frqfhuqlqj

wkh EJ*v oltxlgdwlrq ghflvlrqv +vhh Iljxuh 7,1 Wkh pdjqlwxgh ri O@+J � 5G, phdvxuhv wkh

dwwudfwlyhqhvv ri oltxlgdwlqj wkh edg �up uhodwlyh wr nhhslqj wkh edg �up dqg ulvnlqj lwv uxlq1

Wkh kljkhu lv wklv phdvxuh/ wkh pruh olnho| wkdw wkh EJ zloo fkrrvh wr oltxlgdwh wkh edg �up1

Vxppdul}lqj/ zh kdyh=

� Lq udqjh L/ oltxlgdwlrq zloo qrw rffxu lq dq| vwdwh1

� Lq udqjh LL/ oltxlgdwlrq rffxuv lq vwdwhv je dqg ej exw qrw lq vwdwh ee1

� Lq udqjh LLL/ oltxlgdwlrq rffxuv lq doo wkh wkuhh vwdwhv lqyroylqj d edg �up/ qdpho| lq vwdwhv

je/ ej/ dqg ee1
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� Lq udqjh LY/ wkh EJ zloo fkrrvh wr oltxlgdwh rqh �up lq doo wkh vwdwhv lqfoxglqj wkh ehvw

vwdwh jj1 Wklv odvw udqjh vxjjhvwv wkdw wkh oltxlgdwlrq ydoxh lv vr kljk wkdw lw ehfrphv

rswlpdo hyhq iru wkh htxlw| kroghuv wr uhgxfh wkh ulvn ri orvlqj lw1

Iljxuh 7 derxw khuh1

$"$ (����
��� ������ �����
 �) %& '��	 
����� #
�


Vr idu zh kdyh vkrzq wkdw lw lv rswlpdo iru wkh EJ wr oltxlgdwh wkh edg �up dw wlph 4 lq

vrph sodxvleoh vlwxdwlrqv1 Wkhvh uhvxowv duh ghulyhg dvvxplqj wkdw wkh EJ lv iruphg1 Zh qrz

lqyhvwljdwh wkh udwlrqdoh iru wkh �upv wr irup wkh EJ dqg vkduh oldelolwlhv1 Ehiruh zh vwduw/ lw lv

lpsruwdqw wr uhdol}h wkdw oldelolw| vkdulqj xqghu EJ pdnhv wkh �upv* frpelqhg ghew ohvv ulvn| iru

wkh rxwvlgh fuhglwruv1 Hyhq qhjohfwlqj wkh vxevhtxhqw lpsdfw rq wkh �upv* h�ruw dqg oltxlgdwlrq

ghflvlrqv/ wkh idfh ydoxh +ru htxlydohqwo| wkh lqwhuhvw udwh, wkdw rxwvlgh fuhglwru fkdujhv rq wkh

�upv* ghew zloo eh orzhu gxh wr orzhuhg fuhglw ulvn1 Iurp Iljxuh 8 zh fdq vhh wkdw lq erwk wkh

je dqg wkh ej vwdwhv wkh EJ fdq sd| edfn lwv frpelqhg ghew lq ixoo/ zkhuhdv lq wkh lqghshqghqw

fdvh rqh �up zloo ghidxow rq lwv ordq1 Fduu|lqj wklv revhuydwlrq ixuwkhu/ wkh orzhu idfh ydoxh ri

ghew zloo lqgxfh kljkhu h�ruw dqg d kljkhu lqfhqwlyh iru EJ wr oltxlgdwh wkh edg dvvhw1 Wkhvh

h�hfwv lq wxuq zloo ixuwkhu uhgxfh wkh fuhglw ulvn dqg orzhu wkh idfh ydoxh ri wkh EJ*v ghew1 Lq

htxloleulxp/ zh vkrxog h{shfw d kljkhu ydoxh ri EJ dv d zkroh ~ dw ohdvw iru vrph oltxlgdwlrq

ydoxhv wkdw idoo lq wkh udqjhv ri LL ru LLL lq Iljxuh 71 Zh �uvw lghqwli| d vwurqj frqglwlrq xqghu

zklfk iruplqj wkh EJ lv rswlpdo iru wkh �upv hyhq li wkhuh lv qr lpsuryhphqw rq oltxlgdwlrq1

Iljxuh 8 derxw khuh1

Sursrvlwlrq 6 Dvvxph wkdw wkh iroorzlqj lqhtxdolw| krogv1

+J� 5G,

4� eG
A J�G +68,

Wkhq xqghu EJ zlwkrxw lqwhulp oltxlgdwlrqv/ h+jj, A h+je, A h+j,/ dqg h+ej, A h+ee, A h+e,1

Wkdw lv/ wkh h�ruw ohyhov duh lpsuryhg xqghu EJ lq doo wkh srvvleoh vwdwhv1 Frqvhtxhqwo|/ wkh

htxlw| ydoxh ri wkh �upv duh lpsuryhg1 Wkdw lv/ �+jj, A �+je, A �+j,/ dqg �+ej, A �+ee, A �+e,1
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Surri= Zh rqo| qhhg wr vkrz wkdw h+je, A h+j, dqg h+ee, A h+e,1 Frqvxowlqj Wdeoh 4/ zh

kdyh

h+je,

j
@

+J� 5G,+4 . eG,

4� jeG
2 A

+J� 5G,

4� eG
A J�G @

h+j,

j
+69,

h+ee,

e
@

+J� 5G,

4� eG
A J�G @

h+e,

e
+6:,

Wkh uhvw ri wkh surri iroorzv vwudljkwiruzdugo|1 T1H1G1

Lw lv qrz hdv| wr hvwdeolvk d vlplodu uhvxow iru wkh EJ zlwk srvvleoh lqwhulp oltxlgdwlrqv1

Sursrvlwlrq 7 Xqghu wkh frqglwlrqv lq Sursrvlwlrqv 4/ 5 dqg 6/ h+j>O, A h+je, A h+j,/ dqg

h+e>O, A h+ee, A h+e,/ �+j>O, A �+je, A �+j,/ dqg �+e>O, A �+ee, A �+e,1 Wkdw lv/ wkh h�ruw

ohyhov dqg htxlw| ydoxhv duh ixuwkhu lpsuryhg xqghu EJ lq doo wkh srvvleoh vwdwhv1

Surri= Vwudljkwiruzdug1 T1H1G1

Sursrvlwlrq 8 Xqghu EJ/ wkhuh h{lvw ydoxhv ri J/ s/ O/ j/ dqg e vxfk wkdw vrph frqglwlrqv lq

Sursrvlwlrqv 4 dqg 5 krog dqg vxevhtxhqwo| wkh �upv zloo yroxqwdulo| irup lqwr d EJ dw wlph 3

dqg vkduh oldelolwlhv/ l1h1/ �f ? �f1

Surri= Lw vx�fhv wr suryh wklv vwdwhphqw ri h{lvwhqfh zlwk d qxphulfdo h{dpsoh1

H{dpsoh 5= Wkh EJ fdvh zlwk oltxlgdwlrq1

Zh fkrrvh wkh vdph gdwd dv lq H{dpsoh 4 vr wkdw wkh vroxwlrqv fdq eh frpsduhg zlwk wkh

vwdqg0dorqh fdvh ri wkh �upv1 Wkxv/ vxssrvh s @ 3=;/ j @ 3=5/ e @ 3=38/ J @ 8/ O @ 41

Zh �qg e| wuldo dqg huuru wkdw wkh oltxlgdwlrq ydoxh idoov lq udqjh LL ri Iljxuh 71 Wkh

ydoxh ri G fdq eh frpsxwhg iurp wkh irupxod ri wkh ydoxh ri EJ*v ghew dw wlph 3/ wkdw lv/

5 @ s2G+jj, . 5s+4� s,G+j> O, . +4� s,2G+ee, +6;,

lq zklfk G+jj, dqg G+ee, duh jlyhq lq Wdeoh 4 dqg G+j> O, lv suhvhqwhg lq +5:,1 Lw iroorzv iurp

+6;, wkdw G @ 4= 487 61 Frpsdulqj zlwk G @ 4=;<6: iru wkh vwdqg0dorqh �up/ wklv lv d gudpdwlf

lqwhuhvw vdylqj iru wkh �upv xqghu EJ1 Wr yhuli| wkdw zh duh lqghhg orrnlqj dw dq h{dpsoh zlwk

O@+J� 5G, lq wkh udqjh LL ri Iljxuh 7/ zh kdyh
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4 . u

EC32(�
@ 4= 6:4 9 ?

I
2

�3K(
@ 4= 833 ; ?

I
2

�3}(
@ 4= ;6; :

D+j> e>G, @ = 887 99 dqg �E}cKc(�I
}

@ 4= 573 6 ? +4 . u

C32(
, @ 4= 6:4 9 ? �E}cKc(�I

K
@ 5= 7;3 81

Jlyhq wkdw G @ 4= 487 6/ zh fdq frpsxwh wkh h�ruw/ htxlw|/ dqg wrwdo ydoxh ri wkh �upv

xqghu JE iurp +57,/ +58,/ dqg Wdeoh 41 Wkhvh duh jlyhq dv iroorzv1

h+j>O, @ = :6; 5;/ h+jj, @ = 9<< ;8/ h+ee, @ = 475 ;4/ h+je, @ = 8:: 37/ h+ej, @ = 49: ;:>

�+h+j>O,mj> O, @ 4= 695 9/ �+h+e>O,me>O, @ = 673 99>

�+jj, @ 4= 557 7/ �+ee, @ = 536 <8/ �+je, @ = ;65 77/ �+ej, @ = 5;4 ;51

Frq�uplqj wkh uhvxowv ri wkh suhylrxv sursrvlwlrqv/ zh kdyh

h+j>O, A h+jj, A h+j,/ 5�+jj, A �+h+j>O,mj>O, A �+je, . �+ej, dqg

�+h+e> O,me> O, ? 5�+ee,1

Ilqdoo|/ zh jhw wkh wlph03 ydoxh ri wkh EJ*v htxlw| dqg wrwdo ydoxh dv frpsduhg wr wkh

vwdqg0dorqh fdvh=

5�
f
@ ^s

2
5�+jj, . 5s+4� s,�+j>O, . +4� s,

2
�+ee,` @ 5= 34< 91

�
f
@ 4=33<; A�

f
@ 3=;5351

Y
f
@ 5=33<; AY

f
@ 4=;5351

* +� +���������� �� (	���
� �,-
;

Dv lq prvw wudqvlwlrqdo hfrqrplhv/ ghew kdv ehhq dqg vwloo lv wkh pdmru vrxufh ri �qdqflqj iru

�upv lq Fklqd1 Lq 4<<9/ iru lqvwdqfh/ rqo| 5517 eloolrq |xdq/ ru 31; shufhqw ri wkh wrwdo fdslwdo

lqyhvwphqw/ zhuh udlvhg lq wkh Fklqhvh vwrfn pdunhw +Vwdwlvwlfdo \hduerrn ri Fklqd/ 4<<;/ ss19:/

9:5,1 Xqohvv vsrqvruhg e| wkh jryhuqphqw/ vxfk dv wkh wudglwlrqdo vwdwh0rzqhg hqwhusulvhv

+VRHv,/ �upv jhqhudoo| kdyh wr eruurz dw kljk lqwhuhvw udwhv zklfk sodxvleo| lqfrusrudwh wkh

fuhglwruv* frqfhuq derxw wkh djhqf| sureohpv wkdw vwhp iurp fdslwdo pdunhw lpshuihfwlrqv1

Vrph �upv/ hyhq zlwk kljk sur�wdeoh srwhqwldov pd|/ dqg iru jrrg uhdvrqv +Vwljolw} dqg Zhlvv/

4<;4,/ hqg xs idflqj fuhglw udwlrqlqj1 Djdlqvw vxfk d edfngurs/ wkrvh �upv zklfk fdq rewdlq

ordqv/ dqg vhfxuh ehwwhu lqwhuhvw udwhv dqg whupv ri frqglwlrqv kdyh d fohdu dgydqwdjh ryhu

wkhlu frpshwlwruv1 Iurp dq hyroxwlrqdu| ylhzsrlqw/ rqh pd| frqmhfwxuh wkdw frpshwlwlrq iru

ordqv +dqg ehwwhu frqglwlrqv rq wkh ordqv, zrxog ohdg wr lqqrydwlrq lq phfkdqlvpv wkdw fdq



4;

ehwwhu wdfnoh wkh deryh djhqf| sureohpv1 Wkh idfw wkdw WYHv kdyh qrw rqo| vxuylyhg/ exw dovr

wkulyhg/ xqghu wkh dgyhuvh fdslwdo pdunhw frqglwlrqv vxjjhvwv wkdw wkhvh �upv pd| kdyh irxqg

phfkdqlvpv wkdw duh pruh h�flhqw dqg pruh frpsdwleoh wr wkh fxuuhqw vwdwh ri Fklqhvh hfrqrp|1

Lq 4<<9 dqg 4<<:/ wkh dyhudjh ghew2dvvhw udwlr ri WYHv zdv ryhu 94 shufhqw/ lqglfdwlqj wkdw wkh

WYH vhfwru lv kljko| ohyhudjhg +\hduerrn ri Fklqd*v Wrzqvkls dqg Yloodjh Hqwhusulvhv/ 4<<:/

s15:3> 4<<;/ ss1537/ 53;,1 Lq rxu ylhz/ wkh rzqhuvkls dqg jryhuqdqfh vwuxfwxuh hyroyhg zlwklq

wkh WYH vhfwru lq Fklqd lv d mxglflrxv uhvsrqvh wr wkh deryh0phqwlrqhg ghew0uhodwhg djhqf|

sureohpv/ zklfk/ wr vrph h{whqw/ pd| kdyh dffrxqwhg iru wkh vshfwdfxodu hfrqrplf shuirupdqfh

ri wklv vhfwru1

D wrzqvkls ru yloodjh zlwk d froohfwlrq ri WYHv xqghu lwv frqwuro pljkw eh vhhq dv vrph

nlqg ri dq lqirupdo frqjorphudwh/ zklfk uxqv glyhuvl�hg exvlqhvvhv1 Kdylqj wkh lpsruwdqw frru0

glqdwlqj uroh lq wkh WYHv* ghyhorsphqw surfhvvhv/ wkh frppxqlw| jryhuqphqw kdv ghprqvwudwhg

d suhihuhqfh iru fuhdwlqj glyhuvl�hg/ vpdoo0vfdoh WYHv dw wkh vwduw/ dqg wkhq khoslqj lwv WYHv wr

h{sdqg lq vfdoh dqg vfrsh/ dqg hyhq jurz rxw ri wkh frppxqlw| +Vxq/ 4<<:,1 Fdvxdo revhuydwlrq

vxjjhvwv wkdw WYHv lq d frppxqlw| qrupdoo| rshudwh dv wkrxjk wkh| duh sulydwh �upv1 Exw li

d �up idoov lqwr �qdqfldo gl�fxow|/ ru lw orrnv olnh lw zloo/ wkh frppxqlw| jryhuqphqw kdv wkh

ixoo uljkw wr lqwhuyhqh1 Wkh frppxqlw| pd| ghpdqg oltxlgdwlrq ri wkh �up*v dvvhwv/ lqlwldwh d

phujhu/ ru duudqjh dftxlvlwlrq ri wkh wurxeohg �up e| dqrwkhu +khdowklhu, �up1 Lq wklv vhqvh/ wkh

WYHv lq d frppxqlw| vkduh hdfk rwkhu*v fuhglw ulvnv/ zkloh uhpdlqlqj lqghshqghqw ri hdfk rwkhu

lq qrupdo wlphv1 WYHv lq d frppxqlw| xvxdoo| vkduh pxfk lqirupdwlrq dprqj wkhpvhoyhv/ gxh

wr idplo| dqg nlqvkls wlhv/ klvwrulfdo sduwqhuvklsv/ orfdwlrqdo sur{lplw|/ dqg vr rq1 Wkh phpehu

�upv dovr hqmr| wkh ehqh�wv ri wkh frppxqlw| lq rwkhu zd|v/ vxfk dv dffhvv wr edqn fuhglw/

exuhdxfudwlf vxssruw/ lqirupdwlrq �rzv zlwklq wkh jryhuqphqw klhudufk|/ glvwulexwlrq ri nh|

pdwhuldov wkurxjk r�fldo fkdqqhov/ dqg rwkhu sur{lhv iru pdunhw lqwhuphgldulhv1
b

Dsso|lqj rxu wkhru| wr wkh fdvh ri WYHv/ zh suhglfw wkdw wkh WYHv xqghu wkh xpeuhood

ri d frppxqlw| zrxog eh pruh h�flhqw lq pdnlqj lqyhvwphqw dqg oltxlgdwlrq ghflvlrqv1 Lq

sduwlfxodu/ dv frpsduhg zlwk vwdwh0rzqhg dqg sulydwh �upv/ wkh WYH jryhuqdqfh vwuxfwxuh dv

zh vnhwfkhg deryh vkrxog hqfrxudjh pruh iuhtxhqw yroxqwdu| oltxlgdwlrqv ri lqh�flhqw dvvhwv1

Vlqfh wlpho| oltxlgdwlrq uhgxfhv wkh h{shfwhg orvvhv iurp lqh�flhqw frqwlqxdwlrq/ wkh �upv xqghu
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d frppxqlw| jryhuqdqfh vwuxfwxuh vkrxog eh deoh wr uhgxfh wkhlu eruurzlqj frvwv dqg eh pruh

h�flhqw1

Dydlodeoh gdwd vxjjhvw wkdw wkh WYH vhfwru grhv h{shulhqfh d kljk iuhtxhqf| ri hqwhusulvh

oltxlgdwlrq dqg vkxw0grzqv +vhh Wdeoh 5,1 Iru h{dpsoh/ lq |hduv ri dxvwhulw| +vxfk dv 4<;< dqg

4<<3,/ ryhu 43 shufhqw ri wkh WYHv zhuh oltxlgdwhg ru wdnhq ryhu e| rwkhu WYHv> lq frqwudvw/

rqo| ihzhu wkdq 41; shufhqw ri vwdwh0rzqhg hqwhusulvhv +VRHv, zhuh phujhg ru wdnhq ryhu +Vxq/

4<<:/ s14;, gxulqj wkh vdph shulrg1 Wkh sulydwh vhfwru vwdqgv lq ehwzhhq/ zlwk d ohvv wkdq ;

shufhqw oltxlgdwlrq udwh lqfoxglqj phujhu dqg edqnuxswf| �olqjv1
�f

Lw lv uduh wr vhh d WYH �olqj

iru edqnuxswf|/ zklfk ixuwkhu vxjjhvwv wkdw d sureohpdwlf WYH lv pruh olnho| wr eh oltxlgdwhg

lqwhuqdoo| zlwklq wkh WYH jurxs ehiruh lw jhwv lqwr pruh vhulrxv �qdqfldo gl�fxow|1 Lq idfw/ WYH

oltxlgdwlrqv dqg wdnh0ryhuv duh w|slfdoo| vhhq dv wkh lqwhuqdo d�dluv ri wkh frppxqlw| +Zrqj hw

do1/ 4<<8> E|ug dqg Olq/ 4<<3,1
��

Wdeoh 5 derxw khuh

Lw lv zruwk uhpdunlqj wkdw rxu wkhru| lv suredeo| ohvv dssolfdeoh wr wkh VRHv1 Dowkrxjk

VRHv pd| dovr eh vhhq dv �upv ru glylvlrqv xqghu d frpprq fhqwudo ru orfdo jryhuqphqw/

wkhuh duh wzr pdmru glvwlqfwlrqv ehwzhhq wkh wzr jryhuqdqfh vwuxfwxuhv ~ wkdw lv/ ehwzhhq d

jryhuqphqw dw frxqw| dqg deryh ohyhov wkdw uxqv d jurxs ri VRHv dqg d jryhuqphqw dw wrzqvkls

dqg yloodjh ohyhov wkdw uxqv d jurxs ri WYHv1 Iluvw/ wkh iruphu jryhuqphqw qrw rqo| uxqv wkh

VRHv/ exw dovr frqwurov wkh vwdwh edqnv ru orfdo eudqfkhv ri wkh vwdwh edqnv1 Dv d uhvxow/

fuhglwruv duh sduw ri wkh jurxs dqg wkxv fdqqrw h�hfwlyho| h{huflvh wkhlu uljkwv wr jhw wkhlu

prqh| edfn1 Wklv lv wkh zhoo nqrzq sureohp ri wkh vriw0exgjhw frqvwudlqw1 Lq ghhg/ hyhq wkh

ghflvlrqv derxw judqwlqj ordqv dqg lqwhuhvw udwhv duh vxemhfw wr lqwhuqdo frqwuro dqg qhjrwldwlrqv1

Zkhuhdv iru wkh wrzqvkls dqg yloodjh jryhuqphqwv/ wkh fuhglwruv duh rxwvlghuv dqg wkh WYHv

fdq idfh udwkhu kdug hfrqrplf dqg ohjdo suhvvxuh wr uhsd| wkhlu ordqv1 Frqfhlydeo|/ pdunhw

frqvlghudwlrqv vxfk dv fuhglw ulvn/ ordq frqglwlrqv/ dqg lqwhuhvw udwhv/ hwf1/ dqg phfkdqlvpv wkdw

khos lpsuryh fuhglelolw| ehfrph pruh phdqlqjixo iru wkh WYHv wkdq iru wkh VRHv1 Vhfrqg/ d

VRH pdqdjhu lv qrw mxvw dq hqwuhsuhqhxu/ exw dovr d exuhdxfudw zkrvh lqwhuhvwv/ xqghuvwdqgdeo|/

pd| gl�hu vljql�fdqwo| iurp pd{lpl}lqj wkh htxlw| ydoxh ri wkh �up dv zh kdyh dvvxphg lq wkh
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prgho1 Wkh dssrlqwphqwv ri wkh VRH pdqdjhuv/ iru h{dpsoh/ kdyh ehhq wljkwo| frqwuroohg e|

wkh Sduw| frpplwwhhv dw gl�huhqw ohyhov zlwk vljql�fdqw srolwlfdo frqvlghudwlrqv +h1j1/ Shurwwl/

hw do1 4<<<,1 Dqg wkh vxshuylvru| jryhuqphqw ru wkh pdqdjhu ri d VRH pxvw dvvxph vrfldo

vhfxulw| uhvsrqvlelolw| iru wkh �up*v hpsor|hhv dqg wkhlu idplolhv hyhq li wkh �up lv oltxlgdwhg1

Lq rwkhu zrugv/ h�flhqw oltxlgdwlrq zloo eh kdug wr eh lpsohphqwhg zlwk d VRH rzlqj wr qrq0

pdunhw frqfhuqv1 Dowkrxjk wkh uhfhqw �qdqfldo fhqwudol}dwlrq lq Fklqd pljkw eh deoh wr uhpryh

vrph srzhu ri wkh orfdo jryhuqphqwv ryhu edqn ordqv/ wkh exuhdxfudwlf klhudufk| ri shuvrqqho

dssrlqwphqwv odujho| uhpdlqv lqwdfw1 Zh pljkw frqmhfwxuh/ krzhyhu/ wkdw oldelolw| vkdulqj frxog

dovr zrun iru vrph VRHv lq vxlwdeoh vlwxdwlrqv surylghg wkdw wkhvh �upv dqg wkhlu fuhglwruv duh

pruh sur�w rulhqwhg dqg wkhlu �qdqfldo reoljdwlrqv fdq eh ohjdoo| hqirufhg1

. (��������� ��
��

���

Lq wklv sdshu zh kdyh lqyhvwljdwhg srvvleoh lpsdfwv ri oldelolw| vkdulqj rq �upv* lqyhvwphqw dqg

yroxqwdu| oltxlgdwlrq ghflvlrqv1 Zkloh pxfk kdv ehhq zulwwhq rq wkh djhqf| sureohpv uhvxowlqj

iurp dv|pphwulf lqirupdwlrq/ prudo kd}dug/ dqg olplwhg oldelolw| ehwzhhq d �up*v lqvlghuv dqg

rxwvlghuv/ phfkdqlvpv lqyroylqj vhyhudo �upv* ghflvlrqv wkdw duh fdsdeoh ri dpholrudwlqj wkh

djhqf| frvwv ri ghew kdyh qrw ehhq zhoo h{soruhg1 Wklv sdshu frqwulexwhv wr rxu xqghuvwdqglqj

ri oldelolw| vkdulqj lq wklv uhvshfw1

Gxh wr wkh h{lvwhqfh ri �up*v qrq0frqwudfwleoh lqirupdwlrq dqg sulydwh dfwlrqv/ oldelolw|

ri ghew whqgv wr hqfrxudjh wkh �up*v htxlw| kroghuv wr surylgh ohvv wkdq rswlpdo h�ruw dqg wr

ghod| oltxlgdwlrq ri lqh�flhqw dvvhwv ~ ghvslwh ixuwkhu hurvlrq ri wkh �up*v wrwdo ydoxh1 Wkh

pdlq �qglqj lq wklv sdshu lv wkdw zkhq lqghshqghqw �upv idfh wkhvh djhqf| sureohpv/ iruplqj

d glyhuvl�hg exvlqhvv jurxs dqg vkduh oldelolwlhv pd| khos wkh �upv wr lqfuhdvh wkhlu frpelqhg

ydoxhv1 Zh vkrz wkdw xqghu fhuwdlq sodxvleoh frqglwlrqv +vhh Iljxuh 7 dqg Sursrvlwlrqv 7 dqg 8,/

oldelolw| vkdulqj fdq hqfrxudjh phpehu �upv wr surylgh kljkhu h�ruwv dqg wkh exvlqhvv jurxs

wr eh pruh zloolqj wr oltxlgdwh lqh�flhqw �upv1 Khuh/ h�ruw lv qrw frq�qhg wr pdqdjhphqw

lqsxw dorqh/ exw dovr uhihuv wr srvvleoh lqmhfwlrq ri htxlw| fdslwdo lq dq| irup/ vxfk dv wkh xvh

ri lqwhuqdo ixqgv/ uhgxfwlrq ri glylghqgv/ erqxvhv ru zdjhv/ ru lvvxdqfh ri qhz vkduhv ru mxqlru

ghewv1
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Rxu �qglqj lv qrw rqo| ri wkhruhwlfdo lqwhuhvw/ exw pd| kdyh wkh srwhqwldo iru uhirup

srolflhv lq ghyhorslqj ru wudqvlwlrqdo hfrqrplhv1 Lq wkhvh hfrqrplhv/ rxwvlgh ghewv duh d pdmru

vrxufh ri �qdqflqj iru �upv rzlqj wr wkh xqghughyhorshg fdslwdo pdunhwv1 Frpelqhg zlwk d

odfn ri pdunhw lqwhuphgldulhv dqg frqwudfw hqirufhphqw phfkdqlvpv/ wkh djhqf| sureohpv ghdow

zlwk lq wklv sdshu frxog eh pxfk pruh suhydohqw lq wkhvh hfrqrplhv1 Zh dsso| rxu wkhru|

wr wkh dqdo|vlv ri wrzqvkls0yloodjh hqwhusulvhv lq Fklqd/ dqg �qg vxssruwlqj hylghqfh ri wkh

kljk oltxlgdwlrq iuhtxhqf| ri wkh WYHv1 Wkh rxwvwdqglqj hfrqrplf shuirupdqfh ri wkh WYH

vhfwru lv dovr frqvlvwhqw zlwk rxu suhglfwlrq wkdw oldelolw| vkdulqj fdq prwlydwh kljkhu h�ruwv dqg

lpsuryh lqyhvwphqw2glvlqyhvwphqw h�flhqf|1 Lq dgglwlrq/ rxu uhvxow pd| dovr h{sodlq vrph ri

wkh ulvn0glyhuvl�fdwlrq dfwlylwlhv ri odujh frqjorphudwhv lq ohvv ghyhorshg hfrqrplhv dqg vxjjhvwv

d zd| wr uhvwuxfwxuh ghew0sodjxhg VRHv lq wkh wudqvlwlrq hfrqrplhv1 Iru lqvwdqfh/ lqvwhdg ri

sulydwl}lqj hdfk lqglylgxdo VRH vhsdudwho|/ vrph ri wkhvh �upv pljkw �uvw eh jurxshg wrjhwkhu

xqghu d kroglqj frpsdq|/ zkrvh uroh zrxog eh vlplodu wr rxu exvlqhvv jurxs1 Wkuhh frqglwlrqv

iru wklv nlqg ri exqgolqj wr eh vxffhvvixo duh wkdw +d, wkh kroglqj frpsdq| kdv d ehwwhu dffhvv

wr lqirupdwlrq derxw wkh phpehu �upv wkdq wkh vwdwh ru surylqfldo jryhuqphqw/ dqg lv deoh wr

dfw lq wkh lqwhuhvwv ri wkh frpelqhg htxlw| ydoxhv ri wkh jurxs> +e, wkh kroglqj frpsdq| kdv wkh

uljkw wr oltxlgdwh lqh�flhqw �upv dqg pxvw krqru wkh uhsd|phqw reoljdwlrqv ri wkh frpelqhg

oldelolwlhv ri wkh phpehu �upv xqohvv wkh zkroh jurxs jrhv edqnuxsw> dqg +f, �upv lq wkh kroglqj

frpsdq| duh doorzhg wr rshudwh dv wkrxjk wkh| duh sulydwh �upv surylghg doo phpehu �upv duh

vroyhqw1 Dv zh kdyh vkrzq/ vxfk exvlqhvv dooldqfh fdq eh mxvwl�hg dqg kdv d jrrg fkdqfh wr

ehfrph pruh h�flhqw1
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Errw/ Duqrxg/ %Zk| Kdqj rq wr OrvhuvB% M1 Ilqdqfh 7:/ 7=473404756/ Vhs1 4<<51

E|ug/ Zlooldp/ dqg Tlqjvrqj Olq +Hgv1,/ Fklqd*v Uxudo Lqgxvwu|= Vwuxfwxuh/ Ghyhorsphqw dqg Uhirup1

Qhz \run= R{irug Xqlyhuvlw| Suhvv/ 4<<31

Fkh/ Mldkxd dqg \lqj|l Tldq/ %Lqvwlwxwlrqdo Hqylurqphqw/ Frppxqlw| Jryhuqphqw/ dqg Frusrudwh

Jryhuqdqfh= Xqghuvwdqglqj Fklqd*v Wrzqvkls dqg Yloodjh Hqwhusulvhv1% M1 Odz/ Hfrq1/ Rujdq1/

47/ 4=4056/ Dsulo 4<<;1

Gldjqh/ Dolrx/ %Ghidxow Lqfhqwlyhv/ Shhu Suhvvxuh/ dqg Htxloleulxp Rxwfrphv lq Jurxs0Edvhg Ohqglqj

Surjudpv1% Frqwulexwhg Sdshu wr wkh Dqqxdo Phhwlqj ri wkh Dphulfdq Hfrqrplf Dvvrfldwlrq/

Fklfdjr/ Mdq1 4<<;1

Gldprqg/ Grxjodv Z1/ %Prqlwrulqj dqg Uhsxwdwlrq= Wkh Fkrlfh ehwzhhq Edqn Ordqv dqg Gluhfwo|

Sodfhg Ghew1% M1 Srolw1 Hfrq1/ <</ 7=9;<0:54/ Dxj1 4<<41

Jkdwdnh/ Pdlwuhhvk/ dqg Jxlqqdqh/ Wlprwk| Z1/ %Wkh Hfrqrplfv ri Ohqglqj zlwk Mrlqw Oldelolw|=

Wkhru| dqg Sudfwlfh1% M1 Ghyho1 Hfrq1/ 93/ 4=4<8055;/ Rfw1 4<<<1

Jurvvpdq/ Vdqirug/ dqg Kduw/ Rolyhu/ %Wkh Frvwv dqg Ehqh�wv ri Rzqhuvkls= D Wkhru| ri Yhuwlfdo dqg

Odwhudo Lqwhjudwlrq1% M1 Srolw1 Hfrq1 <7/ 7=9<40:4</ Dxj1 4<;91

Kduw/ Rolyhu/ %Lqfrpsohwh Frqwudfwv dqg Wkhru| ri wkh Ilup1% M1 Odz/ Hfrq1/ Rujdq1/ 7/ 4=44<046</

Vsulqj 4<;;1

Kduw/ Rolyhu/ Ilupv/ Frqwudfwv dqg Ilqdqfldo Vwuxfwxuh1 R{irug= R{irug Xqlyhuvlw| Suhvv/ 4<<81

Kduw/ Rolyhu/ dqg Prruh/ Mrkq/ %Lqfrpsohwh Frqwudfwv dqg Uhqhjrwldwlrq1% Hfrqrphwulfd 89/ 7=:880:;8/

Mxo| 4<;;1

Kduw/ Rolyhu/ dqg Prruh/ Mrkq/ %Ghew dqg Vhqlrulw|= Dq Dqdo|vlv ri wkh Uroh ri Kdug Fodlpv lq

Frqvwudlqlqj Pdqdjhphqw1% Dphu1 Hfrq1 Uhy1/ ;8/ 6=89:08;8/ Mxqh 4<<81

Kropvwu�rp/ Ehqjw/ %Prudo Kd}dug lq Whdpv1% Ehoo M1 Hfrq1 46=6570673/ 4<;51
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Lqqhv/ Urehuw G1/ %Olplwhg Oldelolw| dqg Lqfhqwlyh Frqwudfwlqj zlwk H{0dqwh Dfwlrq Fkrlfhv1% M1 Hfrq1

Wkhru| 85/ 4=7809:/ Rfw1 4<<31

Mhqvhq/ Plfkdho F1/ dqg Phfnolqj/ Zlooldp K1/ %Wkhru| ri wkh Ilup= Pdqdjhuldo Ehkdylru/ Djhqf|

Frvwv dqg Rzqhuvkls Vwuxfwxuh1% M1 Ilqdq1 Hfrq1/ 6=6380693/ 4<:91

Nkdqqd/ Wduxq/ dqg Sdohsx/ Nulvkqd/ %Srolf| Vkrfnv/ Pdunhw Lqwhuphgldulhv/ dqg Frusrudwh Vwudwhj|=

Wkh Hyroxwlrq ri Exvlqhvv Jurxs lq Fkloh dqg Lqgld1% M1 Hfrq1 Pdqdj1 Vwudwhj|/ ;/ 5=5:40643/

Vxpphu 4<<<1

Olq/ Qdq/ %Orfdo Pdunhw Vrfldolvp= Orfdo Frusrudwlvp lq Dfwlrq lq Uxudo Fklqd1% Wkhru| dqg Vrflhw|/

57/ 6=6340687/ 4<<81

Pdvnlq/ Hulf/ dqg Wluroh/ Mhdq/ %Xqiruhvhhq Frqwlqjhqflhv/ Surshuw| Uljkwv/ dqg Lqfrpsohwh Frqwudfwv1%

Glvfxvvlrq Sdshu qr1 4:<9/ Kduydug Lqvwlwxwh ri Hfrqrplf Uhvhdufk/ 4<<:1

P|huv/ Vwhzduw F1/ %Ghwhuplqdqwv ri Frusrudwh Eruurzlqj1% M1 Ilqdq1 Hfrq1/ 8/ 4= 47:04:8/ 4<::1

Shurwwl/ Hqulfr F1/ dqg Jhoihu/ Vwdqlvody/ %Lqyhvwphqw Ilqdqflqj lq Uxvvldq Ilqdqfldo0Lqgxvwuldo Jurxsv1%

Plphr/ Xqlyhuvlw| ri Dpvwhugdp/ Wkh Qhwkhuodqgv/ 4<<;1

Shurwwl/ Hqulfr/ Vxq/ Odl{ldqj/ dqg ]rx/ Oldqj/ %Vwdwh0Rzqhg yhuvxv Wrzqvkls dqg Yloodjh Hqwhusulvhv

lq Fklqd1% Frps1 Hfrq1 Vwxg// 74/ 5=48404:</ Vxpphu 4<<<1

Shrsoh*v Gdlo|/ lq Fklqhvh1

Vhohqghu/ Duwkxu/ dqg ]rx/ Oldqj/ %Olplwhg Oldelolw| dqg wkh Xqghuo|lqj Dvvhw Frqvwudlqw= Rq wkh Xvh

ri Vkduh0Ghulydwlyh Frqwudfwv wr Uhvroyh Djhqf| Sureohpv1% M1 Hfrq/ 8</ 5=47<0499/ 4<<71

Vkohlihu/ Dqguhl/ dqg Ylvkq|/ Urehuw Z1/ %D Vxuyh| ri Frusrudwh Jryhuqdqfh1% M1 Ilqdqfh 85/ 5=:6:0

:;6/ Mxqh 4<<:1

Vwdwlvwlfdo \hduerrn ri Fklqd/ 4<<404<<;1 Ehlmlqj= Fklqd Vwdwlvwlfdo Sxeolvklqj Krxvh1

Vwhlq/ Mhuhp| F1/ %H�flhqw Fdslwdo Pdunhwv/ Lqh�flhqw Ilupv= D Prgho ri P|rslf Frusrudwh Ehkdylru1%

Txduw1 M1 Hfrq1/ 437/ 7=988099</ Qry1 4<;<1
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Vwljolw}/ Mrvhsk H1/ dqg Zhlvv/ Dqguhz/ %Fuhglw Udwlrqlqj lq Pdunhwv zlwk Lpshuihfw Lqirupdwlrq1%

Dphu1 Hfrq1 Uhy1/ :4/ 6=6<60743/ Mxqh 4<;41

Vwljolw}/ Mrvhsk H1/ %Shhu Prqlwrulqj dqg Fuhglw Pdunhwv1% Zruog Edqn Hfrq1 Uhy1/ 7/ 6=6840699/ Vhs1

4<<31

Vwxo}/ Uhq*h/ %Pdqdjhuldo Glvfuhwlrq dqg Rswlpdo Ilqdqflqj Srolflhv1% M1 Ilqdq1 Hfrq1/ 59/ 4=605:/

Mxo| 4<<31

Vxq/ Odl{ldqj/ %Hphujhqfh ri Xqruwkrgr{ Rzqhuvkls dqg Jryhuqdqfh Vwuxfwxuhv lq Hdvw Dvld= Dq Do0

whuqdwlyh Wudqvlwlrq Sdwk1% Uhvhdufk iru Dfwlrq vhulhv UID67/ Xqlwhg Qdwlrqv Xqlyhuvlw|/ ZLGHU/

Khovlqnl/ Ilqodqg/ 4<<:1

Vxq/ Odl{ldqj/ Wkh Hyroxwlrqdu| G|qdplfv ri Fklqd*v Vpdoo dqg Phglxp0Vl}hg Hqwhusulvhv lq wkh

4<<3v/ Zruog Ghyhorsphqw Vwxglhv Vhulhv ZGV 47/ Xqlwhg Qdwlrqv Xqlyhuvlw|/ ZLGHU/ Khovlqnl/

4<<<1

Yduldq/ Kdo U1/ %Prqlwrulqj Djhqwv zlwk Rwkhu Djhqwv1% M1 Lqvwlwxw1 Wkhruhw1 Hfrq1/ 479/ 4=48604:7/

Pdufk 4<<31

Zklwh/ Plfkhooh M1/ %Wkh Frusrudwh Edqnuxswf| Ghflvlrq1% M1 Hfrq1 Shuvs1/ 6/ 5=45<0484/ Vsulqj 4<;<1

Zrqj/ Mrkq/ Pd/ Urqj/ dqg \dqj/ Px/ Fklqd*v Uxudo Hqwhusulvhv= Whq Fdvh Vwxglhv1 Vlqjdsruh= Wlphv

Dfdghplf Suhvv/ 4<<81

\hduerrn ri Fklqd*v Wrzqvkls dqg Yloodjh Hqwhusulvhv/ 4<<304<<;1 Ehlmlqj= Djulfxowxuh Suhvv +lq Fkl0

qhvh,1

]rx/ Oldqj/ %Rzqhuvkls Vwuxfwxuh dqg H�flhqf|= Dq Lqfhqwlyh Phfkdqlvp Dssurdfk1% M1 Frps1 Hfrq1

49/ 6=6<<0764/ Vhs1 4<<51

]rx/ Oldqj/ %Lqfhqwlyh Frqwudfwlqj zlwk Klgghq Fkrlfhv ri H�ruw dqg Ulvn1% Hfrq1 Ohwwhuv/ 7:/ 60

7=6440649/ Pdufk 4<<81

]rx/ Oldqj/ dqg Vxq/ Odl{ldqj/ %Lqwhuhvw Udwh Srolf| dqg Lqfhqwlyhv ri Vwdwh0Rzqhg Hqwhusulvhv lq wkh

Wudqvlwlrqdo Fklqd1% M1 Frps1 Hfrq1/ 561 6=5<5064;/ Ghf1 4<<91
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41 Wkh dqdo|wlfdo uhvxowv ri wklv sdshu zloo uhpdlq dv orqj dv �upv* rxwsxwv duh qrw shuihfwo| fruuhodwhg/

dowkrxjk lqwurgxflqj fruuhodwlrqv zrxog gudpdwlfdoo| frpsolfdwh wkh dqdo|vlv1

51 Wklv lv ehfdxvh zkdw pdwwhuv lq rxu frqwh{w lv wkh gl�huhqfh ehwzhhq J dqg E/ l1h1/ wkh ulvn| sduw

ri wkh �up1 Rxu dqdo|vlv zloo qrw fkdqjh li zh dgg dq| frqvwdqw qxpehu wr J dqg E/ dqg wr wkh

oltxlgdwlrq ydoxh O +vhh ehorz,1

61 Li zh lqwurgxfh fdvk �rzv dw wlph 4 zklfk duh xqfruuhodwhg zlwk wkh �up*v vljqdov/ rxu dqdo|vlv zloo

hvvhqwldoo| uhpdlq wkh vdph/ ehfdxvh wkhvh fdvk �rzv gr qrw kdyh dq| lqirupdwlrqdo frqwhqw iru

rxwvlgh fuhglwruv1 Vkruw0 ru orqj0whup ordqv ehfrph lpsruwdqw iru rxwvlgh fuhglwruv lq frqwuroolqj

fuhglw ulvn rqo| li lqwhulp fdvk �rzv duh lqirupdwlyh1 Zh gr qrw sxuvxh wklv h{whqvlrq lq wklv sdshu1

71 Qrwh wkdw zlwk rxu ulvn0iuhh lqwhuhvw udwh qrupdol}hg wr }hur/ wkh ydoxh ri O +uhvshfwlyho| G, dw wlph

4 lv wkh vdph dv lwv ydoxh dw wlph 51 Vlploduo|/ wkhuh lv qr glvfrxqwlqj ri wkh �up*v h{shfwhg htxlw|

ydoxh/ ehfdxvh doo sod|huv duh ulvn qhxwudo/ vr wkh �up*v htxlw| ydoxh dw wlph 4 lv wkh vdph dv lwv

h{shfwhg htxlw| ydoxh dw wlph 51

81 Iru wkh fdvh zlwk pruh �upv zh h{shfw vlplodu uhvxowv/ dowkrxjk frqglwlrqv wkdw ohdg wr wkhvh uhvxowv

pd| eh pruh frpsolfdwhg1 Zh gr qrw h{shfw wr �qg dq| dgglwlrqdo lqvljkwv wkdw zrxog zduudqw

vxfk dq h{whqvlrq1

91 Wklv pd| eh mxvwl�hg/ iru lqvwdqfh/ e| dvvxplqj wkdw wkh �upv fdq frpplw wr vrph lqwhuqdo glvforvxuh

uhjxodwlrqv wkdw duh qrw dydlodeoh wr wkh rxwvlgh fuhglwruv dqg wkdw ixoo| uhyhdo wkhlu vljqdo dw wlph

4 wr wkh erdug ri EJ1 Dovr/ zh vkdoo dvvxph wkdw wkhuh lv qr sulydwh lqwhuhvw ri wkh EJ erdug wkdw

lv lq frq�lfw zlwk wkh EJ*v frpelqhg htxlw| kroghuv1 Wklv lv frqvlvwhqw zlwk rxu prgho lq zklfk

wkh FHR ru erdug ri wkh EJ grhv qrw wdnh dq| sulydwh dfwlrq qru kdyh dq| shuvrqdo lqwhuhvw wkdw

pd| glvwruw wkhlu jrdo ri pd{lpl}lqj wkh EJ*v htxlw| ydoxh1

:1 Vrph ri wkh jurxs0ohqglqj olwhudwxuh dovr lqyrnhv vxfk vlplodu dvvxpswlrqv dv wkdw jurxs phpehuv

vkduh lqirupdwlrq ru wkdw wkh| fdq prqlwru hdfk rwkhu ehwwhu wkdq rxwvlghuv> vhh/ h1j1/ Vwljolw}

+4<<3, dqg Yduldq +4<<3,1 Lw lv dovr zruwk qrwlqj wkdw rxu rswlpdo vroxwlrq zlwklq d EJ lv d vlpsoh
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h{dpsoh vxssruwlqj Pdvnlq dqg Wluroh*v +4<<:, revhuydwlrq wkdw wkh yhul�delolw| sureohp dorqh

qhhg qrw xqghuplqh wkh rswlpdolw| ri frqwudfwlqj dw wlph 31

;1 Iru wkh jhqhudo ihdwxuhv ri WYHv dqg wkh idprxv WYH pludfoh/ vhh/ Fkh dqg Tldq/ 4<<;> Shurwwl hw

do1/ 4<<</ dprqj rwkhuv1

<1 Vhh Olq +4<<8, iru d zhoo grfxphqwhg h{dpsoh ri wkh frppxqlw| WYH jurxsv/ Gdtlx}kxdqj yloodjh1

431 Wkh ghfuhdvh lq wkh qxpehu ri wkh Fklqhvh uxudo sulydwh �upv lq 4<;< dqg 4<<3 pd| eh odujho|

gxh wr vkxw0grzqv dqg edqnuxswflhv1 Lq 4<<7 dqg 4<<8/ wkh vdph vhfwru djdlq h{shulhqfhg d

ghfuhdvh lq qxpehuv ri �upv1 Exw wklv wlph phujhuv ri krxvhkrog hqwhusulvhv lqwr mrlqw0vwrfn dqg

mrlqw0krxvhkrog sduwqhuvklsv pd| kdyh ehhq grplqdqw/ ehfdxvh ri wkh vlpxowdqhrxv lqfuhdvh ri

hpsor|phqw +h1j1/ 5815 shufhqw lq 4<<8, lq wkh sulydwh vhfwru +\hduerrn ri Fklqd*v Wrzqvkls dqg

Yloodjh Hqwhusulvhv/ 4<<9/ ss1 708,1

441 Ri frxuvh/ d kljkhu oltxlgdwlrq udwh fdq eh wkh frqvhtxhqfh ri rwkhu idfwruv dv zhoo1 Iru lqvwdqfh/

wkh �up*v vl}h dqg ghjuhh ri ohyhudjh1 Exw wkh WYHv duh qrw glvwlqfwlyho| gl�huhqw lq wkhvh idfwruv

iurp wkh VRHv1 Dffruglqj wr wkh 4<<8 Qdwlrqdo Lqgxvwuldo Fhqvxv/ iru lqvwdqfh/ wkh ghew2dvvhw

udwlr ri lqgxvwuldo VRHv zdv 981; shufhqw/ zkhuhdv wkdw ri doo WYHv +lqfoxglqj wkrvh lq frpphufh,

zdv 951; shufhqw +Shrsoh*v Gdlo|/ 58 Mxo| 4<<;> WYH \hduerrn/ 4<<9/ ss1 4330434,1 Lq whupv ri

�up vl}h/ dowkrxjk WYHv whqg wr eh pxfk vpdoohu wkdq odujh dqg phglxp0vl}hg VRHv/ wkhuh h{lvw

qxphurxv vpdoo VRHv xqghu wkh frqwuro ri frxqw| dqg flw| jryhuqphqwv +Vxq/ 4<<<,1 Wkhvh vxjjhvw

wkdw wkh idfwruv vxfk dv vl}h dqg ohyhudjh duh qrw olnho| wr kdyh d vwurqj h{sodqdwlrq srzhu iru wkh

kljkhu oltxlgdwlrq udwh ri WYHv ryhu VRHv1 Rqh lpsruwdqw gl�huhqfh ehwzhhq wkh VRHv dqg wkh

WYHv olhv lq wkhlu exgjhw frqvwudlqw1 Wkh VRHv hqmr| d vriw exgjhw frqvwudlqw wkdw pdnhv wkhp

surqh iru kljkhu ulvn +]rx dqg Vxq/ 4<<9,> zkhuhdv wkh exgjhw frqvwudlqw iru d jurxs ri WYHv lq d

vlqjoh frppxqlw| lv olnho| wr eh kdug +Shurwwl/ hw do1/ 4<<<,/ vxssruwlqj rxu frqmhfwxuh wkdw oldelolw|

vkdulqj lv h�hfwlyh dprqj wkh WYHv zlwklq d frppxqlw|1
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e2(bb)

e2(gg)

e1(bb) e1(gg) e1

e2

e1(b, e2(b,s2))

e1(g, e2(g,s2))

e2(g, e1(g,s2))e2(b, e1(b,s2))
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Figure 5. Liability Sharing in Business Group Reduces Credit Risk of Combined Debt



Table 1: Firm’s Time-1 Effort Choice, Equity and Debt Values under the Alliance and without Liquidation 

 

S Prob. )(Se  )(Sπ  )(SD  

  
gg 

 
p2 









−
−=

Dg
DG

ggge
1

2
)(  ( )

g
gge

Dg
DGg

gg
21

2
2

)(
22

=







−
−=π  

 
( )2)()(22)( ggeggeDggD −=  

 
gb 

 
p(1-p) ( )( )









−

+−
= 21

12
)(

Dgb

DbDG
ggbe  ( )( ) ( )

g
gbe

Dgb

DbDGg
gb

21

12
2

)(
22

2
=








−

+−
=π  

 
( ))()()()(2)( bgegbebgegbeDgbD −+=  

 
bg 

 
(1-p)p ( )( )









−

+−
= 21

12
)(

Dgb

DgDG
bbge  ( )( ) ( )

b
bge

Dgb

DgDGb
bg

21

12
2

)(
22

2
=








−

+−
=π  

 
( ))()()()(2)( gbebgegbebgeDbgD −+=  

 
bb 

 
(1-p) 2 








−
−=

Db
DG

bbbe
1

2
)(  ( )

b
bbe

Db
DGb

bb
21

2
2

)(
22

=







−
−=π  

 
( )2)()(22)( bbebbeDbbD −=  



Table 2. The Liquidation Frequency of Rural Firms in China, by Type of Ownership (in years when data are available) 
 

1989 1990 1994 1995 1996 
 

 Number    

 (1,000)     

 Share 

 (%) 

 Number    

(1,000)     

Share 

 (%) 

 Number    

(1,000)     

Share 

 (%) 

 Number    

(1,000)      

Share 

 (%) 

 Number    

(1,000) 

Share 

(%) 

 

Total of rural firms 

    Closed  

    or liquidated 

 

 

18,686.3   

 

 1,600.0a    

 

100.00 

 

  8.56 

 

18,504.0   

 

 1,400.0a 

 

 

100.00 

 

7.56 

 

24,945.0    

 

    n.a. 

 

 

100.00 

 

 22,027.0    

 

  3,042.0     

 

100.00 

 

 13.80 

 

23,360.0 

 

     n.a. 

 

100.00 

Township/Village firms 

    Closed   

    Liquidated 

    Filed for bankruptcyd 

 

 1,535.7   

   160.0b    

    n.a. 

     0.0 

100.00 

 10.40 

 

  0.00 

 1,453.9   

   150.0b 

    n.a. 

     0.0     

100.00 

 10.30 

 

  0.00 

 

 1,651.0    

    39.3c 

    82.6     

     0.0      

100.00 

  2.40 

  5.00c 

  0.00 

  1,620.0    

     61.8c     

     81.0     

      0.0      

100.00 

  3.81 

  5.00c 

  0.00 

 1,550.0 

    46.7 

    77.5 

     0.0 

100.00 

  3.01 

  5.00c 

  0.00 

Joint/Household firms 

    Closed, merged, 

    Taken over,  

    or bankrupt 

17,150.6   

 

 

 1,440.0     

100.00 

 

 

  8.40 

17,050.1   

 

 

 1,270.0     

100.00 

 

 

  7.44 

23,310.0    

 

 

   n.a. 

100.00  20,410.0    

 

 

  2,900.0e     

100.00 

 

 

 14.21 

21,810.0 

 

 

     n.a. 

100.00 

 
Sources: Yearbook of China’s Township and Village Enterprises (hereafter, TVE Yearbook) (1990, pp. 4, 6, 20; 1995, p. 5; 1996, pp. 5, 

9, 99-109, 1997, pp. 3, 121-122); Statistical Yearbook of China (1991, p. 377; 1996, p. 387). 

Notes: a According to the TVE Yearbook (1990, p. 4), in the first half of 1989, 800,000 rural non-agricultural enterprises were 

closed or taken over and merged. Many official reports (see, ibid, 1990, p. 6) indicate that about 3 million rural non-agricultural 

firms were closed or liquidated in 1989 and 1990. Based on these two figures it is safe to say that 1,600,000 were closed or 

liquidated in 1989 and 1,400,000 in 1990. 



b Our central concern is the liquidation frequency of those TVEs owned by a township and village community, which is presented in the 
panel 2. According to the TVE Yearbook (1990, p. 4), 80,000 TVEs owned by the community were closed during the first half year of 

1989. Following (a) we assume that the same pace was maintained in the second half-year of 1989 and the year 1990. 

c According to the TVE Yearbook (1995, p. 5; 1996, pp. 3-9, 1997, p. 3), 39,257, 61,800, and 46,700 TVEs owned by the community were 

closed in 1994, 1995 and 1996, respectively. At the same time, a large number of community TVEs were sold, taken over, leased, or 

merged in the process of property right reform. By conservative estimate, we put the proportion of these types of liquidation at 5 

percent of the total.  

d There was even no word of "bankruptcy" appearing in the all issues of TVE Yearbook, indicating that bankruptcy by court was not 

relevant to community TVEs. 

e According to the TVE Yearbook (1996, pp. 4-5), 2.9 million household and jointly privately owned rural non-agricultural enterprises 

were merged, and to a lesser extent taken over, closed, or went bankrupt in 1995 (cf. Note 10).     
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