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Sduwldo yv1 Joredo Frruglqdwlrq ri Fdslwdo
Lqfrph Wd{ Srolflhv�

Er Vdqghpdqq Udvpxvvhq|

Pdufk </ 5334

Devwudfw

Frruglqdwlrq ri wd{ srolflhv dprqj srolf| pdnhuv lv dq riwhq frqvlghuhg

uhphg| djdlqvw lqh!flhqwo| orz wd{hv rq preloh wd{ edvhv lqgxfhg e| wd{

frpshwlwlrq1 Wd{ frruglqdwlrq pd|/ krzhyhu/ qrw eh sduwlfxoduo| vxffhvvixo

li vrph frxqwulhv gr qrw wdnh sduw lq wkh frruglqdwlrq1 Wkh rxwfrph ri

vxfk �sduwldo frruglqdwlrq� lq fdslwdo lqfrph wd{dwlrq lv ghulyhg zlwklq

d olqhdu0txdgudwlf wd{ frpshwlwlrq prgho zlwk lpshuihfw fdslwdo prelolw|/

dqg wkh uhvxowv vxjjhvw wkdw wkh fulwlfdo pdvv ri frxqwulhv qhhghg iru sduwldo

frruglqdwlrq wr pdwwhu vljql�fdqwo| lv olnho| wr eh d yhu| odujh shufhqwdjh ri

wkh hfrqrplhv ri wkh zruog/ zlwk wkh pdlq ehqh�wv dffuxlqj wr frxqwulhv qrw

sduwlflsdwlqj1 Wklv pd| fdoo iru lpsohphqwdwlrq ri d joredo fdslwdo lqfrph

wd{ wuhdw| dgplqlvwhuhg dorqj wkh olqhv ri wkh ZWR wudgh djuhhphqwv1

Nh|zrugv= Fdslwdo lqfrph wd{dwlrq/ wd{ frpshwlwlrq/ wd{ frruglqdwlrq/

sduwldo frruglqdwlrq1

MHO= K54/ K59/ I541

41 Lqwurgxfwlrq

Wkh lqfuhdvlqj lqwhuqdwlrqdo prelolw| ri fdslwdo  rzv lv zhoo uhfrjql}hg wr srvh
sureohpv iru srolf| pdnhuv dlphg dw udlvlqj wd{ uhyhqxh lq wkh ohdvw glvwruwlqj zd|1
Wkh lqdelolw| ri wd{ dxwkrulwlhv wr prqlwru iruhljq vrxufh fdslwdo lqfrph lpsolhv

�D suhylrxv yhuvlrq ri wklv sdshu +hqwlwohg �Frruglqdwlqj Fdslwdo Lqfrph Wd{dwlrq dprqj d
Vxevhw ri Frxqwulhv�, zdv suhvhqwhg dw wkh Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw| lq Vhdwwoh/
Dxjxvw 44049/ 53331 Frpphqwv iurp sduwlflsdqwv dw wkh frqjuhvv duh judwhixoo| dfnqrzohgjhg1

|Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv1 Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Xql0
yhuvlw| ri Ddukxv/ Exloglqj 683/ GN ;333 Ddukxv F/ Ghqpdun1 h0pdlo= eudvpxvvhqChfrq1dx1gn1



wkdw lqyhvwruv fdq h�hfwlyho| hvfdsh grphvwlf wd{dwlrq e| lqyhvwlqj deurdg/ uxo0
lqj rxw h�hfwlyh dssolfdwlrq ri wkh uhvlghqfh sulqflsoh lq fdslwdo lqfrph wd{dwlrq1
Lqvwhdg/ wd{ dxwkrulwlhv fdq lpsrvh vrxufh0edvhg fdslwdo lqfrph wd{hv1 Wklv/ rq
wkh rwkhu kdqg/ rshqv xs iru frpshwlwlrq dprqj wd{ dxwkrulwlhv wr dwwudfw fdslwdo
lqfrph lqwr wkhlu mxulvglfwlrq e| r�hulqj idyrxudeoh wd{ wuhdwphqw1 Wkh lpsolfd0
wlrqv khuhri duh zhoo hvwdeolvkhg lq wkh wkhruhwlfdo olwhudwxuh rq wd{ frpshwlwlrq
+vhh h1j1 Exfryhwvn| dqg Zlovrq +4<<4,/ Jrugrq +4<<5,/ Zlovrq +4<;9/ 4<<4, dqg
]rgurz dqg Plhv}nrzvnl +4<;9, iru wkh ruljlqdo frqwulexwlrqv wr wkh wd{ frpsh0
wlwlrq olwhudwxuh/ ru Zlovrq +4<<<, iru dq h{fhoohqw uhfhqw vxuyh|,/ zlwk fdslwdo
lqfrph ehlqj wd{hg wrr ohqlhqw lq d wd{ frpshwlwlrq +Qdvk, htxloleulxp1 Dv dovr
qrwhg lq wklv olwhudwxuh rqh srvvleoh zd| rxw ri wklv �xqghu0wd{dwlrq� ri kljko|
preloh fdslwdo lv iru wkh wd{ dxwkrulwlhv wr hqjdjh lq vrph nlqg ri lqwhuqdwlrqdo
wd{ frruglqdwlrq/ h1j1 e| h{fkdqjlqj lqirupdwlrq rq iruhljq vrxufh fdslwdo lqfrph
+Ud}lq dqg Vdgnd +4<<4,,1 Iru vxfk dq duudqjhphqw wr eh ixoo| h�hfwlyh/ krzhyhu/
doo frxqwulhv lq wkh zruog hfrqrp| pxvw sduwlflsdwh lq wkh vkdulqj ri lqirupdwlrq/
vlqfh rwkhuzlvh fdslwdo  ljkw lqwr wkh qrq0sduwlflsdwlqj frxqwulhv lv vwloo yldeoh1
Lq wkh h{wuhph fdvh zlwk frruglqdwlrq rqo| dprqj wzr vpdoo hfrqrplhv wdnlqj
wkh zruog udwh ri uhwxuq wr fdslwdo dv jlyhq Ud}lq dqg Vdgnd +4<<4, kdyh vkrzq
wkdw vxfk srolf| frruglqdwlrq lv xvhohvv vlqfh wkh lqyhvwruv lq wkh wzr frrshudwlqj
frxqwulhv fdq vwloo rewdlq wkh zruog udwh ri uhwxuq e| lqyhvwlqj lq vrph frxqwu| qrw
sduwlflsdwlqj lq wkh frruglqdwlrq1 Vûuhqvhq +5333, dqdo|vhv krz uhjlrqdo frrugl0
qdwlrq dprqj d jurxs ri vpdoo frxqwulhv +wkrxjkw ri dv wkh HX0frxqwulhv, d�hfwv
htxloleulxp wd{ udwhv zkhq wkh uhvw ri wkh zruog +prghoohg wr eh Mdsdq dqg wkh
XV, vwd|v rxwvlgh wkh frruglqdwlrq/ dqg vkrzv wkdw wkh jdlqv iurp uhjlrqdo fr0
ruglqdwlrq dsshdu wr eh udwkhu vpdoo1 Jlyhq wkdw uhjlrqdo frruglqdwlrq lv xqdeoh
wr surylgh vxevwdqwldo jdlqv/ dq lqwhuhvwlqj txhvwlrq lv zkdw nlqg ri fulwlfdo pdvv
lv qhhghg iru frruglqdwlrq rq d pruh zruog zlgh edvlv wr jhqhudwh vxevwdqwldo
ehqh�wvB4

Lq dq dwwhpsw wr vkhg oljkw rq wkdw txhvwlrq zh vhw xs d vwdwlf jhqhudo htxl0
oleulxp prgho ri d �0frxqwu| zruog hfrqrp|1 Wr fdswxuh wkh hvvhqfh ri fdslwdo
ehlqj wkh preloh idfwru ri surgxfwlrq zh wdnh oderxu wr eh frpsohwho| lppreloh
ehwzhhq frxqwulhv zkloh fdslwdo lv preloh dw vrph frvw1 Ydu|lqj wkh prelolw| frvw

4Lq sulqflsoh/ sduwldo frruglqdwlrq frxog hyhq eh kdupixo wr wkh sduwlflsdwlqj frxqwulhv dv
vkrzq e| Ehdxgu| hw do1 +5333,1 Wkh| glvfxvv lq jhqhudo whupv wkh lvvxh ri sduwldo frruglqdwlrq
dqg dujxh wkdw lw lv wkh qdwxuh ri wkh vwudwhjlf vslooryhuv wkdw ghwhuplqhv zkhwkhu ru qrw sduwldo
frruglqdwlrq lv suhihudeoh wr qrq0frrshudwlrq1 Lq rxu prgho wkh qdwxuh ri wkh vslooryhuv lpsolhv
wkdw dq| nlqg ri sduwldo frruglqdwlrq lv ehqh�fldo wr wkh sduwlflsdwlqj frxqwulhv1 Pruhryhu
Ehdxgu| hw do1 +5333, olplw wkh dqdo|vlv wr v|pphwulf hqylurqphqwv zkhuh sduwldo frruglqdwlrq
lqyroyhv frrshudwlrq dprqj sod|huv zlwklq jurxsv ri lghqwlfdo vl}h +vhh dovr Vûuhqvhq +4<<9,,1
Lq wkh suhvhqw sdshu zh doorz iru dv|pphwulhv lq wkh vhqvh wkdw vrph frxqwulhv pd| frrshudwh
dprqj wkhpvhoyhv zkloh rwkhu frxqwulhv dfw ixoo| qrq0frrshudwlyho|1

5



ri fdslwdo doorzv xv wr frqvlghu wkh lpsruwdqfh ri wkh ghjuhh ri fdslwdo iru wkh
uhvxowv1 Lq hdfk frxqwu| wkh wd{ dxwkrulwlhv xvh d vrxufh0edvhg fdslwdo lqfrph wd{
wr �qdqfh d frxqwu|0vshfl�f sxeolf jrrg15 Vwduwlqj iurp wkh vwdqgdug wd{ frp0
shwlwlrq +Qdvk, htxloleulxp zkhuh wkh wd{ dxwkrulwlhv lq hdfk frxqwu| vhw wkhlu
fdslwdo lqfrph wd{hv xqlodwhudoo|/ wkh qrwlrq ri sduwldo fdslwdo lqfrph wd{ frrugl0
qdwlrq lv lqwurgxfhg1 Lq d sduwldo frruglqdwlrq htxloleulxp d vxevhw � 	 � ri
wkh zruog hfrqrplhv frrshudwh rq vhwwlqj d frpprq6 fdslwdo lqfrph wd{ zkloh wkh
uhpdlqlqj��� frxqwulhv dfw qrq0frrshudwlyho|1 Wkhq/ iru� 5 i2c �c ���c� � �j
lw lv srvvleoh wr frqvlghu krz wkh h{whqw ri frruglqdwlrq d�hfwv wkh htxloleulxp
rxwfrph1 Lq sduwlfxodu/ zh duh lqwhuhvwhg lq hvwdeolvklqj zkhq d �fulwlfdo pdvv�
ri frruglqdwlqj frxqwulhv lv uhdfkhg/ l1h1 zkhq wkhuh lv d �vljql�fdqw� jdlq wr
frrshudwlqj frxqwulhv uhodwlyh wr qrq0frrshudwlrq17

Wr idflolwdwh h{solflw dqdo|wlfdo vroxwlrqv wr wkh prgho zh xvh olqhdu0txdgudwlf
ixqfwlrqdo irupv iru suhihuhqfhv dqg whfkqrorj|1 Rqh dgydqwdjh lv wkdw wkhvh
vshfl�f ixqfwlrqdo irupv hqvxuh h{lvwhqfh ri +Qdvk, htxloleulxp1 Vhfrqgo|/ lw
lv dovr srvvleoh wr ghulyh dq h{solflw dqdo|wlfdo vroxwlrq wr wkh wd{ frpshwlwlrq
jdphv/ dowkrxjk zh qhhg wr uhvruw wr qxphulfdo vroxwlrqv lq rughu wr frpsduh
zhoiduh ohyhov xqghu wkh ydulrxv htxloleuld1 Wkh pdlq gudzedfn ri wklv dssurdfk
lv/ ri frxuvh/ wkh orvv ri jhqhudolw| ri rxu uhvxowv1 Wkxv/ zlwk wklv fdyhdw lq
plqg rxu uhvxowv vhhp wr vxjjhvw wkdw wkh fulwlfdo pdvv lq sduwldo fdslwdo lqfrph
wd{ frruglqdwlrq lv d udwkhu odujh iudfwlrq ru wkh zruog hfrqrplhv1 Dv vkrxog
eh h{shfwhg/ wkh frxqwulhv qrw sduwlflsdwlqj lq wkh frruglqdwlrq rewdlq d odujhu
zhoiduh jdlq wkdq wkrvh dfwxdoo| sduwlflsdwlqj1 Wklv lpsolhv wkdw fdslwdo lqfrph
wd{ frruglqdwlrq vkrxog qrw rqo| wdnh sodfh dprqj wkh ohdglqj zruog hfrqrplhv/
olnh wkh J:/ exw vkrxog lqfoxgh dv pdq| frxqwulhv dv srvvleoh1 Rqh srvvlelolw|
zrxog eh wr lpsohphqw dq lqwhuqdwlrqdo fdslwdo lqfrph wd{ wuhdw| dorqj wkh olqhv
ri wkh wudgh djuhhphqwv zlwklq wkh ZWR/ wr vhfxuh h{fkdqjh ri lqirupdwlrq rq
iruhljq fdslwdo lqfrph/ wkhuhe| doorzlqj iru wkh uhvlghqfh sulqflsoh wr eh dssolhg
lq fdslwdo lqfrph wd{dwlrq lq hdfk frxqwu|1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 wkh prgho lv vhw xs1 Wkh lpsol0
fdwlrqv ri wd{ frpshwlwlrq dqg ri ydulrxv ghjuhhv ri wd{ frruglqdwlrq lv dqdo|}hg
dqdo|wlfdoo| lq vhfwlrq 6 zkloh vhfwlrq 7 suhvhqwv vrph qxphulfdo uhvxowv doorzlqj

5Dv xvxdo lq wkh wd{ frpshwlwlrq olwhudwxuh wkh sxeolf jrrg lv dvvxphg wr eh d ulydo jrrg/
h1j1 khdowk fduh/ ehqh�wwlqj grphvwlf uhvlghqwv rqo|1

6Vlqfh frxqwulhv duh lghqwlfdo wkh frruglqdwlqj frxqwulhv zloo fkrrvh wkh vdph fdslwdo lqfrph
wd{ ohyho lq htxloleulxp1 Li frxqwulhv gl�hu/ h1j1 lq vl}h/ wkh| pd| zlvk wr vhw gl�huhqw fdslwdo
lqfrph wd{hv lq d sduwldo frruglqdwlrq htxloleulxp1 Rqh zd| ri prghoolqj wklv zrxog eh wr
ohw wkh lqglylgxdo frxqwulhv edujdlq ryhu wd{hv wdnlqj wkh qrq0frrshudwlyh htxloleulxp dv wkh
idoo0edfn srvlwlrq +vhh h1j1 Udvpxvvhq +4<<5, lq d gl�huhqw vhwwlqj,1

7Zkdw �vljql�fdqw� phdqv lq wklv frqwh{w lv reylrxvo| vrphzkdw duelwudu|1 Krzhyhu/ wkh
uhvxowv zloo eh suhvhqwhg lq vxfk d zd| wkdw wkh uhdghu fdq fkrrvh klv rzq ohyho ri vljql�fdqfh1
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iru zhoiduh h�hfwv ri wd{ frruglqdwlrq wr eh vwxglhg1 Vhfwlrq 8 eulh | glvfxvvhv
vrph ri wkh srolf| lpsolfdwlrqv ri wkhvh uhvxowv zkloh vrph frqfoxglqj uhpdunv
duh r�huhg lq vhfwlrq 91

51 Wkh Prgho

Frqvlghu d rqh shulrg prgho ri � lghqwlfdo frxqwulhv lqwhudfwlqj wkurxjk wudgh lq
jrrgv dqg fdslwdo1 D krprjhqrxv wudgdeoh jrrg lv surgxfhg e| frpshwlwlyh �upv
lq wkh � frxqwulhv +wkh sulfh ri wklv wudgdeoh jrrg lv qrupdol}hg dw xqlw|,1 Gxh wr
h{lvwhqfh ri srvlwlyh �prelolw| frvwv� iru lqwhuqdwlrqdo fdslwdo  rzv +vhh h1j1 Shuv0
vrq dqg Wdehoolql +4<<5,, fdslwdo prelolw| lv lpshuihfw18 Wkh vwdwlf qdwxuh ri wkh
prgho lpsolhv wkdw wkh wrwdo vxsso| ri fdslwdo lv h{rjhqrxvo| ghwhuplqhg e| wkh
lqlwldo hqgrzphqwv ri fdslwdo1 Wr eh deoh wr dqdo|}h wkh frqvhtxhqfhv ri �sdu0
wldo frruglqdwlrq� vshfl�f ixqfwlrqdo irupv iru suhihuhqfhv dqg whfkqrorjlhv duh
hpsor|hg1 Iroorzlqj Exfryhwvn| +4<<4, dqg ydq \shuvhoh +4<<;, olqhdu0txdgudwlf
ixqfwlrqdo irupv duh dvvxphg vxfk wkdw dq h{solflw dqdo|wlfdo vroxwlrq wr wkh fds0
lwdo pdunhw htxloleulxp fdq eh rewdlqhg1

Frpsduhg wr Vûuhqvhq +5333, zkhuh wkh lqh!flhqf| ri wkh qrq0frrshudwlyh
htxloleulxp lv d odfn ri lqfrph uhglvwulexwlrq xqghu qrq0frrshudwlrq +vlqfh wkh
sxeolf jrrg lv �qdqfhg wkurxjk d oxps vxp wd{ rq wkh pdujlq,/ zh iroorz wkh pruh
wudglwlrqdo wd{ frpshwlwlrq iudphzrun zkhuh wkh lqh!flhqf| ri qrq0frrshudwlrq
lv dq xqghu0surylvlrq ri wkh sxeolf jrrg1 Reylrxvo|/ erwk nlqgv ri lqh!flhqf| pd|
suhydlo xqghu uhdo zruog wd{ frpshwlwlrq/ pdnlqj wkh wzr dqdo|vhv frpsohphqwdu|
udwkhu wkdq frpshwlqj1

Dq lpsolfdwlrq ri dvvxplqj lpshuihfw fdslwdo prelolw| dqg dv|pphwulf h{whqwv
ri frruglqdwlrq lv wkdw fduh pxvw eh wdnhq wr nhhs wudfn ri rzqhuvkls ri fdslwdo
xvhg lq surgxfwlrq lq hdfk frxqwu|1 Dv d jhqhudo uxoh zh ohw vxshuvfulswv ghqrwh
wkh uhvlghqfh ri wkh rzqhu ri wkh fdslwdo zkloh vxevfulswv ghqrwh wkh orfdwlrq ri wkh
�up xvlqj wkh fdslwdo dv dq lqsxw lq surgxfwlrq1 Khqfh/ &�

� ghqrwhv wkh dprxqw
ri fdslwdo rzqhg wkh uhsuhvhqwdwlyh krxvhkrog lq frxqwu| � xvhg lq surgxfwlrq lq
frxqwu| �1

5141 Wd{hv

Lq rshq hfrqrplhv wzr vhsdudwh sulqflsohv iru wd{lqj fdslwdo lqfrph duh xvxdoo|
glvwlqjxlvkhg +vhh h1j1 Iuhqnho hw do1 +4<<4,,= Wkh vrxufh sulqflsoh dffruglqj
wr zklfk fdslwdo lqfrph jhqhudwhg zlwklq d frxqwu| lv wd{hg dw wkh vdph udwh
luuhvshfwlyh ri wkh uhvlghqfh ri wkh rzqhu ri wkh fdslwdo vwrfn> dqg wkh uhvlghqfh

8Dqrwkhu zd| ri uhvwulfwlqj fdslwdo  rzv lv wr dvvxph wkdw jryhuqphqwv lpsrvh fdslwdo frq0
wurov rq lqwhuqdwlrqdo fdslwdo pryhphqwv1 Vhh Udvpxvvhq +4<<<, iru vxfk dq dqdo|vlv1
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sulqflsoh zkhuh fdslwdo lqfrph ri wkh uhvlghqwv ri d frxqwu| lv wd{ dw wkh vdph
udwh luuhvshfwlyh ri wkh vrxufh ri wkh fdslwdo lqfrph +krph ru iruhljq,1 Krzhyhu/
wkh dydlodelolw| ri wkhvh wd{hv ghshqgv rq wkh lqvwlwxwlrqdo vhwwlqj iru wd{ srolflhv
zkhuh h1j1 d sxuh uhvlghqfh wd{ rq fdslwdo lqfrph uhtxluhv d plqlpdo dprxqw ri
frruglqdwlrq dprqj doo wkh � frxqwulhv wr vkduh lqirupdwlrq rq fdslwdo lqfrph
ri qrq0uhvlghqwv1 Dv vkrzq e| Edffkhwwd dqg Hvslqrvd +4<<8, ixoo lqirupdwlrq
vkdulqj dqg dssolfdwlrq ri wkh uhvlghqfh sulqflsoh lq doo frxqwulhv lv d frrshudwlyh
htxloleulxp dv orqj dv frxqwulhv duh lghqwlfdo1 Krzhyhu/ li hlwkhu qrw doo frxqwulhv
sduwlflsdwh lq wkh lqirupdwlrq vkdulqj ru wkhuh duh vrph ixqgdphqwdo dv|pphwulhv
dprqj wkh frxqwulhv +h1j1 zlwk uhvshfw wr vl}h ru lqlwldo hqgrzphqwv, wkh uhvlghqfh
sulqflsoh fdq qr orqjhu eh dssolhg h�hfwlyho|19 Zh wkhuhiruh dvvxph wkdw vrxufh0
edvhg fdslwdo lqfrph wd{hv/ |�/ duh wkh rqo| rqhv dydlodeoh1 Ixuwkhupruh/ vlqfh
oderxu vxsso| zloo eh dvvxphg wr eh lqhodvwlf dqg zh gr qrw zdqw wr frqvlghu
oxps vxp wd{hv/ oderxu lqfrph lv dvvxphg wr eh xqwd{hg1:

5151 Ilupv

Wkh uhsuhvhqwdwlyh �up lq frxqwu| � surgxfhv wkh krprjhqrxv wudgdeoh jrrg lq
dq dprxqw +�1 Wkh surgxfwlrq ixqfwlrq lv dvvxphg wr eh txdgudwlf lq wkh fdslwdo0
oderxu udwlr/ &�

+� ' Ek� q&�� &�c

zlwk k : f/ q : f dqg k � 2q&� : f iru doo srvvleoh ydoxhv ri &� +lpso|lqj d
srvlwlyh pdujlqdo surgxfw ri fdslwdo,1 Wkh ghpdqg iru fdslwdo ehfrphv

&� '
k� E-� n |��

2q
c +514,

zkhuh -� lv wkh uhwxuq wr fdslwdo dqg |� lv wkh xqlw wd{ rq fdslwdo lq frxqwu| �1
Qrwlfh wkdw wkh udwh ri uhwxuq wr fdslwdo pd| gl�hu dprqj frxqwulhv gxh wr fdslwdo
prelolw| ehlqj lpshuihfw1 Wkh zdjh ehfrphv

�� ' q E&��
2
�

5161 Krxvhkrogv

Krxvhkrogv duh hqgrzhg zlwk rqh xqlw ri oderxu vxssolhg lqhodvwlfdoo| wr grphvwlf
�upv dqg rqh xqlw ri fdslwdo wr eh lqyhvwhg dw krph ru deurdg1 Wkh xwlolw| ixqfwlrq

9Lq wklv fdvh fdslwdo  ljkw suhyhqwv h�hfwlyh xvh ri wkh uhvlghqfh sulqflsoh lq fdslwdo lqfrph
wd{dwlrq/ dq dvvxpswlrq zklfk lv riwhq xvhg lq wklv olwhudwxuh/ vhh h1j1 Zlovrq +4<<4,1

:D oderxu lqfrph wd{ frxog eh lqwurgxfhg zlwkrxw fkdqjlqj dq| ri wkh uhvxowv dv orqj dv
wkh oderxu wd{ uhyhqxh uhpdlqv vpdoohu wkdq wkh ghvluhg sxeolf vshqglqj/ lpso|lqj wkdw wkh
vrxufh0edvhg fdslwdo lqfrph wd{ lv wkh wd{ xvhg rq wkh pdujlq1
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lv dvvxphg wr eh olqhdu zlwk d frqvwdqw pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq
sulydwh jrrgv/ S�/ dqg sxeolf jrrgv/ }�

L� ' S� n w}�c

zkhuh w : �1; Sulydwh frqvxpswlrq lv frqvwudlqhg e| wkh vxp ri zdjh lqfrph/ ��/
dqg wkh uhwxuq iurp lqyhvwphqwv ri fdslwdo lqfrph dw krph dqg deurdg1 Iroorzlqj
Shuvvrq dqg Wdehoolql +4<<5, lpshuihfw fdslwdo prelolw| lv prghoohg e| dvvxplqj
+vwulfwo|, frqyh{ prelolw| frvwv uhgxflqj wkh uhwxuq wr iruhljq lqyhvwphqw1 Pruh
vshfl�fdoo|/ txdgudwlf prelolw| frvwv duh dvvxphg/ lpso|lqj wkdw lqyhvwlqj &�

� xqlwv

ri fdslwdo lq frxqwu| � |lhogv d qhw uhwxuq ri
�
-�&

�
� �

�

2

�
&�
�

�
2
�
/wkh vhfrqg whup eh0

lqj wkh �prelolw| frvwv�1< Wkh sdudphwhu � : f phdvxuhv wkh ghjuhh ri lpshuihfw
fdslwdo prelolw|1 Wkh exgjhw frqvwudlqw wkhq uhdgv

S� ' �� n-�&
�
� n

�[
� �'�

#
-� �

�

2
&��

$
&��c

zkhuh wkh vhfrqg whup rq wkh UKV lv grphvwlf fdslwdo lqfrph zkloh wkh odvw whup
lv wrwdo fdslwdo lqfrph iurp iruhljq lqyhvwphqwv qhw ri prelolw| frvwv1 Reylrxvo|/
wkh kroglqjv ri fdslwdo lq gl�huhqw frxqwulhv duh frqvwudlqhg e| wkh hqgrzphqw ri
fdslwdo +htxdo wr xqlw|,=

�[
�'�

&�� ' ��

Qrwlfh wkdw &�� fdq eh srvlwlyh +uh hfwlqj lqyhvwphqwv deurdg, ru qhjdwlyh +uh hfw0
lqj eruurzlqj deurdg, dqg wkdw wkh vdph nlqg ri prelolw| frvwv dssolhv wr srvlwlyh

;Dq lqwhulru vroxwlrq zlwk srvlwlyh ydoxhv ri erwk sulydwh dqg sxeolf frqvxpswlrq jhqhudoo|
h{lvwv zlwk � A 4 vlqfh wkh sxeolf jrrg lv �qdqfhg wkurxjk d glvwruwlrqdu| wd{1 Zlwk oxps
vxp wd{hv d fruqhu vroxwlrq zlwk jl @ zl . Ul dqg fl @ 3 iroorzv1 Li � � 4 qr sxeolf jrrgv
vkrxog eh surylghg1 Lq wkh fdoleudwhg yhuvlrq ri wkh prgho zh lpsrvh wkh uhvwulfwlrq wkdw
frqvxpswlrq fdqqrw idoo ehorz vrph orzhu wkuhvkrog/ f/ lpso|lqj wkdw zlwk oxps vxp wd{hv
fl @ f dqg jl @ |l � fl1 Wklv edvlfdoo| dprxqwv wr kdylqj d xwlolw| ixqfwlrq ri wkh irup
Xl @ pd{ ifl> fj.�jl/ zlwk wkh frqvwudlqw fl � f rqo| elqglqj xqghu joredo frruglqdwlrq +zkhuh
fdslwdo lqfrph wd{hv duh oxps vxp gxh wr wkh zruog fdslwdo vwrfn ehlqj h{rjhqrxvo| jlyhq e|
wkh vxp ri wkh hqgrzphqwv ri fdslwdo,1

<Qrwlfh wkdw prelolw| frvwv uhodwh wr hdfk vshfl�f iruhljq lqyhvwphqw dqg qrw wr djjuhjdwh
iruhljq lqyhvwphqw1 Vlqfh pdujlqdo prelolw| frvwv duh lqfuhdvlqj wklv lpsolhv wkdw wkh krxvhkrogv
kdyh dq lqfhqwlyh wr glyhuvli| wkhlu lqyhvwphqw sruwirolrv1 Dv lq wkh lqvwdoodwlrq frvw wkhru| ri
fdslwdo vwrfn dgmxvwphqw rqh pd| wklqn wkdw lw lv gl!fxow wr mxvwli| lqfuhdvlqj pdujlqdo prelolw|
frvwv1 Krzhyhu/ lq rxu fdvh zlwk olqhdu xwlolw| ixqfwlrqv wkh frqyh{lw| ri prelolw| frvwv vlpso|
dggv vrph ulvn dyhuvlrq uhjduglqj lqyhvwphqw ghflvlrqv +dv uh hfwhg lq wkh glyhuvl�fdwlrq ri
lqyhvwphqw sruwirolrv,1 Wkhuhiruh/ wkh suhvhqfh ri frqyh{ prelolw| frvwv pd| eh dujxhg wr dgg
vrph uhdolvp wr wkh prgho1
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dqg qhjdwlyh ydoxhv ri &��1 Wkh rswlpdo lqyhvwphqw srolf| ri wkh uhsuhvhqwdwlyh
krxvhkrog iroorzv iurp
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Wkh �uvw0rughu frqglwlrq uhdgv

YL�

Y&��
' �-� n-� � �&�� ' fc �c � ' �c ���c �c � 9' �c

vxfk wkdw
-� ' -� � �&��c

lpso|lqj wkdw wkh uhwxuq wr fdslwdo lqyhvwhg deurdg lq htxloleulxp pxvw h{fhhg
wkh uhwxuq wr grphvwlfdoo| lqyhvwhg fdslwdo e| wkh vl}h ri wkh pdujlqdo prelolw|
frvw143 Vroylqj iru wkh vxsso| ri fdslwdo wr iruhljq �upv e| grphvwlf krxvhkrogv
|lhogv

&�� '
�

�
E-� � -�� c �c � ' �c ���c �c � 9' �c

zklfk zloo eh rqh ri wkh nh| lqjuhglhqwv lq ghwhuplqlqj wkh htxloleulxp uhwxuqv wr
fdslwdo lq wkh zruog hfrqrp|1

5171 Jryhuqphqw

Vlqfh wkh vrxufh wd{ rq fdslwdo lqfrph lv wkh rqo| wd{ dydlodeoh wr wkh jryhuqphqw
wkh exgjhw frqvwudlqw ri wkh jryhuqphqw vlpso| uhdgv

}� ' |�&��

5181 Htxloleulxp

Htxloleulxp lq wkh lqwhuqdwlrqdo fdslwdo pdunhw uhtxluhv wkdw wkh ghpdqg iru fds0
lwdo e| �upv lq hdfk frxqwu| htxdov wkh vxsso| ri fdslwdo iurp lqyhvwruv lq wkh

43Ri frxuvh/ li wkh krxvhkrog eruurzv lq frxqwu| y/ vr nl

y
? 3/ wkh frvw ri eruurzlqj deurdg

pxvw eh ohvv wkdq wkh grphvwlf frvw ri eruurzlqj lq htxloleulxp wr fryhu wkh fdslwdo prelolw|
frvwv1

:



zruog hfrqrp|/ l1h1
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Wkh ghpdqg iru fdslwdo lv jlyhq e| htxdwlrq 5141 Wr ghwhuplqh wkh vxsso| ri
fdslwdo qrwlfh wkdw
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E| wkh v|pphwu| ri prelolw| frvwv iroorzv wkdw
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lpso|lqj wkdw
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Wkxv/ zh kdyh � frqglwlrqv wr ghwhuplqh wkh htxloleulxp zruog uhwxuqv wr fdslwdo=
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E-� � -�� c � ' �c ���c �� +516,

Gxh wr wkh olqhdu0txdgudwlf ixqfwlrqdo irupv ri wkh prgho wkh v|vwhp ri htxlole0
ulxp frqglwlrqv lv olqhdu dqg fdq eh vroyhg h{solflwo|1 Froohfwlqj whupv zh fdq
h{suhvv wkh � htxdwlrqv lq 516 lq pdwul{ irup=5
999999997
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Vroylqj iru -� |lhogv
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�n eq

�n e�q
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eq

�n e�q

�[
� �'�

|�c � ' �c ���c �� +517,

Ilqdoo|/ zh fdq xvh 517 wr vroyh iru wkh vxsso| ri fdslwdo wr iruhljq �upv e|
grphvwlf krxvhkrogv dv d ixqfwlrq ri wd{hv=

&�� '
|� � |�

�n e�q
c �c � ' �c ���c �c � 9' �c

;



uhyhdolqj wkdw fdslwdo  rzv lq wklv v|pphwulf zruog hfrqrp| duh rqo| fdxvhg e|
gl�huhqfhv lq fdslwdo lqfrph wd{hv1 Wkh vxsso| ri fdslwdo wr grphvwlf �upv lv
wkhq ghwhuplqhg uhvlgxdoo|=

&�� ' ��
E� � �� |�
�n e�q

n

S�
� �'� |�

�n e�q
c � ' �c ���c ��

61 Wd{ Srolflhv

Dq lpsruwdqw dvshfw ri wd{ srolflhv lv krz jryhuqphqwv lqwhudfw vwudwhjlfdoo|1
Dw rqh h{wuhph doo jryhuqphqwv dfw qrq0frrshudwlyho|/ fruuhvsrqglqj wr wkh wd{
frpshwlwlrq0fdvh1 Dw wkh rwkhu h{wuhph doo jryhuqphqwv frrshudwh lpso|lqj wkdw
wkh uhvlghqfh sulqflsoh fdq eh dssolhg h�hfwlyho|1 Vlqfh wkh djjuhjdwh fdslwdo vwrfn
lv h{rjhqrxvo| jlyhq e| lqlwldo hqgrzphqwv vxfk d uhvlghqfh0edvhg fdslwdo lqfrph
wd{ zloo eh d oxps0vxp wd{ dqg wkh uhvxowlqj frrshudwlyh htxloleulxp zloo dfklhyh
wkh �uvw0ehvw rxwfrph144 Lq ehwzhhq wkhvh h{wuhphv jryhuqphqwv ri d vxevhw ri
frxqwulhv pd| frruglqdwh wkhlu fdslwdo lqfrph wd{ srolflhv zlwk hdfk rwkhu ohdglqj
wr �sduwldo frruglqdwlrq� rxwfrphv1

6141 Wd{ Frpshwlwlrq

Wkh qrq0frrshudwlyh htxloleulxp wd{hv fdq eh h{solflwo| ghulyhg iru wklv prgho145

Hdfk frxqwu| fkrrvhv lwv wd{/ |�/ wr pd{lpl}h xwlolw| ri wkh uhsuhvhqwdwlyh frq0
vxphu vxemhfw wr wkh frqvwudlqwv lpsrvhg e| wkh frpshwlwlyh htxloleulxp1 Iru
dq| frxqwu| � wkh jryhuqphqw vroyhv
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44Uhphpehu wkdw zh kdyh frqvwudlqhg wkh �uvw0ehvw rxwfrph e| uhtxlulqj wkdw sulydwh frq0

vxpswlrq fdqqrw idoo ehorz vrph wkuhvkrog ohyho/ f1 Wklv lv grqh wr dyrlg wkh frrshudwlyh
rxwfrph uhsuhvhqwlqj dq xquhdolvwlfdoo| odujh jdlq ryhu wkh qrq0frrshudwlyh rxwfrph1 Krzhyhu/
frpsduhg wr Vûuhqvhq +5333, rxu prgho vwloo lpsolhv wkdw wkhuh lv d uhodwlyho| odujh srwhqwldo
jdlq iurp joredo frruglqdwlrq +fi1 vhfwlrq 7,1

45H{lvwhqfh ri d Qdvk htxloleulxp wr vxfk d jdph lv jxdudwhhg li wkh xwlolw| ixqfwlrqv duh
frqwlqxrxv dqg txdvl0frqfdyh +lq wd{hv, dqg wkh vwudwhj| vhwv duh frpsdfw dqg frqyh{ +vhh
Exfryhwvn| +4<<4, dqg ydq \shuvhoh +4<<;,,1 Wkhvh frqglwlrqv duh ixo�oohg iru rxu fkrlfh ri
ixqfwlrqdo irupv1
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Diwhu vrph pdqlsxodwlrqv wkh �uvw0rughu frqglwlrq uhdgv

�n eq ' �2 E� � �� Ekn Ew � �� |�� n E� � ��-�

nw E�n e�q� &� n
�[
� �'�

-��

Lq d v|pphwulf htxloleulxp doo jryhuqphqwv fkrrvh wkh vdph wd{hv/ |� ' |c � '
�c ���c�c holplqdwlqj fdslwdo  rzv/ &�� ' f/ pdnlqj fdslwdo vwrfnv htxdo wr hqgrz0
phqwv &� ' �c � ' �c ���c� 1 Htxloleulxp uhwxuqv wr fdslwdo duh dovr htxdol}hg/
-� ' - ' k� 2q� |1 Zh fdq wkhq vroyh iru wkh qrq0frrshudwlyh htxloleulxp wd{/
|��=

|�� '
Ew � ��

w

E�n e�q�

2 E� � ��
�

Zkloh wklv qrq0frrshudwlyh htxloleulxp pd| qrw eh wkdw lqwhuhvwlqj lq lwvhoi/ lw lv
d xvhixo uhihuhqfh srlqw wr frpsduh zlwk zkhq zh qrz frqvlghu htxloleuld zlwk
sduwldo frruglqdwlrq1

6151 Sduwldo Frruglqdwlrq

Wr dqdo|}h wkh h�hfwv ri frruglqdwlrq dprqj d vxevhw ri wkh� frxqwulhv/ zh ohw � '
2c ���c� 	 � ghqrwh wkh qxpehu ri frxqwulhv wdnlqj sduw lq wkh frruglqdwlrq zkloh
� ' � n �c ���c� ghqrwhv wkh qrq0frrshudwlqj frxqwulhv1 Vlqfh wkh frrshudwlqj
frxqwulhv duh lghqwlfdo wkh| zloo vhw d frpprq wd{/ |�1

46 Wkh gl�huhqfh ehwzhhq d
frrshudwlqj dqg d qrq0frrshudwlqj frxqwu| lv qrz wkdw zkhq |� lv fkdqjhg wkdw
jrhv iru doo wkh� frrshudwlqj frxqwulhv zkloh d fkdqjh lq |� lv iru d vlqjoh frxqwu|/
rqo|1

Iru lqyhvwruv lq d qrq0frrshudwlqj frxqwu| wkhuh duh wkuhh rswlrqv wr frqvlghu=
Lqyhvwlqj dw krph> lqyhvwlqj lq dqrwkhu qrq0frrshudwlqj frxqwu| sd|lqj wkh pr0
elolw| frvwv> ru lqyhvwlqj lq wkh frrshudwlqj frxqwulhv djdlq sd|lqj wkh prelolw|

46Lq sulqflsoh/ wkh frruglqdwlqj frxqwulhv frxog xvh wkh uhvlghqfh sulqflsoh iru fdslwdo lqfrph
jhqhudwhg zlwklq wkh jurxs ri frruglqdwlqj frxqwulhv/ exw gxh wr prelolw| frvwv wkhuh zloo eh
qr fdslwdo  rzv dprqj wkh frruglqdwlqj frxqwulhv dv orqj dv wkh| fkrrvh wkh vdph wd{ ohyhov1
Lw lv wkhuhiruh zlwkrxw orvv ri jhqhudolw| wr pdlqwdlq wkh dvvxpswlrq wkdw rqo| vrxufh wd{hv duh
ohylhg1
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frvwv147 Lqyhvwruv lq d frrshudwlqj frxqwu| kdyh h�hfwlyho| rqo| wzr rswlrqv= Lq0
yhvwlqj dw krph ru lqyhvwlqj lq wkh qrq0frrshudwlqj frxqwulhv/ vlqfh lqyhvwlqj lq
dqrwkhu frrshudwlqj frxqwu| zloo eh xqsur�wdeoh gxh wr wkh prelolw| frvwv1

Iru hdfk ri wkh qrq0frrshudwlqj frxqwulhv/ � ' �n�c�n2c ����c � / wkh rswlpdo
wd{ sureohp uhdgv
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Wkh �uvw0rughu frqglwlrq iru d qrq0frrshudwlqj frxqwu| fdq eh vlpsol�hg vrph0
zkdw e| lpsrvlqj wkh �v|pphwulf� htxloleulxp frqglwlrq wkdw doo qrq0frrshudwlqj
frxqwulhv fkrrvh wkh vdph wd{/ |� ' |c � ' � n �c� n 2c ����c � 1 Diwhu h{whqvlyh
pdqlsxodwlrqv zh rewdlq
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+614,
Iru d frrshudwlqj frxqwu|/ � ' �c ���c� / wkh rswlpdo wd{ sureohp orrnv olnh48
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47Gxh wr prelolw| frvwv ehlqj frqyh{ dq lqyhvwphqw lq wkh jurxs ri frruglqdwlqj frxqwulhv

zloo eh vsuhdg hyhqo| dprqj doo wkh frruglqdwlqj frxqwulhv wr plqlpl}h prelolw| frvwv1
48Iru vlpsolflw|/ zh kdyh douhdg| lpsrvhg wkh htxloleulxp frqglwlrq iru wkh qrq0frrshudwlqj

frxqwulhv wkdw wm @ w> dqg Um @ U> m @P . 4> ===> Q 1
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Uhzulwlqj wkh �uvw0rughu frqglwlrq h{whqvlyho| ohdgv wr

e E� ��� q E2� � �� E|� |��

�n e�q
' �2 E� ��� w|� n Ew � �� E�n e�q� � +615,

Dowkrxjk lw lv srvvleoh wr rewdlq dq dqdo|wlfdo vroxwlrq iru wkh wzr wd{hv e| vroylqj
htxdwlrqv 614 dqg 615 vlpxowdqhrxvo|/ wkh h{suhvvlrqv duh vr frpsoh{ wkdw wkh|
duh qrw yhu| khosixo iru fkdudfwhul}lqj htxloleulxp1 Pruhryhu/ zkdw zh edvlfdoo|
duh lqwhuhvwhg lq duh wkh zhoiduh ohyhov lq wkh ydulrxv frxqwulhv lq wkh gl�huhqw
htxloleuld/ dqg dowkrxjk lw lv srvvleoh wr rewdlq h{solflw dqdo|wlfdo h{suhvvlrqv iru
wkh htxloleulxp zhoiduh ohyhov/ wkh frpsoh{lw| ri wkhvh h{suhvvlrqv suhyhqwv dq|
lqwhuhvwlqj lqirupdwlrq iurp ehlqj h{wudfwhg1 Lqvwhdg/ zh looxvwudwh wkh uhvxowv
wkurxjk vrph qxphulfdo h{dpsohv doorzlqj xv wr irfxv rq wkh lpsruwdqfh ri wkh
qxpehu ri frxqwulhv sduwlflsdwlqj lq wkh frruglqdwlrq/ � 1

71 Qxphulfdo H{dpsohv

Lq rxu �uvw qxphulfdo h{dpsoh zh fkrrvh wkh iroorzlqj sdudphwhu ydoxhv=

� ' �ffc k ' �2c q ' ��c w ' ��2c � ' �f

zkloh zh ohw � ydu| ehwzhhq � dqg bb149 Lq Wdeoh 4 wkh htxloleulxp rxwfrphv
xqghu sduwldo frruglqdwlrq duh suhvhqwhg14: Wkh zhoiduh h�hfwv ri sduwldo frrugl0

49Ri frxuvh/ P @ 4 lv mxvw wkh qrq0frrshudwlyh Qdvk htxloleulxp1
4:Wkh fdofxodwlrqv zhuh shuiruphg xvlqj wkh Pdsoh idflolw| lq Vflhqwl�f Zrunsodfh 6131 Lq

wkh wdeohv X lv zhoiduh/ w lv wkh wd{ rq fdslwdo lqfrph/ dqg n lv wkh fdslwdo vwrfn1 Vxshuvfulsw

45



qdwlrq duh phdvxuhg uhodwlyh wr wkh �uvw ehvw rxwfrph14;

- - - Wdeoh 4 derxw khuh - - -

Iljxuh 4 looxvwudwhv wkh zhoiduh ri wkh frrshudwlqj frxqwulhv +wkh vrolg olqh, dqg
wkh zhoiduh ri wkh qrq0frrshudwlqj frxqwulhv +wkh gdvkhg olqh, iru wkh gl�huhqw
ohyhov ri frruglqdwlrq1 Wkh �jxuh vkrzv �uvw ri doo/ wkdw wkh frrshudwlqj frxqwulhv
pxvw eh d vljql�fdqw sduw ri wkh zruog hfrqrp| iru wkh frruglqdwlrq wr pdwwhu
txdqwlwdwlyho|1 H1j1 zkhq bfI ri wkh frxqwulhv frrshudwh wkhlu zhoiduh jdlq lv
ohvv wkdq f�2I frpsduhg wr wkh qrq0frrshudwlyh zhoiduh ohyho1 Wklv h{whqgv wkh
uhvxow lq Ud}lq dqg Vdgnd +4<<4,/ wkdw wzr vpdoo hfrqrplhv wdnlqj wkh zruog
udwh ri uhwxuq dv jlyhq kdyh qr lqfhqwlyh wr hqjdjh lq wd{ frruglqdwlrq zlwk hdfk
rwkhu/ e| vkrzlqj wkdw hyhq d orw ri vpdoo frxqwulhv pd| qrw eh deoh wr ehqh�w
vljql�fdqwo| e| hqjdjlqj lq +sduwldo, frruglqdwlrq1 Krzhyhu/ hyhq wkrxjk wkhuh
pd| eh d olplwhg zhoiduh jdlq xqghu sduwldo frruglqdwlrq wkhuh vhhpv wr eh qr ulvn
ri sduwldo frruglqdwlrq ehlqj rxwuljkw ghwulphqwdo wr wkh sduwlflsdwlqj frxqwulhv1

- - - Iljxuh 4 derxw khuh - - -

Iru wkh qrq0sduwlflsdwlqj frxqwulhv wkhuh duh qr vljql�fdqw h�hfwv ri sduwldo
frruglqdwlrq dv orqj dv wkh sduwlflsdwlqj frxqwulhv duh qrw d vljql�fdqw sduw ri
wkh zruog hfrqrp|1 Krzhyhu/ iru hyhu| � : � wkh zhoiduh ri d qrq0sduwlflsdwlqj
frxqwu| h{fhhgv wkh zhoiduh ohyho ri wkh sduwlflsdwlqj frxqwulhv1 Wklv edvlfdoo|
jhqhudol}hv d uhvxow lq wkh dv|pphwulf wzr0frxqwu| prgho lq Zlovrq +4<<4, zkr
vkrzv wkdw wkh djhqwv lq wkh vpdoo frxqwu| duh ehwwhu r� wkdq wkh djhqwv lq wkh
odujh frxqwu| xqghu wd{ frpshwlwlrq1 Lq rxu prgho wkh jurxs ri frruglqdwlqj
frxqwulhv fdq eh frqvlghuhg wkh �odujh frxqwu|� lq zklfk wkh flwl}hqv duh zruvh r�

�sf� ghqrwhv d frxqwu| sduwlflsdwlqj lq sduwldo frruglqdwlrq zkloh vxshuvfulsw �qf� ghqrwhv d
frxqwu| qrw sduwlflsdwlqj1 Zhoiduh lv phdvxuhg uhodwlyh wr wkh zhoiduh rewdlqhg xqghu joredo wd{
frruglqdwlrq +qrupdol}hg dw 433,1 Wkh prgho lv fdoleudwhg vxfk wkdw wkh wrwdo srwhqwldo jdlq
iurp frruglqdwlrq lv 7� 8( +dssur{lpdwho| lq xqlwv ri frqvxpswlrq,1 Wklv lv vrphzkdw odujhu
wkdq lq Vûuhqvhq +5333, zkhuh wkh pd{lpxp jdlq lv durxqg 4(1 Lq wklv vhqvh wkh uhvxowv duh
eldvhg e| ryhuvwdwlqj wkh srwhqwldo jdlqv iurp frruglqdwlrq frpsduhg wr Vûuhqvhq +5333,1

4;Lq sulqflsoh/ doo rxwsxw lv xvhg iru sxeolf frqvxpswlrq dw wkh �uvw ehvw doorfdwlrq vlqfh
� A 41 Krzhyhu/ wr dgg vrph uhdolvp wkh prgho lv fdooleudwhg vxfk wkdw sxeolf frqvxpswlrq lv
dssur{lpdwho| 58( ri wrwdo surgxfwlrq dw wkh �uvw ehvw rxwfrph1 Wklv edvlfdoo| lpsolhv wkdw
wkh xwlolw| ixqfwlrq fdq eh zulwwhq dv Xl @ pd{ ifl> fj. �jl> uhtxlulqj sulydwh frqvxpswlrq qrw
wr idoo vkruw ri vrph plqlpxp ohyho/ f/ zkhuh lq rxu fdvh f � 3=:8 � |1 Lq wkh fdoleudwhg prgho
wkh uhvwulfwlrq fl � f lv rqo| elqglqj xqghu joredo frruglqdwlrq1
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wkdq lq dq| ri wkh vpdoo qrq0frrshudwlqj frxqwulhv1 Khqfh/ iru d pdujlqdo frxqwu|
wkhuh lv qr lqfhqwlyh wr sduwlflsdwh lq frruglqdwlrq +udwkhu/ wkhuh duh lqfhqwlyhv
qrw wr sduwlflsdwh,1 Pruhryhu/ zkhq rqo| d ihz frxqwulhv gr qrw sduwlflsdwh wkhvh
frxqwulhv duh ehwwhu r� wkdq dw joredo frruglqdwlrq doorfdwlrq 0 h1j1 iru � ' b.
wkhuh duh � frxqwulhv qrw frrshudwlqj dqg wkhvh frxqwulhv kdyh d zhoiduh ohyho
h{fhhglqj wkh zhoiduh ohyho xqghu joredo frruglqdwlrq e| HI 0 gxh wr khdy| lpsruwv
ri iruhljq fdslwdo1 Wklv lv dfwxdoo| d jhqhudol}dwlrq ri dqrwkhu �qglqj lq wkh wzr
frxqwu| prgho lq Zlovrq +4<<4, zkhuh d vx!flhqwo| vpdoo frxqwu| zloo eh ehwwhu
r� xqghu wd{ frpshwlwlrq wkdq dw wkh frrshudwlyh htxloleulxp1 Rxu dqdo|vlv vkrzv
wkdw wklv pd| dovr eh wkh fdvh iru d +vpdoo, jurxs ri qrq0frrshudwlqj frxqwulhv1

Wr dqdo|}h wkh lpsruwdqfh ri fdslwdo pdunhw lpshuihfwlrqv iru wkhvh uhvxowv zh
uhgxfh wkh prelolw| frvwv +e| d idfwru 433, zkloh nhhslqj wkh uhpdlqlqj sdudphwhuv
xqfkdqjhg1 Khqfh/ wkh sdudphwhu ydoxhv duh= � ' �ffc k ' �2c q ' ��c w '
��2c � ' ���

- - - Wdeoh 5 derxw khuh - - -

Lw vkrxog eh udwkhu reylrxv iurp frpsdulqj Wdeoh 4 dqg 5 wkdw wkh ghjuhh ri
fdslwdo pdunhw lpshuihfwlrq lv qrw sduwlfxoduo| lpsruwdqw iru rxu uhvxowv1 Wd{hv
whqg wr eh orzhu zkhq fdslwdo prelolw| lv lqfuhdvhg/ exw wkh lqwhuqdwlrqdo door0
fdwlrq ri fdslwdo lv sudfwlfdoo| xqd�hfwhg e| wkh lqfuhdvh lq fdslwdo prelolw| gxh
wr wkh rswlpdo uhvsrqvh ri srolf| pdnhuv zkhq fkrrvlqj wd{hv1 Wkh jdlqv iurp
frruglqdwlrq duh pdujlqdoo| odujhu zlwk d kljkhu ghjuhh ri fdslwdo prelolw|/ dv
duh wkh jdlqv wr wkh qrq0frrshudwlqj frxqwulhv1 Lqwxlwlyho|/ zlwk d kljk ghjuhh ri
fdslwdo prelolw| wd{ frpshwlwlrq lv pruh �hufh/ pdnlqj wkh jdlqv iurp doohyldwlqj
wd{ frpshwlwlrq odujhu1

81 Srolf| Lpsolfdwlrqv

Wkh prvw lpsruwdqw ihdwxuh ri rxu uhvxowv lv wkh qhhg iru hvwdeolvklqj d fulwlfdo
pdvv ri frrshudwlqj frxqwulhv iru fdslwdo lqfrph wd{ frruglqdwlrq wr eh ehqh�fldo
wr wkh sduwlflsdwlqj frxqwulhv1 Wkh ohyho ri fulwlfdo pdvv lv lq rxu h{dpsohv d
yhu| kljk shufhqwdjh ri wkh zruog hfrqrplhv1 Li/ h1j1/ bfI ri wkh frxqwulhv lq wkh
zruog hfrqrp| lqlwldwh d frpprq fdslwdo lqfrph wd{ srolf| wkh uhodwlyh jdlq iurp
grlqj vr frpsduhg wr hvwdeolvklqj dq doo0hqfrpsdvvlqj joredo frrshudwlyh fdslwdo
lqfrph wd{ srolf| lv udwkhu prghvw/ zlwk ohvv wkdq eI ri wkh srwhqwldo jdlq iurp
joredo frruglqdwlrq ehlqj uhdshg xqghu sduwldo frruglqdwlrq1 Khqfh/ lw lv qrw
vx!flhqw wr hvwdeolvk srolf| frruglqdwlrq dprqj wkh ohdglqj zruog hfrqrplhv/
olnh wkh J:0frxqwulhv1 Lqvwhdg/ d pxfk pruh hqfrpsdvvlqj wd{ frruglqdwlrq lv
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qhhghg/ vxjjhvwlqj wkdw dq lqwhuqdwlrqdo rujdql}dwlrq dnlq wr wkh ZWR frxog
sod| d surplqhqw uroh khuh e| hqiruflqj d fdslwdo lqfrph wd{ wuhdw| rq d zruog
zlgh edvlv14< Wkh hvvhqfh ri vxfk d fdslwdo lqfrph wd{ wuhdw| frxog eh wr vhfxuh
h{fkdqjh ri lqirupdwlrq rq iruhljq vrxufh fdslwdo lqfrph dprqj wkh phpehu
frxqwulhv/ doorzlqj wkh uhvlghqfh sulqflsoh wr eh dssolhg h�hfwlyho|1 Dv vkrzq lq
Vûuhqvhq +5333, h{fkdqjh ri lqirupdwlrq dprqj srolf| pdnhuv lv xvxdoo| vx!flhqw
iru prvw ri wkh jdlqv iurp joredo wd{ frruglqdwlrq wr eh uhdshg/ hyhq lq wkh fdvh
zkhuh srolf| pdnhuv fdq xvh vshqglqj rq surgxfwlyh sxeolf jrrgv vwudwhjlfdoo| dv
d vxevwlwxwh iru r�hulqj ohqlhqw fdslwdo lqfrph wd{dwlrq1 Ri frxuvh/ hvwdeolvklqj d
joredo fdslwdo lqfrph wd{ wuhdw| lv qrw dq hdv| wdvn jlyhq wkdw fxuuhqw wd{ kdyhqv
duh olnho| wr eh kxuw e| dffhswlqj vxfk d wuhdw|/ lpso|lqj wkdw lqwurgxfwlrq ri
frpshqvdwru| phdvxuhv frxog eh qhfhvvdu| iru wkh zkroh surmhfw wr wdnh r�1

91 Frqfoxglqj Uhpdunv

Zh kdyh sursrvhg d prgho wkdw pljkw vkhg oljkw rq vrph ri wkh dvshfwv frqfhuq0
lqj lqwhuqdwlrqdo frruglqdwlrq lq fdslwdo lqfrph wd{dwlrq lq jhqhudo1 Wkh pdlq
frqfoxvlrq wr eh ghulyhg iurp wkh dqdo|vhv lv wkdw zh qhhg d vxevwdqwldo sursru0
wlrq ri wkh zruog hfrqrplhv wr wdnh sduw lq fdslwdo lqfrph wd{ frruglqdwlrq iru
vljql�fdqw jdlqv wr eh uhdshg1 Wklv frxog fdoo iru fdslwdo lqfrph wd{ frruglqdwlrq
wr eh xqghuwdnhq rq d zruog zlgh edvlv/ srvvleo| dgplqlvwhuhg e| dq lqwhuqdwlrqdo
rujdql}dwlrq dnlq wr ZWR1 Ri frxuvh/ wkh sureohpv idflqj wkh wudgh djuhhphqwv
zlwklq wkh ZWR duh olnho| wr eh suhvhqw lq wkh frqwh{w ri lqwhuqdwlrqdo djuhhphqwv
rq fdslwdo lqfrph wd{dwlrq/ dv zhoo1 Rqh ri wkh pdlq sureohpv ri lpsohphqwlqj
d zruog zlgh djuhhphqw rq fdslwdo lqfrph wd{dwlrq lv wkdw gxh wr dv|pphwulhv
dprqj frxqwulhv wkh vwduwlqj srvlwlrqv ri wkhvh frxqwulhv zloo eh yhu| gl�huhqw/
lpso|lqj wkdw wkh jdlqv iurp d zruog zlgh djuhhphqw pd| eh udwkhu xqhyhqo|
glvwulexwhg1 Uhdolvwlfdoo|/ vrph frxqwulhv pd| hyhq ehfrph zruvh r� e| vxfk
dq djuhhphqw/ pdnlqj wkh survshfwv iru d vxffhvvixo lpsohphqwdwlrq hyhq pruh
glp153

4<Lq vrph vhqvh wkhuh duh lqfuhdvlqj uhwxuqv wr wd{ frruglqdwlrq= Lq rxu h{dpsohv wkh jdlq
iurp jhwwlqj wkh �uvw << frxqwulhv wr frrshudwh lv ri wkh vdph rughu ri pdjqlwxgh dv wkh jdlq
iurp jhwwlqj wkh odvw frxqwu| wr jlyh xs lwv �wd{ kdyhq0vwdwxv�1 Wkxv/ lw lv yhu| lpsruwdqw wr
dyrlg kdylqj d ihz frxqwulhv vwd|lqj rxwvlgh wkh wd{ frruglqdwlrq1

53Hyhq zlwk uhvshfw wr wkh uhjlrqdo frruglqdwlrq zlwklq wkh HX wkh rssrvlwlrq ri Ox{hperxuj
wr sduwlflsdwh lq d frpprq HX fdslwdo lqfrph wd{ srolf| fuhdwhv d pdmru sureohp iru wkh
lpsohphqwdwlrq ri vxfk d srolf|/ dqg wkh suhvhqfh ri dqrwkhu wd{ kdyhq mxvw rxwvlgh wkh HX
+Vzlw}huodqg, lv qrw pdnlqj wkh surmhfw dq| hdvlhu1
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Wdeoh 41 Rxwfrphv xqghu Sduwldo Frruglqdwlrq

Sdudphwhu ydoxhv= � ' �ffc k ' �2c q ' ��c w ' ��2c � ' �f�
� LRS L?S |RS |?S &RS &?S

4 bD�e bD�e �fe2� �fe2� ��ff ��ff
8 bD�e bD�e �fe�H �fe2� �bbe ��ff
; bD�e bD�e �feD� �fe2� �bHb ��ff
43 bD�e bD�e �feS� �fe22 �bHS ��ff
48 bD�e bD�e �feHe �fe2� �b.b ��ff
53 bD�e bD�e �fD�f �fe2D �b.� ��f�
58 bD�e bD�e �fD�H �fe2H �bS. ��f�
63 bD�e bD�e �fDSH �fe�2 �bS2 ��f2
68 bD�e bD�e �fSf� �fe�S �bD. ��f2
73 bD�e bD�e �fSe2 �fee2 �bD2 ��f�
78 bD�e bD�e �fSH. �feeb �beH ��fe
83 bD�e bD�D �f.ef �feDH �be� ��fS
88 bD�e bD�D �fHfe �feSb �bef ��f.
93 bD�e bD�D �fHH� �feH� �b�S ���f
98 bD�D bD�D �fbH� �fDf2 �b�� ����
:3 bD�D bD�D ���� �fD2H �b2b ���S
:8 bD�D bD�S ���f �fDSe �b2S ��22
;3 bD�D bD�. ��DH �fS�b �b2� ����
;8 bD�D bD�b �2f� �f.�2 �b2� ��eD
<3 bD�S bS�S �2bD �fHbH �b�H ��.e
<6 bD�. b.�b �e�� ���e �b�. 2���
<8 bD�H �ff �DSH ��eS �b�S 2�Sf
<9 bD�b �f� �.fe ��.e �b�D ��fe
<: bS�� �fH �b�� �22� �b�D ��.S
<; bS�D �2D ���b ���e �b�e D�2f
<< b.�S 2�� 2�.D �DbD �b�e b�De
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Wdeoh 51 Rxwfrphv xqghu Sduwldo Frruglqdwlrq

Sdudphwhu ydoxhv= � ' �ffc k ' �2c q ' ��c w ' ��2c � ' ���
� LRS L?S |RS |?S &RS &?S

4 bD�e bD�e �f��H �f��H ��ff ��ff
8 bD�e bD�e �f�D� �f��H �bbe ��ff
; bD�e bD�e �f�S2 �f��H �bHb ��ff
43 bD�e bD�e �f�Sb �f��H �bHS ��ff
48 bD�e bD�e �f�H. �f��b �b.b ��ff
53 bD�e bD�e �fef. �f�ef �b.� ��f�
58 bD�e bD�e �fe2H �f�e� �bSH ��f�
63 bD�e bD�e �feD� �f�e� �bS2 ��f2
68 bD�e bD�e �fe.. �f�eS �bDH ��f2
73 bD�e bD�e �fDfD �f�eb �bD� ��f�
78 bD�e bD�e �fD�b �f�D2 �beb ��fe
83 bD�e bD�e �fD.H �f�D. �beD ��fS
88 bD�e bD�e �fS2e �f�S� �be� ��f.
93 bD�e bD�D �fSH2 �f�.� �b�H ��fb
98 bD�e bD�D �f.De �f�H� �b�D ���2
:3 bD�e bD�D �fHDf �f�be �b�2 ���S
:8 bD�e bD�D �fbHe �fe�e �b2b ��2�
;3 bD�D bD�S ���H �fee� �b2S ���f
;8 bD�D bD�H ��D� �feb2 �b2e ��e�
<3 bD�D bS�� �2�. �fDbf �b2� ��.�
<6 bD�S b.�� ��f� �f.�. �b2f 2�fS
<8 bD�. bH�. �e�� �fHHS �b�b 2�De
<9 bD�H �f� �D�� ��f� �b�b 2�bD
<: bD�b �fe �S.D ��2H �b�H ��SD
<; bS�2 ��S ��ff ��.. �b�H D�f�
<< b.�f �.D ��bH ��2S �b�. b��b
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