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Devwudfw

Zh sursrvh d Qhovrq0Zlqwhu prgho zlwk dq h{solflwo| gh�qhg odqgvfdsh wr
vwxg| wkh irupdwlrq ri kljk0whfk lqgxvwuldo foxvwhuv vxfk dv Vlolfrq Ydooh|1
Wkh h{lvwlqj olwhudwxuh wuhdwv foxvwhuv dv wkh uhvxow ri orfdwlrq fkrlfhv dqg
irfxvhv rq krz �upv pd| ehqh�w iurp orfdwlqj lq d foxvwhu1 Zh ghyldwh iurp
wklv wudglwlrq e| hpskdvl}lqj wkdw kljk0whfk lqgxvwuldo foxvwhuv duh fkdudf0
whul}hg e| frqfhqwudwhg hqwuhsuhqhxuvkls1 Zh dujxh wkdw wkh hphujhqfh ri
foxvwhuv fdq eh h{sodlqhg e| wkh vrfldo h�hfw wkurxjk zklfk wkh dsshdudqfh
ri rqh ru d ihz hqwuhsuhqhxuv lqvsluh pdq| iroorzhuv orfdoo|1 Djhqw0edvhg
vlpxodwlrq lv hpsor|hg wr vkrz wkh g|qdplfv ri wkh prgho1 Gdwd iurp wkh
vlpxodwlrq dqg wkh surshuwlhv ri wkh prgho duh glvfxvvhg lq oljkw ri hpslulfdo
uhjxodulwlhv1 Yduldwlrqv ri wkh prgho duh vlpxodwhg wr vwxg| srolflhv wkdw duh
idyrudeoh wr wkh kljk0whfk hfrqrp|1



Gr qrw uhjdug Vlolfrq Ydooh| dv vrph vruw ri hfrqrplf pdfklqh/ zkhuh
ydulrxv udz pdwhuldov duh srxuhg lq dw rqh hqg dqg �upv vxfk dv Dssoh dqg
Flvfr uroo rxw dw wkh rwkhu/ exw udwkhu dv d irup ri hfrv|vwhp wkdw euhhgv
frpsdqlhv= zlwkrxw wkh uljkw vrlo dqg wkh uljkw folpdwh/ qrwklqj zloo jurz1

� Wkh Hfrqrplvw/ Pdufk 5</ 4<<:

4 Lqwurgxfwlrq
Vlolfrq Ydooh| lv wkh prvw vdolhqw h{dpsoh ri kljk0whfk lqgxvwuldo foxvwhuv1
Sxeolf srolf| pdnhuv wkurxjkrxw wkh zruog zrxog olnh wr ohduq wkh vhfuhwv ri
Vlolfrq Ydooh| lq rughu wr exlog wkhlu rzq kljk0whfk hfrqrplhv1 Wkh h{lvwlqj
olwhudwxuh rq lqgxvwuldo foxvwhuv/ zklfk wudfhv edfn wr Pduvkdoo +4<53,/ irfxvhv
rq krz �upv ehqh�w iurp orfdwlqj lq d foxvwhu1 Lw vxjjhvwv wkdw rqfh d foxvwhu
frphv lqwr h{lvwhqfh/ lw whqgv wr uhlqirufh lwvhoi e| dwwudfwlqj pruh �upv1
Krzhyhu/ d pruh lpsruwdqw txhvwlrq lv krz wr uhdfk wklv fulwlfdo pdvv lq wkh
�uvw sodfh1 Lq frqwudvw wr wkh olwhudwxuh/ hylghqfh vxjjhvwv wkdw hqwuhsuhqhxuv
uduho| pryh zkhq wkh| irxqg kljk0whfk vwduw0xsv +Frrshu dqg Irowd/ 5333,1
Wklv frqwudglfwv wkh qrwlrq wkdw orfdwlrq fkrlfh dqdo|vhv ohdg hqwuhsuhqhxuv
wr d kljk0whfk foxvwhu1

D kljk0whfk lqgxvwuldo foxvwhu vxfk dv Vlolfrq Ydooh| lv fkdudfwhul}hg e|
frqfhqwudwhg hqwuhsuhqhxuvkls1 Iroorzlqj Vfkxpshwhu/ zh hpskdvl}h wkh idfw
wkdw �wkh dsshdudqfh ri rqh ru d ihz hqwuhsuhqhxuv idflolwdwhv wkh dsshdudqfh
ri rwkhuv� +Vfkxpshwhu/ 4<67,1 Zh sursrvh dq djhqw0edvhg frpsxwdwlrqdo
prgho wr vkrz krz kljk0whfk lqgxvwuldo foxvwhuv frxog hphujh rq d odqgvfdsh
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zkhuh qr �upv h{lvwhg ruljlqdoo|1 Wkh prgho lv hvvhqwldoo| d vsdwldo yhuvlrq ri
wkh Qhovrq0Zlqwhu prgho1 Erxqghgo| udwlrqdo djhqwv duh vfdwwhuhg ryhu dq
h{solflwo| gh�qhg odqgvfdsh1 Hdfk djhqw lv hqgrzhg zlwk vrph whfkqrorj|/
zklfk ghwhuplqhv klv �up*v surgxfwlylw| li kh kdv rqh1 Gxulqj hdfk shulrg ri
wlph/ dq djhqw zlwk qr �up zrxog pdnh d ghflvlrq zkhwkhu kh zdqwv wr vwduw
rqh1 Wklv ghflvlrq lv prvwo| d�hfwhg e| wkh ehkdylru ri klv vrfldo frqwdfwv/
zkr duh doo klv qhljkeruv1 Li dq djhqw*v qhljkeruv duh vxffhvvixo lq wkhlu
hqwuhsuhqhxuldo dfwlylwlhv/ wkh djhqw lv pruh olnho| wr irxqg d �up klpvhoi1
Dq hqwuhsuhqhxu pdnhv exvlqhvv ghflvlrqv dffruglqj wr vrph uxohv ri wkxpe1
Zkhq dq djhqw grhv irxqg d �up dqg pdnhv vrph sur�w/ kh vshqgv sduw
ri klv sur�w rq U)G wr lpsuryh klv surgxfwlylw|/ sduw rq lplwdwlqj rwkhu
�upv* whfkqrorj|/ dqg wkh uhvw rq fdslwdo dffxpxodwlrq1 Hqwuhsuhqhxuv zkr
odj ehklqg lq wkh Vfkxpshwhuldq frpshwlwlrq zloo orvh prqh| dqg hyhqwxdoo|
idlo> krzhyhu/ lw lv srvvleoh wkdw wkh| ohduq iurp wkhlu idloxuhv dqg wu| djdlq1

Zh xvh djhqw0edvhg vlpxodwlrq wr vkrz wkdw Vlolfrq Ydooh| w|sh lqgxvwuldo
foxvwhuv zloo hphujh vsrqwdqhrxvo| rq wkh odqgvfdsh1 Lq dgglwlrq/ wkh prgho
h{klelwv wkh iroorzlqj surshuwlhv= 4, Iluvw pryhu*v dgydqwdjh= wkh �uvw �up
kdv d ehwwhu fkdqfh wr vxuylyh dqg jurz> d uhjlrq zkhuh �upv hqwhu wkh pdunhw
hduo| whqgv wr fdswxuh d odujh slhfh ri wkh lqgxvwu|1 5, Sdwk ghshqghqfh=
wkh pruh �upv d uhjlrq kdv/ wkh pruh lw whqgv wr kdyh> rqfh d foxvwhu lv
iruphg/ lw fdq kdugo| eh wrssohg1 6, Foxvwhulqj ri hqwuhsuhqhxuvkls= �upv duh
frqwlqxrxvo| iruplqj dqg g|lqj zlwklq foxvwhuv1 7, Foxvwhulqj ri lqqrydwlrqv=
wkh surgxfwlylw| lq foxvwhuv lv pxfk kljkhu wkdq hovhzkhuh ehfdxvh ri wkh
froohfwlyh ohduqlqj zlwklq foxvwhuv wkurxjk lqqrydwlrq dqg lplwdwlrq1

Gdwd iurp wkh vlpxodwlrq dqg wkh surshuwlhv ri wkh prgho duh glvfxvvhg
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lq oljkw ri hpslulfdo uhjxodulwlhv1 Zh dovr h{soruh yduldwlrqv ri wkh prgho
wr vwxg| wkh idfwruv wkdw ghwhuplqh wkh orfdwlrq ri hphujlqj foxvwhuv1 Zh
ohduq wzr ohvvrqv iurp wkh prgho1 Iluvw/ wkh frqyhqwlrqdo nqrzohgjh0vslooryhu
olwhudwxuh pd| rqo| whoo sduw ri wkh vwru|> wkh frqwdjlrq ri hqwuhsuhqhxuvkls
wkurxjk shhu h�hfwv vhhpv wr eh dq lpsruwdqw phfkdqlvp wkurxjk zklfk
kljk0whfk lqgxvwuldo foxvwhuv hphujh dqg jurz1 Vhfrqg/ zkloh pdq| vfkroduv
kdyh uhfrjql}hg wkh lpsruwdqfh ri �vhhg fdslwdo� iru d exgglqj kljk0whfk
uhjlrqdo hfrqrp|/ rxu prgho vxjjhvwv wkdw �vhhg hqwuhsuhqhxuv� pd| eh hyhq
pruh lpsruwdqw ehfdxvh wkh| vhuyh dv orfdo uroh prghov dqg lqvsluh qhz
hqwuhsuhqhxuv1

Wkh pdlq frqwulexwlrq ri wklv sdshu lv wkh dssolfdwlrq ri d qryho phwkrg0
rorjlfdo dssurdfk wr vwxg| wkh irupdwlrq ri lqgxvwuldo foxvwhuv dqg uhodwhg
srolf| lvvxhv1 Zkloh djhqw0edvhg frpsxwdwlrqdo hfrqrplfv kdv lqwurgxfhg
qhz wrrov iru hfrqrplf dqdo|vlv/ zh kdyh |hw wr vhh dssolfdwlrqv ri wklv ds0
surdfk lq srolf| dqdo|vlv1 Wklv sdshu lqwhqgv wr �oo lq wkh eodqn1 Dv rxu
prgho vkrzv/ wkh djhqw0edvhg dssurdfk lv sduwlfxoduo| xvhixo iru ghdolqj zlwk
g|qdplf hfrqrplf v|vwhpv1 Lw lv dovr  h{leoh iru whvwlqj wkh h�hfwv ri dowhu0
qdwlyh dvvxpswlrqv1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 uhylhzv
uhodwhg olwhudwxuh1 Vhfwlrq 6 suhvhqwv wkh prgho1 Wkh djhqw0edvhg vlpxodwlrq
ri wkh prgho lv ghvfulehg lq Vhfwlrq 71 Wkh odvw vhfwlrq frqfoxghv zlwk vrph
uhpdunv1
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5 Uhodwhg Olwhudwxuh
Rxu prgho exlogv xsrq wkh lqwhuvhfwlrq ri vhyhudo vwudqgv ri wkh olwhudwxuh1

514 Wkh Qhovrq0Zlqwhu sdudgljp
Wkh whup hyroxwlrqdu| hfrqrplfv kdv ehhq xvhg lq gl�huhqw frqwh{wv dqg e|
ydulrxv jurxsv ri hfrqrplvwv/ lqfoxglqj lqvwlwxwlrqdo hfrqrplvwv/ hyroxwlrqdu|
jdph wkhrulvwv/ dqg wkrvh zkr iroorz Qhovrq dqg Zlqwhu +4<;5,1 Wkh Qhovrq0
Zlqwhu sdudgljp ri hyroxwlrqdu| hfrqrplfv lv d v|qwkhvlv wkdw lqwhjudwhv
wkuhh vrxufhv ri zrun= Vlprq*v frqfhsw ri �erxqghg udwlrqdolw|/� Qhovrq*v
dqg rwkhuv* zrun rq lqyhqwlrq dqg lqqrydwlrq iroorzlqj Vfkxpshwhu/ dqg
Dofkldq*v dqg Zlqwhu*v zrun rq �qdwxudo vhohfwlrq� lq hfrqrplf hyroxwlrq1

D w|slfdo Qhovrq0Zlqwhu hyroxwlrqdu| prgho gh�qhv wkh vwdwh ri wkh lq0
gxvwu| e| d olvw ri �up ohyho vwdwh yduldeohv vxfk dv sk|vlfdo fdslwdo dqg
surgxfwlylw|1 Plqlpxp hqylurqphqwdo fkdudfwhulvwlfv duh vshfl�hg/ zklfk
pd| lqfoxgh lqsxw dqg rxwsxw frqglwlrqv/ wkh vsdfh ri lqqrydwlrqv dv zhoo dv
wkh zd| lqqrydwlyh vhdufk wdnhv sodfh1 Edvhg rq wkhvh/ wkh dfwlylwlhv ri wkh
lqgxvwu| lq wkh fxuuhqw shulrg duh fdofxodwhg dqg lq wxuq jhqhudwh qhz ydoxhv
ri vwdwh yduldeohv iru wkh qh{w shulrg1 Qhz whfkqrorj| ru qhz uxohv pd| eh
dgrswhg li wkh| lqfuhdvh h{shfwhg sur�wdelolw|1 Fdofxodwlrqv duh frqgxfwhg
iru d vhulhv ri shulrgv dqg duh xvhg wr vwxg| wkh hyroxwlrq ri whfkqrorj|/ wkh
dssolfdwlrq ri uxohv/ dqg rwkhu fkdudfwhulvwlfv ri wkh lqgxvwu| +Dqghuvrq hw
do1/ 4<<9,1 Wkh Qhovrq0Zlqwhu sdudgljp surylghv d srzhuixo dqg jhqhudo wkh0
ruhwlfdo iudphzrun iru vwxg|lqj ydulhw|0fuhdwlrq dqg ydulhw|0vhohfwlrq zlwklq
d jlyhq hfrqrplf vhfwru1 Xs xqwlo qrz/ uhvhdufkhuv dorqj wklv wudglwlrq kdyh
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zrunhg zlwk yhu| vlpsoh h{dpsohv> wkh srwhqwldo ri wkh jhqhudo vfkhpd lv idu
iurp ixoo| h{sorlwhg1 Qhovrq dqg Zlqwhu +4<;5, lv d fodvvlf uhihuhqfh ri wkhlu
sdudgljp1 Qhovrq +4<<8, jlyhv d uhylhz ri pruh uhfhqw ghyhorsphqwv lq wklv
duhd dqg uhodwhg �hogv1

515 Djhqw0edvhg frpsxwdwlrqdo hfrqrplfv
Djhqw0edvhg frpsxwdwlrqdo hfrqrplfv lv wkh frpsxwdwlrqdo vwxg| ri hfrqrplhv
prghohg dv hyroylqj v|vwhpv ri dxwrqrprxv lqwhudfwlqj djhqwv1 Lw lv dq ds0
solfdwlrq ri wkh edvlf frpsoh{ dgdswlyh v|vwhpv sdudgljp wr hfrqrplfv1 Uh0
vhdufkhuv lq wklv �hog wu| wr xqghuvwdqg zk| fhuwdlq pdfur0ohyho uhjxodulwlhv
hphujh dqg shuvlvw lq ghfhqwudol}hg pdunhw hfrqrplhv ghvslwh wkh devhqfh ri
dq| irupv ri fhqwudol}hg frruglqdwlrq1 Iru h{dpsoh/ wkh djhqw0edvhg frp0
sxwdwlrqdo dssurdfk kdv ehhq dssolhg wr vwxg| exvlqhvv f|fohv/ wudgh qhw0
zrunv/ pdunhw surwrfrov/ wkh irupdwlrq ri �upv dqg flwlhv/ dqg wkh gl�xvlrq
ri whfkqrorjlfdo lqqrydwlrqv1 Frpsxwhu surjudpv duh khdylo| xvhg wr ghprq0
vwudwh frqvwuxfwlyho| krz wkrvh pdfur0ohyho uhjxodulwlhv pljkw dulvh iurp wkh
erwwrp xs wkurxjk uhshdwhg orfdo lqwhudfwlrqv ri dxwrqrprxv djhqwv1 D
phwkrgrorjlfdo dgydqwdjh ri djhqw0edvhg frpsxwdwlrqdo hfrqrplfv lv wkdw
lw hqdeohv vrfldo vflhqwlvwv wr gr �oderudwru| h{shulphqwv� wr whvw d wkhru|/
ehfdxvh frpsxwdwlrqdo prghov xvxdoo| fdq eh prgl�hg txlwh hdvlo| wr vwxg|
dowhuqdwlyh vrflrhfrqrplf vwuxfwxuhv dqg h{dplqh wkhlu h�hfwv rq hfrqrplf
rxwfrphv +Whvidwvlrq/ 5334,1

Xvlqj srnhu fklsv rq d fkhfnhuerdug/ Vfkhoolqj +4<:4, vlpxodwhv wkh g|0
qdplfv ri udfldo krxvlqj vhjuhjdwlrq/ zklfk lv jhqhudoo| uhfrjql}hg dv wkh
slrqhhulqj dssolfdwlrq ri wklv dssurdfk lq vrfldo vflhqfhv1 Lq d jurxqg0
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euhdnlqj zrun/ Hsvwhlq dqg D{whoo +4<<9, lqyhvwljdwh krz vrfldo vwuxfwxuhv
dqg jurxs ehkdylruv dulvh iurp wkh lqwhudfwlrq ri lqglylgxdov1 Zlwk djhqw0
edvhg vlpxodwlrqv/ wkh| vkrz krz ixqgdphqwdo froohfwlyh ehkdylruv vxfk dv
jurxs irupdwlrq/ fxowxudo wudqvplvvlrq/ frpedw/ dqg wudgh fdq hphujh iurp
wkh lqwhudfwlrq ri lqglylgxdo djhqwv iroorzlqj vlpsoh orfdo uxohv1 D{whoo +4<<<,
suhvhqwv d prgho lq zklfk khwhurjhqhrxv djhqwv irup �upv1 Djhqwv mrlq �upv
ru vwduw xs qhz �upv zkhq lw lv dgydqwdjhrxv iru wkhp wr gr vr1 Dv �upv
jurz/ djhqwv kdyh ohvv lqfhqwlyh wr vxsso| wkhlu h�ruwv dqg whqg wr ehfrph
iuhh ulghuv/ zklfk fdxvhv odujh �upv wr ghfolqh1 Dw wkh plfur ohyho/ �upv
jurz dqg shulvk> dw wkh djjuhjdwh ohyho/ wkh prgho surgxfhv gdwd derxw �up
vl}hv/ jurzwk udwhv/ dqg uhodwhg djjuhjdwh uhjxodulwlhv wkdw sdudooho hpslulfdo
�qglqjv1

Hsvwhlq +4<<<, fkdudfwhul}hv wkh djhqw0edvhg frpsxwdwlrqdo dssurdfk
zlwk wkh iroorzlqj ihdwxuhv= khwhurjhqhrxv djhqwv lq whupv ri suhihuhqfhv/
fxowxuh/ vrfldo qhwzrunv/ hwf1> ghfhqwudol}hg dxwrqrprxv ehkdylru ri djhqwv>
h{solflwo| gh�qhg vsdfh> orfdo lqwhudfwlrqv dprqj djhqwv> dqg erxqghg udwlr0
qdolw|1 Ehfdxvh ri wkhvh ihdwxuhv/ djhqw edvhg prgholqj lv sduwlfxoduo| xvhixo
zkhq wkh srsxodwlrq lv khwhurjhqrxv/ zkhq lqwhudfwlrqv dprqj djhqwv duh
frpsoh{ dqg qrqolqhdu/ dqg zkhq wkh vsdfh lv fuxfldo1

516 Lqgxvwuldo foxvwhuv
Dq lqgxvwuldo foxvwhu lv d jhrjudsklf duhd zkhuh pdq| �upv lq dq lqgxvwu| duh
orfdwhg dqg lqwhudfw zlwk hdfk rwkhu wkurxjk frpshwlwlrq dqg frrshudwlrq1
Hfrqrplvwv* lqwhuhvw lq lqgxvwuldo foxvwhuv wudfhv edfn wr Pduvkdoo +4<53,/
exw zh kdyh vhhq d uhylydo ri wklv lqwhuhvw uhfhqwo| +vhh/ h1j1/ Duwkxu/ 4<<3>
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Nuxjpdq/ 4<<4> dqg Sruwhu/ 4<<;,1 Wklv olqh ri uhvhdufk hpskdvl}hv wkh qhw
ehqh�wv wr �upv orfdwhg lq d foxvwhu/ zklfk duh ghwhuplqhg e| wkh ehqh�wv
dqg wkh frvwv ri djjorphudwlrq1 Vrxufhv ri ehqh�wv lqfoxgh srrohg oderu
irufhv/ vshfldol}hg vxssolhuv/ dffhvv wr fdslwdo/ sur{lplw| wr fxvwrphuv/ dqg
nqrzohgjh vslooryhuv1 Zkhuhdv/ glvhfrqrplhv ri djjorphudwlrq vwhp iurp
lqfuhdvhg frpshwlwlrq/ frqjhvwlrq frvwv/ dqg nqrzohgjh h{sursuldwlrq1 Li
srvlwlyh qhw ehqh�wv duh h{shfwhg iurp dq lqgxvwuldo foxvwhu/ qhz hqwudqwv
whqg wr dulvh lq wkh foxvwhu/ ixuwkhu hqkdqflqj wkh jhrjudsklf frqfhqwudwlrq1

Wkrvh zrunv wkdw irfxv rq qhw ehqh�wv iurp djjorphudwlrq wuhdw foxv0
whuv dv wkh uhvxow ri �upv* orfdwlrqdo fkrlfhv1 \hw lw lv qrw fohdu zkhwkhu
�up rzqhuv ru hqwuhsuhqhxuv hqjdjh lq vxfk vhdufklqj dqg frpsdulqj h{0
huflvhv1 Pruhryhu/ kljk0whfk vwduw0xsv pljkw kdyh frqfhuqv gl�huhqw iurp
pdqxidfwxulqj �upv1 Frrshu dqg Irowd +5333, srlqw rxw wkdw wkh sulpdu|
ghwhuplqdqw ri d kljk0whfk vwduw0xs lv wkh sulru orfdwlrq ri lwv irxqghu1 Lq
idfw/ hqwuhsuhqhxuv vhogrp pryh zkhq wkh| ghflgh wr vwduw wkhlu qhz �upv1
Wklv lv xqghuvwdqgdeoh ehfdxvh/ e| vwd|lqj zkhuh wkh| duh/ hqwuhsuhqhxuv
fdq xwlol}h wkhlu h{lvwlqj qhwzrun wr vhhn lqyhvwruv/ hpsor|hhv/ fxvwrphuv/
vxssolhuv/ dqg dgylvruv> wkh| fdq vwduw rq d sduw0wlph edvlv dqg ghihu ixoo
frpplwphqw xqwlo wkh vwduw0xs ehfrphv pruh surplvlqj> dqg wkh| pd| zdqw
wkhlu vsrxvhv wr nhhs wkhlu fxuuhqw mrev1 Jlyhq wkdw hqwuhsuhqhxuv gr qrw
pryh/ rqh grxewv zkhwkhu wkh| lqwhqwlrqdoo| wdnh dgydqwdjh ri wkh ehqh�wv
ri jhrjudsklf foxvwhuv1

Xvlqj gdwd rq X1V1 pdqxidfwxulqj hpsor|phqw lq wkh shulrg ri 4;9304<;:/
Nlp +4<<8, vkrzv wkdw lqgxvwu| orfdol}dwlrq sdwwhuqv duh qhjdwlyho| fruuh0
odwhg zlwk fkdudfwhulvwlfv dvvrfldwhg zlwk h{whuqdo hfrqrplhv1 Lq sduwlfxodu/
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kljk0whfk vhfwruv/ zklfk duh eholhyhg wr kdyh pruh srvlwlyh h{whuqdolwlhv wkdq
rwkhu vhfwruv/ duh ohvv djjorphudwhg1 Wklv lv lqfrqvlvwhqw zlwk wkh orfdwlrq
fkrlfh olwhudwxuh1

Vrfldo vflhqwlvwv kdyh orqj qrwlfhg wkdw foxvwhuv/ ri lqglylgxdov ru �upv/
duh wkh uhvxow ri wzr w|shv ri ehkdylru1 Rqh lv d vruwlqj surfhvv1 Iru h{dpsoh/
lqglylgxdov* udfldo suhihuhqfhv frxog ohdg wr krxvlqj vhjuhjdwlrq lq zklfk foxv0
whuv ri eodfn ru zklwh uhvlghqwv duh iruphg1 Wkh rwkhu lv d ehkdylru0dgdswlqj
surfhvv1 Iru h{dpsoh/ vprnhuv fdq frqyhuw wkhlu qrq0vprnlqj iulhqgv lqwr
vprnhuv/ uhvxowlqj lq foxvwhuv ri vprnlqj ehkdylruv1 Wkh h{lvwlqj olwhudwxuh
rq lqgxvwuldo foxvwhuv kdv vwxglhg wkh vruwlqj surfhvv lq zklfk �upv fkrrvh
wr orfdwh forvh wr rwkhu �upv/ exw kdv qhjohfwhg wkh rwkhu surfhvv1 Zh du0
jxh wkdw hqwuhsuhqhxuvkls pd| eh frqwdjlrxv dqg wkdw d shuvrq vxuurxqghg
e| hqwuhsuhqhxuv lv pruh olnho| wr vwduw d �up klpvhoi1 Wklv surylghv dq
dowhuqdwlyh wkhru| ri wkh irupdwlrq ri lqgxvwuldo foxvwhuv1

517 Wkh Vfkxpshwhuldq hqwuhsuhqhxu
Wkh Iuhqfk hfrqrplvw/ Ulfkdug Fdqwloorq/ �uvw uhfrjql}hg wkh lpsruwdqw uroh
ri hqwuhsuhqhxuv lq hfrqrplf olih lq wkh 4;wk fhqwxu|1 Wkh frqfhsw ri wkh hq0
wuhsuhqhxu wkhq dsshduhg lq wkh zulwlqjv ri pdq| Iuhqfk hfrqrplvwv lqfoxg0
lqj Txhvqd|/ Wxujrw/ dqg Vd|1 \hw dorqj wkh Eulwlvk wudglwlrq/ wkh grplqdqw
fodvvlfdo vfkrro pdgh qr glvwlqfwlrq ehwzhhq fdslwdolvwv�zkr surylgh wkh
phdqv iru lqyhvwphqw lq surgxfwlrq�dqg hqwuhsuhqhxuv�zkr h{soruh srvvl0
elolwlhv ri lqqrydwlrq/ vhhn sur�wdeoh rssruwxqlwlhv/ dqg dvvxph ulvnv1 Wkxv
wkh iroorzhuv ri Vplwk dqg Ulfdugr h{foxghg wkh hqwuhsuhqhxu iurp hfrqrplf
dqdo|vlv1
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Wrgd|*v hfrqrplvwv ohduq wkh wkhru| ri hqwuhsuhqhxuv pdlqo| iurp Vfkxp0
shwhu +4<67,1 Vfkxpshwhu vwduwv e| ghvfulelqj wkh hfrqrplf v|vwhp dv d
flufxodu  rz zlwk d Zdoudvldq0olnh jhqhudo htxloleulxp1 Wr klp/ hfrqrplf
ghyhorsphqw lv gulyhq e| wkh dfwlylwlhv ri d fodvv ri hqwuhsuhqhxuv zkr wdnh
lw xsrq wkhpvhoyhv wr glvuxsw wkh flufxodu  rz e| lqwurgxflqj qhz surgxfwv/
uhrujdql}lqj oderu irufhv dqg fdslwdo/ dqg uhduudqjlqj wkh surfhvvhv ri exvl0
qhvv olih lq wkh krsh ri pdnlqj d sur�w iurp wkh glvhtxloleuld wkh| fuhdwh1
Wr dqvzhu zkdw gulyhv hqwuhsuhqhxuv wr h{huflvh wkhlu wdohqwv/ Vfkxpshwhu
pljkw kdyh jlyhq wkh prvw urpdqwlf uhdvrqlqj lq hfrqrplfv1 Kh vwdwhv wkdw
hqwuhsuhqhxuv fkrrvh wkhlu zd| ri olih ehfdxvh ri wkh guhdp dqg wkh zloo wr
irxqg d sulydwh nlqjgrp/ wkh zloo wr frqtxhu/ wkh lpsxovh wr �jkw/ wr suryh
rqhvhoi vxshulru wr rwkhuv/ wr vxffhhg iru wkh vdnh qrw ri wkh iuxlwv ri vxf0
fhvvhv exw ri vxffhvv lwvhoi/ dqg �qdoo| wkh mr| ri fuhdwlqj/ jhwwlqj wklqjv
grqh/ ru vlpso| ri h{huflvlqj rqh*v hqhuj| dqg lqjhqxlw|1 Vfkxpshwhu xvhv
klv frqfhsw ri hqwuhsuhqhxu wr h{sodlq exvlqhvv f|fohv1 Wkh lqwurgxfwlrq ri
qhz dqg xqwulhg surgxfwv dqg surfhvvhv fdxvhv �glvwxuedqfhv>� wkhvh glvwxu0
edqfhv wkdw dsshdu �lq jurxsv ru vzdupv� frqvwlwxwh exvlqhvv f|fohv1 Dqg
hqwuhsuhqhxuldo dfwlylwlhv dsshdu lq foxvwhuv ehfdxvh �wkh dsshdudqfh ri rqh
ru d ihz hqwuhsuhqhxuv idflolwdwhv wkh dsshdudqfh ri rwkhuv/ dqg wkrvh wkh
dsshdudqfh ri pruh/ lq hyhu0lqfuhdvlqj qxpehuv ^Vfkxpshwhu*v lwdolfv`1�

Vfkxpshwhu*v wkhru| ri hqwuhsuhqhxuv kdv ehhq uhqrzqhg dqg lq xhqwldo1
Krzhyhu/ lw lv idlu wr vd| wkdw lwv lq xhqfh kdv uhpdlqhg rxwvlgh ri qhrfodv0
vlfdo hfrqrplfv1 Vfkxpshwhu*v hqwuhsuhqhxu lv e| gh�qlwlrq dq htxloleulxp0
glvwxuelqj �jxuh> klv hqwuhsuhqhxuldo dfwlylwlhv frqvwdqwo| lqwhuuxsw wkh whq0
ghqf| wrzdug htxloleulxp lq wkh hfrqrplf v|vwhp1 Wkhuhiruh/ vlqfh qhrfodv0
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vlfdo hfrqrplfv irfxvhv rq htxloleulxp dqdo|vlv/ wkhuh lv qr urrp iru Vfkxp0
shwhu*v hqwuhsuhqhxu1 \hw/ dv zh zloo vhh/ wkh Vfkxpshwhuldq hqwuhsuhqhxu
sod|v d fuxfldo uroh lq rxu prgho1

6 Wkh Prgho
Frqvlghu dq � � � odwwlfh judsk/ \ � ' ETc.�/ zlwk shulrglf erxqgdu|
frqglwlrqv1 T dqg . duh wkh vhwv ri yhuwh{hv dqg hgjhv uhvshfwlyho|1 Hdfk
yhuwh{ � 5 T uhsuhvhqwv dq djhqw1 Dq djhqw � lv hqgrzhg zlwk vrph kxpdq
fdslwdo +whfkqrorj|, � � 1

Dw wlph 3/ doo djhqwv duh eruq dqg hdfk djhqw*v hqgrzphqw ri kxpdq
fdslwdo lv ghwhuplqhg e| d udqgrp gudz= � �� 1

Lq hdfk shulrg ri wlph/ dq djhqw zlwk qr �up kdv wr pdnh d ghflvlrq
zkhwkhu kh zdqwv wr eh dq hqwuhsuhqhxu dqg vwduw d �up1 Li kh zdqwv wr gr
vr dw wlph |/ kh zloo udlvh vrph prqh| wr ex| fdslwdo g �

� 1 Li djhqw � kdv d
�up/ klv surgxfwlrq ixqfwlrq lv

t �
� ' � �� Eg �

� � � c k 	 �c +4,

rwkhuzlvh/ kh surgxfhv qrwklqj= t �
� ' f1 Fdslwdo lv dozd|v rewdlqdeoh dw d

�{hg xqlw frvw S1 Iru vlpsolflw|/ zh ghdo zlwk wkh vlqjoh0idfwru surgxfwlrq
dqg gr qrw erwkhu zlwk oderu1 Wklv vlpsol�fdwlrq pd| eh xqghuvwrrg lq wklv
zd|= hdfk xqlw ri fdslwdo lv dwwdfkhg zlwk d fhuwdlq dprxqw ri oderu dffruglqj
wr d �{hg fdslwdo0oderu udwlr dqg dexqgdqw oderu lv vxssolhg dw d frqvwdqw
sulfh zklfk lv douhdg| lqfoxghg lq S1
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Djjuhjdwh vxsso| lq wklv lqgxvwu| lv
7 � ' [

�
t �
� � +5,

Djjuhjdwh ghpdqg ( � lv jlyhq h{rjhqrxvo|1 Pdunhw sulfh dw wlph | lv ghflghg
e|

� � ' ( �

7 � � +6,
Li djhqw � surgxfhv/ klv sur�w lv

Z �� ' � � t �
� � Sg �

� � +7,
Djhqwv duh erxqghgo| udwlrqdo> wkh| dfw dffruglqj wr vrph uxohv ri wkxpe1
Zkhq dq djhqw pdnhv vrph sur�w/ kh zloo sxw sduw ri lw lqwr U)G dqg vshqg
wkh uhvw rq fdslwdo dffxpxodwlrq1 Wkh U)G ixqg zloo eh vsolw djdlq/ zlwk
sduw ri lw vshqw rq whfkqrorjlfdo lqqrydwlrq dqg wkh uhpdlqghu rq whfkqrorj0
lfdo lplwdwlrq1 Hdfk djhqw lv eruq zlwk wzr xqlirupo| glvwulexwhg udqgrp
qxpehuv � � c b � 5 Efc ��/ zklfk kh wdnhv dv uxohv wkdw jryhuq klv vshqglqj rq
whfkqrorjlfdo lqqrydwlrq dqg lplwdwlrq1 Li djhqw � pdnhv sur�w Z �

� : f/ kh
sxwv dvlgh � � Z �

� iru U)G1 Dprqj wkdw dprxqw/ b � � � Z �
� jrhv wr whfkqrorjl0

fdo lqqrydwlrq1 Ohw U� � dqg U� � ghqrwh �*v vshqglqjv rq lqqrydwlrq dqg
lplwdwlrq/ uhvshfwlyho|1 Wkhq/

li Z �� : fc wkhq
U� ���	�

� ' U� � n b � � � Z �� c
U� ���	�

� ' U� � n E�� b � �� � Z �
� c

g ���	�
� ' g � E�� _� n E�� � � �Z �

� (
li Z �� � fc wkhq

g �
�	�
� ' g � E�� _� n Z �

� � +8,
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Khuh _ : f uhsuhvhqwv wkh udwh ri fdslwdo ghsuhfldwlrq1
Whfkqrorjlfdo lqqrydwlrq dqg lplwdwlrq duh frvwo|1 Lq dgglwlrq/ wkh odujhu

d �up lv/ wkh pruh frvwo| wr lpsuryh lwv whfkqrorj|1 Zkhqhyhu djhqw �*v
vshqglqj rq lqqrydwlrq h{fhhgv sEg � �/ kh jhwv d fkdqfh wr gudz d qhz � �
iurp wkh glvwulexwlrq ri whfkqrorjlfdo rssruwxqlwlhv 8 E�c |�1 Wklv glvwulexwlrq
ixqfwlrq lv lqghshqghqw ri �*v fxuuhqw whfkqrorj| exw lwv phdq lqfuhdvhv zlwk
wlph1 Li wkh qhz gudz lv juhdwhu wkdq klv rog rqh/ kh zloo dgrsw wkh qhz rqh1
Zkhqhyhu djhqw �*v vshqglqj rq lplwdwlrq h{fhhgv }Eg � �/ kh jhwv d fkdqfh
wr frs| wkh ehvw whfkqrorj| iurp klv qhljkerulqj �upv1 Lw lv pruh frvwo| iru
odujh �upv wr xsjudgh whfkqrorj|/ vr s � E�� : f dqg } � E�� : f1 �*v qhljkerulqj
�upv duh wkrvh vwduwhg e| vxuurxqglqj djhqwv=

� � ' i�m_E�c �� � 2 dqg g � : fjc +9,

zkhuh _E�c �� lv wkh glvwdqfh ehwzhhq � dqg �/ zklfk lv gh�qhg dv wkh qxpehu
ri hgjhv wkdw frqvwlwxwh d vkruwhvw sdwk ehwzhhq � dqg �1 Wkhuhiruh/ wkh
phfkdqlvp ri lqqrydwlrq dqg lplwdwlrq fdq eh vxppdul}hg dv iroorzv=

Li U� �
� � sEg �

� �c wkhq � �
�	�
� ' 4@ i� �� c � �� jc zkhuh � �� q 8 E�c |�c

dqg U� ���	� ' U� �
� � sEg �

� �(
li U� �

� � }Eg �
� �c wkhq � ���
�� ' 4@ i� �� c4@ ��������� �

�
��� jc

dqg U� ���	� ' U� �
� � }Eg �

� �� +:,

Li wkh �up vlpxowdqhrxvo| jhwv d udqgrp gudz dqg d frs| ri wkh ehvw whfk0
qrorj| lq wkh qhljkerukrrg/ wkh ehwwhu rqh lv dgrswhg1

Lq dgglwlrq/ hqwuhsuhqhxuv ohduq iurp idloxuhv1 Hdfk wlph dq hqwuhsuh0
qhxu idlov/ zklfk phdqv kh nhhsv orvlqj prqh| dqg hyhqwxdoo| grhv qrw kdyh
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hqrxjk fdslwdo wr rshudwh/ kh hduqv d fkdqfh 4 : f wr frs| wkh ehvw whfk0
qrorj| iurp klv qhljkerulqj �upv1 Iru wkh vdnh ri sduvlprq|/ zh xvh d
vlqjoh sdudphwhu/ �/ wr uhsuhvhqw whfkqrorj|/ zklfk vkrxog eh xqghuvwrrg
dv d frpelqdwlrq ri erwk pdqdjhphqw vnloov dqg surgxfwlrq whfkqrorj|1 D
idlohg hqwuhsuhqhxu lv olnho| wr ohduq vrph pdqdjhphqw vnloov iurp wkh sudf0
wlfhv ri qhdue| vxffhvvixo hqwuhsuhqhxuv1 Vlploduo|/ kh zloo olnho| uhfrjql}h
wkh ehwwhu surgxfwlrq whfkqrorj| xvhg e| qhljkerulqj hqwuhsuhqhxuv1 Dqg
wklv rssruwxqlw| iru d idlohg hqwuhsuhqhxu wr frs| d ehwwhu whfkqrorj| iurp
vxuylylqj �upv frxog eh lqwhusuhwhg dv d fkdqfh iru �}hur0frvw lplwdwlrq1�
Lq wklv vhqvh/ zh duh dvvxplqj wkdw lplwdwlrq lv hdvlhu iru d uh0vwduwhu wkdq
iru dq lqfxpehqw �up1 Suhylrxv vwxglhv kdyh vkrzq wkdw lqfxpehqw �upv
duh ohvv olnho| wr dgrsw udglfdo lqqrydwlrqv ehfdxvh lw lv pruh frvwo| iru wkhp
wr vkliw wr d gl�huhqw whfkqrorj| vwdqgdug +Irvwhu/ 4<;9> Fkulvwhqvhq/ 4<<:,1
Exw d idlohg hqwuhsuhqhxu zkr vwduwv xs d qhz �up idfhv qr vxfk frvwv1 �

Dq djhqw*v ghflvlrq rq �up0irxqglqj uh hfwv klv shufhswlrq ri ulvn dqg klv
hydoxdwlrq ri sur�wdelolw|1 Lq wxuq/ klv dwwlwxgh lv d�hfwhg e| rwkhu djhqwv
lq wkh vrflhw|1 Zh dvvxph wkdw vrfldo glvwdqfh lv sursruwlrqdo wr sk|vlfdo
glvwdqfh dqg dq djhqw*v ehkdylru lv odujho| lq xhqfhg e| forvh qhljkeruv1 Li
pdq| ri klv qhljkeruv duh hqwuhsuhqhxuv dqg pdnh d orw ri prqh|/ kh zloo
vhh wkh sur�wdeoh rssruwxqlw| dqg dovr jhw d sv|fkrorjlfdo errvw iurp wkhlu
vxffhvv1 Khqfh kh lv olnho| wr fkrrvh wr eh dq hqwuhsuhqhxu klpvhoi> rwkhuzlvh/
lw lv ohvv olnho| wkdw kh zloo gr vr1 D glvwdqw vxffhvvixo hqwuhsuhqhxu kdv

� Iru h{dpsoh/ lw lv txlwh hdv| iru d iuhvk vwduwhu wr lplwdwh Dpd}rq1frp/ exw qrw wkdw
hdv| iru d frqyhqwlrqdo errnvwruh ehfdxvh lwv rq0olqh vhuylfh frxog kxuw lwv sk|vlfdo vwruh1
Lq wklv vhqvh/ lw frvwv ohvv iru d idlohg errnvwruh rzqhu wr lplwdwh Dpd}rq*v whfkqrorj|1

46



vpdoohu h�hfwv rq dq djhqw*v ghflvlrq1 Vshfl�fdoo|/ wkh suredelolw| wkdw dq
djhqw fkrrvhv wr vwduw d �up lv gh�qhg dv iroorzv=

�hEg ���	�
� : f m g �

� ' f� ' �Eg �
��� c g �

��� c ����/
dqg Y�

Yg �
� � fc ;� 9' �( Y�

Yg �
��� � Y�

Yg �
��� li _E�c � � � � _E�c �  �� +;,

Iru vlpsolflw|/ zh kdyh dvvxphg wkdw d idlohg hqwuhsuhqhxu kdv qr qhjd0
wlyh h�hfw rq dqrwkhu djhqw*v ghflvlrq1 Fdvxdo revhuydwlrq ri wkh uhdo zruog
khos mxvwli| wklv dv|pphwu| ehwzhhq wkh vrfldo h�hfwv ri vxffhvv dqg idloxuh1
Iru h{dpsoh/ wkh olplwhg oldelolw| frusrudwlrq v|vwhp fuhdwhv dq dv|pphwu|
ehwzhhq vxffhvv dqg idloxuh= d vxffhvvixo hqwuhsuhqhxu lv xvxdoo| zruwk plo0
olrqv exw d idlohg rqh doprvw qhyhu orvhv pxfk1 Dovr/ wkh phgld dozd|v jlyhv
pruh dwwhqwlrq wr vxffhvvhv wkdq wr idloxuhv/ zklfk ixuwkhu pdjql�hv wkh uhod0
wlyh sv|fkrorjlfdo lpsdfw ri vxffhvvhv1 Uhvhdufk vkrzv wkdw hyhq lq wkh shdn
|hduv ri wkh Lqwhuqhw uhyroxwlrq/ d odujh qxpehu ri kljk0whfk �upv zhqw rxw
ri exvlqhvv lq Vlolfrq Ydooh| +]kdqj/ 5336,1 Krzhyhu/ hyhq wkh orfdo phgld
uduho| fryhu vxfk idloxuhv1

7 Djhqw0Edvhg Vlpxodwlrq
Rxu g|qdplf prgho uhsuhvhqwv d frpsoh{ Pdunry Surfhvv1 Wr dqdo|}h lw ulj0
rurxvo| lv d iruplgdeoh wdvn1 Zh zloo surfhhg zlwk dq djhqw0edvhg vlpxodwlrq
wr ohduq wkh surshuwlhv ri wkh prgho1
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714 Sdudphwhul}dwlrq ri wkh prgho
Rqh zd| wr fdoleudwh rxu prgho lv wr vhdufk iru d vhw ri sdudphwhu ydoxhv/
xvlqj phwkrgv vxfk dv wkh Jhqhwlf Dojrulwkp/ vr wkdw wkh rxwfrphv ri wkh
prgho uhsolfdwh vrph suh0vhohfwhg hpslulfdo uhjxodulwlhv1 Vlqfh zh zloo ir0
fxv rq wkh txdolwdwlyh surshuwlhv ri wkh prgho/ vxfk d vrsklvwlfdwhg phwkrg
vhhpv xqzduudqwhg1 Lqvwhdg/ zh wdnh d vlpsohu dssurdfk e| slfnlqj d vhw ri
�uhdvrqdeoh� sdudphwhuv wkurxjk d ihz wuldov rq wkh frpsxwhu surjudp1 Dv
|rx zloo vhh/ wkh prgho zrunv �qh1 Wklv sduwo| suryhv wkh urexvwqhvv ri rxu
edvlf vhwxs1 Wkh prgho lv sdudphwhul}hg dv iroorzv=

� � ' �ff1 Wkdw lv/ zh kdyh d srsxodwlrq ri 43/333 djhqwv1

� Whfkqrorj| � �� lv gudzq lq wkh zd| vxfk wkdws� �� iroorzv LEfc �n �!#" $&%'% �/
d xqlirup glvwulexwlrq rq Efc � n �!#" $&%'% �1 Wkdw lv/

8 E�c |� '
� 5/833�
5/833n |

� (
�

Lw orrnv olnh d wuxqfdwhg qrupdo glvwulexwlrq/ zklfk pdnhv lw gl!fxow wr
dwwdlq d yhu| h!flhqw whfkqrorj|1 Ryhu wlph/ wkh glvwulexwlrq h{sdqgv
wr wkh uljkw1 Wklv lpsolhv wkdw d gudz wrgd| lv h{shfwhg wr |lhog d
ehwwhu whfkqrorj| wkdq d gudz |hvwhugd|1 Wkhuhiruh/ wkh lqyhvwphqw lq
whfkqrorj|/ mxvw olnh wkh lqyhvwphqw lq fdslwdo/ dovr ghsuhfldwhv1

� Zkhq djhqw � ghflghv wr vwduw d �up/ kh vlpso| wdnhv prqh| rxw ri klv
vdylqjv dqg dftxluhv fdslwdo g � ' D&/ zkhuh & 5 LEfc ��1 Zh lpsrvh dq
duelwudu| plqlpxp fdslwdo uhtxluhphqw vxfk wkdw li g � 	 f��/ wkh �up
kdv wr eh vkxw grzq1 Wkh glplqlvklqj uhwxuq wr fdslwdo lv fdswxuhg e|
k ' f�bbD1
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� Djjuhjdwh ghpdqg lv jlyhq h{rjhqrxvo| wr uhsolfdwh wkh hyroxwlrq ri dq
lqgxvwu| wkdw jurzv idvw dw dq hduo| vwdjh dqg orvhv lwv prphqwxp ryhu
wlph1 Zh vwduw zlwk ( � ' �f1 Lwv jurzwk udwh lv ghfolqlqj ryhu wkh olih
f|foh ri wkh lqgxvwu|1 Vshfl�fdoo|/ zh gh�qh

} � ' i

f�f� li ( � 	 5/333>
f�f2 li 5/333 � ( � 	 43/333>
f�f� li 43/333 � ( � 	 53/333>
f�ffD li ( � � 53/3331

+<,

Zh dovr gh�qh d f|folfdo sdudphwhu dv K � ' �� �)� t�? � (&* �+)� �/ zklfk vlpxodwhv
exvlqhvv f|fohv wkdw vsdq 73 shulrgv +txduwhuv,1

Lq dgglwlrq/ zh lqwurgxfh udqgrp ghpdqg vkrfnv lq wkh irup " � 5 LE�f�f�c f�f��1
Wkh g|qdplfv ri djjuhjdwh ghpdqg iroorzv

( ���	� ' ( � E� n } � n K � n " � �� +43,

� Li djhqw � lv qrw surgxflqj dw wlph |/ wkh suredelolw| wkdw kh zloo fkrrvh
wr gr vr lv

�hE� vwduwv d �upm g �
� ' f� ' �

2D
[

�-, .0/ ��1 �'2�3 �
g �

�
@ �� n �

Df
[

�-, .4/ ��1 �'2�3 (
g �

�
@ �� n �

83/333/
+44,

zkhuh @ �� lv wkh djh ri �up � dw wlph |1 Lw vd|v wkdw � pd| fkrrvh wr eh
dq hqwuhsuhqhxu lqghshqghqwo| zlwk d orz suredelolw|> li klv qhljkeruv
dffxpxodwhg d juhdw ghdo ri fdslwdo lq d vkruw wlph/ kh lv pruh olnho| wr
irxqg d �up klpvhoi1 Qrwlfh wkdw forvhu qhljkeruv kdyh eljjhu h�hfwv
rq dq djhqw*v fkrlfh dqg glvwdqw hqwuhsuhqhxuv kdyh qr h�hfwv1
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� Sur�wdeoh �upv vshqg prqh| rq U)G dqg wu| wr lpsuryh wkhlu whfk0
qrorj| wkurxjk lqqrydwlrq dqg lplwdwlrq1 Wkh sdudphwhuv wkdw d�hfw
wkh frvwv ri U)G dfwlylwlhv duh sEg � � ' f��Eg � � 5 dqg }Eg � � ' f��Eg � � 5 1
Wkh fkdqfh ri ohduqlqj iurp idloxuh lv 4 ' f��1

715 Pdlq uhvxowv
Zh vwduw rxu vlpxodwlrq zlwk d eodqn odqgvfdsh zlwk qr �up1 Lq wklv fdvh/
wkh hphujhqfh ri wkh �uvw hqwuhsuhqhxu lv d sxuh fkdqfh hyhqw1 Kh pd| qrw eh
dq djhqw hqgrzhg zlwk vxshulru whfkqrorj|1 Exw rqh wklqj lv fhuwdlq/ kh zloo
pdnh d elj sur�w iru klv hqwuhsuhqhxuldo pryh1 Rqfh wkh �uvw hqwuhsuhqhxu
hphujhv rq wkh odqgvfdsh/ pdq| ri klv qhljkeruv zloo uhfrjql}h wkh rssru0
wxqlw| dqg iroorz vxlw> dw wkh vdph wlph/ rwkhuv pd| vwduw �upv e| fkdqfh1
Wkrvh �upv wkdw pdnh sur�wv zloo xsjudgh wkhlu whfkqrorjlhv1 Dv pruh �upv
duh irxqghg dqg whfkqrorj| lv lpsuryhg/ wkh pdunhw sulfh ghfuhdvhv vkduso|1
Pdq| qhz �upv duh eruq durxqg sur�wdeoh �upv1 Ehiruh orqj/ rqh ru pruh
foxvwhuv irup lq fhuwdlq uhjlrqv1 Vrph �upv duh irufhg wr h{lw ehfdxvh wkh|
fdqqrw nhhs xs zlwk rwkhuv lq whfkqrorjlfdo surjuhvv/ zklfk pd| uhvxow iurp
orzhu U)G h{shqglwxuh ru frqwlqxrxv xqoxfn| gudzv iurp wkh glvwulexwlrq
ri whfkqrorj|1 Lq wkh orqj uxq/ zh vhh d vsdwldo sdwwhuq ri lqgxvwuldo foxv0
whuv dv vkrzq lq Iljxuh 41 ! Lq Iljxuh 4/ d juhhq fhoo uhsuhvhqwv d vpdoo �up
+g � � �f,> d uhg fhoo uhsuhvhqwv d phglxp �up +�f 	 g � � �ff,> dqg d eoxh
fhoo lv d odujh �up +g � : �ff,1 D foxvwhu jhqhudoo| krvwv �upv ri doo w|shv1

Lq wklv prgho/ �upv lq d foxvwhu gr ehqh�w iurp nqrzohgjh vslooryhuv dv
6 Lqwhuhvwhg uhdghuv pd| zdqw wr wu| wkh vlpxodwlrq e| wkhpvhoyhv1 D Mdyd Dssohw lv

dydlodeoh iurp wkh dxwkru xsrq uhtxhvw1
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Iljxuh 4= D Vqdsvkrw ri Lqgxvwuldo Foxvwhuv

wkh| fdq lplwdwh ehwwhu whfkqrorjlhv srvvhvvhg e| qhdue| �upv1 Krzhyhu/
zh vhh wkdw hqwuhsuhqhxuv gr qrw pryh dqg wkh| gr qrw lqwhqwlrqdoo| vhhn
wkh ehqh�wv iurp nqrzohgjh vslooryhuv1 Lq idfw/ li lw lv fkhds wr lpsuryh
wkh whfkqrorj| wkurxjk lqghshqghqw uhvhdufk/ lqgxvwuldo foxvwhuv vwloo whqg
wr hphujh hyhq li zh vkxw grzq wkh fkdqqhov iru lqwhu0�up wudqvplvvlrq ri
whfkqrorj|1

Iljxuh 5 vkrzv wkh g|qdplfv ri pdunhw sulfh1 Zkhq wkh �uvw �up hqwhuv
wkh pdunhw/ sulfh lv kljk1 Dv fdslwdo lv dffxpxodwhg dqg surgxfwlrq lv h{0
sdqghg/ pdunhw sulfh lv gulyhq grzq txlfno|1 Frpshwlwlrq e| hqwu| ri qhz
�upv frqwlqxrxvo| sxvkhv wkh sulfh grzq wr wkh frvw ri surgxfwlrq1 Wkhuh
lv d f|folfdo sdwwhuq lq wkh sulfh vhulhv/ zklfk uh hfwv wkh f|folfdo pryhphqw
zh exlog lq wkh ghpdqg1
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Iljxuh 5= Sulfh Vhulhv

Iljxuh 6 vkrzv wkh �up vl}h glvwulexwlrq1 Odujh �upv duh uduh> vpdoo dqg
phglxp �upv grplqdwh wkh lqgxvwu|1 Khuh zh xvh rxwsxw ohyho wr phdvxuh
�up vl}h1 Dq dowhuqdwlyh phdvxuh/ fdslwdo vwrfn/ jlyhv vlplodu txdolwdwlyh
uhvxowv1

Vlqfh Jleudw*v zrun lq wkh hduo| 4<63v/ lw kdv ehhq frpprq sudfwlfh wr
�w �up vl}hv zlwk orjqrupdo glvwulexwlrqv +Vxwwrq/ 4<<:,1 D vwdqgdug mxvwl�0
fdwlrq iru wkh glvwulexwlrq lv wkh vr0fdoohg �odz ri sursruwlrqdo h�hfw/� zklfk
srvwxodwhv wkdw �upv jurz dw udqgrp udwhv lqghshqghqw ri �up vl}h1 Wklv
kdv qrz ehfrph zhoo nqrzq dv wkh �Jleudw*v odz1� D orjqrupdo glvwulexwlrq
lv vnhzhg wr wkh uljkw1 Lw phdqv wkdw �up vl}hv duh frqfhqwudwhg rq vpdoohu
ydoxhv> lq sduwlfxodu/ wkh phdq �up vl}h lv odujhu wkdq wkh phgldq �up vl}h/
dqg erwk ri zklfk duh odujhu wkdq wkh prgdo �up vl}h1 E| gh�qlwlrq/ d orj0
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Iljxuh 6= Ilup Vl}h Glvwulexwlrq

qrupdo glvwulexwlrq ri �up vl}h lpsolhv d qrupdo glvwulexwlrq ri orj �up vl}h1
Iljxuh 6 urxjko| fruuhvsrqgv wr d qrupdo glvwulexwlrq1

Wkh �up vl}h glvwulexwlrq/ hvshfldoo| lwv xsshu wdlo/ kdv riwhq ehhq gh0
vfulehg e| wkh Sduhwr odz +Lmlul dqg Vlprq/ 4<::> D{whoo/ 5334,=

ro 7 ' � / +45,

zkhuh r lv wkh vl}h ri d �up/ o lv lwv udqn lq dq lqgxvwu| +ru dq hfrqrp|,
zlwk wkh odujhvw �up udqnhg 4/ dqg q dqg � duh frqvwdqwv1 Wkh srzhu odz
lpsolhv d olqhdu uhodwlrqvkls ehwzhhq orj �up vl}h dqg orj �up udqn=

*L} r ' *L}� � q *L} o1 +46,

Iljxuh 7 sorwv �up vl}h ryhu �up udqn1 Fxwwlqj r� wkh orzhu txduwloh ri wkh
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vdpsoh/ zh �w d vwudljkw olqh wr wkh uhpdlqlqj gdwd dqg rewdlq=
*L}Es�o6br�5e� ' �2���� 2��� *L}Es�o6bo@?&�c - ( ' f�b.�

Ef��2D� Ef�f2H� +47,
Lw lv doprvw d shuihfw �w1 Wr frpsduh wklv zlwk uhdolw|/ zh gr wkh vdph
h{huflvh iru wkh 544 X1V1 kljk0whfk �upv rq wkh olvw ri Iruwxqh 4333 odujhvw
�upv1 Wkh �up vl}h0udqn sorw lv suhvhqwhg lq Iljxuh 81 Vlqfh wklv gdwd lv
douhdg| wuxqfdwhg iurp ehorz/ zh �w d vwudljkw olqh wr wkh zkroh vdpsoh1 Wkh
uhvxowv duh=

*L}Es�o6br�5e� ' ����e� ��fb *L}Es�o6bo@?&�c - ( ' f�be�
Ef�fHS� Ef�f�b� +48,

Zh vhh wkdw wkh uhdo gdwd dovr �wv d vwudljkw olqh yhu| zhoo/ dowkrxjk lwv vorsh
lv vpdoohu1

Wkh fxuydwxuh lq Iljxuh 7 fruuhvsrqgv wr d ihdwxuh wkdw lv uhshdwhgo|
revhuyhg lq uhdo gdwd1 Lmlul dqg Vlprq +4<::, sursrvh wzr srvvleoh lqwhusuh0
wdwlrqv iru wkh �ghsduwxuh� iurp wkh Sduhwr glvwulexwlrq= dxwrfruuhodwlrq lq
�up jurzwk udwhv dqg wkh h�hfwv ri phujhuv dqg dftxlvlwlrqv1 Rxu prgho
grhv qrw doorz iru phujhuv dqg dftxlvlwlrqv/ exw zh gr kdyh dxwrfruuhodwhg
�up jurzwk1 Iljxuh 8 rqo| sorwv wkh xsshu wdlo ri wkh uhdo gdwd/ zklfk jlyhv
qr lqglfdwlrq derxw krz wkh orzhu wdlo ehkdyhv1 Krzhyhu/ edvhg rq zkdw
zh nqrz/ zh duh deoh wr jhw d urxjk lghd derxw wkh sur�oh ri wkh frpsohwh
vdpsoh1 Dvvxph wkh vpdoohvw kljk0whfk �up kdv dq dqqxdo uhyhqxh ri '3134
ploolrq1 E| htxdwlrq 49/ zh suhglfw lwv udqn lv kljkhu wkdq 441: ploolrq1 Wkdw
udqn lv hyhq odujhu wkdq wkh wrwdo qxpehu ri X1V1 �upv1 8 Wkhuhiruh/ wkh orzhu9 Dffruglqj wr wkh Fhqvxv Exuhdx/ wkh wrwdo qxpehu ri X1V1 hvwdeolvkphqwv lq 4<<< lv
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Iljxuh 7= Ilup Vl}h0Udqn Sorw

Iljxuh 8= Vl}h0Udqn Sorw iru Iruwxqh4333 Kljk0Whfk Ilupv
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Iljxuh 9= Ilup Vl}h0Djh Sorw

hqg ri wkh uhdo gdwd pxvw ehqg grzq olnh wkh vlpxodwhg gdwd1
E| frqvwuxfwlrq/ d �up*v jurzwk udwh lv uhodwhg wr lwv vl}h lq rxu prgho1

Lq sduwlfxodu/ d vpdoo �up lv dvvxphg wr eh deoh wr xsjudgh lwv whfkqrorj|
pruh hdvlo|1 Wklv lv d ylrodwlrq ri wkh Jleudw*v odz1 Krzhyhu/ rxu prgho
lv deoh wr jhqhudwh �up vl}h gdwd wkdw lv txdolwdwlyho| vlplodu wr hpslulfdo
�qglqjv1 Lw uhplqgv xv wkdw wkh Jleudw*v odz lv rqo| rqh ri wkh sduvlprqlrxv
lqwhusuhwdwlrqv ri hpslulfdo gdwd1

Iljxuh 9 sorwv �up vl}h ryhu �up djh1 Lqwhuhvwlqjo|/ wkhuh lv qrw d vwurqj
srvlwlyh fruuhodwlrq ehwzhhq �up vl}h dqg djh1 Lq idfw/ wkh odujhvw �upv duh
doo uhodwlyho| |rxqj1 Wklv lv ehfdxvh rqfh dq rog �up uhdfkhv fhuwdlq vl}h/ lw
vorzv grzq lq xsjudglqj whfkqrorj| gxh wr wkh kljk frvw1 Exw/ uhphpehu/
wkh glvwulexwlrq ri whfkqrorj| pryhv wr wkh uljkw1 D qhzfrphu lv gudzlqj
:/33;/7771
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whfkqrorj| iurp d ehwwhu vsdfh1 Wkxv lw lv pruh h!flhqw dqg zloo rxwjurz
roghu �upv xqghu wkh vdph pdunhw frqglwlrq1 Wklv uh hfwv zkdw kdsshqv lq
wkh kljk0whfk vhfwru lq wkh uhdo zruog1 Iru h{dpsoh/ lq Vlolfrq Ydooh|/ pruh
wkdq kdoi ri wkh wrs 73 whfkqrorj| �upv lq 5335 zhuh qrw hyhq irxqghg wzr
ghfdghv djr> rqo| 7 rxw ri 73 odujhvw �upv lq 5335 zhuh vxuylyruv iurp wkh
wrs073 olvw lq 4<;5 +]kdqj/ 5336,1

Wkh prgho dovr h{klelwv wkh iroorzlqj surshuwlhv=

Wkh �uvw pryhu*v dgydqwdjh

Dw wkh �up ohyho/ wkh �uvw ihz hqwuhsuhqhxuv whqg wr pdnh d orw ri prqh|
dqg kdyh jrrg fkdqfhv wr jurz xs lqwr odujh �upv1 Krzhyhu/ wkhlu vxuylydo
lv qrw jxdudqwhhg1 Vrph odwh frphuv pd| eh hqgrzhg zlwk ehwwhu whfkqrorj|
wkdw fdq gulyh wkh slrqhhuv rxw ri wkh pdunhw> wkh �uvw pryhu pd| iroorz
d uxoh wkdw vshqgv yhu| olwwoh sur�w rq U)G dqg hyhqwxdoo| odjv ehklqg
lq wkh Vfkxpshwhuldq frpshwlwlrq> wkh �uvw pryhu pd| eh vr xqoxfn| wkdw
klv uhvhdufk h�ruwv idlo wr jhqhudwh vxshulru whfkqrorj| ehiruh klv iroorzhuv
gr1 Wkhuhiruh/ wkh �uvw pryhu grhv hqmr| vrph dgydqwdjh/ exw rqo| lq d
suredelolvwlf vhqvh1

Dw wkh hfrqrplf uhjlrq ohyho/ dq duhd wkdw hqwhuv wkh pdunhw hduo| +zlwk
d ihz �upv douhdg| rshudwlqj dw wkh hduo| vwdjh, whqgv wr fdswxuh d odujh
slhfh ri wkh zkroh lqgxvwu|1 Lq d yduldwlrq ri wkh prgho/ zh gl�huhqwldwh
uhjlrqv e| dvvljqlqj gl�huhqw lqqrydwlrq vsdfhv wr wkhp1 Lq rqh uhjlrq/ �upv
vhdufk qhz whfkqrorj| lq Efc ��/ exw lq dqrwkhu/ �upv duh rqo| doorzhg wr
lqqrydwh lq Efc f�bb�1 Zh �qg wkdw li wkh glvdgydqwdjhg uhjlrq �uvw rffxslhv
wkh pdunhw/ lwv �uvw pryhu*v dgydqwdjh fdq ryhufrph wkhlu whfkqrorjlfdo glv0
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dgydqwdjh dqg vxvwdlq wkh uhjlrqdo hfrqrp| iru d orqj wlph1 Wkh uhdvrq lv/
�upv lq wkh glvdgydqwdjhg uhjlrq fdq lqqrydwh dqg ohduq iurp hdfk rwkhu
dqg dssurdfk wkhlu srwhqwldo txlfno|1 Wkh| gulyh wkh sulfh wr vxfk d orz
ohyho dqg ohdyh d volp sur�w pdujlq iru qhz �upv1 Qrw doo djhqwv lq wkh
dgydqwdjhg uhjlrq duh hqgrzhg zlwk vxshulru whfkqrorj|1 Hyhq li dq djhqw
kdv d yhu| dgydqfhg whfkqrorj| wr vwduw zlwk/ kh fdq pdnh olwwoh sur�w/ dqg
dq hfrqrplf grzqwxuq pd| gulyh klp rxw ri exvlqhvv1 Dowkrxjk wkh eljjhu
�upv lq wkh glvdgydqwdjhg uhjlrq dovr orvh prqh| lq wkh grzqwxuq/ wkh| zloo
qrw jr edqnuxsw dqg zloo uhfryhu gxulqj wkh qh{w xswxuq1

Sdwk ghshqghqfh

D uhjlrq zlwk pdq| �upv/ rq wkh rqh kdqg/ zloo kdyh pruh djhqwv wklqnlqj
ri vwduwlqj xs qhz �upv/ dqg rq wkh rwkhu kdqg/ zloo ehfrph pruh dgydqfhg
lq whfkqrorj| ehfdxvh ri U)G1 Wklv surshuw| ri �lqfuhdvlqj uhwxuq� whqgv
wr pdnh wkh ghyhorsphqw ri wkh lqgxvwu| orfnhg lqwr fhuwdlq uhjlrqv1 Rqfh
foxvwhuv duh hvwdeolvkhg/ rwkhu uhjlrqv kdyh olwwoh fkdqfh wr fdwfk xs1 Lq wkh
uhdo zrug/ iru h{dpsoh/ lw lv yhu| xqolnho| wkdw rwkhu uhjlrqv fdq vxusdvv
Vlolfrq Ydooh| lq wkh vhplfrqgxfwru lqgxvwu|1

Foxvwhulqj ri hqwuhsuhqhxuvkls

Zlwklq wkh foxvwhuv/ �upv hqwhu dqg h{lw wkh lqgxvwu| frqvwdqwo|1 Shrsoh
lq foxvwhuv wu| qhz lghdv dqg irxqg qhz �upv1 Wkh| pd| qrw vxffhhg wkh
�uvw wlph exw wkh| zloo wu| djdlq dqg ohduq iurp wkhlu idloxuhv1 Wklv lv wkh
uhdvrq zk| d foxvwhu gl�huv iurp rwkhu uhjlrqv dqg kdv vr pdq| �upv dqg
ehfrphv vr whfkqrorjlfdoo| dgydqfhg1 Krzhyhu/ dq| vqdsvkrw ri wkh lqgxvwu|
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whqgv wr ljqruh wkh idfw wkdw foxvwhu vwdwxv lv dfklhyhg wkurxjk frqwlqxrxv
ohduqlqj e| wuldo dqg huuru1

Foxvwhulqj ri lqqrydwlrq

Mxvw olnh hqwuhsuhqhxuvkls lv foxvwhuhg/ lqqrydwlyh dfwlylwlhv duh dovr xq0
hyhqo| glvwulexwhg ryhu wkh odqgvfdsh1 Ilupv lq foxvwhuv vshqg d orw ri prqh|
rq U)G1 Wkh| pdnh whfkqrorjlfdo surjuhvv wkurxjk erwk lqqrydwlyh uhvhdufk
dqg lplwdwlrq1 Lq wkh orqj uxq/ doprvw doo �upv lq foxvwhuv kdyh pdvwhuhg
yhu| dgydqfhg whfkqrorj|/ zklfk ohdyh dq| �up rxwvlgh foxvwhuv olwwoh fkdqfh
ri vxuylydo1

716 Orfdwlrq ri foxvwhuv
Wkh zd| zh vwduw rxu vlpxodwlrq lpsolhv wkdw lqgxvwuldo foxvwhuv fdq hphujh
lq dq| duhd1 Krzhyhu/ lw lv sduwlfxoduo| lqwhuhvwlqj wr nqrz zkdw idfwruv pd|
ghwhuplqh wkh orfdwlrq ri foxvwhuv1 Wr vwxg| wkdw/ zh wu| vlpxodwlrqv zlwk
gl�huhqw lqlwldo frqglwlrqv1

Whfkqrorjlfdo dgydqwdjh

Rxu vlpxodwlrq vkrzv wkdw d uhjlrq wkdw lv txlfnhu dw �qglqj/ ohduqlqj/
dqg lplwdwlqj ehwwhu whfkqrorjlhv +wkh glvwulexwlrq ri whfkqrorj| lv ixuwkhu
wr wkh uljkw/ dqg2ru orzhu ydoxhv ri s � dqg } � , lv pruh olnho| wr ghyhors lqwr
dq lqgxvwuldo foxvwhu1 Lq uhdolw|/ gl�huhqw uhjlrqv gr kdyh gl�huhqw fdsdflwlhv
lq whupv ri uhvhdufk dqg lqqrydwlrq1 Iru h{dpsoh/ Fdoliruqld dqg Pdvvd0
fkxvhwwv wrjhwkhu krxvh 4716 shufhqw ri wkh X1V1 srsxodwlrq/ |hw 7616 shufhqw
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ri wkh Qdwlrqdo Dfdghp| ri Vflhqfh phpehuv dqg 6719 shufhqw ri wkh Qd0
wlrqdo Dfdghp| ri Hqjlqhhulqj phpehuv duh edvhg lq wkhvh wzr vwdwhv1 Qrw
vxusulvlqjo|/ Fdoliruqld dqg Pdvvdfkxvhwwv ohdg wkh X1V1 kljk0whfk hfrqrp|1
Xqlyhuvlwlhv/ uhvhdufk lqvwlwxwhv dqg odev kdyh dozd|v ehhq d pdmru vrxufh
ri whfkqrorjlfdo dgydqfhphqw1 Wkh uhfhqw ghyhorsphqw ri wkh elrwhfk lq0
gxvwu| ixuwkhu suryhg wkh lpsruwdqfh ri dfdghplf uhvhdufk iru d uhjlrqdo
kljk0whfk hfrqrp|1 Doprvw doo elrwhfk �upv hlwkhu duh irxqghg e| dfdghplf
uhvhdufkhuv ru jhw dgylfh iurp wkhp1 Dw wkh vdph wlph/ xqlyhuvlwlhv frq0
wlqxrxvo| surylgh kljk0txdolw| oderuhuv wr wkh kljk0whfk vhfwru1 Lw lv vdih wr
vd| wkdw kljk0txdolw| uhvhdufk xqlyhuvlwlhv duh wkh qhfhvvdu| frqglwlrq iru d
yleudqw kljk0whfk fhqwhu/ li qrw wkh vx!flhqw frqglwlrq1

Nqrzohgjh vslooryhuv

Lqqrydwlrq vxfk dv vxshulru whfkqrorj| lv dozd|v �uvw dftxluhg e| d oxfn|
ihz1 Rwkhu �upv kdyh wr nhhs xs zlwk wkh sdfh ri lqqrydwlrq wkurxjk lpl0
wdwlrq1 Zh �qg wkdw uhjlrqv zkhuh �upv frxog hdvlo| �frs|� dgydqfhg whfk0
qrorjlhv +vpdoohu } � dqg2ru lplwdwlrq doorzhg iru pruh glvwdqw �upv, whqg wr
ghyhors lqwr dq lqgxvwuldo foxvwhu1 Lq uhdolw|/ d orfdo fxowxuh wkdw wrohudwhv
lqwhu0�up nqrzohgjh dqg oderu wudqvihuv doorzv �upv wr ohduq froohfwlyho|/
zklfk lv idyrudeoh iru wkh ghyhorsphqw ri d foxvwhu +Vd{hqldq/ 4<<7,1 D ohjdo
lqiudvwuxfwxuh/ vxfk dv wkh hqirufhdelolw| ri �qrw wr frpshwh� fryhqdqwv dovr
kdv elj h�hfwv rq whfkqrorj| wudqvihuv +Jlovrq/ 4<<<,1 Qrwlfh/ wkh zd| zh
vhh nqrzohgjh vslooryhuv lv gl�huhqw iurp zkdw wkh h{lvwlqj olwhudwxuh vhhv lw1
Lq rxu prgho/ vslooryhuv gr ehqh�w �upv zlwklq foxvwhuv/ exw gr qrw dwwudfw
�upv lqwr foxvwhuv dv wkh qhz hfrqrplf jhrjudsk| olwhudwxuh vxjjhvwv1
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Vhhg fdslwdo dqg vhhg hqwuhsuhqhxuv

Lq d yduldwlrq ri rxu prgho/ zh dvvxph wkdw lq vrph uhjlrqv hqwuhsuhqhxuv
kdyh gl!fxowlhv udlvlqj fdslwdo wr vwduw wkhlu exvlqhvvhv1 Lq vxfk uhjlrqv/ zkhq
djhqw � ghflghv wr vwduw d �up/ kh dftxluhv fdslwdo g � ' 2& lqvwhdg ri D& dv lq
rwkhu uhjlrqv/ zkhuh & 5 LEfc ��1 Wkrvh fdslwdo0vfdufh uhjlrqv duh ohvv olnho|
wr ghyhors lqwr lqgxvwuldo foxvwhuv1 Wkh dydlodelolw| ri fdslwdo lv lpsruwdqw
iru irvwhulqj hqwuhsuhqhxuv/ zklfk lv zhoo uhfrjql}hg1 Pdq| vfkroduv hyhq
vxjjhvw wkdw orfdo jryhuqphqwv vhw xs sxeolf ixqgv wr surylgh �vhhg fdslwdo�
wr srwhqwldo hqwuhsuhqhxuv li wkh remhfwlyh lv wr ghyhors d kljk0whfk uhjlrqdo
hfrqrp|1

Lq dqrwkhu yduldwlrq ri wkh prgho/ zh vwduw e| sxwwlqj 7 �vhhg hqwuhsuh0
qhxuv� lq 7 gl�huhqw uhjlrqv dqg vhh zkhwkhu wkdw eulqjv vxevwdqwldo dgydq0
wdjh wr wkrvh uhjlrqv1 Rxu vlpxodwlrq vkrzv wkdw/ zlwk d yhu| kljk suredelo0
lw|/ rqh ru pruh ri wkh 7 uhjlrqv zloo jurz xs lqwr lqgxvwuldo foxvwhuv1 Lq d
gl�huhqw zd|/ wklv suryhv �uvw pryhu*v dgydqwdjh dqg sdwk ghshqghqfh1 Rq
wkh rwkhu kdqg/ lw dovr vkrzv wkh lpsruwdqfh ri hqwuhsuhqhxuldo ohdghuvkls wr
d uhjlrqdo hfrqrp|1

Lw lv zlgho| eholhyhg wkdw wkh klvwru| ri Vlolfrq Ydooh| wudfhv edfn wr
wkh jdudjh zkhuh Khzohww dqg Sdfndug vwduwhg wkhlu exvlqhvv lq Sdor Dowr1
Dqrwkhu iuhtxhqwo| khdug vwru| lv wkh ghsduwxuh ri wkh �Wudlwrurxv Hljkw�
iurp Vkrfnoh|*v Vhplfrqgxfwru Ode wr irxqg Idlufklog1 Wkrvh vxffhvvhv kdyh
lqvsluhg jhqhudwlrqv ri hqwuhsuhqhxuv lq wkh Ydooh|1 Doprvw hyhu| rwkhu kljk0
whfk fhqwhu*v klvwru| ehjlqv zlwk ohjhqgdu| hqwuhsuhqhxuv/ zkr vhuyh dv orfdo
khurhv dqg uroh prghov wkdw prwlydwh rwkhuv wr sxuvxh vxffhvv lq wkh vdph
zd|1 Idprxv h{dpsohv lqfoxgh Nhq Rovrq lq Ervwrq/ Eloo Jdwhv lq Vhdwwoh/
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dqg Urehuw Ghoo lq Dxvwlq1 Lw vhhpv wkdw wkh nh| wr uhsolfdwlqj wkh Vlolfrq
Ydooh| prgho lv wr lqfxedwh vxfk d khurlf hqwuhsuhqhxu1 Surylglqj vhhg fdslwdo
lv fhuwdlqo| dq lpsruwdqw sduw ri wkdw jdph/ exw lw lv qrw vx!flhqw1 Dowkrxjk
zh nqrz khurhv lq prvw fdvhv vsrqwdqhrxvo| hphujh/ vrph orfdo srolflhv
pd| idflolwdwh wkhlu hphujhqfh1 Iru h{dpsoh/ orfdo jryhuqphqw pd| surylgh
wudlqlqj surjudp iru wkrvh vflhqwlvwv dqg hqjlqhhuv zkr frqvlghu vwduwlqj wkhlu
rzq exvlqhvvhv1 Idyrudeoh srolflhv vxfk dv wd{ fuhglwv dovr khos slrqhhuv1
Wu|lqj/ dqg ohduqlqj e| idlolqj

D kljk0whfk lqgxvwuldo foxvwhu/ e| gh�qlwlrq/ lv fkdudfwhul}hg e| pdq| vxf0
fhvvixo �upv1 Rxu g|qdplf prgho doorzv xv wr vhh wkh rwkhu vlgh ri wkh vwru|=
foxvwhuv hphujh rq idloxuhv1 Prvw vxffhvvhv duh dfklhyhg wkurxjk frqvwdqw
ohduqlqj e| wuldo dqg huuru1 Lq idfw/ d uhjlrq wkdw grhv qrw wrohudwh idloxuhv
+idlohg hqwuhsuhqhxuv qrw doorzhg wr vwduw ryhu djdlq ru gr qrw ohduq iurp
idloxuhv +4 ' f,, kdv d volp fkdqfh ri vxffhvv1 Wkhuhiruh/ d foxvwhu zloo prvw
suredeo| dsshdu lq d uhjlrq zkhuh hqwuhsuhqhxuvkls lv hqfrxudjhg dqg idlohg
h{shulhqfhv duh ydoxhg +Vd{hqldq/ 4<<7,1

8 Frqfoxglqj Uhpdunv
Zh kdyh sursrvhg d vlpsol�hg Qhovrq0Zlqwhu prgho zlwk dq h{solflw vsdfh
glphqvlrq wr vwxg| krz kljk0whfk foxvwhuv hphujh rq d odqgvfdsh zkhuh qr
�up h{lvwv ruljlqdoo|1 Zh xvh djhqw0edvhg vlpxodwlrq wr vkrz wkh g|qdplfv
ri wkh prgho1

Vrfldo vflhqwlvwv kdyh orqj ehhq lqwhuhvwhg lq foxvwhulqj ehkdylruv/ vxfk dv
udfldo krxvlqj vhjuhjdwlrq/ wkh frqfhqwudwlrq ri sryhuw| dqg xqhpsor|phqw

5<



lq fhuwdlq qhljkerukrrgv/ wkh h{fhhglqjo| kljk fulph udwhv lq fhuwdlq duhdv/
wkh h{wuhph gursrxw udwhv lq fhuwdlq vfkrrov/ hwf1 Pdlqo| wzr w|shv ri h{sod0
qdwlrqv duh udlvhg iru foxvwhulqj ehkdylruv1 Rqh frqwhqgv wkdw foxvwhuv uhvxow
iurp d vruwlqj surfhvv lq zklfk lqglylgxdov dolnh fkrrvh wr dvvrfldwh zlwk
rqh dqrwkhu1 Iru h{dpsoh/ wkh uhvlghqwldo vhjuhjdwlrq skhqrphqrq fdq eh
h{sodlqhg lq wklv zd|1 Wkh rwkhu dujxhv wkdw shhu h�hfwv fdxvh lqglylgxdov
wr frqirup wr qrupv lq d vrfldo jurxs1 Reylrxvo|/ wkh wzr dujxphqwv duh
qrw pxwxdoo| h{foxvlyh1 Lq pdq| fdvhv/ lqfoxglqj doo rwkhu h{dpsohv phq0
wlrqhg deryh/ wkh wzr dujxphqwv frxog zrun vlpxowdqhrxvo|1 Wkh h{lvwlqj
olwhudwxuh rq lqgxvwuldo foxvwhuv uhfrjql}hv wkh vruwlqj surfhvv lq zklfk �upv
fkrrvh wr orfdwh forvh wr rwkhu �upv lq rughu wr h{sorlw wkh ehqh�wv iurp d
foxvwhu1 Krzhyhu/ lw qhjohfwv wkh srvvlelolw| wkdw hqwuhsuhqhxuldo vslulw fdq
vsuhdg dprqj wkh shrsoh lq d uhjlrq wkurxjk vrfldo h�hfwv1 Zh eholhyh wklv
nlqg ri vrfldo frqwdjlrq vwru| lv forvh wr wkh uhdolw| ri kljk0whfk lqgxvwuldo
foxvwhuv wkdw duh fkdudfwhul}hg e| frqfhqwudwhg hqwuhsuhqhxuvkls1 Rxu prgho
vkrzv wkdw rqh grhv qrw kdyh wr lqyrnh wkh ehqh�wv ri lqgxvwuldo foxvwhuv
vxfk dv nqrzohgjh vslooryhuv wr h{sodlq wkh irupdwlrq ri foxvwhuv> wkh frqwd0
jlrq ri hqwuhsuhqhxuvkls wkurxjk shhu h�hfwv dorqh lv deoh wr dffrxqw iru wkh
hphujhqfh ri foxvwhuv1

Dqrwkhu srlqw rxu prgho kdv kljkoljkwhg lv wkh lpsruwdqfh ri slrqhhulqj
hqwuhsuhqhxuv iru dq hphujlqj lqgxvwuldo foxvwhu1 Hqwuhsuhqhxuldo olih vw|oh
lv e| gh�qlwlrq fuhdwlyh dqg glvuxswlyh1 Lw wdnhv dw ohdvw rqh fkdulvpdwlf/
vxffhvvixo uroh prgho wr ghprqvwudwh wkh sur�wv ri wdnlqj ulvnv dqg wkh mr|
ri �fkdqjlqj wkh zruog� wkurxjk lqqrydwlrq1 Vxfk �vhhg hqwuhsuhqhxuv� wkdw
jhqhudwh d vzdup ri iroorzhuv orfdoo| fdq eh lghqwl�hg lq hyhu| pdmru kljk0
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whfk lqgxvwuldo foxvwhuv lq wkh Xqlwhg Vwdwhv1 Zh duh dzduh wkdw vxfk slrqhhuv
duh qrw slfnhg ehiruhkdqg> lq idfw/ lq prvw fdvhv/ lw vhhpv wkdw wkrvh ohdghuv
kdg dsshduhg e| oxfn1 Krzhyhu/ zh fdq fhuwdlqo| lqfuhdvh wkh fkdqfh ri
vhhlqj vxfk ohdghuv e| fuhdwlqj d idyrudeoh hqylurqphqw iru hqwuhsuhqhxuldo
dfwlylwlhv1 Surylglqj �vhhg fdslwdo� lv rqh phdvxuh wkdw pd| zrun/ hvshfldoo|
zkhq hqwuhsuhqhxuv idfh elqglqj �qdqfldo frqvwudlqw1 \hw wkdw lv qrw hqrxjk1
Jlyhq wkdw kljk0whfk �upv duh riwhq irxqghg e| vflhqwlvwv dqg hqjlqhhuv/ zkr
gr qrw qhfhvvdulo| kdyh wkh lpsxovh ru nqrzohgjh wr vwduw dv hqwuhsuhqhxuv/
srolflhv wkdw khos frqyhuw wkrvh shrsoh lqwr hqwuhsuhqhxuv duh xvhixo1

Ghvslwh wkh vlpsolflw| ri rxu wkhruhwlfdo prgho/ lw lv eh|rqg rxu fdsdelo0
lw| wr dqdo|}h lw pdwkhpdwlfdoo|1 Iru wklv uhdvrq/ zh uhvruw wr djhqw0edvhg
vlpxodwlrq wr vkrz wkh hyroxwlrqdu| g|qdplfv ri wkh prgho1 Zh kdyh exlow
d surwrw|sh iru vwxg|lqj wkh hphujhqfh ri kljk0whfk lqgxvwuldo foxvwhuv1 Wkh
sulpdu| dgydqwdjh ri wkh vlpxodwlrq dssurdfk lv wkdw zh duh iuhh wr wu| pdq|
yduldwlrqv ri wkh prgho1 Iru h{dpsoh/ vrph dxwkruv kdyh uhfhqwo| vkrzq wkdw
odujh lqfxpehqw �upv duh olnho| wr vslq r� qhz exvlqhvvhv/ zklfk surylgh dq
dowhuqdwlyh phfkdqlvp wkurxjk zklfk lqgxvwuldo foxvwhuv hphujh dqg jurz
+h1j1/ Nohsshu/ 5334> Nohsshu dqg Vohhshu/ 5335> Od}huvrq dqg Oruhq}rql/
4<<<> ]kdqj/ 5336,1 Dowkrxjk rxu prgho frpsohwho| vkxwv r� wkh vslq0r�
fkdqqho/ rqh fdq hdvlo| prgli| rxu vlpxodwlrq wr lqfrusrudwh vxfk vslq0r�
dfwlylwlhv1 : Rxu prgho fdq dovr eh prgl�hg wr doorz �upv wr pryh lqwr ru
rxw ri foxvwhuv/ wr kdyh pruh vrsklvwlfdwhg djhqwv/ wr lqwurgxfh surgxfw lqqr0

; Lqghhg/ hduo| vslq0r�v lq Vlolfrq Ydooh|/ vxfk dv wkrvh iurp wkh Idlufklog Vhplfrq0
gxfwru/ lqvsluhg pdq| hpsor|hhv dw lqfxpehqw �upv wr iroorz vxlw dqg vwduw wkhlu rzq
exvlqhvvhv/ zklfk kdv ehhq kdsshqlqj ryhu pdq| jhqhudwlrqv1 Wklv lv dq lpsruwdqw wkuhdg
ri Vlolfrq Ydooh|*v klvwru| +Vd{hqldq/ 4<<7,1
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ydwlrq lq dgglwlrq wr qhz whfkqrorj|/ ru wr whvw wkh frqvhtxhqfhv ri gl�huhqw
vrfldo qhwzrun vwuxfwxuhv1 Zh ohdyh wkrvh iru ixwxuh zrun1
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