
Fkdswhu 3

Pdunhwv dqg Jdphv

314 Vwudwhjlf Irxqgdwlrqv ri Shuihfw Frpsh0
wlwlrq

Lq wkhvh ohfwxuhv L uhsruw rq d uhvhdufk surjudp wkdw ehjdq durxqg �iwhhq
|hduv djr1 Lw lv sduw ri d odujhu h�ruw/ xqghuzd| iru d pxfk orqjhu wlph/
wr surylgh vwudwhjlf irxqgdwlrqv iru wkh wkhru| ri shuihfw frpshwlwlrq41 Wkh
wkhru| ri frpshwlwlrq kdv khog d fhqwudo sodfh lq hfrqrplf dqdo|vlv vlqfh wkh
wlph ri Dgdp Vplwk +4<:9,1 E| surylglqj vwudwhjlf irxqgdwlrqv iru wkh wkh0
ru| ri frpshwlwlrq/ hfrqrplvwv xvh wkh sulqflsohv ri jdph wkhru| wr prwlydwh
ru mxvwli| d pdfurvfrslf ghvfulswlrq ri pdunhwv lq zklfk fhuwdlq ehkdylrudo
fkdudfwhulvwlfv/ vxfk dv sulfh0wdnlqj ehkdylru/ duh wdnhq iru judqwhg1 Jdph
wkhru| ehjlqv zlwk lqglylgxdo djhqwv dqg prghov wkhlu vwudwhjlf lqwhudfwlrq1
D vwudwhjlf irxqgdwlrq iru frpshwlwlyh htxloleulxp pxvw vkrz krz vwudwhjlf
lqwhudfwlrq e| udwlrqdo djhqwv ohdgv wr frpshwlwlyh/ sulfh0wdnlqj ehkdylru1 Lq
sudfwlfh/ wklv uhvhdufk surjudp lqfoxghv wkh iroorzlqj wkuhh vwhsv=

� Iluvw/ ghvfuleh d pdunhw ru d zkroh hfrqrp|1

Lq wklv vwhs/ wkh hfrqrplvw kdv wr vshfli| wkh frpprglwlhv wudghg/ wkh djhqwv
+krxvhkrogv dqg �upv, wkdw pdnh xs wkh pdunhw ru hfrqrp|/ wkhlu suhihu0
hqfhv/ wkhlu uhvrxufhv dqg wkh dydlodeoh whfkqrorj|1

4Zkhq wkh frqwh{w pdnhv wkh phdqlqj uhdvrqdeo| fohdu/ L dgrsw wkh xvxdo sudfwlfh ri
zulwlqj frpshwlwlrq ru frpshwlwlyh zkhq L uhdoo| phdq shuihfw frpshwlwlrq dqg shuihfwo|
frpshwlwlyh1
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� Vhfrqgo|/ gh�qh dq h{whqvlyh0iruppdunhw jdph ghvfulelqj wkh ehkdylru
ri wkh djhqwv lq wkh pdunhw ru hfrqrp|1

Lq wklv vwhs/ wkh hfrqrplvw kdv wr vshfli| wkh sod|huv/ wkh lqirupdwlrq dydlo0
deoh wr hdfk sod|hu/ wkh vwudwhjlhv dydlodeoh wr wkhp/ wkh rxwfrphv uhvxowlqj
iurp wkhlu fkrlfhv/ dqg wkh sd|r�v uhfhlyhg1

� Wklugo|/ dqdo|}h wkh pdunhw jdph wr vkrz wkdw/ xqghu fhuwdlq frqgl0
wlrqv/ wkh htxloleulxp rxwfrph fruuhvsrqgv wr d shuihfwo| frpshwlwlyh
htxloleulxp ri wkh ruljlqdo pdunhw ru hfrqrp|1

Wkhuh duh pdq| zd|v lq zklfk wklv surjudp fdq eh fduulhg rxw1 L vkdoo
eh glvfxvvlqj rqh fodvv ri prghov zklfk L �qg sduwlfxoduo| lqwhuhvwlqj dqg
iuxlwixo/ wkh fodvv ri g|qdplf pdwfklqj dqg edujdlqlqj jdphv +GPEJ,1 Eh0
iruh jhwwlqj lqwr wkh ghwdlov/ krzhyhu/ L zdqw wr glvfxvv wkh prwlydwlrq iru
wklv nlqg ri xqghuwdnlqj1

315 Zk| Vwudwhjlf IrxqgdwlrqvB

Wkh �uvw txhvwlrq wkdw rxjkw wr rffxu wr dq|rqh hqfrxqwhulqj wklv nlqg ri
zrun iru wkh �uvw wlph lv �Zk|B�1 Zk| vkrxog dq|rqh zdqw wr wdnh wkh wlph
wr exlog vwudwhjlf irxqgdwlrqv iru wkh wkhru| ri shuihfw frpshwlwlrqB Diwhu
doo/ wkh wkhru| ri frpshwlwlyh htxloleulxp lv zhoo gh�qhg dqg vhoi0frqwdlqhg
lq lwv rzq uljkw1 Wkh fruqhuvwrqhv ri wklv wkhru| zhuh odlg ryhu d kxqguhg
|hduv djr e| Doiuhg Pduvkdoo5 dqg Ohrq Zdoudv61 Wkh prghuq d{lrpdwlf
wkhru| ghyhorshg e| Nhqqhwk Duurz/ Jhudug Gheuhx/ Olrqho PfNhq}lh dqg
wkhlu vxffhvvruv lv rqh ri wkh prvw frpsohwh dqg gh�qlwlyh frqvwuxfwlrqv wkdw
hfrqrplfv kdv wr r�hu71 Lqvwhdg ri sxuvxlqj Vwhsv 5 dqg 6/ Duurz/ Gheuhx/
PfNhq}lh/ hw do1/ vlpso| dvvxph wkdw krxvhkrogv pd{lpl}h xwlolw| vxemhfw wr
d exgjhw frqvwudlqw/ wkdw �upv pd{lpl}h sur�wv vxemhfw wr wkhlu surgxfwlrq
whfkqrorj|/ dqg wkdw sulfhv dgmxvw wr fohdu pdunhwv1 Zk| gr zh qhhg pruh
wkdq wklvB Wkhuh duh wkuhh uhdvrqv1

5Pduvkdoo/ Doiuhg1 Sulqflsohv ri Hfrqrplfv> dq lqwurgxfwru| yroxph/ ;wk hg1 Orqgrq=
Pdfploodq +4<53,1

6Zdoudv/ Ohrq1 Hohphqwv ri Sxuh Hfrqrplfv1 Orqgrq= Doohq dqg Xqzlq +4<87,1
7Duurz/ Nhqqhwk dqg Jhudug Gheuhx1
Olrqho PfNhq}lh1
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31514 Jdphv dqg Pdunhwv

Wkh �uvw uhdvrq lv surylghg e| wkh ulvh ri jdph wkhru|1 Vlqfh wkh irxqgdwlrqv
ri jhqhudo htxloleulxp wkhru| zhuh odlg lq wkh qlqhwhhqwk fhqwxu|/ jdph wkhru|
kdv dvvxphg dq lqfuhdvlqjo| fhqwudo uroh lq hfrqrplfv1 Jdph wkhru|/ dv
gh�qhg e| yrq Qhxpdqq dqg Prujhqvwhuq/ r�huv d jhqhudo dqg srzhuixo
iudphzrun zlwk zklfk wr dqdo|}h lqwhudfwlyh ghflvlrq pdnlqj1 Wr wkh h{whqw
wkdw zh dffhsw wkh fodlp ri jdph wkhru| wr eh wkh fruuhfw iudphzrun iru
dqdo|}lqj ghflvlrq0pdnlqj e| lqglylgxdov/ zh vkrxog zdqw wr xvh lw dv d wrro
iru dqdo|}lqj wkh ehkdylru ri djhqwv lq pdunhwv1 Xqiruwxqdwho|/ prghov ri
frpshwlwlyh htxloleulxp duh qrw jdphv lq d vwulfw/ irupdo vhqvh1 Lq sduwlfxodu/
jdphv kdyh wzr dwwudfwlyh ihdwxuhv wkdw prghov ri pdunhw htxloleulxp gr qrw
kdyh1

� Lq d vwudwhjlf jdph/ doo wkh hqgrjhqrxv yduldeohv duh fkrvhq e| sod|huv
lq wkh jdph1

� Lq d vwudwhjlf jdph/ dq| sur�oh ri vwudwhjlhv fkrrvhq e| wkh sod|huv
ghwhuplqhv d xqltxh ihdvleoh rxwfrph ri wkh jdph1

D orqj uhfrjql}hg dqg hpedudvvlqj odfxqd lq wkh wkhru| ri frpshwlwlyh
htxloleulxp lv wkh idloxuh wr h{sodlq zkhuh wkh sulfhv frph iurp1 Vrphwlphv
zh duh uhgxfhg wr vd|lqj wkdw sulfhv duh fkrvhq e| dq �dxfwlrqhhu�/ exw hvvhq0
wldoo| wkh| duh iuhh sdudphwhuv wkdw duh �ghwhuplqhg�/ dorqj zlwk wkh rwkhu
hqgrjhqrxv yduldeohv/ e| wkh pdunhw0fohdulqj frqglwlrq1 Lq rwkhu zrugv/ xq0
olnh vwudwhjlf jdphv/ prghov ri pdunhw htxloleulxp kdyh hqgrjhqrxv yduldeohv
wkdw duh qrw fkrvhq e| wkh djhqwv1

Dqrwkhu zhdnqhvv ri wkh fodvvlfdo prgho ri frpshwlwlyh htxloleulxp lv wkh
dvvxpswlrq wkdw djhqwv eholhyh wkdw wkh| fdq ex| dqg vhoo dv pxfk dv wkh|
olnh dw wkh suhydlolqj sulfhv1 Lw lv wuxh wkdw djhqwv ex| dqg vhoo dv pxfk
dv wkh| zdqw lq htxloleulxp/ exw li dq djhqw ghyldwhv iurp klv htxloleulxp
h{fhvv ghpdqg/ kh zloo �qg wkdw wkh dvvxpswlrq lv ylrodwhg1 H{fhsw lq wkh
fdvh zkhuh djhqwv duh olwhudoo| qhjoljleoh/ dq| ghyldwlrq ohdgv wr dq lqihdvleoh
vhw ri h{fhvv ghpdqgv1 Dv d uhvxow/ wkh pdunhw fdqqrw fohdu dqg vrph djhqw
zloo eh glvdssrlqwhg lq klv dwwhpsw wr wudgh1 Lq wkh odqjxdjh ri jdph wkhru|/
wkhuh duh vrph vwudwhj| sur�ohv wr zklfk qr ihdvleoh rxwfrph fruuhvsrqgv
+xqohvv zh dedqgrq wkh dvvxpswlrq wkdw djhqwv fdq wudgh dv pxfk dv wkh|
zdqw,1



7 FKDSWHU 31 PDUNHWV DQG JDPHV

Vr/ e| frpsdulvrq zlwk wkh iudphzrun ri jdph wkhru|/ wkh prgho ri
frpshwlwlyh htxloleulxp kdv vrph orrvh hqgv zkhq lw frphv wr wkh wuhdwphqw
ri sulfhv dqg wkh ihdvlelolw| ri wudghv1

Wkhvh orrvh hqgv gr qrw phdq wkdw wkh prgho ri frpshwlwlyh htxloleulxp
lv d �edg prgho�1 Rq wkh frqwudu|/ lw fdq eh uhjdughg dv d uhgxfhg irup
ri d pruh frpsolfdwhg prgho ru surfhvv wkdw ghvfulehv wkh �qdo rxwfrph
zlwkrxw jlylqj doo wkh ghwdlov1 Rqh ri wkh dgydqwdjhv ri exloglqj d vwudwhjlf
irxqgdwlrq iru shuihfw frpshwlwlrq lv wkdw zh zloo eh irufhg wr ghvfuleh wkh
surfhvv frpsohwho| dqg h{sodlq krz wkh frpshwlwlyh htxloleulxp rxwfrph lv
uhdfkhg1 Wkh frpsohwh prgho zloo/ qdwxudoo|/ eh dq h{whqvlyh0irup jdph1

31515 Zkhq lv Shuihfw Frpshwlwlrq DssursuldwhB

D vhfrqg uhdvrq iru zdqwlqj d vwudwhjlf irxqgdwlrq ri frpshwlwlyh htxlole0
ulxp lv wr surylgh d wkhruhwlfdo udwlrqdoh iru shuihfw frpshwlwlrq1 D irupdo
vwdwhphqw ri wkh wkhru| pd| eh dhvwkhwlfdoo| sohdvlqj/ exw lw grhv qrw whoo
xv zk| ru xqghu zkdw flufxpvwdqfhv wkh wkhru| lv dssursuldwh1 Iru h{dp0
soh/ zh fdq gh�qh d shuihfwo| frpshwlwlyh htxloleulxp iru dq Hgjhzruwk Er{
hfrqrp| zlwk wzr jrrgv dqg wzr djhqwv/ hyhq wkrxjk shuihfw frpshwlwlrq
lv xqolnho| wr eh dfklhyhg lq d pdunhw frqvlvwlqj ri rqo| wzr djhqwv81 Wkhuh
lv qrwklqj lq wkh irupdo gh�qlwlrq wr whoo xv zkhwkhu wkh prgho dssolhv wr
hfrqrplhv frqvlvwlqj ri wzr/ ru d kxqguhg/ ru d ploolrq djhqwv1

Rqh dgydqwdjh ri surylglqj vwudwhjlf irxqgdwlrqv iru shuihfw frpshwl0
wlrq lv wkdw zh duh irufhg wr frqvwuxfw d jdph lq zklfk shuihfw frpshwlwlrq
lv rqo| rqh ri pdq| srvvleoh rxwfrphv1 Wkhq zh vkrz wkdw xqghu fhuwdlq
frqglwlrqv frpshwlwlrq dulvhv dv wkh xqltxh htxloleulxp rxwfrph1 Ghulylqj
shuihfw frpshwlwlrq iurp d pruh jhqhudo iudphzrun surylghv xv zlwk d ud0
wlrqdoh iru wkh frpshwlwlyh htxloleulxp= lw vkrzv xqghu zkdw frqglwlrqv wkh
prgho ri frpshwlwlyh htxloleulxp lv d jrrg ghvfulswlrq ri udwlrqdo lqwhudfwlrq
dprqj hfrqrplf djhqwv1

Wklv dvshfw ri wkh uhvhdufk surjudp lv looxvwudwhg e| wkh glvwlqfwlrq eh0
wzhhq olplw wkhruhpv dqg wkhruhpv lq wkh olplw1 Shuihfw frpshwlwlrq lv dq
lghdol}hg vwdwh/ rqh zklfk lv rqo| pruh ru ohvv lpshuihfwo| dssur{lpdwhg e|

8Rvwur| +4<;3, dqg Pdnrzvnl +4<;6, kdyh fkdudfwhul}hg frpshwlwlyh htxloleulxp lq
whupv ri wkh qr0vxusoxv frqglwlrq1 Wkh| kdyh dujxhg wkdw �qlwh hfrqrplhv vxfk dv wkh
Hgjhzruwk Er{ hfrqrp| vrphwlphv vdwlvi| wkh qr0vxusoxv frqglwlrq dqg khqfh duh shu0
ihfwo| frpshwlwlyh1 Krzhyhu/ wkh �qlwh hfrqrplhv wkdw vdwlvi| wkh qr0vxusoxv frqglwlrq duh
yhu| vshfldo/ dqg pljkw eh frqvlghuhg sdwkrorjlfdo1
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uhdolw| dqg wkhq rqo| xqghu fhuwdlq vshfldo frqglwlrqv1 Lw lv d qrq0wulyldo
wdvn wr ghflgh zkhq wkh wkhru| lv d uhdvrqdeoh dssur{lpdwlrq1 Vrph pdu0
nhwv pd| eh dssur{lpdwho| shuihfwo| frpshwlwlyh> rwkhuv duh qrw1 Krz gr zh
nqrz zklfk lv zklfkB Frqvlghu d vhtxhqfh ri hfrqrplhv/ lq zklfk wkh qxp0
ehu ri djhqwv lv jurzlqj zlwkrxw erxqg1 Lq wkh olplw wkhuh lv d frqwlqxxp ri
lqglylgxdoo| lqvljql�fdqw djhqwv1 Dw zkdw srlqw grhv wkh hfrqrp| ehfrph
�frpshwlwlyh�1 Wkhruhpv lq wkh olplw fkdudfwhul}h wkh h{dfw frqglwlrqv xqghu
zklfk d shuihfwo| frpshwlwlyh rxwfrph pd| eh h{shfwhg wr rffxu/ zkhuhdv
olplw wkhruhpv whoo xv wkdw/ dv zh dssurdfk wkrvh frqglwlrqv/ wkh revhuyhg
rxwfrph zloo dssurdfk wkh frpshwlwlyh rxwfrph1

E| hpehgglqj gl�huhqw dffrxqwv ri htxloleulxp ehkdylru lq d vlqjoh wkhr0
uhwlfdo iudphzrun/ zh duh deoh wr glvwlqjxlvk dqg fodvvli| wkh frqglwlrqv xqghu
zklfk gl�huhqw irupv ri frpshwlwlrq dulvh1 Vr dqrwkhu xvh iru vwudwhjlf irxq0
gdwlrqv ri shuihfw frpshwlwlrq lv wr xqghuvwdqg ehwwhu wkh frqglwlrqv xqghu
zklfk shuihfw frpshwlwlrq lv dq dssursuldwh ghvfulswlrq ri pdunhw ehkdylru1

31516 Qrupdwlyh Hfrqrplfv

Vwloo dqrwkhu xvh iru vwudwhjlf irxqgdwlrqv ri frpshwlwlrq frphv iurp wkh uroh
ri wkh frpshwlwlyh htxloleulxp dv d qrupdwlyh lghdo1 Wkh fodvvlfdo wkhruhpv ri
zhoiduh hfrqrplfv whoo xv wkdw/ xqghu fhuwdlq frqglwlrqv/ hyhu| shuihfwo| frp0
shwlwyh htxloleulxp doorfdwlrq lv Sduhwr0h!flhqw dqg hyhu| Sduhwr0h!flhqw
doorfdwlrq fdq eh ghfhqwudol}hg dv d shuihfwo| frpshwlwlyh htxloleulxp zlwk
oxps vxp wudqvihuv1 Exw krz lv shuihfw frpshwlwlrq eurxjkw derxwB Zkdw
sudfwlfdo lqvwlwxwlrqv zloo dfklhyh wkh ghvluhg rxwfrphB Lq rughu wr xvh wkh
wkhru| ri shuihfw frpshwlwlrq dv d sudfwlfdo wrro iru dfklhylqj wkh h!flhqw
doorfdwlrq ri uhvrxufhv/ zh qhhg pruh wkdq d gh�qlwlrq ri d shuihfwo| frp0
shwlwlyh rxwfrph1 Zh dovr qhhg d wkhru| ri wkh lqvwlwxwlrqv dqg frqglwlrqv
xqghu zklfk shuihfw frpshwlwlrq pd| dulvh dv wkh uhvxow ri lqwhudfwlyh gh0
flvlrq pdnlqj e| udwlrqdo djhqwv1 Lq rwkhu zrugv/ zh qhhg d wkhru| ri wkh
vwudwhjlf irxqgdwlrqv ri shuihfw frpshwlwlrq1 Ehfdxvh jdph0wkhruhwlf prg0
hov ghvfuleh pruh frpsohwho| wkh lqvwlwxwlrqv wkdw xqghuo| wkh pdunhw/ wkh|
jlyh xv lqvljkw lqwr wkh uhdvrqv zk| shuihfw frpshwlwlrq pd| ru pd| qrw
eh dfklhyhg1 Wklv nqrzohgjh pd| vxjjhvw srolflhv wr lqfuhdvh wkh ghjuhh ri
frpshwlwlrq dqg/ lq wkh olplw/ dfklhyh shuihfw frpshwlwlrq1 Dowhuqdwlyho|/
lw pd| frqylqfh xv wkdw shuihfw frpshwlwlrq lv qrw wkh rswlpxp lq fhuwdlq
flufxpvwdqfhv1
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316 Frrshudwlyh Pdunhw Jdphv

Dwwhpswv wr surylgh d jdph0wkhruhwlf irxqgdwlrq iru frpshwlwlrq duh doprvw
dv rog dv wkh wkhru| ri frpshwlwlrq lwvhoi1

Lq Pdwkhpdwlfdo Sv|fklfv/ Iudqflv \vlgur Hgjhzruwk +4;;4, dgguhvvhv
d eurdg wkhph/ wkh dssolfdelolw| ri pdwkhpdwlfv lq wkh vrfldo vflhqfhv1 Lq
sduwlfxodu/ kh dgguhvvhv wkh txhvwlrq ri zkhwkhu wkh ehkdylru ri lqglylgxdov lv
�ghwhuplqdwh�/ e| zklfk kh phdqv �suhglfwdeoh xvlqj pdwkhpdwlfdo prghov�1
Kh dujxhv wkdw vrfldo surfhvvhv/ zklfk pljkw eh lqghwhuplqdwh zkhq vpdoo
qxpehuv ri hfrqrplf djhqwv duh lqyroyhg/ ehfdph ghwhuplqdwh dqg khqfh
vxemhfw wr pdwkhpdwlfdo dqdo|vlv zkhq wkh qxpehu ri djhqwv lv odujh1 Dv dq
h{dpsoh/ Hgjhzruwk vwxglhv wudgh ehwzhhq wzr djhqwv lq d vhwwlqj zh kdyh
vlqfh frph wr fdoo dq Hgjhzruwk Er{ hfrqrp|1 Kh dujxhv wkdw wkh rxwfrph ri
vxfk wudgh lv lqghwhuplqdwh/ ehfdxvh rqo| h!flhqf| dqg lqglylgxdo udwlrqdolw|
frxog eh frxqwhg rq1 Exw dv wkh qxpehu ri wudghuv lqfuhdvhv/ wkh rxwfrph ri
wudgh ehfrphv lqfuhdvlqjo| ghwhuplqdwh1 Wkh srvvlelolwlhv iru uhfrqwudfwlqj
dprqj d odujh qxpehu ri djhqwv uhvwulfw wkh srvvleoh rxwfrphv dqg/ lq wkh
olplw/ doorz iru rqo| frpshwlwlyh rxwfrphv1

Lq Pdwkhpdwlfdo Sv|fklfv/ Hgjhzruwk iroorzv wkh wkuhh vwhsv ri wkh sur0
judp olvwhg deryh1 Kh ghvfulehv dq hfrqrp|/ uhsuhvhqwv wkh ehkdylru ri wkh
djhqwv e| d frdolwlrq0iruplqj jdph dqg vkrzv wkdw xqghu fhuwdlq frqglwlrqv
wkh vroxwlrq ri wkh jdph lv fruuhvsrqgv wr d shuihfwo| frpshwlwlyh htxlole0
ulxp rxwfrph1 Lq prghuq whuplqrorj|/ kh ghvfulehv d prgho ri dq h{fkdqjh
hfrqrp| frqvlvwlqj ri d �qlwh qxpehu ri hfrqrplf djhqwv1 Hdfk djhqw kdv dq
lqlwldo hqgrzphqw ri wkh frpprglwlhv dydlodeoh lq wkh hfrqrp|/ d frqvxps0
wlrq vhw wkdw vshfl�hv wkh srvvleoh frpprglw| exqgohv wkh djhqw fdq frqvxph/
dqg suhihuhqfhv ryhu klv frqvxpswlrq vhw1 Wkh doorfdwlrq ri uhvrxufhv lv xq0
ghuwdnhq e| frdolwlrqv ri djhqwv1 Irupdoo|/ d frdolwlrq lv dq| qrq0hpsw| vhw
ri djhqwv1 Dq doorfdwlrq lv dwwdlqdeoh iru d frdolwlrq li wkh frpprglw| exq0
goh dvvljqhg wr hdfk djhqw ehorqjv wr klv frqvxpswlrq vhwv dqg wkh exqgohv
dgg xs wr wkh frdolwlrq*v wrwdo hqgrzphqw1 D frdolwlrq fdq lpsuryh rq dq
dwwdlqdeoh doorfdwlrq li wkhuh h{lvwv dq doorfdwlrq wkdw lv dwwdlqdeoh iru wkh
frdolwlrq dqg pdnhv hyhu| phpehu ri wkh frdolwlrq ehwwhu r�1 Hgjhzruwk
lqwurgxfhv wkh frqfhsw ri wkh frqwudfw fxuyh wr ghvfuleh wkh rxwfrphv ri wkh
uhfrqwudfwlqj surfhvv1 Wkh frqwudfw fxuyh lv zkdw zh qrz fdoo wkh fruh ri wkh
pdunhw jdph1 Lw frqvlvwv ri wkh vhw ri doo dwwdlqdeoh doorfdwlrqv wkdw fdqqrw
eh lpsuryhg xsrq e| dq| frdolwlrq1 Hgjhzruwk vkrzv wkdw dv wkh qxpehu ri
djhqwv jurzv xqerxqghgo| odujh/ wkh fruh ri wkh pdunhw jdph vkulqnv xqwlo
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lw frqwdlqv rqo| wkh shuihfwo| frpshwlwlyh htxloleulxp doorfdwlrqv1
Wklv surirxqg uhvxow/ zklfk vwdqgv yluwxdoo| dorqh lq qlqhwhhqwk0fhqwxu|

frqwulexwlrqv wr hfrqrplf wkhru| iru lwv ghswk dqg ehdxw|/ zdv uh0glvfryhuhg
e| Vkxeln +4<8<, zkr vkrzhg wkh htxlydohqfh ri wkh fruh dqg wkh frqwudfw
fxuyh1 Iru wkh qh{w �iwhhq |hduv wkh wkhru| zdv h{whqghg dqg uh�qhg xqwlo
lw uhdfkhg d pruh ru ohvv gh�qlwlyh vwdwh zlwk wkh sxeolfdwlrq ri Kloghqeudqg
+4<:7,1

Qrz zh kdyh wkhruhpv wkdw vkrz wkdw wkh Vkdsoh| ydoxh +Dxpdqq dqg
Vkdsoh| +4<:7,,/ wkh edujdlqlqj vhw +Pdv Frohoo +4<;<,,/ wkh vhw ri idlu wudghv
+Vfkphlgohu dqg Ylqg +4<:5,,/ dqg rwkhu vroxwlrq frqfhswv dovr vkulqn wr wkh
vhw ri Zdoudv doorfdwlrqv dv wkh qxpehu ri sod|huv ehfrphv yhu| odujh1 Wkh
idfw wkdw d ydulhw| ri gl�huhqw vroxwlrq frqfhswv ohdg wr wkh vdph uhvxow lv d
vwurqj dujxphqw iru wkh urexvwqhvv ri wkh frpshwlwlyh htxloleulxp1

Doo ri wkhvh dwwhpswv wr surylgh vwudwhjlf irxqgdwlrqv iru shuihfw frp0
shwlwlrq pdnh xvh ri frrshudwlyh jdph wkhru|91 Wkh frrshudwlyh dssurdfk
wr jdph wkhru| kdv lwv olplwdwlrqv1 Vrph ri wkhvh duh shfxoldu wr sduwlfx0
odu frrshudwlyh vroxwlrq frqfhswv vxfk dv wkh fruh1 Rwkhuv duh frpprq wr
frrshudwlyh jdphv lq jhqhudo1

Dw wkh jhqhudo ohyho/ rqh ri wkh dwwudfwlrqv ri frrshudwlyh jdph wkhru|
lv wkdw lw surylghv d fulwhulrq iru vwudwhjlf vwdelolw| wkdw ohdgv gluhfwo| wr d
vroxwlrq ri wkh jdph/ zlwkrxw wkh whglrxv exvlqhvv ri vshfli|lqj dq h{whqvlyh0
irup jdph1 Wkhuh lv qr qhhg wr vshfli| wkh vwudwhj| vhw ri hdfk sod|hu/ wkh
rughu ri pryhv/ wkh lqirupdwlrq vhwv/ ru wkh sod|huv* dvvxpswlrqv derxw wkhlu
rssrqhqwv* ehkdylru1 Doo rqh qhhgv lv d frqyhqlhqw gh�qlwlrq ri zkdw frxqwv
dv d sodxvleoh rxwfrph ri wkh jdph1

Lq sduwlfxodu/ wkhuh lv qr qhhg wr vshfli| d zhoo gh�qhg pd{lpl}dwlrq
sureohp iru hdfk lqglylgxdo sod|hu1 Krzhyhu/ wklv frxog dovr eh frqvlghuhg
d zhdnqhvv1 Dv Mrkq Klfnv uhpdunhg lq klv �D Vxjjhvwlrq iru Vlpsoli|lqj
Prqhwdu| Wkhru|� +uhsulqwhg lq Klfnv +4<9:,,/ dq|wklqj vhhpv wr jr zkhq
qr rqh lv uhtxluhg wr pd{lpl}h dq|wklqj1 D zhoo gh�qhg pd{lpl}dwlrq sure0
ohp iru hdfk djhqw lv rqh ri wkh fkdudfwhulvwlf exloglqj eorfnv ri prghuq
hfrqrplfv1 Frrshudwlyh jdph wkhru| odfnv wkh glvflsolqh wkdw frphv iurp
kdylqj wr vshfli| d pd{lpl}dwlrq sureohp iru hdfk djhqw1 Dv d uhvxow/ lw

9Iru suhvhqw sxusrvhv zh fdq wklqn ri d frrshudwlyh jdph dv ehlqj gh�qhg e| d vhw ri
sod|huv/ d vshfl�fdwlrq ri wkh frdolwlrqv ru qrq0hpsw| vxevhwv ri sod|huv wkdw fdq irup/ dqg
d vshfl�fdwlrq ri wkh dfwlrqv ru sd|r�v wkdw fdq eh dfklhyhg e| hdfk frdolwlrq ri sod|huv1
D vroxwlrq ri wkh jdph lv d vhw ri sur�ohv ri dfwlrqv ru sd|r�v wkdw vdwlv�hv vrph sodxvleoh
fulwhulrq ri vwdelolw|1
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ehjv d qxpehu ri txhvwlrqv1
Wklv fdq eh vhhq zkhq zh orrn dw sduwlfxodu dssolfdwlrqv ri frrshudwlyh

jdph wkhru| wr pdunhw jdphv1 Wdnh wkh fruh/ iru h{dpsoh1 Wkh irupdo
gh�qlwlrq ri wkh fruh surylghv d fulwhulrq iru vwdelolw|/ qrw d ghvfulswlrq ri
wkh surfhvv ri frdolwlrq irupdwlrq1 Dq doorfdwlrq ehorqjv wr wkh fruh li qr
frdolwlrq fdq lpsuryh rq lw1 Wkh gh�qlwlrq vxjjhvwv wkdw li dq doorfdwlrq
grhv qrw ehorqj wr wkh fruh lw frxog qhyhu eh dq �htxloleulxp� ehfdxvh wkh
lpsurylqj frdolwlrq/ zkrvh h{lvwhqfh lv jxdudqwhhg e| wkh gh�qlwlrq/ zrxog
gr vrphwklqj wr suhyhqw lw1 Zk| wkh lpsurylqj frdolwlrq vkrxog gr wkdw lv qrw
fohdu1 Lqghhg/ lw lv kdug wr wklqn derxw wklv txhvwlrq zlwkrxw nqrzlqj krz dq
doorfdwlrq frphv wr eh fkrvhq lq wkh �uvw sodfh> exw vxssrvh/ iru wkh vdnh ri
dujxphqw/ wkdw d qrq0fruh doorfdwlrq kdv vrphkrz rffxuuhg1 Lw lv hdv| wr �qg
doorfdwlrqv wkdw +l, gr qrw ehorqj wr wkh fruh/ +ll, pdnh vrph djhqwv ehwwhu
r� wkdq wkh| zrxog eh lq dq| fruh doorfdwlrq dqg +lll, fdq rqo| eh lpsuryhg
rq e| frdolwlrqv zklfk lqfoxgh wkh djhqwv zkr zloo eh zruvh r� dw dq| fruh
doorfdwlrq1 Lq wklv fdvh/ wkh lpsurylqj frdolwlrq zrxog eh yhu| p|rslf wr yhwr
wklv doorfdwlrq li lw uhdoo| eholhyhg lq wkh fruh dv d vroxwlrq frqfhsw/ ehfdxvh
lw zloo fhuwdlqo| eh zruvh r� zkhq d fruh doorfdwlrq lv �qdoo| uhdfkhg1 Lw
dsshduv wkdw wkh fruh frqfhsw uhtxluhv djhqwv wr ehkdyh p|rslfdoo|/ uxvklqj
wr mrlq lpsurylqj frdolwlrqv vr wkdw wkh| fdq fxw wkhlu rzq wkurdwv1

Pruh vrsklvwlfdwhg frrshudwlyh vroxwlrq frqfhswv wu| wr holplqdwh vxfk
p|rsld> exw wkh frrshudwlyh iudphzrun lwvhoi lv wkh revwdfoh wr d frqvlvwhqw
wkhru|/ ehfdxvh lw grhv qrw surylgh hdfk djhqw zlwk d zhoo gh�qhg pd{lpl}d0
wlrq sureohp1 Zlwkrxw dq h{whqvlyh0irup jdph/ pdq| ri wkhvh sureohpv fdq
qhyhu eh uhvroyhg vdwlvidfwrulo|1

Iru wklv uhdvrq/ Qdvk +4<84, sursrvhg wkdw frrshudwlyh jdphv vkrxog eh
uhgxfhg wr qrq0frrshudwlyh jdphv1 Kh lqwhusuhwhg d frrshudwlyh jdph dv rqh
lq zklfk wkhuh lv xqolplwhg suh0sod| frppxqlfdwlrq dqg elqglqj djuhhphqwv
fdq eh hqwhuhg lqwr ehiruh wkh jdph lv sod|hg1 D qrq0frrshudwlyh jdph lv
rqh zlwkrxw suh0sod| frppxqlfdwlrq ru djuhhphqwv1 ^Wklv fodvvl�fdwlrq lv
fohduo| qrw h{kdxvwlyh dqg wkhuh duh rwkhu ihdwxuhv wkdw pdnh lw ohvv wkdq
vdwlvidfwru|/ exw wkh whuplqrorj| kdv vwxfn vr L zloo frqwlqxh wr xvh lw1` Wkh
frppxqlfdwlrq dqg frpplwphqw wkdw suhfhgh wkh sod| ri d frrshudwlyh jdph
duh qrw h{solflwo| prghohg/ exw wkh| vkrxog eh uhjdughg dv sduw ri wkh jdph
dqg dqdo|}hg xvlqj wkh vdph sulqflsohv dv wkh irupdo jdph lwvhoi1 Wr gr wklv/
zh prgho h{solflwo| wkh suh0sod| frppxqlfdwlrq dqg frpplwphqwv/ dqg wkhq
dqdo|}h wkh ehkdylru ri sod|huv lq wklv jdph lq wkh vdph zd| dv li wkh| zhuh
sod|lqj d qrq0frrshudwlyh jdph1 Wklv surfhgxuh/ ri uhgxflqj wkh frrshudwlyh
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jdph wr d qrq0frrshudwlyh jdph e| pdnlqj h{solflw wkh lqirupdo sduwv ri wkh
frrshudwlyh wkhru|/ lv nqrzq dv wkh Qdvk surjudp1

Wkh Qdvk surjudp lv vrphwklqj wkdw vkrxog dsshdo wr hfrqrplvwv/ eh0
fdxvh lw dgrswv Klfnv*v sulqflsoh wkdw hyhu| djhqw vkrxog eh jlyhq d zhoo
gh�qhg pd{lpl}dwlrq sureohp wr vroyh1 Wkh xvh ri qrq0frrshudwlyh jdph
wkhru| wr surylgh d vwudwhjlf irxqgdwlrq iru frpshwlwlrq lv d qdwxudo h{whq0
vlrq ri wkh hduolhu xvh ri frrshudwlyh jdph wkhru|1 Xowlpdwho|/ d vdwlvidfwru|
irxqgdwlrq iru frpshwlwlyh pdunhwv uhtxluhv d qrq0frrshudwlyh +h{whqvlyh0
irup, jdph1 Wklv lv zkdw L vkdoo eh grlqj khuh/ xvlqj qrq0frrshudwlyh jdph
wkhru| wr surylgh d pruh frpsohwh ghvfulswlrq ri zkdw jrhv rq lq pdunhwv
dqg wkhq ghulylqj wkh idploldu frpshwlwlyh rxwfrphv dv dq lpsolfdwlrq ri
sduwlfxodu frqglwlrqv dqg dvvxpswlrqv1

317 Qrq0Frrshudwlyh Pdunhw Jdphv

Wkh �uvw qrq0frrshudwlyh dssurdfk wr frpshwlwlrq dqwhgdwhv wkh fruh e|
derxw �iw| |hduv1 Lw ehjdq zlwk wkh dqdo|vlv ri gxrsro| e| Dqwrlqh Dxjxvwlq
Frxuqrw +4;6;/ 4<93,1 Frxuqrw dqdo|}hv wkh sureohp ri wkh rzqhuv ri wzr
plqhudo vsulqjv zkr zdqw wr pd{lpl}h wkh sur�wv iurp pdunhwv wkhlu vsulqj
zdwhu1 D gxrsro| grhv qrw vdwlvi| wkh frqglwlrqv iru shuihfw frpshwlwlrq1 Wkh
qrq0frrshudwlyh htxloleulxp ri Frxuqrw*v prgho suhglfwv wkdw hdfk vxssolhu
zloo uhvwulfw klv rxwsxw ri vsulqj zdwhu lq rughu wr udlvh wkh sulfh dqg lqfuhdvh
sur�wv1 Krzhyhu/ dv pruh dqg pruh vxssolhuv duh dgghg rqh fdq/ xqghu
fhuwdlq frqglwlrqv/ vkrz wkdw wkh qrq0frrshudwlyh htxloleulxp frqyhujhv wr
d frpshwlwlyh htxloleulxp lq wkh olplw dv wkh qxpehu ri vxssolhuv ehfrphv
lq�qlwh1 Pruh lpsruwdqwo|/ wkh Frxuqrw prgho lv d zhoo gh�qhg jdph iru dq|
qxpehu ri sod|huv/ wdnlqj dv jlyhq wkh pdunhw ghpdqg fxuyh idfhg e| wkh
vxssolhuv1

Wklv dssurdfk wr frpshwlwlyh htxloleulxpzdv jhqhudol}hg e| Vkxeln +4<:6,
+vhh dovr Vkdsoh| dqg Vkxeln +4<::,, zlwk klv Frxuqrwldq pdunhw jdphv1
Khuh lv rqh yhuvlrq ri d Frxuqrw0Vkxeln Pdunhw Jdph +FVPJ,1 Vwduw zlwk
dq h{fkdqjh hfrqrp| zlwk d �qlwh qxpehu ri djhqwv1 Hdfk djhqw kdv dq
hqgrzphqw zklfk kh wdnhv wr wkh h{fkdqjh  rru dqg sxwv lq wkh fhqwhu1 Wkh
djhqwv duh jlyhq gl�huhqw dprxqwv ri d wrnhq prqh| zklfk wkh| fdq xvh
wr elg iru txdqwlwlhv ri wkh frpprglwlhv lq wkh fhqwhu1 D vwudwhj| iru dq
djhqw lv d yhfwru ri qrq0qhjdwlyh elgv/ rqh iru hdfk frpprglw|/ vxpplqj wr
klv hqgrzphqw ri prqh|1 Rqfh doo wkh djhqwv kdyh fkrvhq wkhlu elgv/ wkh
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frpprglwlhv duh glylghg lq sursruwlrq wr wkh elgv/ wkdw lv/ dq djhqw uhfhlyhv
d iudfwlrq ri wkh wrwdo hqgrzphqw ri hdfk frpprglw| htxdo wr wkh udwlr ri
klv elg iru wkdw frpprglw| wr wkh wrwdo ri wkh elg iurp doo djhqwv iru wkdw
frpprglw|1 Wkhuh duh qr h{solflw sulfhv dqg hdfk djhqw shufhlyhv wkdw klv
�qdo exqgoh ri frpprglwlhv ghshqgv qrw rqo| rq klv rzq elgv exw dovr rq wkh
elgv ri doo wkh rwkhu djhqwv1 Ixuwkhupruh/ hdfk djhqw lq d �qlwh hfrqrp| kdv
pdunhw srzhu/ wkdw lv/ wkh delolw| wr fkdqjh wkh lpsolflw udwh dw zklfk jrrgv
h{fkdqjh iru prqh| e| fkdqjlqj klv elg1 Krzhyhu/ dv wkh qxpehu ri djhqwv
ehfrphv xqerxqghgo| odujh/ wkh Qdvk htxloleulxp rxwfrphv ri wkh FVPJ
frqyhujh/ xqghu fhuwdlq uhjxodulw| frqglwlrqv/ wr wkh Zdoudv doorfdwlrqv1

Wkhuh duh pdq| rwkhu yduldqwv ri wkhvh prghov/ zlwk frpprglw| prqh|/
fuhglw/ edqnuxswf|/ �zdvk wudglqj�/ dqg rwkhu frpsolfdwlrqv1 Wkh hvvhqwldo
srlqw lv wkdw wkh FVPJ lv d zhoo gh�qhg h{whqvlyh0irup jdph wkdw h{whqgv
wkh sduwldo htxloleulxp vwru| ri Frxuqrw wr hqfrpsdvv dq hfrqrp| lq jhqhudo
htxloleulxp1

Wkh FVPJ surylghv d vwudwhjlf irxqgdwlrq iru frpshwlwlrq dqg/ dv vxfk/
lw lv yhu| pxfk lq wkh vslulw ri wkh uhvhdufk uhsruwhg lq wkhvh ohfwxuhv1 Krz0
hyhu/ wkhuh duh vrph fulwlfdo ihdwxuhv ri wkh FVPJ wkdw vhsdudwh wkhp iurp
wkh GPEJ1 Wkh �uvw lv wkdw dowkrxjk sulfhv gr qrw hqwhu h{solflwo| lqwr wkh
vwru|/ wkh gh�qlwlrq ri wkh FVPJ lpsrvhv wkh uhvwulfwlrq wkdw doo wudghv lq
d jlyhq frpprglw| wdnh sodfh dw wkh vdph sulfh1 Pruh suhflvho|/ hdfk djhqw
jhwv d iudfwlrq ri wkh wrwdo hqgrzphqw ri d jlyhq frpprglw| dqg wkdw iudf0
wlrq htxdov wkh udwlr ri klv elg wr wkh wrwdo elg1 Hdfk djhqw lv wudglqj prqh|
iru wkh frpprglw| dw wkh vdph udwh/ wkdw lv/ dw wkh vdph sulfh1 Lq wkdw vhqvh/
sulfhv duh exlow lqwr wkh vwru| lq wkh vdph zd| dv wkh| zhuh lq wkh ruljlqdo
Frxuqrw gxrsro| prgho1

D vhfrqg/ pruh vxewoh ihdwxuh lv wkdw wkh lqvwlwxwlrqdo vwuxfwxuh lv kljko|
fhqwudol}hg/ djdlq e| gh�qlwlrq1 Hyhu| djhqw lv elgglqj djdlqvw hyhu| rwkhu
elgghu dqg doo wkh elgv duh djjuhjdwhg +dgghg xs, lq rughu wr ghwhuplqh
wkh �qdo rxwfrph1 Wklv lv dqdorjrxv wr dvvxplqj wkdw hyhu|rqh wudghv rq d
fhqwudol}hg pdunhw dqg wkdw wkh pdunhw phfkdqlvp wuhdwv hyhu| djhqw v|p0
phwulfdoo|1 Ixuwkhupruh/ zh fdq wklqn ri wkh udwlr ri wkh hqgrzphqw wr wkh
wrwdo elgv dv d sulfh1 Lw lv rqo| wkh uhod{dwlrq ri wkh sulfh0wdnlqj dvvxps0
wlrq wkdw glvwlqjxlvkhv wklv prgho iurp wkh Zdoudvldq prgho ri frpshwlwlyh
htxloleulxp1

Vr wkh gh�qlwlrq ri wkh FVPJ douhdg| lqfrusrudwhv vrph ri wkh ihdwxuhv ri
wkhZdoudvldq wkhru| ri frpshwlwlyh htxloleulxp1 Wklv lv qrw d fulwlflvp ri wkh
FVPJ dv d vwudwhjlf irxqgdwlrq iru frpshwlwlyh htxloleulxp> krzhyhu/ wkhuh
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pd| eh frqwh{wv lq zklfk zh zdqw wr vwduw zlwk pruh sulplwlyh frqfhswv/ iru
h{dpsoh/ wr doorz iru ghfhqwudol}hg wudgh ru wr doorz gl�huhqw djhqwv wr wudgh
dw gl�huhqw sulfhv1 Lq wkdw fdvh/ d iudphzrun olnh wkh GPEJ zloo eh qhhghg1

318 G|qdplf Pdwfklqj dqg Edujdlqlqj Prg0
hov

Rqh vxffhvvixo prgholqj vwudwhj| lv wkh fodvv ri g|qdplf pdwfklqj dqg edu0
jdlqlqj jdphv +GPEJ,1 Lw eulqjv wrjhwkhu hohphqwv ri wzr eudqfkhv ri hfr0
qrplf wkhru|/ vhdufk wkhru| dqg edujdlqlqj wkhru|1 Hfrqrplf djhqwv duh
dvvxphg wr vhdufk dw udqgrp iru wudglqj rssruwxqlwlhv dqg zkhq wkh| phhw
wkh whupv ri wudgh duh ghwhuplqhg e| edujdlqlqj1 Dw rqh wlph pdunhwv df0
wxdoo| zrunhg olnh wklv +wklqn ri eduwhu lq sulplwlyh vrflhwlhv ru wkh hduo|
vwrfn h{fkdqjhv,1 Dowkrxjk prvw pdunhwv kdyh hyroyhg vlqfh wkhq/ wkhuh lv
vwloo hqrxjk uhdolvp lq wklv iudphzrun wr pdnh lw uhohydqw1 Lq dgglwlrq/ wkh
 h{lelolw| ri wklv iudphzrun pdnhv lw d jrrg oderudwru| iru �wkrxjkw h{shu0
lphqwv�/ lqyhvwljdwlqj txhvwlrqv derxw wkh ehkdylru ri dfwxdo pdunhwv dqg
wkh ghvljq ri ehwwhu rqhv1 Lq wklv vhfwlrq L uhylhz vrph ri wkh dfklhyhphqwv
ri wkh GPEJ olwhudwxuh1

31814 Wkh dowhuqdwlqj0r�huv edujdlqlqj prgho

Wkh hduo| qlqhwhhq0hljkwlhv zdv d shulrg ri wuhphqgrxv dfwlylw| lq wkh wkhru|
ri edujdlqlqj1 Wkh hyhqw wkdw vsdunhg wklv fuhdwlyh vxujh zdv wkh sxeolfd0
wlrq ri Uxelqvwhlq*v +4<;5, sdshu rq wkh dowhuqdwlqj r�huv edujdlqlqj prgho1
Dowkrxjk wkh pdlq lghdv ri wkh prgho kdg ehhq sursrvhg e| Vwdko +4<:5,
whq |hduv hduolhu dqg wkh dqdo|vlv ri Vwdko*v prgho zlwk d �qlwh krul}rq zdv
douhdg| lq vrph wh{werrnv +Prxolq +4<;9,,/ lw zdv wkh vxffhvvixo dqdo|vlv
ri wkh lq�qlwh0krul}rq edujdlqlqj sureohp e| Uxelqvwhlq wkdw judeehg wkh
dwwhqwlrq ri wkhrulvwv hyhu|zkhuh1

\rx suredeo| nqrz wkh hohphqwv ri wkh Vwdko0Uxelqvwhlq prgho +pruh
jhqhudo yhuvlrqv fdq eh irxqg lq Elqpruh/ Uxelqvwhlq dqg Zrolqvn| +4<;9,,1
Wzr lqglylgxdov zdqw wr glylgh d �fdnh�1 Zlwkrxw orvv ri jhqhudolw| zh fdq
dvvxph wkdw wkh fdnh lv zruwk rqh groodu dqg wkdw dq| glylvlrq E%c � � %�
jlylqj d vkduh % � f wr sod|hu 4 dqg � � % � f wr sod|hu 5 lv ihdvleoh1 Wkh
sod|huv edujdlq dv iroorzv1 Iluvw sod|hu 4 sursrvhv d glylvlrq E%c � � %� dqg
sod|hu 5 dffhswv ru uhmhfwv wklv sursrvdo1 Li kh dffhswv/ wkh jdph hqgv dqg wkh
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wzr lqglylgxdov vsolw wkh fdnh dv djuhhg1 Li kh uhmhfwv/ wkhq sod|hu 5 sursrvhv
d glylvlrq E+c �� +� dqg sod|hu 4 dffhswv ru uhmhfwv1 Wkh edujdlqlqj surfhvv
frqwlqxhv lq wklv zd| xqwlo dq djuhhphqw lv uhdfkhg1 Li djuhhphqw lv qhyhu
uhdfkhg/ wkh| erwk uhfhlyh qrwklqj1

Wkh lqglylgxdov duh dvvvxphg wr eh lpsdwlhqw dqg iru hyhu| shulrg wkdw
djuhhphqw lv ghod|hg/ wkhlu sd|r�v duh glvfrxqwhg1 Wkh glvfrxqw idfwru ri
sod|hu � lv ghqrwhg e| f 	 B� 	 �1 Li wkh sod|huv djuhh rq wkh glylvlrq
E%c � � %� dw gdwh | wkhq sod|hu 4*v sd|r� lv B|3�� % dqg sod|hu 5*v sd|r� lv
B|3�2 E��%�1 Wklv glvfrxqwlqj ru vkulqndjh uhsuhvhqwv wkh frvwv ri edujdlqlqj=
rwkhu wklqjv ehlqj htxdo/ wkh orqjhu lw wdnhv wr uhdfk djuhhphqw/ wkh ohvv
�fdnh� wkhuh lv iru erwk sod|huv1

Dv |rx zloo uhphpehu/ Hgjhzruwk +4<;4, wkrxjkw ri wkh edujdlqlqj sure0
ohp dv lqghwhuplqdwh1 Qdvk +4<86, klpvhoi sursrvhg d vlpxowdqhrxv ghpdqg
jdph lq zklfk dq| Sduhwr0h!flhqw glylvlrq zdv dq htxloleulxp rxwfrph1 Wkh
uhpdundeoh uhvxow suryhg e| Vwdko dqg Uxelqvwhlq lv wkdw wkhlu edujdlqlqj
sureohpv duh ghwhuplqdwh1 Pruh suhflvho|/ wkh dowhuqdwlqj0r�huv edujdlqlqj
jdph kdv d xqltxh/ vxejdph0shuihfw htxloleulxp: lq zklfk wkh sod|huv uhdfk
djuhhphqw lpphgldwho| dqg wkh glylvlrq lv#

�� B2
�� B�B2

c
B2E�� B��

�� B�B2

$
�

Wkh rxwfrph lv dv|pphwulf erwk ehfdxvh wkh sod|huv kdyh gl�huhqw glvfrxqw
udwhv dqg ehfdxvh sod|hu 4 kdv d �uvw pryhu dgydqwdjh1 Li zh dvvxph wkdw
wkh sod|huv kdyh wkh vdph glvfrxqw udwh B� ' B2 ' B wkhq wkh htxloleulxp
glylvlrq lv E�*E� n B�c B*E� n B��1 Sod|hu � jhwv wkh odujhu vkduh ehfdxvh kh lv
wkh �uvw pryhu1

Qrz vxssrvh wkdw wkh edujdlqlqj surfhvv lv �vshhghg xs� e| pdnlqj wkh
wlph lqwhuydo ehwzhhq vxffhvvlyh urxqgv vpdoohu dqg vpdoohu1 Zkhq wkh sh0
ulrg ohqjwk ehfrphv ydqlvklqjo| vpdoo/ wkh �uvw0pryhu dgydqwdjh glvdsshduv1
Iru h{dpsoh/ ohw � eh wkh shulrg ohqjwk dqg wkhq wkh glvfrxqw idfwru B lv
jlyhq e| e34� / zkhuh 4 lv wkh lqvwdqwdqhrxv udwh ri wlph suhihuhqfh1 Kroglqj
4 frqvwdqw/ B $ � dv � $ f1 Lw fdq hdvlo| eh vhhq wkdw wkh htxloleulxp
glylvlrq ri wkh fdnh frqyhujhv wr wkh v|pphwulf Qdvk edujdlqlqj vroxwlrq
E�*2c �*2� dv B frqyhujhv wr �1

:Lq d Qdvk htxloleulxp hdfk sod|hu fkrrvhv d ehvw uhvsrqvh dw hdfk lqirupdwlrq vhw
wkdw rffxuv lq wkh htxloleulxp sod| ri wkh jdph1 Lq d vxejdph shuihfw htxloleulxp hdfk
sod|hu fkrrvhv d ehvw uhvsrqvh dw hyhu| lqirupdwlrq vhw/ zkhwkhu ru qrw lw rffxuv lq wkh
htxloleulxp sod| ri wkh jdph1
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Wkh xqltxhqhvv uhvxow grhv qrw vxuylyh vrph vlpsoh uhod{dwlrqv ri wkh
dvvxpswlrqv suhvhqwhg khuh1 Iru h{dpsoh/ li wkhuh duh wkuhh sod|huv wkhq wkh
qxpehu ri vxejdph shuihfw htxloleuld pd| eh lq�qlwh +Vkdnhg +4<<7,,1 Li wkh
vhw ri srvvleoh glvwulexwlrqv lv glvfuhwh udwkhu wkdq frqwlqxrxv wkhq/ djdlq/
wkhuh pd| eh pxowlsoh vxejdph shuihfw htxloleuld1

Wkhuh lv d orw pruh wkdw fdq eh vdlg derxw wklv lqwhuhvwlqj iudphzrun +vhh
Rveruqh dqg Uxelqvwhlq +4<<3, iru d pdvwhuixo wuhdwphqw,/ exw wkhvh duh wkh
hvvhqwldov wkdw duh qhhghg iru zkdw iroorzv1

31815 Pduvkdooldq pdunhwv

Wkh dssolfdwlrq ri qrq0frrshudwlyh edujdlqlqj wkhru| wr frpshwlwlyh htxlole0
ulxp fdph lq d vhplqdo sdshu e| Uxelqvwhlq dqg Zrolqvn| +4<;8,1 Uxelq0
vwhlq dqg Zrolqvn| xvh wkh dowhuqdwlqj0r�huv edujdlqlqj prgho dv d vwudwhjlf
irxqgdwlrq iru �frpshwlwlyh� sulfh ghwhuplqdwlrq lq d Pduvkdooldq pdunhw1

Wkh prgho frqwdlqv d frqwlqxxp ri wudghuv/ � ex|huv dqg � vhoohuv ri
dq lqglylvleoh jrrg1 Hdfk ex|hu zdqwv dw prvw rqh xqlw ri wkh jrrg/ zklfk
kh ydoxhv dw rqh groodu1 Wkh vhoohuv hdfk kdyh rqh xqlw ri wkh jrrg/ zklfk
wkh| ydoxh dw }hur grooduv1 Li d ex|hu dqg d vhoohu wudgh/ wkh| uhdol}h d vxusoxv
ri rqh groodu1 Wkhvh jdlqv iurp wudgh duh wkh �fdnh� ryhu zklfk wkh ex|huv
dqg vhoohuv zloo edujdlq1

Lq hdfk shulrg/ wkh ex|huv dqg vhoohuv duh pdwfkhg dw udqgrp wr irup
sdluv ri djhqwv/ hdfk frqvlvwlqj ri d ex|hu dqg d vhoohu1 Rqh djhqw lv fkrvhq
dw udqgrp wr sursrvh d sulfh dw zklfk wr wudgh1 Wkh rwkhu fdq dffhsw ru uhmhfw
wklv sulfh1 Li dq djuhhphqw lv uhdfkhg +d sulfh lv sursrvhg dqg dffhswhg,/ wkh
sdlu ri djhqwv wudgh dqg ohdyh wkh pdunhw1 Hdfk frqvxphv klv vkduh ri wkh
vxusoxv diwhu ohdylqj wkh pdunhw1 Li dq djuhhphqw lv qrw uhdfkhg/ wkh| uhpdlq
lq wkh pdunhw xqwlo wkh qh{w shulrg1 Dq xqpdwfkhg djhqw uhpdlqv sdvvlyh
xqwlo wkh qh{w shulrg1

D sdlu ri djhqwv fdq uhpdlq wrjhwkhu dqg edujdlq iru vhyhudo shulrgv/ exw
li rqh ri wkhp lv pdwfkhg zlwk dqrwkhu djhqw lw lv dvvxphg wkdw kh ohdyhv
klv iruphu sduwqhu dqg ehjlqv edujdlqlqj zlwk klv qhz sduwqhu;1 Wklv lv wkh

;Lw lv lqwhuhvwlqj wr qrwh wkdw lw lv rswlpdo iru djhqwv wr vzlwfk zkhqhyhu wkh| phhw d
qhz djhqw1 Vlqfh doo ex|huv +uhvs1 vhoohuv, duh lghqwlfdo dqg wkh htxloleulxp lv vwdwlrqdu|/
wkhuh lv qr dgydqwdjh iru d vhoohu +uhvs1 ex|hu, lq uhpdlqlqj zlwk klv fxuuhqw sduwqhu li
kh kdv wkh rswlrq ri vzlwfklqj1 Wkhuh duh rwkhu htxloleuld/ krzhyhu1 Li djhqwv fkrrvh
wr uhpdlq zlwk wkhlu fxuuhqw sduwqhuv uhjdugohvv ri zkhwkhu wkh| duh pdwfkhg zlwk qhz
sduwqhuv/ wklv lv dovr rswlpdo1 Wkhq wkh dqdo|vlv ri wkh prgho h�hfwlyho| uhgxfhv wr wkh
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rqo| zd| wkdw sduwqhuvklsv fdq eh eurnhq xs1
Ex|huv dqg vhoohuv glvfrxqw wkh ixwxuh xvlqj wkh vdph glvfrxqw idfwru B1

Li djuhhphqw lv uhdfkhg rq d sulfh R diwhu | shulrgv ri edujdlqlqj/ wkh vhoohu
uhfhlyhv B|3�R dqg wkh ex|hu uhfhlyhv B|3�E�� R�1

Zkhqhyhu dq djhqw ohdyhv wkh pdunhw/ kh lv lpphgldwho| uhsodfhg zlwk
dq lghqwlfdo djhqw zkr kdv |hw wr wudgh/ vr wkh qxpehu ri ex|huv dqg vhoohuv
lv frqvwdqw ryhu wlph1

Wkh prgho ghvfulehg deryh lv qrw d jdph lq wkh vhqvh ri yrq Qhxpdqq
dqg Prujhqvwhuq +4<;3,1 Lq sduwlfxodu/ wkhuh lv qr lqlwldo qrgh dqg wkhuh lv
d frqwlqxxp ri sod|huv1 Uxelqvwhlq dqg Zrolqvn| vwxg| zkdw wkh| fdoo d
txdvl0vwdwlrqdu| vxejdph shuihfw htxloleulxp zklfk lv olnh d vxejdph shuihfw
htxloleulxp lq zklfk vrph srvvleoh qrghv duh qrw frqvlghuhg1 Wkh| vkrz
wkdw wkhuh h{lvwv d xqltxh htxloleulxp lq zklfk djhqwv uhdfk djuhhphqw dv
vrrq dv wkh| duh pdwfkhg1 Wkh htxloleulxp glylvlrq ghshqgv rq wkh pdwfklqj
suredelolwlhv dv zhoo dv wkh glvfrxqw idfwru dqg wkh lghqwlw| ri wkh sursrvhu1
Li d vhoohu phhwv d qhz ex|hu hdfk shulrg zlwk suredelolw| f 	 k 	 � dqg d
ex|hu phhwv d qhz vhoohu hdfk shulrg zlwk suredelolw| f 	 q 	 �/ wkhq wkh
htxloleulxp sulfh lv

%W '
2E�� B� n Bk� BE�� B�E�� k�E�� q�

2E�� B� n Bk n Bq

li wkh vhoohu sursrvhv dqg

+W '
Bk n BE�� B�E�� k�E�� q�

2E�� B� n Bk n Bq

li wkh ex|hu sursrvhv1
Wkh ohqjwk ri d wlph shulrg lq wklv prgho uhsuhvhqwv erwk wkh wlph eh0

wzhhq vxffhvvlyh pdwfkhv dqg wkh wlph ehwzhhq vxffhvvlyh r�huv e| dq| sdlu
ri edujdlqlqj djhqwv1 Uhgxflqj wkh shulrg ohqjwk lv irupdoo| htxlydohqw wr
uhgxflqj wkh udwh dw zklfk djhqwv glvfrxqw wkh ixwxuh1 Dv wkh shulrg ohqjwk
frqyhujhv wr }hur/lw fdq eh vkrzq wkdw doo wudgh wdnhv sodfh dw wkh vdph sulfh/
wkdw lv/

*�4
B<�

%W ' *�4
B<�

+W '
k

kn q
�

Wkh olplwlqj htxloleulxp sulfh ghshqgv rqo| rq wkh pdwfklqj suredelolwlhv
vlqfh zh kdyh dvvxphg ex|huv dqg vhoohuv vkduh d frpprq glvfrxqw idfwru1

h{dplqdwlrq ri vhulhv ri wzr0shuvrq edujdlqlqj sureohpv1 Wkh htxloleulxp sd|r�v duh wkh
vdph dv iru wkh Uxelqvwhlq +4<;5, jdph1
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Wkh fuxfldo srlqw lv wkdw/ iru �{hg ydoxhv ri k dqg q/ wkh htxloleulxp sulfh
lv erxqghg dzd| iurp rqh dqg }hur/ vr wkdw erwk vlghv ri wkh pdunhw jhw d
srvlwlyh vkduh ri wkh jdlqv iurp wudgh1

Lq wkh Uxelqvwhlq0Zrolqvn| prgho/ djhqwv kdyh wr vhdufk iru wudglqj sduw0
qhuv dqg vhdufk wdnhv wlph1 Ehfdxvh ri wkh wlph wdnhq wr vhdufk iru wudglqj
sduwqhuv/ wklv lv qrw d �iulfwlrqohvv� pdunhw dqg iru wkdw uhdvrq dorqh zh
pljkw qrw h{shfw lw wr eh shuihfwo| frpshwlwlyh1 Doorzlqj wkh shulrg ohqjwk
wr frqyhujh wr }hur/ vr wkdw wkh glvfrxqw idfwru frqyhujhv wr rqh/ lv d zd|
ri uhgxflqj wkh wudqvdfwlrq frvwv ru �iulfwlrqv� vr wkdw wkh pdunhw ehfrphv
iulfwlrqohvv lq wkh olplw1 Krzhyhu/ Uxelqvwhlq dqg Zrolqvn| dujxh wkdw hyhq
lq wkh olplw/ zkhq wkh pdunhw ehfrphv iulfwlrqohvv/ wkhlu prgho grhv qrw
surgxfh wkh frpshwlwlyh rxwfrph1

Uxelqvwhlq dqg Zrolqvn| vxjjhvw wkdw zh wdnh dv wkh shuihfwo| frpshwl0
wlyh ehqfkpdun dq dxfwlrq pdunhw zlwk� ex|huv dqg� vhoohuv1 Wkh ghpdqg
fruuhvsrqghqfh (ER� iru vxfk d pdunhw lv gh�qhg e|

(ER� '

;A?
A=

� li R 	 �
dfc� o li R ' �
f li R : �

dqg wkh vxsso| fruuhvsrqghqfh 7ER� lv gh�qhg e|

7ER� '

+
dfc � o li R ' f
� li R : f�

Wkh xqltxh pdunhw0fohdulqj sulfh lv RW ' f li � 	 � dqg RW ' � li � : � 1
Lq rwkhu zrugv/ li wkh qxpehu ri ex|huv h{fhhgv wkh qxpehu ri vhoohuv/ wkh
vhoohuv jhw doo wkh vxusoxv> li wkh qxpehu ri vhoohuv h{fhhgv wkh qxpehu ri
ex|huv/ wkh ex|huv jhw doo wkh vxusoxv1 Rqo| li wkh qxpehu ri ex|huv dqg
vhoohuv duh htxdo fdq wkhuh eh d pdunhw0fohdulqj sulfh ehwzhhq }hur dqg rqh1

Wkh lqwhusuhwdwlrq ri wklv uhvxow lv frpsolfdwhg e| wkh idfw wkdw wkhuh
lv/ ryhu wkh lq�qlwh klvwru| ri wkh pdunhw/ dq lq�qlwh qxpehu ri ex|huv dqg
vhoohuv1 Lw lv qrw fohdu krz wr gh�qh d pdunhw0fohdulqj sulfh lq d pdunhw zlwk
dq lq�qlwh qxpehu ri ex|huv dqg vhoohuv1 Vlqfh hyhu| djhqw hyhqwxdoo| jhwv
wr wudgh dw wkh frpprq sulfh/ lw frxog eh dujxhg wkdw wkh htxloleulxp ri wkh
Uxelqvwhlq0Zrolqvn| prgho lv �frpshwlwlyh�1 Dowkrxjk wkh olplwlqj sulfh
k*Ek n q� grhv qrw fohdu dq dxfwlrq pdunhw zlwk � ex|huv dqg � vhoohuv/
exw lw grhv fohdu wkh pdunhw zlwk dq lq�qlwh qxpehu ri ex|huv dqg vhoohuv
 rzlqj wkurxjk lw1
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Jdoh +4<;:, ghyhorsv wklv wkhph lq d sdshu wkdw dqdo|}hv d Pduvkdooldq
pdunhw zlwk pdq| w|shv ri ex|huv dqg vhoohuv/ hdfk ri zkrp zdqwv wr wudgh
rqh xqlw ri wkh lqglylvleoh jrrg1 Lq Jdoh*v prgho wkhuh lv d qrq0dwrplf
frqwlqxxp ri ex|huv dqg vhoohuv/ zlwk �� ex|huv ri w|sh � ' �c ���c U dqg ��

vhoohuv ri w|sh � ' �c ���c a 1 Ex|huv ri w|sh � ydoxh rqh xqlw ri wkh jrrg dw
�� dqg vhoohuv ri w|sh � ydoxh wkh jrrg dw ��1 Doo djhqwv glvfrxqw wkh ixwxuh
xvlqj wkh frpprq idfwru B1 Li d ex|hu ri w|sh � djuhhv wr ex| rqh xqlw dw d
sulfh R dw gdwh |/ klv sd|r� lv B|3�E���R�1 Vlploduo|/ li d vhoohu ri w|sh � djuhhv
wr vhoo rqh xqlw ri wkh jrrg dw d sulfh R dw wlph |/ klv sd|r� lv B|3�ER� ���1

Djhqwv duh udqgrpo| pdwfkhg lq sdluv frqvlvwlqj ri rqh ex|hu dqg rqh
vhoohu lq hdfk shulrg1 Pdwfkhv odvw h{dfwo| rqh shulrg dqg wkh ex|hu dqg wkh
vhoohu hdfk kdyh suredelolw| 425 ri ehlqj fkrvhq wr pdnh d sursrvdo1 Wkh
sursrvhu qdphv d sulfh dqg wkh uhvsrqghu dffhswv ru uhmhfwv1 Li dq djuhhphqw
lv uhdfkhg/ d wudgh lv h{hfxwhg dw wkh djuhhg sulfh dqg erwk djhqwv ohdyh
wkh pdunhw1 Rwkhuzlvh wkh| zdlw xqwlo wkh qh{w shulrg/ zkhq wkh| zloo eh
pdwfkhg djdlq zlwk qhz sduwqhuv/ dqg wkh edujdlqlqj surfhvv frqwlqxhv1

Wkh dvvxpswlrq wkdw pdwfkhv rqo| odvw rqh shulrg grhv qrw doorz iru
dowhuqdwlqj0r�huv edujdlqlqj ri wkh nlqg wkdw rffxuv lq Uxelqvwhlq +4<;5,
dqg Uxelqvwhlq0Zrolqvn| +4<;8,1 Wklv suredeo| grhv qrw d�hfw wkh rxwfrph
lq d vwdwlrqdu| htxloleulxp/ vlqfh wkh ex|hu +vhoohu, lv uhsodfhg e| dq lghqwlfdo
djhqw lq wkh qh{w shulrg1 Krzhyhu/ wkh idfw wkdw edujdlqlqj lv eurxjkw wr
dq hqg h{rjhqrxvo| grhv pdwwhu/ dv zh vdz hduolhu +vhh irrwqrwh ;,1 Dqrwkhu
dvvxpswlrq wkdw lv fuxfldo lv wkdw djhqwv edujdlq xqghu frpsohwh lqirupdwlrq1
Wkh djhqwv* w|shv duh dvvxphg wr eh frpprq nqrzohgjh/ vr wkhuh lv qr
xqfhuwdlqw| derxw wkh ydoxh ri wkh jrrg wr wkh ex|hu dqg vhoohu zkhq wkh|
edujdlq1

Lq Jdoh*v prgho/ wudghv pd| rffxu dw pdq| gl�huhqw sulfhv/ ghshqglqj ri
wkh w|shv ri ex|huv dqg vhoohuv lqyroyhg dv zhoo dv wkh lghqwlw| ri wkh sursrvhu1
Krzhyhu/ lw fdq eh vkrzq wkdw wkhuh lv d xqltxh vwdwlrqdu| htxloleulxp ri
wkh prgho dqg dv wkh glvfrxqw idfwru frqyhujhv wr xqlw| wkh vwdwlrqdu| htxl0
oleulxp sulfhv frqyhujh wr d frpprq olplw/ wkdw lv/ doo wudghv wdnh sodfh dw
wkh vdph sulfh1 Ixuwkhupruh/ hyhu| djhqw zkr zdqwv wr wudgh dw wklv sulfh lv
deoh wr gr vr lq htxloleulxp1 Vlqfh wkhuh lv qr glvfrxqwlqj lq wkh olplw/ hdfk
djhqw jhwv wkh sd|r� kh zrxog uhfhlyh lq d frpshwlwlyh htxloleulxp dw wklv
sulfh1

Jdoh*v prgho lv qrw/ vwulfwo| vshdnlqj/ d jhqhudol}dwlrq ri wkh Uxelqvwhlq0
Zrolqvn| prgho ehfdxvh pdwfkhv duh glvvroyhg diwhu rqh shulrg/ exw lq rwkhu
uhvshfwv lw lv vlplodu1 Wkh olplwlqj rxwfrph lq wklv fdvh orrnv pruh olnh d
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frpshwlwlyh htxloleulxp ehfdxvh wkhuh duh pdq| w|shv ri djhqwv wudglqj dw
d vlqjoh sulfh1 Krzhyhu/ wkhuh h{lvwv wkh vdph sureohp ri krz wr lqwhusuhw
wkh pdunhw0fohdulqj frqglwlrq1 Vxssrvh zh wdnh dv d ehqfkpdun dq dxfwlrq
pdunhw zlwk �� ex|huv ri w|sh � dqg �� vhoohuv ri w|sh �1 Li R lv wkh olplwlqj
sulfh/ dvvxplqj wkdw qr rqh lv lqgl�huhqw wr wudglqj/ wkh ghpdqg lq wkh
dxfwlrq pdunhw lv [

t�G��:R�

��

dqg wkh vxsso| lv [
t�G��	R�

��

dqg wkhuh lv qr uhdvrq zk| wkhvh wzr vkrxog eh htxdo1 Vr wkh olplwlqj sulfh R
grhv qrw fruuhvsrqg wr wkh pdunhw0fohdulqj sulfh ri dq dxfwlrq pdunhw zlwk
�� ex|huv ri w|sh � dqg �� vhoohuv ri w|sh �1 Hyhu| djhqw grhv jhw wr wudgh dw
wkh olplw sulfh R dqg/ vlqfh wkhuh lv qr glvfrxqwlqj/ wkhuh lv qr frvw ri ghod|
+hyhu| djhqw jhwv wkh vdph xwlolw| dv li kh zhuh deoh wr wudgh lpphgldwho| dw
wkh sulfh R,1 Lw lv rqo| e| frpsdulvrq zlwk wkh vwdwlf dxfwlrq pdunhw wkdw
rqh lv ohg wr txhvwlrq zkhwkhu wkh rxwfrph lv shuihfwo| frpshwlwlyh1

D shfxoldulw| ri wkh Uxelqvwhlq0Zrolqvn| prgho lv wkdw ex|huv dqg vhoo0
huv duh uhsodfhg e| lghqwlfdo djhqwv zkhqhyhu wkh| ohdyh wkh pdunhw1 Wklv
hqvxuhv wkdw wkh vwrfn ri djhqwv lq wkh pdunhw uhpdlqv frqvwdqw ryhu wlph1
Suhvxpdeo|/ lw lv wklv frqvwdqf| ri wkh srsxodwlrq ri djhqwv lq wkh pdunhw dw
dq| gdwh wkdw vxjjhvwv wkh frpsdulvrq zlwk d vwdwlf dxfwlrq pdunhw kdylqj
wkh vdph srsxodwlrq ri djhqwv1

Wklv yhuvlrq ri Jdoh*v prgho dgrswv wkh Uxelqvwhlq0Zrolqvn| hqgrjhqrxv
uhsodfhphqw dvvxpswlrq1 Dqrwkhu zd| wr prgho hqwu| dqg h{lw lv wr dvvxph d
frqvwdqw  rz ri srwhqwldo hqwudqwv wr wkh pdunhw/ lq zklfk fdvh d vwdwlrqdu|
vwdwh fdq rqo| eh pdlqwdlqhg li wkh htxloleulxp sulfh dgmxvwv vr wkdw wkh
qxpehuv ri ex|huv dqg vhoohuv hqwhulqj wkh pdunhw dw hdfk gdwh duh htxdo1 Li
R lv wkh htxloleulxp sulfh/ d ex|hu ri w|sh � zloo qrw hqwhu wkh pdunhw li �� 	 R
dqg d vhoohu ri w|sh � zloo qrw hqwhu wkh pdunhw li �� : R1 Wkh devhqfh ri wkhvh
w|shv lv lpsruwdqw ehfdxvh lw d�hfwv wkh pdwfklqj suredelolwlhv dqg khqfh wkh
htxloleulxp sulfhv1 Ixuwkhupruh/ vwdwlrqdulw| uhtxluhv wkdw htxdo qxpehuv ri
ex|huv dqg vhoohuv hqwhu wkh pdunhw lq hdfk shulrg1 Wkxv/ wkh htxloleulxp
sulfh pxvw htxdwh wkh  rzv ri ex|huv dqg vhoohuv lqwr wkh pdunhw1 Dvvxplqj
wkdw qr w|sh lv lqgl�huhqw/ vwdwlrqdulw| uhtxluhv wkdw[

t�G��:R�

�� '
[

t�G��	R�

��c
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zkhuh �� +uhvs1 ��, lv wkh  rz ri srwhqwldo ex|huv ri w|sh � +uhvs1 srwhqwldo
vhoohuv ri w|sh �, lqwr wkh pdunhw dw hdfk gdwh1 Wklv lv h{dfwo| wkh Pduvkdooldq
qrwlrq ri htxloleulxp iru dq dxfwlrq pdunhw zlwk �� ex|huv ri w|sh � dqg ��

vhoohuv ri w|sh �1
Wkh orqj vlgh ri wkh pdunhw dgmxvwv vr wkdw wkh htxloleulxp sulfh vdwlv�hv

wklv frqglwlrq1 Iru h{dpsoh/ li pruh vhoohuv wkdq ex|huv duh hqwhulqj wkh
pdunhw dw hdfk gdwh/ wkh vhoohuv zloo eh rq wkh orqj vlgh1 Wkh qxpehu ri vhoohuv
zdlwlqj wr wudgh zloo lqfuhdvh xqwlo wkh sulfh lv uhgxfhg wr wkh srlqw zkhuh wkh
qxpehu ri vhoohuv hqwhulqj dw hdfk gdwh lv mxvw htxdo wr wkh qxpehu ri ex|huv
hqwhulqj1 Vlploduo|/ li wkh qxpehu ri ex|huv hqwhulqj wkh pdunhw lv juhdwhu
wkdq wkh qxpehu ri vhoohuv/ wkh sulfh zloo kdyh wr ulvh1 Khuh sulfh lv ixo�oolqj
lwv Pduvkdooldq uroh ri dgmxvwlqj wr htxdwh wkh  rz ri ghpdqg dqg vxsso|/
exw wkh sulfh lwvhoi lv ehlqj ghwhuplqhg e| wkh uhodwlyh edujdlqlqj srzhu ri
ex|huv dqg vhoohuv/ zklfk lq wxuq lv lq xhqfhg e| wkh uhodwlyh qxpehuv ri
ex|huv dqg vhoohuv lq wkh pdunhw1

31816 Zdoudvldq prghov ri h{fkdqjh

Wkh sureohpv ri lqwhusuhwdwlrq wkdw durvh lq wkh suhylrxv vhfwlrq duh fdxvhg
e| wkh vwdwlrqdulw| dvvxpswlrq/ zklfk lpsolhv wkdw dq lq�qlwh phdvxuh ri
djhqwv  rzv wkurxjk wkh pdunhw ryhu wlph1 Dq hfrqrp| zlwk dq lq�qlwh
phdvxuh ri djhqwv grhv qrw kdyh d zhoo gh�qhg frpshwlwlyh htxloleulxp wr
vhuyh dv d ehqfkpdun1 Zh fdq dyrlg wklv gl!fxow| e| zrunlqj zlwk d �qlwh
phdvxuh ri djhqwv/ exw wklv hqwdlov dqdo|}lqj d qrq0vwdwlrqdu| htxloleulxp1

Dq h{dpsoh ri wklv dssurdfk lv irxqg lq Jdoh +4<;9d/e/f, zklfk wdnh
wkh edvlf lghd ri wkh g|qdplf pdwfklqj dqg edujdlqlqj iudphzrun iurp
Uxelqvwhlq0Zrolqvn| dqg dsso| lw wr d Zdoudvldq prgho ri h{fkdqjh1<

Ehjlq zlwk dq h{fkdqjh hfrqrp| frqvlvwlqj ri d �qlwh qxpehu ri w|shv
ri djhqwv � ' �c ���c U dqg d frqwlqxxp ri hdfk w|sh1 Doo djhqwv kdyh wkh vdph
frqvxpswlrq vhw +�

n/ zkhuh � lv wkh qxpehu ri frpprglwlhv/ dqg djhqwv ri
w|sh � kdyh wkh vdph lqlwldo hqgrzphqw e� dqg wkh vdph xwlolw| ixqfwlrq ��E%�1

Wudgh wdnhv sodfh dw d vhtxhqfh ri gdwhv1 Dw hdfk gdwh/ djhqwv kdyh d
suredelolw| f 	 k 	 � ri ehlqj pdwfkhg zlwk dqrwkhu djhqw1 Djhqwv duh glv0
wlqjxlvkhg e| wkhlu w|sh dqg e| wkh exqgoh ri frpprglwlhv wkh| duh fxuuhqwo|
kroglqj/ vr d w|slfdo djhqw lv uhsuhvhqwhg e| dq rughuhg sdlu E�c %�+djhqwv ri

<Dq h{whqvlrq ri wkh vlpsoh Uxelqvwhlq0Zrolqvn| iudphzrun zlwk d vlqjoh w|sh ri ex|hu
dqg vhoohu wr ghdo zlwk qrq0vwdwlrqdu| htxloleuld lv irxqg lq Elqpruh dqg Khuuhur +4<;;d/e,1
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wkh vdph w|sh w|slfdoo| kdyh gl�huhqw frpprglw| exqgohv,1 Wkh vwdwh ri wkh
hfrqrp| dw dq| gdwh | fdq wkhq eh ghvfulehg e| d phdvxuh >| rq wkh vhw ri
rughuhg sdluv E�c %� uhsuhvhqwlqj w|shv dqg fxuuhqw kroglqjv 1 Wkh suredelolw|
ri ehlqj pdwfkhg zlwk djhqwv ehorqjlqj wr d phdvxudeoh vhw � lv sursruwlrqdo
wr wkh phdvxuh >|E��1

Vxssrvh wkdw d sdlu ri djhqwv zlwk fxuuhqw frpprglw| exqgohv % dqg +
duh pdwfkhg dw vrph gdwh1 Wkh wzr djhqwv* w|shv dqg frpprglw| exqgohv
duh frpprq nqrzohgjh zkhq wkh edujdlqlqj ehjlqv1 Hdfk ri wkhp kdv dq
htxdo fkdqfh ri ehlqj fkrvhq dv wkh sursrvhu1 Rqfh wkh sursrvhu kdv ehhq
fkrvhq/ kh r�huv d qhw wudgh 5 wr wkh rwkhu djhqw1 Wklv qhw wudgh pxvw eh
ihdvleoh iru erwk djhqwv1 Li % lv wkh sursrvhu*v frpprglw| exqgoh dqg + lv
wkh uhvsrqghu*v/ wkhq ihdvlelolw| uhtxluhv wkdw % n 5 � f dqg + � 5 � f1
Wkh uhvsrqghu fdq dffhsw ru uhmhfw wkh r�hu ru ghflgh wr ohdyh wkh jdph1 Li
wkh r�hu lv dffhswhg/ wkhq wkh sursrvhg wudghv duh h{hfxwhg dqg wkh djhqwv
surfhhg wr wkh qh{w gdwh zlwk wkhlu qhz exqgohv %n 5 dqg +� 5 uhvshfwlyho|1
Rwkhuzlvh wkhuh lv qr wudgh1

Pdwfkhv rqo| odvw iru rqh shulrg1 Djhqwv uhpdlq lq wkh pdunhw xqwlo wkh|
fkrrvh wr h{lw dqg wkh| rqo| kdyh wkh rswlrq wr h{lw diwhu wkh| kdyh ehhq
pdwfkhg1 Ehfdxvh wkhuh lv dozd|v d srvlwlyh suredelolw| ri ehlqj xqpdwfkhg
lq dq| shulrg +k 	 �,/ wkhuh zloo dozd|v eh d srvlwlyh phdvxuh ri djhqwv zkr
kdyh qrw |hw ehhq pdwfkhg dqg vr uhpdlq lq wkh jdph1

Wkhuh lv qr frqvxpswlrq gxulqj wkh jdph1 Diwhu h{lwlqj zlwk d frpprg0
lw| exqgoh % dq djhqw ri w|sh � frqvxphv wkh exqgoh dqg uhfhlyhv wkh sd|r�
��E%�1 Qrwh wkdw wkhuh lv qr glvfrxqwlqj1 Dq djhqw zkr grhv qrw h{lw lv
dvvxphg wr uhfhlyh dq lq�qlwho| qhjdwlyh sd|r�/ vr hyhu| djhqw zloo fkrrvh
wr h{lw zlwk suredelolw| rqh1 Rqfh dq djhqw h{lwv/ kh fdqqrw uh0hqwhu dqg wkh
jdph lv h�hfwlyho| ryhu iru klp1 Vlqfh djhqwv duh qrw uhsodfhg/ wkh qxpehu
ri dfwlyh djhqwv lq wkh GPEJ ghfuhdvhv ryhu wlph1 Wkh prgho lv wkhuhiruh
qrq0vwdwlrqdu|/ lq frqwudvw wr wkh Uxelqvwhlq0Zrolqvn| prgho1

D qxpehu ri uhjxodulw| dvvxpswlrqv/ zklfk zloo qrw eh glvfxvvhg khuh/ duh
xvhg lq wkh frxuvh ri wkh dqdo|vlv ri wklv prgho1 Wdnlqj wkhvh iru judqwhg/
zh fdq vxppdul}h wkh frqfoxvlrq ri wkh dqdo|vlv dv iroorzv1 D vxejdph0
shuihfw htxloleulxp ri wkh GPEJ dozd|v uhvxowv lq d Zdoudv doorfdwlrq/ wkdw
lv/ hdfk sod|hu uhfhlyhv wkh frpprglw| exqgoh wkdw kh zrxog uhfhlyh lq d
Zdoudvldq htxloleulxp1 Frqyhuvho|/ iru dq| Zdoudv doorfdwlrq wkhuh h{lvwv d
vxejdph0shuihfw htxloleulxp ri wkh GPEJ lq zklfk doprvw hyhu| djhqw ohiw
wkh pdunhw zlwk wkh fruuhvsrqglqj frpprglw| exqgoh1 Lq wklv vhqvh/ wkh
g|qdplf pdwfklqj dqg edujdlqlqj jdph lpsohphqwv wkh Zdoudv doorfdwlrqv1
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31817 Uhfhqw ghyhorsphqwv

PfOhqqdq dqg Vrqqhqvfkhlq +4<<4, surylgh dq hohjdqw h{whqvlrq ri Jdoh*v
prgho yhuvlrq ri wklv prgho lq zklfk pdq| ri wkh uhjxodulw| frqglwlrqv uh0
txluhg e| Jdoh zhuh uhod{hg1 Wkh PfOhqqdq0Vrqqhqvfkhlq yhuvlrq dssolhv
rqo| wr vwdwlrqdu| hqylurqphqwv/ lq zklfk wkh srsxodwlrq dqg lwv fkdudfwhu0
lvwlfv uhpdlq frqvwdqw ryhu wlph/ zkloh wudghuv hqwhu dqg h{lw wkh pdunhw1
PfOhqqdq dqg Vrqqhqvfkhlq xvh dq dssurdfk edvhg rq wkh lghd ri idlu qhw
wudghv1 Wkh| vkrz wkdw d qrq0frrshudwlyh htxloleulxp ri wkhlu prgho vdwlv�hv
wkh idlu qhw wudgh d{lrpv sursrvhg e| Vfkphlgohu dqg Ylqg +4<:5,1 Wklv lp0
solhv wkdw wkh uhvxowlqj doorfdwlrq lv frpshwlwlyh lq wkh vhqvh wkdw/ iru vrph
sulfh yhfwru R/ hyhu| djhqw ehkdyhv dv li kh zhuh pd{lpl}lqj klv xwlolw| vxemhfw
wr wkh xvxdo exgjhw frqvwudlqw gh�qhg e| wkh sulfh yhfwru R1 Wkh lqwhusuhwd0
wlrq ri wkh PfOhqqdq0Vrqqhqvfkhlq prgho suhvhqwv wkh vdph gl!fxow| dv wkh
ruljlqdo Uxelqvwhlq0Zrolqvn| prgho1 Vlqfh dq lq�qlwh phdvxuh ri djhqwv sdvv
wkurxjk wkh vwdwlrqdu| prgho/ wkh pdunhw0fohdulqj frqglwlrq lv qrw zhoo gh0
�qhg1 Lq idfw/ dv Gdjdq/ Vhuudqr dqg Yrolm +wr dsshdu, kdyh uhfhqwo| dujxhg/
wkhuh lv vrphwklqj xqvdwlvidfwru| derxw wkh ihdvlelolw| uhtxluhphqwv lq wkhlu
prgho1 Wkh| uhtxluh fxpxodwlyh wudghv wr eh ihdvleoh/ udwkhu wkdq uhtxlulqj
ihdvlelolw| shulrg e| shulrg1 Lq wklv fdvh/ dq| doorfdwlrq lv ihdvleoh ehfdxvh
rqh fdq rshudwh Srq}l vfkhphv1

Gdjdq hw do1 kdyh ixuwkhu h{sdqghg wkh fodvv ri hqylurqphqwv lq zklfk
rqh fdq ghprqvwudwh wkh htxlydohqfh ri GQPE htxloleuld dqg Zdoudvldq
htxloleuld/ exw wkh| gr vr e| gursslqj rqh ri wkh nh| lqjuhglhqwv ri wkh
hduolhu wkhru|1 Wkh| doorz �qlwh frdolwlrqv ri dq| vl}h wr irup1 Rqh phpehu
lv fkrvhq wr pdnh d sursrvdo dqg wkh uhvw dffhsw ru uhmhfw1 Dowkrxjk Gdjdq
hw do1 gh�qh d qrq0frrshudwlyh jdph/ lw lv rqh wkdw kdv d vwurqj uhvhpeohqfh
wr wkh frrshudwlyh qrwlrq ri wkh fruh ri dq h{fkdqjh hfrqrp| lqvridu dv
duelwudu| �qlwh frdolwlrqv duh doorzhg wr irup dqg wudgh dprqj wkhpvhoyhv1
Ilqlwh frdolwlrqv fdq eh txlwh odujh dqg odujh qxpehuv kdyh d �frqyh{li|lqj�
h�hfw wkdw h{sodlqv zk| pdq| ri wkh uhvwulfwlyh dvvxpswlrqv qhhghg lq wkh
dqdo|vlv ri sdluzlvh pdwfklqj dqg edujdlqlqj duh qrw qhhghg lq wkh dqdo|vlv
ri wklv jdph1

Wkh uhfhqw ghyhorsphqwv lq wkh wkhru| ri GPEJ kdyh holplqdwhg pdq|
ri wkh whfkqlfdo olplwdwlrqv ri wkh hduo| wkhru|/ exw wkhuh uhpdlq d qxpehu
ri lpsruwdqw rshq txhvwlrqv1 Wkhvh txhvwlrqv/ wr zklfk L wxuq qh{w/ surylgh
wkh prwlydwlrq iru wkh ohfwxuhv rq zklfk wkh iroorzlqj fkdswhuv duh edvhg1
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319 Rshq Txhvwlrqv

31914 Wkh frqwlqxxp dvvxpswlrq

Doo ri wkh sdshuv uhihuuhg wr deryh dvvxph wkdw wkh hfrqrp| ru pdunhw frq0
vlvwv ri d qrq0dwrplf frqwlqxxp ri djhqwv431 Wklv frqwlqxxp dvvxpswlrq/ dv
L vkdoo fdoo lw/ lv ri frxuvh rqh ri wkh vwdqgdug dvvxpswlrqv xqghuo|lqj wkh
wkhru| ri shuihfw frpshwlwlrq1 D frpshwlwlyh pdunhw lv rqh lq zklfk qr �up
ru frqvxphu kdv vljql�fdqw pdunhw srzhu1 Qrz/ wklv lv dozd|v dq dvvxps0
wlrq wkdw fdq dw ehvw krog lq dq dssur{lpdwh vhqvh1 Lq vwxg|lqj hfrqrplhv
zlwk d frqwlqxxp ri djhqwv/ zh krsh wkdw wkh frqwlqxxp hfrqrp| lv d jrrg
dssur{lpdwlrq wr dq hfrqrp| zlwk d odujh exw �qlwh qxpehu ri djhqwv1 Wr
hvwdeolvk wkh ydolglw| ri wkh wkhru| zh qhhg wr suryh olplw wkhruhpv udwkhu
wkdq wkhruhpv lq wkh olplw1 Wr gr wklv lw lv qhfhvvdu| wr dvvxph wkh h{lvwhqfh
ri d �qlwh qxpehu ri djhqwv/ ohw wkh qxpehu lqfuhdvh zlwkrxw erxqg/ dqg vhh
zkhwkhu wkh htxloleuld ri wkh �qlwh jdphv frqyhujh wr wkh dssursuldwh doorfd0
wlrq lq wkh olplw1 +Wkh wkhru| uhihuuhg wr hduolhu frqwdlqv d qxpehu ri olplw
wkhruhpv/ ri frxuvh/ exw wkh| duh olplwv zlwk uhvshfw wr wkh shulrg ohqjwk ru
glvfrxqw idfwru/ qrw wkh qxpehu ri djhqwv,1

Wkh �uvw wrslf L ghdo zlwk lv wkh frqvwuxfwlrq ri d �qlwh frxqwhusduw ri
wkh wkhru| edvhg rq wkh frqwlqxxp dvvxpswlrq1 Wklv lv grqh lq Fkdswhu 41
Gursslqj wkh frqwlqxxp dvvxpswlrq uhtxluhv xv wr uhexlog wkh wkhru| lq d
vxevwdqwldoo| gl�huhqw zd|1 Vrph sduwv ri wkh dqdo|vlv duh vwudljkwiruzdug1
Rwkhuv duh gl!fxow1 Wkh sd|r� lq hlwkhu fdvh lv wkdw rqh ehjlqv wr foduli| wkh
qdwxuh ri wkh dujxphqwv dqg wkh dvvxpswlrqv wkdw duh uhtxluhg wr hvwdeolvk
frpshwlwlyh olplw wkhruhpv1

Wkh ehkdylru ri Pduvkdooldq pdunhwv zlwk d �qlwh qxpehu ri djhqwv kdv
douhdg| ehhq lqyhvwljdwhg e| Uxelqvwhlq dqg Zrolqvn| +4<<3,1 Wkh pdunhw
frqvlvwv ri d �qlwh qxpehu� ri ex|huv dqg d vlqjoh vhoohu1 Wkh vhoohu kdv rqh
xqlw ri wkh lqglylvleoh jrrg wr vhoo zklfk kh ydoxhv dw }hur1 Hdfk ri wkh ex|huv
sodfhv d ydoxh ri rqh groodu rq wkh jrrg1 Doo djhqwv glvfrxqw wkh ixwxuh xvlqj
wkh vdph glvfrxqw idfwru B1 Dq lpsruwdqw gl�huhqfh ehwzhhq wklv jdph dqg
wkh �jdph� vwxglhg lq Uxelqvwhlq dqg Zrolqvn| +4<;8, lv wkdw/ lqvwhdg ri
kdylqj h{rjhqrxv udqgrp pdwfklqj/ wkh vhoohu fdq fkrrvh wkh lghqwlw| ri wkh
ex|hu wr zkrp kh zlvkhv wr r�hu wkh jrrg lq hdfk shulrg1 Uxelqvwhlq dqg

43Iru h{dpsoh/ wkh vhw ri djhqwv fdq eh lghqwl�hg zlwk wkh srlqwv lq wkh xqlw lqwhuydo
^3> 4`1 Wkh �qxpehu� ru �pdvv� ri djhqwv lq d vhw lv jlyhq e| lwv Ohehvjxh phdvxuh/ li wklv
lv zhoo gh�qhg1 Lq sduwlfxodu/ d vlqjoh djhqw kdv phdvxuh }hur1
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Zrolqvn| vkrz wkdw iru dq| sulfh f � R � � wkhuh h{lvwv d vxejdph0shuihfw
htxloleulxp lq zklfk wkh jrrg lv vrog iru wklv sulfh1

Wkh frqvwuxfwlrq ri wkh vxejdph0shuihfw htxloleuld lv gholfdwh/ exw wkh
hvvhqwldo lghd lv wklv1 Ohw R eh wkh sulfh dw zklfk wkh jrrg lv wudghg lq
htxloleulxp1 Reylrxvo|/ wkh vhoohu zrxog olnh wr wudgh dw d kljkhu sulfh dqg
wkh ex|huv zrxog olnh wr wudgh dw d orzhu sulfh1 Wr vxssruw wudgh dw wkh sulfh
R lw lv dvvxphg wkdw li wkh vhoohu dvnv iru d kljkhu sulfh/ doo ri wkh ex|huv
uhixvh wr wudgh dw wkdw sulfh dqg r�hu d orzhu sulfh lqvwhdg1 Wkh vhoohu kdv
qr fkrlfh exw wr dffhsw wkh orzhu sulfh1 Wkh ex|hu zkr lqlwldoo| uhmhfwv wkh
vhoohu*v r�hu jhwv wkh jrrg dw wkh orzhu sulfh1

Vlploduo|/ li rqh ri wkh ex|huv r�huv d sulfh ehorz R/ wkh vhoohu uhixvhv dqg
vhoov lw wr dqrwkhu ex|hu dw d kljkhu sulfh1 Vlqfh wkh ex|huv eholhyh wkdw rqh
ri wkhp zloo dozd|v wudgh zlwk wkh vhoohu lq htxloleulxp/ wkh| kdyh qr fkrlfh
exw wr dffhsw wkh kljkhu sulfh1

Lq wklv zd|/ dq| ghyldwru lv sxqlvkhg dqg wkh djhqw zkr vxssruwv wkh
sxqlvkphqw vwudwhj| e| uhmhfwlqj wkh ghyldwru*v sursrvdo lv uhzdughg1 Qrwh
wkdw ehfdxvh wkhuh lv rqo| rqh jrrg/ rqo| rqh ex|hu fdq kdyh wkh jrrg lq
htxloleulxp dqg wkh rwkhu ex|huv jhw d sd|r� ri }hur1 Wkxv/ wkh ex|huv zloo
eh dw ohdvw dv zhoo r� vxssruwlqj wkh sxqlvkphqw vwudwhj| dv wkh| duh dorqj
wkh htxloleulxp sdwk1

Dffruglqj wr d zhoo nqrzq �iron wkhruhp�/ uhshdwhg jdphv kdyh pdq|
vxejdph0shuihfw htxloleuld441 Dowkrxjk GPEJ duh qrw uhshdwhg jdphv45/
wkh| kdyh vrph ri wkh ihdwxuhv ri uhshdwhg jdphv1 Lq sduwlfxodu/ li dq djhqw
wklqnv wkdw d ghyldwlrq iurp wkh htxloleulxp sod| ri wkh jdph zloo wuljjhu
d ixwxuh sxqlvkphqw e| klv rssrqhqwv/ kh pd| eh ghwhuuhg iurp ghyldwlqj1
Wkhvh wuljjhu vwudwhjlhv fdq wkhq eh xvhg wr vxssruw d odujh ydulhw| ri htxlole0
ulxp ehkdylruv1 Vrph ri wkhvh htxloleuld fdq eh holplqdwhg lq d prgho zlwk
d frqwlqxxp ri djhqwv1 Zlwk d frqwlqxxp ri djhqwv/ wkh dfwlrq ri d vlqjoh
djhqw kdv qr lpsdfw rq wkh sd|r� ri wkh prvw rwkhu djhqwv/ vr lw lv qdwxudo wr
dvvxph wkdw djhqwv ljqruh wkh dfwlrqv ri dq| vlqjoh djhqw461 Lq h�hfw/ djhqwv

44Iru h{dpsoh/ li sod|huv gr qrw glvfrxqw wkh ixwxuh/ wkhq dq| ihdvleoh dqg vwulfwo|
lqglylgxdoo| udwlrqdo sd|r� yhfwru fdq eh dfklhyhg e| vrph vxejdph0shuihfw htxloleulxp1

45Ehfdxvh wkh doorfdwlrq ri frpprglwlhv fkdqjhv ryhu wlph/ d gl�huhqw �jdph� lv ehlqj
sod|hg dw hdfk gdwh1

46Lq d GPEJ/ d vlqjoh djhqw*v dfwlrqv zloo ri frxuvh eh revhuyhg e| klv wudglqj sduwqhuv/
zkr fdq kdugo| eh h{shfwhg wr ljqruh wkhp1 Krzhyhu/ d vlqjoh djhqw zloo rqo| hyhu phhw
d �qlwh qxpehu ri rwkhu djhqwv/ dqg kdylqj phw klp wkh| zloo qhyhu phhw klp djdlq1 Vr
lw vhhpv uhdvrqdeoh wr dvvxph wkdw djhqwv gr qrw frqglwlrq wkhlu fxuuhqw ehkdylru rq wkh
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duh dqrq|prxv1 Wkh| duh lqylvleoh wr prvw rwkhu djhqwv/ zlwk zkrp wkh|
qhyhu frph lqwr frqwdfw1 Dqrq|plw| uxohv rxw wuljjhu vwudwhjlhv ri wkh nlqg
ghvfulehg deryh/ vr dq djhqw fdq ghyldwh zlwkrxw zruu|lqj derxw wkh uhdf0
wlrq ri klv ixwxuh rssrqhqwv1 Wklv idfw doorzv xv wr holplqdwh d odujh qxpehu
ri htxloleuld1 Dqrq|plw| lv rqo| dq dvvxpswlrq/ krzhyhu/ dqg lw lv rqh wkdw
lv qrw qdwxudo lq d �qlwh hfrqrp|/ krzhyhu odujh1 Wklv suhvhqwv d vhulrxv
fkdoohqjh wr wkh ghyhorsphqw ri d wkhru| edvhg rq odujh �qlwh hfrqrplhv1

D �qlwh h{fkdqjh hfrqrp| frqvlvwv ri ? djhqwv/ lqgh{hg � ' �c ���c ?/ hdfk
fkdudfwhul}hg e| d frqvxpswlrq vhw f� � +�/ dq hqgrzphqw ri frpprglwlhv
e� dqg d xwlolw| ixqfwlrq ��1 Wudgh wdnhv sodfh dw d vhtxhqfh ri gdwhv | '
�c 2c ���1 Dw hdfk gdwh/ d udqgrpo| vhohfwhg rughuhg sdlu ri djhqwv E�c �� lv
pdwfkhg1 Wkh �uvw djhqw � lv wkh sursrvhu dqg pdnhv dq r�hu lq wkh irup
ri d ihdvleoh qhw wudgh yhfwru 5 wr wkh vhfrqg djhqw �/ zklfk � fdq dffhsw
ru uhmhfw1 Lq sulqflsoh/ wklv surfhvv fdq frqwlqxh lqgh�qlwho|1 Wkhuh lv qr
glvfrxqwlqj/ vr djhqwv rqo| fduh derxw wkh xwlolw| ri wkh frpprglw| exqgoh
wkh| krog diwhu dq xqolplwhg qxpehu ri wudglqj shulrgv kdyh sdvvhg1 Djhqw
�*v sd|r� lv wkh olplwlqj ydoxh ri klv xwlolw| ��E%�|� dv | jrhv wr lq�qlw|/ zkhuh
%�| lv wkh exqgoh ri frpprglwlhv khog e| djhqw � dw wkh hqg ri shulrg |1
Lqglylgxdo udwlrqdolw| dqg yroxqwdu| wudgh lpso| wkdw wkh htxloleulxp sd|r�
dw hdfk gdwh lv juhdwhu wkdq ru htxdo wr wkh xwlolw| ri wkh fxuuhqwo| khog
frpprglw| exqgoh ��E%�|�1 Frqvhtxhqwo|/ wkh olplw ri ��E%�|� h{lvwv1

Dwwhqwlrq lv uhvwulfwhg wrPdunry shuihfw htxloleuld +PSH,/ wkdw lv/ vxejdph0
shuihfw htxloleuld lq zklfk wkh vwudwhjlhv phpru|ohvv +lqghshqghqw ri wkh klv0
wru| ri wkh jdph,1 Dw hdfk gdwh vwudwhjlhv ghshqg rqo| rq wkh fxuuhqw vwdwh
ri wkh jdph1 Rqh fdq vkrz wkdw/ xqghu fhuwdlq uhjxodulw| frqglwlrqv/ wkh
olplwlqj doorfdwlrq dv wlph jrhv wr lq�qlw| pxvw eh Sduhwr0h!flhqw1 Sduhwr0
h!flhqf| lv d vwurqj uhvxow lq lwv rzq uljkw1 Lq d �qlwh hfrqrp| hdfk djhqw
kdv vrph ghjuhh ri pdunhw srzhu1 Iru wkh xvxdo uhdvrqv/ rqh pljkw h{shfw
lpshuihfw frpshwlwlrq wr ohdg wr glvwruwlrqv lq wkh pdunhw dv hdfk djhqw wulhv
wr xvh klv pdunhw srzhu iru klv rzq dgydqwdjh1 Lq d PSH/ krzhyhu/ wklv
lv qrw wkh fdvh= wudgh pxvw frqwlqxh dv orqj dv wkhuh duh xqh{sorlwhg jdlqv
iurp wudgh/1 Lq wkh olplw/ doo jdlqv iurp wudgh duh h{kdxvwhg vr wkh �qdo
doorfdwlrq pxvw eh Sduhwr0h!flhqw1 Wklv uhvxow kdv dq reylrxv uhvhpeohqfh
wr wkh Frdvh Frqmhfwxuh +vhh Jxo/ Vrqqhqvfkhlq/ dqg Zlovrq +4<;9,,1

Hvwdeolvklqj h!flhqf| lv rqo| wkh �uvw vwhs/ doehlw dq lpsruwdqw rqh/ rq
wkh urdg wr d frpshwlwlyh olplw wkhruhp1 Wkhuh duh pdq| Sduhwr0h!flhqw

sdvw dfwlrqv ri lqglylgxdo djhqwv1
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doorfdwlrqv dqg/ lq d �qlwh hfrqrp|/ wkhuh lv qr uhdvrq zk| wkh olplwlqj
doorfdwlrq vkrxog eh d Zdoudv doorfdwlrq471 Odujh qxpehuv ri djhqwv duh
qhhghg wr jxdudqwhh wklv1 Wkh qh{w vwhs/ wkhq/ lv wr dqdo|}h wkh dv|pswrwlf
surshuwlhv ri PSH dv wkh qxpehu ri djhqwv lqfuhdvhv zlwkrxw erxqg1 Khuh
wkhuh lv d sureohp1 Vlqfh wkhuh lv qr uhdvrq wr h{shfw wkh PSH wr eh xqltxh
+Zdoudvldq htxloleuld duh qrw xqltxh dqg vr wkh PSH ri wkh pdunhw jdph
fdqqrw eh xqltxh hlwkhu,/ wkhuh lv dozd|v wkh srvvlelolw| wkdw d vpdoo ghyldwlrq
e| d vlqjoh djhqw pljkw wuljjhu d vzlwfk wr d yhu| gl�huhqw htxloleulxp ri
wkh frqwlqxdwlrq jdph1 Dv d uhvxow/ hyhq lq wkh olplw/ lqglylgxdo djhqwv
pd| kdyh qrq0qhjoljleoh pdunhw srzhu1 Lq idfw/ wr pdnh dq| surjuhvv lq
vxfk d jhqhudo vhwwlqj/ lw lv qhfhvvdu| wr lpsrvh d frqwlqxlw| dvvxpswlrq ri
wkh nlqg lqwurgxfhg lq wkh zrun ri Juhhq +4<;3/ 4<;7,1 Wkh dssursuldwh
frqwlqxlw| dvvxpswlrq khuh uhtxluhv wkdw d vpdoo fkdqjh lq d vlqjoh djhqw*v
vwudwhj| ohdgv wr xqlirupo| +dv ? $ 4, vpdoo fkdqjhv lq wkh dv|pswrwlf +dv
| $ 4, doorfdwlrq1 Xqghu wklv dvvxpswlrq/ rqh fdq vkrz wkdw dv|pswrwlf
+dv | $ 4, htxloleulxp rxwfrphv frqyhujh wr Zdoudvldq rxwfrphv dv wkh
qxpehu ri djhqwv ehfrphv xqerxqghgo| odujh1

Wkhvh uhvxowv dvvxph wkdw wkhuh lv qr glvfrxqwlqj dqg frqvxpswlrq wdnhv
sodfh diwhu wkh wkh jdph lv ryhu vr rqo| wkh dv|pswrwlf doorfdwlrq pdwwhuv wr
wkh lqglylgxdo djhqwv1 Wklv lv lq frqwudvw wr pxfk ri wkh olwhudwxuh rq GPEJ/
zkhuh glvfrxqwlqj kdv sod|hg dq lpsruwdqw uroh1 Uhfdoo wkdw lq Uxelqvwhlq
+4<;5,/ glvfrxqwlqj ri ixwxuh xwlolwlhv lv hvvhqwldo xqltxhqhvv ri wkh VSH1
Zlwkrxw glvfrxqwlqj/ wkh prgho froodsvhv wr d Qdvk ghpdqg jdph lq zklfk
dq| Sduhwr0h!flhqw glylvlrq lv d VSH rxwfrph1 Glvfrxqwlqj kdv ehhq xvhg wr
whvw wkh urexvwqhvv ri htxloleuld lq pdq| vhwwlqjv1 Lw lv dovr xvhg dv d zd| ri
uhsuhvhqwlqj wudqvdfwlrq frvwv1 Vhdufk dqg edujdlqlqj duh frvwo| ehfdxvh wkh
orqjhu wkh| frqwlqxh/ wkh pruh wkh sd|r�v duh glvfrxqwhg1 Vr dq lqwhuhvwlqj
h{whqvlrq ri wkh wkhru| vnhwfkhg deryh lv wr lqwurgxfh glvfrxqwlqj dqg vhh
zkhwkhu lw vljql�fdqwo| fkdqjhv wkh uhvxowv1

Glvfrxqwlqj lv irupdoo| htxlydohqw wr lqwurgxflqj d udqgrp vwrsslqj gdwh
iru wkh wudglqj surfhvv1 Vxssrvh wkdw dw hdfk gdwh wkhuh lv d suredelolw|
f 	 � 	 � wkdw wkh jdph frqwlqxhv iru rqh pruh shulrg/ jlyhq wkdw lw kdv
odvwhg xqwlo wkh suhvhqw gdwh1 Dv vrrq dv wkh wudglqj surfhvv hqgv/ djhqwv
frqvxph wkhlu fxuuhqw frpprglw| exqgoh1 Wkh suredelolw| wkdw wkh jdph

47Xqghu vwdqgdug frqyh{lw| frqglwlrqv/ li { lv d Sduhwr0h!flhqw doorfdwlrq wkhuh h{lvwv
d sulfh yhfwru s 9@ 3 vxfk wkdw/ iru hyhu| djhqw l/ s �{3

l
A s �{l li xl+{

3

l
, A xl+{l,1 Wr hqvxuh

wkdw { lv d Zdoudv doorfdwlrq/ l1h1/ wkdw +s> {, lv d frpshwlwlyh htxloleulxp/ zh qhhg exgjhw
edodqfh/ l1h1/ s � {l @ s � hl/ iru hyhu| djhqw l1
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vwrsv dw gdwh | lv jlyhq e| �|3�E� � ��/ wkdw lv/ wkh suredelolw| �|3� wkdw lw
frqwlqxhv dw wkh �uvw | � � shulrgv pxowlsolhg e| wkh suredelolw| �� � wkdw
lw vwrsv dw wkh |0wk shulrg1 Li wkh jdph vwrsv dw gdwh | wkh djhqw*v sd|r� lv
��E%�|�/ zkhuh %�| lv wkh frpprglw| exqgoh khog dw wkh hqg ri gdwh |1 Wr �qg
wkh h{shfwhg xwlolw| ri djhqw � zh vlpso| pxowlso| wkh suredelolw| ri vwrsslqj
dw gdwh | e| wkh xwlolw| li wkh jdph vwrsv dw gdwh | dqg vxp ryhu doo gdwhv
| ' �c 2c ��� wr jhw

E�� ��
"[
|'�

�|3���E%�|��

Khuh � sod|v wkh uroh ri d glvfrxqw idfwru1 Dv wkh ohqjwk ri d shulrg jhwv
ydqlvklqjo| vkruw/ zh dvvxph wkdw wkh suredelolw| ri wkh jdph frqwlqxlqj iru
rqh pruh shulrg frqyhujhv wr �/ wkdw lv/ wkh �glvfrxqw idfwru� � frqyhujhv wr
� mxvw dv lq wkh Uxelqvwhlq0Zrolqvn| prgho1

Lq d GPEJ/ dq djhqw*v htxloleulxp sd|r� fdq eh h{suhvvhg dv wkh vxp
ri d fxuuhqw + rz, sd|r� dqg wkh glvfrxqwhg ydoxh ri wkh sd|r� iurp wkh
frqwlqxdwlrq jdph1 Wkh frqglwlrqv iru dq rswlpdo vwudwhj| fdq eh h{suhvvhg
lq whupv ri d uhfxuvlyh htxdwlrq vlplodu wr Ehoopdq*v htxdwlrq lq g|qdplf
surjudpplqj1 Iurp wklv htxdwlrq lw lv srvvleoh wr vkrz wkdw wkh htxloleulxp
sd|r�v iru hdfk djhqw irup d judglhqw surfhvv1 Wklv doorzv rqh wr hvwdeolvk
wkdw wkh doorfdwlrq frqyhujhv wr dq dv|pswrwlf doorfdwlrq xqghu txlwh jhqhudo
frqglwlrqv1 Frqyhujhqfh lv fuxfldo ehfdxvh/ dv zh douhdg| kdyh vhhq/ wudgh
frqwlqxhv lq d PSH xqwlo doo jdlqv iurp wudgh kdyh ehhq h{kdxvwhg1 Xqghu
fhuwdlq uhjxodulw| dvvxpswlrqv wkh dv|pswrwlf htxloleulxp doorfdwlrq pxvw
eh Sduhwr0h!flhqw1

Lq d GPEJ zlwk glvfrxqwlqj/ lw lv lpsruwdqw wr glvwlqjxlvk ehwzhhq wkh
Sduhwr0h!flhqf| ri wkh dv|pswrwlf doorfdwlrq dqg wkh Sduhwr0h!flhqf| ri wkh
PSH1 Wkh suhvhqfh ri glvfrxqwlqj +udqgrp whuplqdwlrq, lpsolhv wkdw zlwk
suredelolw| rqh wkh jdphv hqgv dw vrph �qlwh gdwh |1 Wkh dv|pswrwlf doorfd0
wlrq lv uhdfkhg zlwk suredelolw| }hur dqg vr ehfrphv luuhohydqw wr wkh zhoiduh
surshuwlhv ri wkh htxloleulxp1 Hyhq li zh ohw wkh shulrg ohqjwk jhw ydqlvk0
lqjo| vpdoo/ vr wkdw wkh frqwlqxdwlrq suredelolw| � dssurdfkhv �/ zh fdqqrw
eh vxuh wkdw wkh htxloleulxp sd|r�v frqyhujh wr wkh xwlolw| ri wkh dv|pswrwlf
doorfdwlrq1 Wkh wurxeoh lv wkdw wkh htxloleulxp sdwk i%|j"|'� ghshqgv rq wkh
ydoxh ri �1 Dv � frqyhujhv wr �/ wkh udwh dw zklfk wkh vhtxhqfh i%|j"|'� frq0
yhujhv wr wkh dv|pswrwlf doorfdwlrq pd| ehfrph vorzhu dqg vorzhu/ vr wkdw
wkh suredelolw| ri hqglqj xs zlwk dq lqh!flhqw doorfdwlrq lq wkh vkruw uxq
uhpdlqv qrq0qhjoljleoh1
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Wr ghdo zlwk wklv fkdoohqjh/ zh qhhg wr vkrz wkdw wkh vhtxhqfh ri doorfd0
wlrqv i%|j"|'� frqyhujhv wr wkh dv|pswrwlf doorfdwlrq xqlirupo| txlfno| iru doo
ydoxhv ri �1 Wkh dujxphqw L xvh lv edvhg rq erxqghg udwlrqdolw| +pruh suh0
flvho|/ erxqghg frpsoh{lw| ri vwudwhjlhv, dqg vkrzv wkdw li frqyhujhqfh wr dq
h!flhqw doorfdwlrq rffxuv lw pxvw rffxu zlwklq d erxqghg qxpehu ri shulrgv/
vr wkdw dv wkh shulrg ohqjwk ehfrphv ydqlvklqjo| vkruw +wkh glvfrxqw udwh
frqyhujhv wr }hur,/ wkh wlph uhtxluhg wr uhdfk wkh h!flhqw olplwlqj doorfdwlrq
frqyhujhv wr }hur1 Lq wkh olplw/ dv wkh shulrg ohqjwk ehfrphv ydqlvklqjo|
vkruw/ dq h!flhqw doorfdwlrq lv uhdfkhg zlwk suredelolw| rqh1

Wr vxp xs wkh vwru| vr idu/ wkh wkhru| ghyhorshg lq Fkdswhu 4 dfklhyhv
wkuhh wklqjv=

� Lw vkrzv wkdw lw lv srvvleoh wr h{whqg wkh wkhru| ri frpshwlwlyh pdunhwv
wr dsso| wr odujh exw �qlwh pdunhwv1

� Lq dgglwlrq/ e| vhsdudwlqj wkh frqglwlrqv qhhghg iru h!flhqf| dqg iru
exgjhw edodqfh/ zh jdlq ixuwkhu lqvljkw lqwr wkh urexvwqhvv ru jhqhudolw|
ri wkh wzr surshuwlhv1

� Ilqdoo|/ qrwh wkdw dw hdfk vwhs/ h{wud dvvxpswlrqv +wkh Pdunry surs0
huw|/ frqwlqxlw|/ erxqghg udwlrqdolw|, duh qhhghg1

Wklv odvw srlqw lv/ lq vrph zd|v/ wkh prvw lqwhuhvwlqj1 Lw vxjjhvwv wkdw
d wkhru| ri frpshwlwlrq fdqqrw eh edvhg rq wkh htxloleulxp surshuwlhv ri
wkh GPEJ dorqh1 Lq dgglwlrq/ zh qhhg dvvxpswlrqv derxw pdunhwv/ olnh
dqrq|plw| dqg frqwlqxlw| +vpdoo djhqwv kdyh vpdoo h�hfwv,/ wkdw fdqqrw eh
ghulyhg iurp wkh dqdo|vlv ri Qdvk htxloleulxp1

Li wkhvh dgglwlrqdo dvvxpswlrqv uhdoo| duh qhfhvvdu|/ wkh| qhhg wr eh mxv0
wl�hg1 Wklv lv wkh vxemhfw pdwwhu ri Fkdswhu 51

31915 Dqrq|plw|/ frqwlqxlw|/ dqg wkh Pdunry dvvxps0
wlrq

Dv wkh qxpehu ri djhqwv jurzv zlwkrxw erxqg/ lw pd| eh qdwxudo wr h{shfw
wkdw wkh vwudwhj| ri d vlqjoh djhqw vkrxog qrw pdwwhu wr wkh sod| ri wkh
jdph1 Dv zh kdyh vhhq/ wklv lv qrw d sulqflsoh ri jdph wkhru|= hyhq zkhq
wkh qxpehu ri sod|huv ehfrphv yhu| odujh/ wkh dfwlrqv ri d vlqjoh djhqw/
krzhyhu lqvljql�fdqw/ fdq wuljjhu d fkdqjh lq wkh ehkdylru ri d odujh qxpehu
ri wkh rwkhu sod|huv/ wkxv pdnlqj d elj gl�huhqfh wr wkh sod| ri wkh jdph1
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Vwloo/ lw vhhpv wkdw wklv lv qrw krz pdunhwv zrun1 Xqohvv wkhuh lv vrphwklqj
vshfldo derxw d glvwlqjxlvkhg djhqw/ iru h{dpsoh/ xqohvv kh kdv vrph sulydwh
lqirupdwlrq wkdw lv vljql�fdqw iru d odujh qxpehu ri djhqwv/ lw mxvw grhv qrw
vhhp uljkw wkdw wklv djhqw*v dfwlrqv vkrxog pdwwhu doo wkdw pxfk1

Sduw ri wkh frqyhqwlrqdo zlvgrp derxw pdunhwv lv wkdw wkh| duh dqrq|0
prxv phfkdqlvpv1 Dv Kd|hn +4<78, srlqwhg rxw/ rqh ri wkh zrqghuixo wklqjv
derxw pdunhwv lv wkh idfw wkdw wkh| hfrqrpl}h rq lqirupdwlrq1 Sulfhv duh doo
wkdw zh qhhg wr nqrz lq rughu wr wdnh wkh uljkw ghflvlrqv1 Lw grhv qrw pdw0
whu zkr wudghv zkdw> sulfhv duh ghwhuplqhg e| wkh djjuhjdwh ri wkh djhqwv*
ghpdqgv dqg vxssolhv1 Vr/ li d vlqjoh djhqw fkdqjhv klv ghpdqg e| d vpdoo
dprxqw/ wkdw vkrxog kdyh rqo| d vpdoo h�hfw rq sulfhv1 Vlploduo|/ lghqwl0
wlhv vkrxog qrw pdwwhu1 Hyhu|rqh kdv wkh vdph wudglqj rssruwxqlwlhv dqg
hyhu|rqh vkrxog eh deoh wr h{hfxwh wkh vdph wudgh dw wkh vdph sulfh1

Zkloh wklv nlqg ri uhdvrqlqj vrxqgv sodxvleoh/ lw lv kdug wr ghprqvwudwh
wkdw pdunhwv kdyh wkhvh surshuwlhv lq d vwudwhjlf frqwh{w1 Kdylqj dffhswhg
wkh phwkrgrorjlfdo uxohv ri jdph wkhru|/ zh duh qrw lq d srvlwlrq wr dedqgrq
wkhp zkhq wkh| pdnh wkh dqdo|vlv gl!fxow1 Li dqrq|plw| dqg frqwlqxlw|
duh surshuwlhv ri frpshwlwlyh pdunhwv/ zh vkrxog eh deoh wr �qg dvvxpswlrqv
derxw wkh vwuxfwxuh ri wkh GPEJ wkdw ohdg wr frqwlqxrxv dqg dqrq|prxv
htxloleuld1 Rwkhuzlvh/ zh duh ohiw folqjlqj wr wkh srvlwlrq wkdw wkhuh h{lvw
hfrqrplf sulqflsohv wkdw fdqqrw eh ghgxfhg iurp jdph0wkhruhwlf uhdvrqlqj1
Wklv lv d elw olnh vd|lqj wkdw wkhuh h{lvw hfrqrplf sulqflsohv wkdw fdqqrw eh
ghgxfhg iurp udwlrqdolw| srvwxodwhv/ zklfk lv qrw d srvlwlrq prvw hfrqrplvwv
zrxog vxssruw1 Wkh srvvlelolw| ri ghprqvwudwlqj frqwlqxlw| dqg dqrq|plw|
iurp �uvw sulqflsohv lv dq lpsruwdqw lvvxh iru wkh vwudwhjlf irxqgdwlrqv ri
frpshwlwlyh htxloleulxp1

Wkh Pdunry dvvxpswlrq hvvhqwldoo| vd|v wkdw rqo| wkh fxuuhqw vwdwh ri
wkh hfrqrp| pdwwhuv dqg qrw wkh klvwru| ri wkh jdph1 Wkhuh duh wzr zd|v
wr uhod{ wklv dvvxpswlrq1 Iru wkh h!flhqf| uhvxowv/ lw wxuqv rxw wkdw rqo|
fhuwdlq nlqgv ri lqirupdwlrq kdyh wr eh h{foxghg iurp phpru|/ hvvhqwldoo|/
uhmhfwhg r�huv1 Iru wkh frpshwlwlyh olplw uhvxow/ wkh vwdwh fdq eh gh�qhg yhu|
eurdgo| dqg fdq eh h{sdqghg wr lqfoxgh vrph hohphqwv ri klvwru|1 Zkdw lv
fuxfldo lv wkdw wkh sod| ri wkh jdph vkrxog uhvsrqg frqwlqxrxvo| wr wkh vwdwh
ri wkh jdph dqg wkdw wkh vwdwh vkrxog uhvsrqg frqwlqxrxvo| wr wkh dfwlrqv ri
lqglylgxdo djhqwv1 Wkhvh dvvxpswlrqv vhhp uhdvrqdeoh exw wkh| gr qrw iroorz
vwulfwo| iurp wkh gh�qlwlrq ri htxloleulxp1 Krzhyhu/ wkh| fdq eh mxvwl�hg
lq whupv ri lqirupdwlrqdo olplwdwlrqv1 Htxloleuld lq zklfk d qrq0qhjoljleoh
qxpehu ri djhqwv uhpdlq slyrwdo dv wkh wrwdo qxpehu ri djhqwv jurzv zlwkrxw
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erxqg duh qrw urexvw1 Wkh| uhtxluh djhqwv wr kdyh d juhdw ghdo ri lqirupdwlrq
derxw zkdw lv jrlqj rq lq wkh hfrqrp|1 Olplwhg frppxqlfdwlrq/ erxqghg
udwlrqdolw| +olplwhg frpsxwdwlrqdo delolw|,/ ru olplwhg phpru| fdq doo eh xvhg
wr mxvwli| wkh Pdunry dvvxpswlrq1

Rqh zd| ri irupdol}h wkh surshuw| wkdw djhqwv duh qrw slyrwdo lq wkh olplw
lv e| lqwurgxflqj olplwhg uhfdoo1 Dv lv zhoo nqrzq/ uhshdwhg jdphv kdyh d
odujh qxpehu ri htxloleuld vxssruwhg e| ydulrxv irupv ri wuljjhu vwudwhjlhv1
Li d sod|hu ghyldwhv iurp wkh htxloleulxp sdwk lq rqh ri wkhvh jdphv/ kh lv
sxqlvkhg lq wkh ixwxuh sod| ri wkh jdph e| wkh uhvsrqvh ri wkh rwkhu sod|huv1
Li dq djhqw*v dfwlrqv duh klgghq iurp rwkhu sod|huv/ lw ehfrphv lpsrvvleoh wr
vxssruw vr pdq| htxloleuld1 Xqiruwxqdwho|/ dq djhqw*v dfwlrqv duh olnho| wr
ohdg wr vrph revhuydeoh h�hfw/ rq sd|r�v iru h{dpsoh/ dqg wklv pd| doorz
iru sxqlvkphqw vwudwhjlhv hyhq li dfwlrqv duh qrw gluhfwo| revhuydeoh1 Lq dq|
fdvh/ lqwurgxflqj dv|pphwulf lqirupdwlrq ohdgv wr lqwudfwdeoh frpsolfdwlrqv
ri lwv rzq1

Dq dowhuqdwlyh vwudwhj| lv wr olplw doo djhqwv* delolw| wr uhfdoo wkh sdvw
dqg/ khqfh/ wkhlu delolw| wr frqglwlrq ixwxuh ehkdylru rq wkh klvwru| ri wkh
jdph1 Pruh suhflvho|/ zh wdnh d uhshdwhg jdph dqg wxuq lw lqwr d ghjhqhudwh
w|sh ri vwrfkdvwlf jdph e| lqwurgxflqj d vhw 7 ri vwdwhv ri wkh jdph1 Wkhuh
lv d wudqvlwlrq suredelolw| wkdw pdsv wkh fxuuhqw vwdwh ri wkh jdph dqg wkh
fxuuhqw dfwlrqv ri wkh sod|huv lqwr wkh qh{w shulrg*v vwdwh1 Wkh vwudwhjlhv
ri wkh djhqwv ghshqg rqo| rq wkh fxuuhqw vwdwh ri wkh jdph dqg qrw rq wkh
klvwru| ri wkh jdph shu vh1 Vr wkh vwdwh ri wkh jdph vhuyhv dv d vxppdu|
ri wkh sdvw sod| dqg wkh fxuuhqw sod| ghshqgv rqo| rq wklv vxppdu|/ qrw rq
wkh hqwluh klvwru|1 Lw lv lpsruwdqw wr qrwh wkdw wkh vwdwh grhv qrw d�hfw wkh
sd|r�v gluhfwo|1 Lw vhuyhv rqo| wr frqglwlrq vwudwhjlhv1 Lq wklv vhqvh/ wkh vwdwh
lv dq h{wudqhrxv yduldeoh/ olnh d �vxqvsrw�1 Wkh vwdwh hyroyhv lq uhvsrqvh wr
wkh sod| ri wkh jdph dqg/ lq hdfk shulrg/ wkh sod|huv* vwudwhjlhv duh ixqfwlrqv
rqo| ri wkh vwdwh ri wkh jdph1 Wklv uhfrq�jxudwlrq ri d uhshdwhg jdph lv
qrw e| lwvhoi uhvwulfwlyh1 Lw phuho| surylghv d iudphzrun lq zklfk lw lv hdv|
wr vshfli| d fulwhulrq ri urexvwqhvv1 Vshfl�fdoo|/ L lqwurgxfh vrph qrlvh lqwr
wkh hyroxwlrq ri wkh vwdwh wr wdnh dffrxqw ri wkh idfw wkdw uhfdoo lv lpshuihfw
dqg wkdw vpdoo fkdqjhv lq wkh sod| ri wkh jdph duh olnho| wr eh ryhuorrnhg1
Xqghu uhodwlyho| plog uhjxodulw| dvvxpswlrqv/ lw lv srvvleoh wr vkrz wkdw/ lq
wkh olplw/ dv wkh qxpehu ri sod|huv jurzv zlwkrxw erxqg/ wkh jdph ehfrphv
dqrq|prxv1 Wkdw lv/ hdfk sod|hu frphv wr kdyh qhjoljleoh lq xhqfh rq wkh
hyroxwlrq ri wkh sod| ri wkh jdph1 Wklv kdv wkh dgglwlrqdo frqvhtxhqfh wkdw
lq fkrrvlqj dq rswlpdo vwudwhj| dw hdfk gdwh d sod|hu lv qrw lq xhqfhg e| wkh
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ihdu wkdw klv fkrlfh pljkw wuljjhu vrph nlqg ri uhwdoldwlrq1 Wklv lv qrw txlwh
wkh vdph wklqj dv vd|lqj wkdw hdfk djhqw dgrswv d Pdunry vwudwhj|1 Lq idfw/
lw lv srvvleoh wkdw wkh htxloleulxp sod| ri wkh jdph zloo eh qrq0Pdunry/ exw
wr wkh h{whqw wkdw wklv lv wuxh/ lw lv ehfdxvh wkh htxloleuld ri wklv jdph pd|
eh fruuhodwhg lq wkh vhqvh ri Dxpdqq +4<:7/ 4<;:, dqg qrw ehfdxvh wkhuh duh
wuljjhu vwudwhjlhv lq wkh frqyhqwlrqdo vhqvh1 Dowkrxjk vwudwhjlhv pd| ghshqg
rq wkh sdvw/ wkh| ghshqg rq wkh djjuhjdwh sdvw dqg qrw rq wkh sdvw sod| ri
dq| lqglylgxdo1

Wkh fuxfldo idfw lv wkdw olplwhg uhfdoo lq d odujh jdph doorzv djhqwv wr
ljqruh wkh srvvlelolw| ri sxqlvkphqw lq wkh vdph zd| wkdw Pdunry ru php0
ru|ohvv vwudwhjlhv doorz wkhp wr ljqruh wkh srvvlelolw| ri sxqlvkphqw1

Iru wkh vdph uhdvrq/ ehfdxvh vwudwhjlhv ghshqg rq wkh djjuhjdwh klvwru|
dqg qrw rq lqglylgxdo klvwrulhv/ wkh h�hfw ri dq lqglylgxdo djhqw lv vpdoo/ hq0
vxulqj frqwlqxlw| lq wkh olplw dv wkh qxpehu ri djhqwv ehfrphv xqerxqghgo|
odujh1

Lq wklv zd|/ rqh fdq dujxh wkdw wkh dgglwlrqdo surshuwlhv uhtxluhg wr
pdnh pdunhwv shuihfwo| frpshwlwlyh duh/ lq idfw/ surshuwlhv ri urexvw vwudwhjlf
htxloleuld1

31916 Htxloleulxp dqg glvhtxloleulxp

D gl�huhqw nlqg ri txhvwlrq uhodwhv wr wkh yhu| qrwlrq ri htxloleulxp1 Zk| gr
zh dvvxph wkdw hfrqrplf v|vwhpv duh lq htxloleulxp dw dooB Lw lv vrphwlphv
dujxhg wkdw zlwkrxw dq h{sodqdwlrq ri krz wkh hfrqrp| jhwv �lqwr� d vwdwh
ri htxloleulxp/ htxloleulxp wkhru| lv hpsw|1 Lq rwkhu zrugv/ zh qhhg d wkhru|
ri glvhtxloleulxp wr mxvwli| wkh xvh ri htxloleulxp phwkrgv ri dqdo|vlv1

Ryhu wkh |hduv/ wkhuh kdyh ehhq qxphurxv dwwhpswv wr h{sodlq wkh glv0
htxloleulxp ehkdylru ri wkh hfrqrp| dqg/ lq sduwlfxodu/ wr vkrz wkdw dq
hfrqrp| lq glvhtxloleulxp zloo hyhqwxdoo| dssurdfk d vwdwh ri htxloleulxp1
Dw rqh wlph/ wkh qrwlrq ri hfrqrplf htxloleulxp zdv frqvlghuhg dqdorjrxv
wr wkh �vwdwh ri uhvw� ri d sk|vlfdo ru phfkdqlfdo v|vwhp1 Wklv vxjjhvwv dq
dqdorj| zlwk vwdwlfv dqg g|qdplfv lq fodvvlfdo phfkdqlfv/ zkhuh vwdwlfv duh
frqfhuqhg zlwk wkh ghwhuplqdwlrq ri vwdwhv ri uhvw dqg g|qdplfv duh frq0
fhuqhg zlwk wkh surfhvvhv wkdw ohdg wr vwdwhv ri uhvw1 Li htxloleulxp lv d vwdwh
ri uhvw/ wkhq wkhuh rxjkw wr eh d g|qdplf wkhru| wkdw dffrxqwv iru krz wkh
v|vwhp lv gudzq wr d vwdwh ri uhvw ru htxloleulxp1

Wkh Zdoudvldq wkhru| ri wkh wåwrqqhphqw +Zdoudv +4<87,,/ Hgjhzruwk*v
qrwlrq ri uhfrqwudfwlqj +Hgjhzruwk +4;;4,,/ dqg wkh Pduvkdooldq g|qdplfv ri
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vxsso| sulfh dqg ghpdqg sulfh +Pduvkdoo +4<5:,, duh h{dpsohv ri wklv nlqg ri
g|qdplf dqdo|vlv1 Lq wkh qlqhwhhq0�iwlhv dqg qlqhwhhq0vl{wlhv/ wkhuh juhz xs
d odujh olwhudwxuh rq wkh vwdelolw| ri htxloleulxp/ lqfoxglqj erwk wåwrqqhphqw
dqg qrq0wåwrqqhphqw surfhvvhv +vhh Duurz dqg Kdkq +4<:4, iru d vxuyh|,1
Lq wkh odvw wkluw| |hduv/ wklv vruw ri dqdo|vlv vhhpv wr kdyh idoohq rxw ri idyru/
pdlqo| ehfdxvh wkh vshfl�fdwlrq ri wkhvh surfhvvhv lv odujho| dg krf/ wkdw lv/
qrw edvhg rq sulqflsohv ri udwlrqdo ehkdylru1

Lqvwhdg/ htxloleulxp g|qdplfv kdv frph wr grplqdwh hfrqrplf wkhru|1
Vhh Vwrnh|/ Oxfdv/ dqg Suhvfrww +4<;<, iru d jrrg h{dpsoh ri krz wklv nlqg
ri wkhru| kdv pdwxuhg1 Wkhuh duh sohqw| ri g|qdplf prghov/ exw wkh| duh
prghov wkdw duh dozd|v lq htxloleulxp1 Wkh g|qdplfv wkh| sruwud| lv wkh
hyroxwlrq ru xqiroglqj ri dq htxloleulxp/ udwkhu wkdq d surfhvv ohdglqj wr
htxloleulxp1

Wkhuh lv vrphwklqj vhoi0ghihdwlqj derxw wkh uhmhfwlrq ri dq dgmxvwphqw
surfhvv ehfdxvh lw lv qrw edvhg rq udwlrqdo ehkdylru1 Udwlrqdo ehkdylru suh0
vxssrvhv d nlqg ri htxloleulxp/ dw ohdvw/ dq htxloleulxp ri wkh djhqw*v ehkdy0
lru/ vr lw vhhpv d elw pxfk wr uhtxluh d glvhtxloleulxp wkhru| wr eh edvhg rq
udwlrqdo ehkdylru1 Wdnlqj wklv dujxphqw wr lwv orjlfdo frqfoxvlrq/ zh zrxog
kdyh wr jlyh xs wkh vhdufk iru glvhtxloleulxp wkhru| dowrjhwkhu1 Wklv nlqg
ri dujxphqw zdv pdgh txlwh frqylqflqjo| e| Kdkq +4<:7> uhsulqwhg 4<;7,/
zkhq kh ghvfulehg htxloleulxp ehkdylru dv pxwxdoo| frqvlvwhqw dqg rswlpdo
ehkdylru e| d jurxs ri djhqwv1 Wklv qrwlrq ri htxloleulxp dssolhv wr dq|
vlwxdwlrq lq zklfk udwlrqdo ehkdylru lv vlpxowdqhrxvo| dqg frqvlvwhqwo| h{0
klelwhg e| doo hfrqrplf djhqwv/ qrw mxvw wr d vlwxdwlrq ri uhvw1 Lw h�hfwlyho|
glvtxdol�hv glvhtxloleulxp ehkdylru e| uhixvlqj wr dgplw wkdw lw lv hfrqrplf
ehkdylru lq dq| dffhswdeoh vhqvh1

Lq wkh qlqhwhhq0hljkwlhv/ jdph wkhrulvwv ehjdq wr ihho wkh qhhg wr h{sodlq
ru mxvwli| wkh xvh ri wkh Qdvk htxloleulxp dqg lwv ydulrxv uh�qhphqwv1 Wklv
xujh pd| kdyh ehhq lqvsluhg sduwo| e| wkh vdph txhvwlrq wkdw ohg wr wkh
dqdo|vlv ri dg krf dgmxvwphqw surfhvvhv lq prghov ri pdunhw htxloleulxp=
krz gr wkh sod|huv jhw wr htxloleulxpB Lw zdv dovr lqvsluhg sduwo| e| wkh
ydvw qxpehuv ri htxloleuld irxqg lq pdq| zhoo nqrzq jdphv/ zklfk pdgh wkh
suhglfwlyh srzhu ri jdph0wkhruhwlf dqdo|vlv udwkhu zhdn1 Wkh krsh zdv wkdw
g|qdplf dqdo|vlv pljkw eh deoh wr glvfulplqdwh dprqj htxloleuld lq d zd|
wkdw uh�qhphqwv ri htxloleulxp kdg idlohg wr gr +vhh/ iru h{dpsoh/ Ndqgrul/
Pdlodwk dqg Ure +4<<6, dqg \rxqj +4<<6,,1

Wkh dwwhpsw wr vkrz krz htxloleulxp lv duulyhg dw kdv wdnhq wzr sdwkv1
Rqh lq edvhg rq dg krf wkhrulhv ri ohduqlqj ru dgdswdwlrq/ lq zklfk d �{hg
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vhw ri sod|huv sod| d jdph uhshdwhgo| dqg judgxdoo| dgmxvw wkhlu vwudwhjlhv lq
uhvsrqvh wr h{shulhqfh1 Dq rog h{dpsoh ri wklv nlqg ri dqdo|vlv lv wkh zhoo
nqrzq prgho ri �fwlwlrxv sod|1 Lq wklv prgho/ d rqh0vkrw jdph lv lq�qlwho| uh0
shdwhg1 Hdfk sod|hu lv hqgrzhg zlwk eholhiv derxw wkh pl{hg vwudwhjlhv ri klv
rssrqhqwv dqg fkrrvhv d p|rslf ehvw uhvsrqvh wr wkhvh eholhiv dw hdfk gdwh1
Wkh sod|huv* eholhiv duh dvvxphg wr eh wkh vdph dv wkh uhodwlyh iuhtxhqflhv
zlwk zklfk vwudwhjlhv zhuh dgrswhg lq wkh sdvw1 Xqghu fhuwdlq frqglwlrqv/ wklv
surfhvv fdq eh vkrzq wr frqyhujh wr d Qdvk htxloleulxp ri wkh vwdjh jdph1
Wkhuh duh qxphurxv yduldwlrqv rq wklv wkhph1 +Iru d prghuq h{dpsoh/ vhh
Ixghqehuj dqg Nuhsv +4<<;,,1

Dqrwkhu vwuhdp ri uhvhdufk frphv iurp hyroxwlrqdu| jdph wkhru| +Zhlexoo
+4<<8,,1 Ruljlqdoo|/ wklv eudqfk ri jdph wkhru| zdv frqfhuqhg zlwk wkh
hyroxwlrq ri dqlpdo vshflhv/ exw lw kdv ehhq dgdswhg e| hfrqrplvwv wr wkh
kxpdq frqglwlrq1 W|slfdoo|/ wkhuh lv d odujh srsxodwlrq ri dxwrpdwd/ hdfk ri
zkrp lv surjudphg wr sod| d vlqjoh vwudwhj|1 Sdluv ri dxwrpdwd duh vhohfwhg
dw udqgrp iurp wkh srsxodwlrq dqg sod| d wzr0shuvrq jdph zlwk wkhlu suh0
surjudpphg vwudwhjlhv1 Wkhq wkh qxpehu ri dxwrpdwd xvlqj hdfk vwudwhj|
lv fkdqjhg wr uh hfw wkh uhodwlyh vxffhvv ri wkdw vwudwhj|1 Lq rwkhu zrugv/ wkh
qxpehu ri sod|huv xvlqj d vxffhvvixo vwudwhj| zloo lqfuhdvh> wkh qxpehu xvlqj
dq xqvxffhvvixo vwudwhj| zloo lqfuhdvh ohvv udslgo| ru zloo ghfuhdvh1 Gl�huhqw
dgmxvwphqw uxohv jlyh ulvh wr gl�huhqw g|qdplfv1 Djdlq/ wkhuh duh pdq|
yduldwlrqv rq wklv wkhph1

Wklv nlqg ri dqdo|vlv lv vxemhfw wr wkh vdph fulwlflvp dv wkh glvhtxlole0
ulxp wkhru| edvhg rq prghov ri pdunhw dgmxvwphqw surfhvvhv= lw lv qrw vrolgo|
edvhg rq udwlrqdo ehkdylru1 Rq wkh rwkhu kdqg/ wkh fdfkhw ri hyroxwlrqdu|
wkhru| dqg zlghvsuhdg lqwhuhvw lq ohduqlqj dojrulwkpv dqg duwl�fldo lqwho0
oljhqfh doorzv sudfwlwlrqhuv wr fodlp/ zlwk vrph ohjlwlpdf|/ wkdw wkh| duh
hqjdjhg lq d gl�huhqw nlqg ri xqghuwdnlqj/ rqh wkdw kdv d ydolglw| jurxqghg
lq elrorj| dqg frpsxwhu vflhqfh/ zkdwhyhu hfrqrplvwv wklqn ri lw1 Ixuwkhu0
pruh/ wkh fkdujh ri dg krfhu| lv qrw uhdoo| ydolg dv orqj dv vrph sulqflsohv
duh ehlqj xvhg frqvlvwhqwo|1 Li rqh dffhswv wklv srlqw ri ylhz/ wkhq lw ds0
shduv wkdw wklv nlqg ri dqdo|vlv surylghv d +qrq0hfrqrplf, irxqgdwlrq iru
+hfrqrplf, htxloleulxp wkhru|/ e| vkrzlqj wkdw hfrqrplf htxloleulxp lv wkh
rxwfrph ri dq hyroxwlrqdu| ru dgdswlyh surfhvv1

Lq wkh wklug ohfwxuh +Fkdswhu 6,/ L ghyhors d qrq0pd{lpl}lqj ru glvhtxl0
oleulxp prgho ri dgdswdwlrq lq d pdunhw frqwh{w1 Lqvwhdg ri pd{lpl}lqj
h{shfwhg xwlolw|/ wkh ehkdylru ri wkh djhqwv lq wkh pdunhw lv fkdudfwhul}hg
e| uxohv ri wkxpe1 Wkhvh ehkdylrudo uxohv wkhq gh�qh d vwrfkdvwlf surfhvv/
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zkrvh frqyhujhqfh ru qrq0frqyhujhqfh wr d pdunhw htxloleulxp lv dqdo|}hg1
Wklv dqdo|vlv fdq eh xvhg erwk wr vkrz wkdw pdunhw htxloleulxp grhv qrw
pdnh xquhdvrqdeoh ghpdqgv rq wkh udwlrqdolw| ri wkh djhqwv/ ehfdxvh hyhq
erxqghgo| udwlrqdo djhqwv fdq �ohduq� wr sod| htxloleulxp vwudwhjlhv1 Lw fdq
dovr eh xvhg wr surylgh lqvljkwv lqwr wkh g|qdplfv ri pdunhwv zlwkrxw dvvxp0
lqj wkdw htxloleulxp kdv ehhq uhdfkhg +|hw,1

31917 Sduwldo Htxloleulxp/ Jhqhudo Htxloleulxp/ dqg
wkh Frruglqdwlrq Sureohp

Doiuhg Pduvkdoo/ wkh irxqghu ri wkh Fdpeulgjh vfkrro ri hfrqrplfv/ kdg d
yhu| sudfwlfdo dssurdfk wr wkh vwxg| ri hfrqrplfv1 Lq klv idprxv Sulqflsohv
ri Hfrqrplfv +Pduvkdoo +4<53,, kh gh�qhg hfrqrplfv wr eh �wkh vwxg| ri
wkh ehkdylru ri phq dqg zrphq lq wkh hyhu|gd| exvlqhvv ri olih�/ d grzq0
wr0hduwk gh�qlwlrq wkdw uh hfwhg Pduvkdoo*v krsh wkdw hfrqrplfv zrxog eh d
glvflsolqh wkdw zrxog lpsuryh wkh orw ri ruglqdu| phq dqg zrphq1 Lw lv qrw
vxusulvlqj wkhq wkdw Pduvkdoo lv pdlqo| dvvrfldwhg zlwk sduwldo htxloleulxp
dqdo|vlv/ wkdw dpdojdp ri kdqg| vkruw fxwv wkdw doorzv hfrqrplvwv wr lvrodwh
sduwlfxodu skhqrphqd dqg vwxg| wkhp rq wkh edfn ri d yluwxdo hqyhorsh/
ljqrulqj wkh idfw wkdw dq hfrqrp| lv d frpsoh{ v|vwhp lq zklfk �hyhu|wklqj
d�hfwv dqg lv d�hfwhg e| hyhu|wklqj hovh�1 Lw pd| qrw eh sxuh/ exw lw lv yhu|
sudfwlfdo1

Wkh irxqghu ri wkh Odxvdqqh vfkrro/ rq wkh rwkhu kdqg/ zdv d pdq ri d
gl�huhqw lqwhoohfwxdo whpshudphqw1 Ohrq Zdoudv hylghqwo| oryhg wkh v|vwhp0
dwlf hohphqw ri hfrqrplfv dqg klv juhdw zrun Hohphqwv ri Sxuh Hfrqrplfv
+Zdoudv +4<87,,lv ghyrwhg wr hoderudwlqj dq hohjdqw wkhru| ri jhqhudo htxl0
oleulxp lq zklfk wkh lqwhudfwlrqv ri lqglylgxdo djhqwv dqg lqglylgxdo pdunhwv
wkurxjkrxw wkh hfrqrp| duh djjuhjdwhg wr surylgh d suhflvh dffrxqw ri wkh
htxloleulxp ri wkh hqwluh hfrqrp|1 Lw pd| qrw eh sudfwlfdo/ exw lw lv yhu|
sxuh1

Dq hfrqrplf wkhrulvw wrgd| lv yhu| jodg wr kdyh wkh whfkqltxhv ri erwk
sduwldo htxloleulxp dqdo|vlv dqg jhqhudo htxloleulxp dqdo|vlv lq klv wrronlw1
Rqh fdqqrw lpdjlqh grlqj lqwhuqdwlrqdo hfrqrplfv ru pdfurhfrqrplfv zlwk0
rxw d jhqhudo htxloleulxp iudphzrun/ dq| pruh wkdq rqh frxog lpdjlqh lqgxv0
wuldo rujdql}dwlrq wkhru| zlwkrxw sduwldo htxloleulxp dqdo|vlv1 Lw lv shukdsv
uhjuhwwdeoh wkrxjk wkdw zh kdyh frph wr wklqn ri wkhvh wzr yhu| xvhixo irupv
ri hfrqrplf dqdo|vlv dv vhsdudwh dqg glvwlqfw/ udwkhu wkdq dv gl�huhqw dvshfwv
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ri d vlqjoh wkhru|1
Lq wkhvh ohfwxuhv/ L kdyh ehhq wdonlqj derxw wkh irxqgdwlrqv ri wkh wkhru|

ri pdunhw htxloleulxp1 Wkh wkhru| wkdw kdv ehhq ghyhorshg vrphwlphv pdnhv
xvh ri d sduwldo htxloleulxp +Pduvkdooldq, iudphzrun/ dqg vrphwlphv d jhq0
hudo htxloleulxp +Zdoudvldq, iudphzrun1 Wkh fkrlfh lv pdgh iru vlpsolflw|
+ru h{shglhqf|,/ exw lw lv wkh vdph wkhru| wkdw lv ehlqj ghyhorshg lq hlwkhu
fdvh1 Wklv vrxqgv olnh d jrrg wklqj/ wr wkh h{whqw wkdw lw dsshduv wr xqli| wkh
wzr dvshfwv ri wkh hfrqrplf dqdo|vlv ri htxloleulxp1 Dw wkh vdph wlph/ wkhuh
lv vrphwklqj d elw zruu|lqj derxw lw1 Htxloleulxp lq d vlqjoh pdunhw lv qrw
wkh vdph wklqj dv htxloleulxp lq d ydvw v|vwhp ri pdunhwv1 Wkh exvlqhvv ri
uhdfklqj dq htxloleulxp wkurxjkrxw wkh hqwluh hfrqrp| lv pxfk pruh frp0
soh{ wkdq wkh surfhvv ri uhdfklqj htxloleulxp lq d vlqjoh pdunhw/ kroglqj wkh
uhvw ri wkh hfrqrp| vwhdg|1 Dqg |hw iru pxfk ri wkhvh ohfwxuhv L dp jrlqj wr
suhwhqg wkdw wkh| duh pruh ru ohvv wkh vdph wklqj1 Lq rwkhu zrugv/ wkdw wkh
Zdoudvldq iudphzrun lv mxvw d pxowl0glphqvlrqdo yhuvlrq ri wkh Pduvkdooldq
iudphzrun1 Irupdoo|/ wkhuh lv qrwklqj wr suhyhqw ph iurp grlqj vr1 Exw
hfrqrplf lqwxlwlrq vxjjhvwv wkdw wklv fdqqrw eh wkh zkroh vwru| dqg/ dw wkh
hqg/ L vkdoo zdqw wr uhwxuq wr wklv lvvxh lq vrph ghwdlo dqg txhvwlrq zkhwkhu
wkh lghdv h{soruhg khuh duh uhdoo| d vdwlvidfwru| dffrxqw ri wkh irxqgdwlrqv
ri jhqhudo htxloleulxp1 Wklv zloo ohdg wr d uh0frqvlghudwlrq ri wkh zrun ri
dqrwkhu juhdw Fdpeulgjh hfrqrplvw/ Mrkq Pd|qdug Nh|qhv1


