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Wkh Frvw ri Uhfhvvlrqv Uhylvlwhg= D
Uhyhuvh0Oltxlgdwlrqlvw Ylhz

Ulfdugr M1 Fdedoohur Prkdpdg O1 KdpprxuW

Dxjxvw 63/ 4<<<

Devwudfw

Wkh revhuydwlrq wkdw oltxlgdwlrqv duh frqfhqwudwhg lq uhfhvvlrqv kdv orqj ehhq
wkh vxemhfw ri frqwuryhuv|1 Rqh ylhz krogv wkdw oltxlgdwlrqv duh ehqh�fldo lq wkdw
wkh| uhvxow lq lqfuhdvhg uhvwuxfwxulqj1 Dqrwkhu ylhz krogv wkdw oltxlgdwlrqv duh
sulydwho| lqh!flhqw dqg hvvhqwldoo| zdvwhixo1 Wklv sdshu sursrvhv dq dowhuqdwlyh
shuvshfwlyh1 Edvhg rq d frpelqdwlrq ri wkhru| zlwk hpslulfdo hylghqfh rq jurvv
mre  rzv dqg rq �qdqfldo dqg oderu pdunhw uhqwv/ zh �qg wkdw/ fxpxodwlyho|/ uh0
fhvvlrqv uhvxow lq uhgxfhg uhvwuxfwxulqj/ dqg wkdw wklv lv olnho| wr eh vrfldoo| frvwo|
rqfh zh frqvlghu lqh!flhqflhv rq erwk wkh fuhdwlrq dqg ghvwuxfwlrq pdujlqv1

4 Lqwurgxfwlrq

Wkh frqfhqwudwhg oltxlgdwlrq gxulqj uhfhvvlrqv ri vljql�fdqw vhjphqwv ri wkh hfrq0
rp|*v surgxfwlyh vwuxfwxuh kdv ehhq d vrxufh ri frqwuryhuv| dprqj hfrqrplvwv dw
ohdvw vlqfh wkh suh0Nh|qhvldq �oltxlgdwlrqlvw� wkhvhv ri vxfk hplqhqw hfrqrplvwv dv
Kd|hn/ Vfkxpshwhu/ dqg Ureelqv1 Wkrvh hfrqrplvwv vdz lq wkh surfhvv ri oltxlgdwlrq
dqg uhdoorfdwlrq ri idfwruv ri surgxfwlrq wkh pdlq sxusrvh ri uhfhvvlrqv1 Lq wkh zrugv
ri Vfkxpshwhu +4<67,= �ghsuhvvlrqv duh qrw vlpso| hylov/ zklfk zh pljkw dwwhpsw wr
vxssuhvv/ exw 111 irupv ri vrphwklqj zklfk kdv wr eh grqh/ qdpho|/ dgmxvwphqw wr 111
fkdqjh� +s1 49,1 Wklv ohg klp dqg rwkhuv wr dgyrfdwh d sdvvlyh jryhuqphqw dwwlwxgh
dw wkh rqvhw ri wkh Juhdw Ghsuhvvlrq1 +Vhh Gh Orqj 4<<3 iru klvwrulfdo vxuyh|/ dqg
Ehdxgu| dqg Sruwlhu 4<<; iru d prghuq irupxodwlrq ri wkh oltxlgdwlrqlvw dujxphqw,1

WUhvshfwlyho|= PLW dqg QEHU> GHOWD +mrlqw uhvhdufk xqlw/ FQUV 0 HQV 0 HKHVV, dqg FHSU1
Zh duh yhu| judwhixo wr Ihuqdqgr Eurqhu/ Fkulvwldq Iurlv/ Urehuwr Qhxw/ Urehuwr Uljrerq dqg Wdq|d
Urvhqeodw iru h{fhoohqw uhvhdufk dvvlvwdqfh> dqg wr Urehuw Jrugrq/ Mrkq Kdowlzdqjhu dqg Johqq
Kxeedug iru surylglqj xv zlwk gdwd dqg uhihuhqfhv1 Zh kdyh ehqh�whg iurp frpphqwv zh uhfhlyhg
iurp Gdurq Dfhprjox/ Vwhyhq Gdylv/ Urehuw Kdoo/ Jxlgr Nxhuvwhlqhu/ Mdxph Yhqwxud/ Ideul}lr
]lolerwwl/ dqg wzr dqrq|prxv uhihuhhv> dv zhoo dv iurp vhplqdu sduwlflsdqwv dw Froxpeld/ GHOWD/
Hqwh Hqdxgl/ HXL/ LJLHU/ wkh QEHU Vxpphu Lqvwlwxwh/ PLW/ wkh Plqqhdsrolv Ihg/ Vwdqirug/
Wrxorxvh/ XFVG/ Ylujlqld/ \doh/ dqg frqihuhqfh sduwlflsdqwv dw wkh DIVH/ wkh FHSU HVVLP/ dqg
wkh QEHU HIJ phhwlqjv1 Ulfdugr Fdedoohur wkdqnv wkh QVI iru �qdqfldo vxssruw/ dqg wkh DHL/
zkhuh sduw ri wklv sdshu zdv zulwwhq/ iru lwv krvslwdolw| dqg vxssruw1 Hduolhu yhuvlrqv ri wklv sdshu
flufxodwhg xqghu wkh wlwoh= �Lpsurshu Fkxuq= Vrfldo Frvwv dqg Pdfurhfrqrplf Frqvhtxhqfhv1�
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Dowkrxjk ihz hfrqrplvwv wrgd| zrxog wdnh wkh h{wuhph srvlwlrq ri hduo| olt0
xlgdwlrqlvwv/ pdq| vhh lq lqfuhdvhg idfwru uhdoorfdwlrq d vloyhu olqlqj wr uhfhvvlrqv1
Dowkrxjk uhfhvvlrqv shu vh duh xqghvludeoh hyhqwv/ wkh| duh vhhq dv d wlph zkhq wkh
surgxfwlylw| ri idfwruv ri surgxfwlrq lv orz dqg/ wkhuhiruh/ r�huv d fkdqfh wr xq0
ghuwdnh pxfk qhhghg uhvwuxfwxulqj dw d uhodwlyho| orz rssruwxqlw| frvw1 Revhuyhg
oltxlgdwlrqv duh frqvlghuhg d suhoxgh iru lqfuhdvhg uhvwuxfwxulqj1 +Vhh Djklrq dqg
Vdlqw0Sdxo 4<<6 iru d vxuyh| ri wklv ylhz ri uhfhvvlrqv dv uhrujdql}dwlrqv,1

Dw wkh srodu rssrvlwh ri oltxlgdwlrqlvp/ dq dowhuqdwlyh shuvshfwlyh krogv wkdw frq0
fhqwudwhg oltxlgdwlrqv gxulqj uhfhvvlrqv � odujh0vfdoh mre orvvhv dqg �qdqfldo glvwuhvv
� duh dvvrfldwhg zlwk vljql�fdqw zdvwh/ zklfk zh rxjkw wr �qg zd|v wr dyrlg1 Orrn0
lqj pruh vshfl�fdoo| dw zrunhuv/ wkh uhfhqw oderu0pdunhw olwhudwxuh rq wkh frvwv ri
mre orvv grfxphqwv wkh dssduhqwo| odujh sulydwh orvvhv wkdw uhvxow iurp d vljql�fdqw
iudfwlrq ri vhsdudwlrqv +vhh/ h1j1/ Wrsho 4<<3> Iduehu 4<<6> Mdfrevrq/ Odorqgh dqg
Vxoolydq 4<<6> Dqghuvrq dqg Ph|hu 4<<7,1 Dv Kdoo +4<<8, vkrzv/ wkh surgxfw ri
wkrvh sulydwh orvvhv zlwk wkh vkdus lqfuhdvh lq vhsdudwlrqv dprxqwv wr d vxevwdqwldo
frvw ri uhfhvvlrqv14

Wkh ghedwh vxuurxqglqj wkh frvwv ru ehqh�wv ri oltxlgdwlrqv gxulqj uhfhvvlrqv
vhogrp frqvlghuv wzr fhqwudo glphqvlrqv ri wklv lvvxh1 Wkh �uvw uhodwhv wr wkh frpprq
lqihuhqfh wkdw dq djjuhjdwh uhfhvvlrq lqfuhdvhv wkh ryhudoo dprxqw ri uhvwuxfwxulqj lq
wkh hfrqrp|1 Iurp wkh lqfuhdvh lq oltxlgdwlrqv gxulqj uhfhvvlrqv � dv grfxphqwhg/
iru h{dpsoh/ lq wkh jurvv mre  rz vhulhv ri Gdylv dqg Kdowlzdqjhu +4<<5, � lw lv
w|slfdoo| frqfoxghg wkdw uhfhvvlrqv lqfuhdvh ryhudoo idfwru uhdoorfdwlrq1 Lqghhg/ wklv
lv zkdw rqh zrxog h{shfw lq d uhsuhvhqwdwlyh0�up hfrqrp|/ dv wkh uhsuhvhqwdwlyh
�up pxvw uhsodfh hdfk mre lw ghvwur|v gxulqj d uhfhvvlrq e| fuhdwlqj d qhz mre
gxulqj wkh hqvxlqj uhfryhu|1 Wklv lv looxvwudwhg lq sdqho +d, ri �jxuh 414/ zklfk
ghslfwv wkh zd| wkh hpsor|phqw uhfhvvlrq0uhfryhu| hslvrgh lq sdqho +g, pdwhuldol}hv
lq wklv fdvh1 Krzhyhu/ rqfh zh frqvlghu d khwhurjhqhrxv surgxfwlyh vwuxfwxuh wkdw
h{shulhqfhv rqjrlqj fuhdwlyh ghvwuxfwlrq/ rwkhu vfhqdulrv duh srvvleoh1 Iru h{dpsoh/
wkh shdn lq ghvwuxfwlrq gxulqj wkh uhfhvvlrq pd| eh iroorzhg e| dq htxdo0vl}hg wurxjk
lq ghvwuxfwlrq gxulqj wkh uhfryhu|/ dgglqj xs wr d }hur fxpxodwlyh h�hfw1 Pruh
jhqhudoo|/ dv looxvwudwhg lq sdqhov +d,0+f,/ wkh fxpxodwlyh h�hfw ri d uhfhvvlrq rq
ryhudoo uhvwuxfwxulqj pd| eh srvlwlyh/ }hur/ ru hyhq qhjdwlyh/ ghshqglqj qrw rqo|
rq krz wkh hfrqrp| frqwudfwv/ exw dovr rq krz lw uhfryhuv1 Wkxv/ wkh uhodwlrq
ehwzhhq uhfhvvlrqv dqg hfrqrplf uhvwuxfwxulqj uhtxluhv xv wr h{dplqh wkh h�hfw ri d
uhfhvvlrq rq djjuhjdwh vhsdudwlrqv qrw rqo| dw lpsdfw/ exw fxpxodwlyho| wkurxjkrxw
wkh uhfhvvlrq0uhfryhu| hslvrgh1

Vhfrqg/ wkh dujxphqw wkdw lqfuhdvhg uhvwuxfwxulqj iroorzlqj uhfhvvlrqv lv zdvwh0
ixo uholhv rq zkdw lv xowlpdwho| d idloxuh lq sulydwh frqwudfwlqj rq wkh ghvwuxfwlrq
pdujlq/ zklfk uhvxowv lq sulydwho| lqh!flhqw oltxlgdwlrqv1 Krzhyhu/ wkh vdph w|sh
ri frqwudfwlqj idloxuhv duh dovr d zhoo0nqrzq vrxufh ri xqghu0lqyhvwphqw/ zklfk/ lq
jhqhudo htxloleulxp/ qdwxudoo| ohdgv wr lqvx!flhqw uhvwuxfwxulqj +vhh/ h1j1/ Fdedoohur
dqg Kdpprxu 4<<;d,1 Wklv irup ri �vfohurvlv� ri wkh surgxfwlyh vwuxfwxuh vxjjhvwv

4Kdoo dfnqrzohgjhv wkdw klv fdofxodwlrq fdswxuhv rqo| rqh dvshfw ri wkh sureohp/ dqg wkdw d
frpsuhkhqvlyh dvvhvvphqw rxjkw wr orrn lqwr jhqhudo htxloleulxp dqg rwkhu lvvxhv1
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wkdw dffhohudwhg uhvwuxfwxulqj pd| eh ehqh�fldo1 Wkxv/ wkh vdph frqwudfwlqj sureohp
srlqwv dw d srvvleoh frvw ru ehqh�w ri lqfuhdvhg uhvwuxfwxulqj/ ghshqglqj rq zkhwkhu
lw lv frqvlghuhg iurp wkh ghvwuxfwlrq ru fuhdwlrq pdujlq1 Lw lv wkhuhiruh hvvhqwldo wr
frqvlghu glvwruwlrqv vlpxowdqhrxvo| rq erwk pdujlqv wr dvvhvv wkh vrfldo0zhoiduh h�hfw
ri lqfuhdvhg +ru uhgxfhg, uhvwuxfwxulqj1

Figure 1.1

Recessions and Cumulative Restructuring

(a) Restructuring Increases

(b) Restructuring is Unchanged

( c) Restructuring Decreases

(d) Unemployment Recession

creation

destruction

creation

destruction

creation

destruction

unemployment

time

Dq dghtxdwh prgho wr dvvhvv wkh uhodwlrq ehwzhhq uhfhvvlrqv dqg uhvwuxfwxulqj/
dqg lwv vrfldo0zhoiduh lpsolfdwlrqv/ pxvw wkhuhiruh lqfrusrudwh wzr pdlq hohphqwv1
Iluvw/ lw pxvw h{klelw d khwhurjhqhrxv surgxfwlyh vwuxfwxuh wkdw xqghujrhv d surfhvv ri
fuhdwlyh ghvwuxfwlrq deoh wr pdwfk revhuyhg djjuhjdwh jurvv  rzv dqg wkhlu g|qdplfv1
Wklv pdnhv lw srvvleoh wr fdswxuh wkh fxpxodwlyh lpsdfw ri d uhfhvvlrqdu| vkrfn rq
wkrvh  rzv1 Vhfrqg/ lw pxvw lqfoxgh wkh srvvlelolw| ri uhqwv rq erwk wkh fuhdwlrq dqg
ghvwuxfwlrq pdujlqv/ wkdw fdq eh fdoleudwhg wr pdwfk wkh sulydwh uhqwv grfxphqwhg
lq wkh �qdqfldo dqg oderu pdunhw olwhudwxuhv1 Wklv lv qhhghg wr dvvhvv/ lq jhqhudo
htxloleulxp/ wkh vrfldo zdvwh ru ehqh�wv dvvrfldwhg zlwk wkh lpsdfw ri uhfhvvlrqv rq
jurvv  rzv1

Wklv sdshu ghyhorsv vxfk d prgho1 Zh suhvhqw d vwrfkdvwlf htxloleulxp prgho ri
fuhdwlyh ghvwuxfwlrq wkdw lqfrusrudwhv frqwudfwlqj gl!fxowlhv lq erwk wkh oderu dqg
�qdqfldo pdunhwv1 Wkh prgho lv deoh wr fdswxuh dyhudjh dqg f|folfdo ihdwxuhv ri jurvv
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 rzv/ dv zhoo dv grfxphqwhg oderu dqg �qdqfldo pdunhwv uhqwv1 Zh frpelqh rxu wkh0
ruhwlfdo dqdo|vlv zlwk hpslulfdo hylghqfh rq djjuhjdwh jurvv  rzv dqg plfurhfrqrplf
uhqwv/ dqg uhylvlw wkh ghedwh rq wkh frvw ri uhfhvvlrqv dqg lwv uhodwlrq wr djjuhjdwh
uhvwuxfwxulqj1

D orrn dw wkh dydlodeoh gdwd rq jurvv  rzv fdvwv grxew rq suhydlolqj ylhzv1 Rxu
wlph0vhulhv dqdo|vlv ri jurvv mre  rzv lq XV pdqxidfwxulqj ryhu wkh shulrg 4<:50<6
vkrzv wkdw wklv vhfwru h{klelwhg d uhgxfwlrq lq fxpxodwlyh idfwru uhdoorfdwlrq iroorzlqj
d uhfhvvlrq1 Wklv uhvxow frqwudglfwv wkh qrwlrq wkdw uhfhvvlrqv uhvxow lq lqfuhdvhg
uhvwuxfwxulqj1 Hvvhqwldoo|/ dowkrxjk mre ghvwuxfwlrq shdnv vkduso| dw wkh lpsdfw ri d
uhfhvvlrqdu| vkrfn/ lw dovr idoov ehorz qrupdo iru dq h{whqghg shulrg ri wlph gxulqj
wkh hqvxlqj uhfryhu|1 Wkh fxpxodwlyh h�hfw lv d uhgxfwlrq lq ryhudoo ghvwuxfwlrq1
Zlwk d vwdwlrqdu| hpsor|phqw uhvsrqvh/ uhgxfhg uhdoorfdwlrq fdq dovr eh vhhq lq
mre fuhdwlrq/ zklfk idoov gxulqj uhfhvvlrqv exw grhv qrw h{klelw dv d frxqwhusduw dq
deryh0qrupdo lqfuhdvh gxulqj wkh uhfryhu| skdvh1

Wkh h{lvwlqj hylghqfh/ dowkrxjk olplwhg lq vhyhudo uhvshfwv/ lv frqvlvwhqw zlwk wkh
qrwlrq wkdw uhfhvvlrqv duh dvvrfldwhg zlwk d �fkloo� ri wkh uhvwuxfwxulqj surfhvv/ udwkhu
wkdq lqfuhdvhg �wxuexohqfh1� Lq wkh frqwh{w ri wkh prgho zh ghyhors lq wklv sdshu/
wkh fkloo lv lq idfw d qdwxudo rxwfrph1 Zh lghqwli| wzr phfkdqlvpv zklfk fdq eh
uhvsrqvleoh iru wklv skhqrphqrq/ rqh �qdqfldo dqg wkh rwkhu edvhg rq vhohfwlrq dfurvv
khwhurjhqhrxv surgxfwlylwlhv1 Wkh �qdqfldo phfkdqlvp uhvxowv iurp �upv* uhgxfhg
delolw| wr �qg �qdqflqj iru fuhdwlrq dv wkh| frph rxw ri uhfhvvlrq1 Wklv lpsolhv
wkdw wkh uhfryhu| fdqqrw wdnh sodfh wkurxjk d errp lq fuhdwlrq exw udwkhu wkurxjk
d uhgxfwlrq lq ghvwuxfwlrq/ dqg wkhuhiruh wkdw wkh uhfhvvlrq0uhfryhu| hslvrgh uhvxowv
fxpxodwlyho| lq uhgxfhg uhvwuxfwxulqj1 Wkh vhohfwlrq phfkdqlvp/ rq wkh rwkhu kdqg/
zrunv wkurxjk wkh gl�huhqwldo lpsdfw dfurvv surmhfwv ri wkh idoo lq fuhdwlrq gxulqj
uhfhvvlrqv � zklfk d�hfwv prvwo| orz0surgxfwlylw| surmhfwv vxemhfw wr d kljkhu0wkdq0
dyhudjh fkxuq udwh dqg/ wkxv/ uhgxfhv wkh hfrqrp|*v dyhudjh fkxuq1

Wkh zhoiduh lpsolfdwlrqv ri wkh fkloo ghshqg rq zklfk ri wzr idfwruv grplqdwh= krz
vfohurwlf wkh hfrqrp| lv/ lq wkh vhqvh wkdw frqwudfwlqj revwdfohv lq fuhdwlrq uhvxow lq
dq lqh!flhqwo| orz htxloleulxp uhvwuxfwxulqj> dqg krz zdvwhixo ghvwuxfwlrq lv/ lq wkh
vhqvh wkdw vhsdudwlrqv duh sulydwho| lqh!flhqw1 Zklfk ri wkrvh wzr idfwruv grplqdwhv
ryhu wkh f|foh ghwhuplqhv zkhwkhu wkh fkloo lv frvwo| ru ehqh�fldo1 Zh dujxh wkdw
uhdvrqdeoh fdoleudwlrq dvvxpswlrqv ohdg wr wkh frqfoxvlrq wkdw wkh fkloo lv frvwo|/ dqg
wkdw lw dggv derxw 73 shufhqw wr wkh wudglwlrqdo xqhpsor|phqw frvw ri uhfhvvlrqv1

Wkh shuvshfwlyh zh sxw iruwk dprxqwv wr d glvwlqfw dowhuqdwlyh wr suhydohqw ylhzv
ri uhfhvvlrqv dqg uhvwuxfwxulqj1 Lq sduwlfxodu/ wkh wudglwlrqdo dvvhvvphqw edvhg rq
wkh frvwv ri mre orvv krogv wkdw uhfhvvlrqv duh frvwo| ehfdxvh wkh| lqfuhdvh djjuhjdwh
vhsdudwlrqv/ dqg wkdw vxfk vhsdudwlrqv duh zdvwhixo1 Wkh ylhz wkdw hphujhv iurp
wklv sdshu dovr srlqwv wr d frvw ri uhfhvvlrqv/ exw wkdw frvw dulvhv ehfdxvh uhfhv0
vlrqv ghfuhdvh djjuhjdwh vhsdudwlrqv dqg wkhuhiruh uhgxfh wkh ehqh�fldo uhvwuxfwxulqj
dvvrfldwhg zlwk vxfk vhsdudwlrqv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv rxu prgho hfrq0
rp|/ dqg vroyhv iru htxloleulxp1 Vhfwlrq 6 dqfkruv wkh prgho*v sdudphwhuv edvhg rq
wkh plfurhfrqrplf hylghqfh rq sulydwh �qdqfldo dqg oderu pdunhw uhqwv dqg pdfurh0
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frqrplf hylghqfh rq jurvv mre  rzv dqg hpsor|phqw1 Lq sduwlfxodu/ wklv vhfwlrq
grfxphqwv wkh XV pdqxidfwxulqj hylghqfh ri fkloo iroorzlqj uhfhvvlrqv1 Vhfwlrq 7
glvfxvvhv wkh uhvsrqvh ri wkh uhvwuxfwxulqj surfhvv wr djjuhjdwh vkrfnv/ dqg lwv zho0
iduh frqvhtxhqfhv1 Vhfwlrq 8 frqfoxghv1

5 D Prgho ri Uhvwuxfwxulqj dqg Idfwru0Pdunhw Uhqwv

514 Jhqhudo Vwuxfwxuh

Zh frqvlghu dq lq�qlwh0krul}rq hfrqrp| lq frqwlqxrxv wlph/ zkrvh jhqhudo vwuxfwxuh
lv rxwolqhg lq �jxuh 5141

Figure 2.1

The Model Economy

(a) New Production Units

Entrepreneur

•Productivity: κ

•Wealth: a

External Finance

•Specific Financing: b=φκ- a

•Generic Capital: (1-φ) κ

Production Unit

Worker

•Shadow wage: wo

(b) Gross Flows

Entrepreneurial Projects

•Productivity: f(ν)

•Financing Requirements: g(b;A)

Creation (H)

Good State: n+(ν, b)

Bad State: n-(ν, b)

Destruction (D)

Production
Structure

Surgxfwlrq xqlwv
Wkhuh lv d vlqjoh gxudeoh jrrg +wkh qxphudluh,/ wkdw fdq hlwkhu eh frqvxphg ru xvhg
dv fdslwdo1 Surgxfwlrq wdnhv sodfh zlwklq lq�qlwhvlpdo surgxfwlrq xqlwv wkdw frpelqh/
lq �{hg sursruwlrqv/ dq hqwuhsuhqhxuldo surmhfw/ d xqlw ri oderu/ dqg � xqlwv ri fdslwdo
+vhh sdqho +d, ri �jxuh 514,1 Wkh rxwsxw  rz ri surgxfwlrq xqlw l dw wlph w lv pdgh
xs ri wkuhh frpsrqhqwv= h|| . �� .h��|>
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zkhuh h|| lv d vwrfkdvwlf djjuhjdwh frpsrqhqw> �� 5 ^��> �` lv d shupdqhqw lglrv|qfudwlf
frpsrqhqw +wkh xqlw*v �surgxfwlylw|�,> dqg h��| lv d wudqvlwru| lglrv|qfudwlf frpsr0
qhqw1 h��| wudqvlwv ehwzhhq wzr vwdwhv dw suredelolw| udwh � A 3= � A 3 +wkh �jrrg�
vwdwh, dqg �� ? 3 +wkh �edg� vwdwh,1 Ilqdoo|/ surgxfwlrq xqlwv idlo dw h{rjhqrxv udwh
� A 31

Hqwuhsuhqhxuv/ zrunhuv/ dqg �qdqflhuv
Hdfk surgxfwlrq xqlw irupv d qh{xv iru d wulodwhudo uhodwlrqvkls ehwzhhq dq hqwuhsuhqhxu0
pdqdjhu/ d zrunhu/ dqg h{whuqdo �qdqflhuv1 Wkh hqwuhsuhqhxu eulqjv wkh surmhfw dqg
xvhv klv lqwhuqdo ixqgv wr �qdqfh lw> wkh zrunhu frqwulexwhv klv oderu> dqg h{whuqdo
�qdqflhuv �oo wkh xqlw*v �qdqflqj uhtxluhphqwv zkhq wkh hqwuhsuhqhxu kdv lqvx!flhqw
ixqgv1 Zh fkdudfwhul}h hdfk ri wkrvh wkuhh sduwlhv/ lq uhyhuvh rughu1

H{whuqdo �qdqfh lv surylghg e| d qrq0uhvrxufh frqvxplqj frpshwlwlyh vhfwru1 Lw
pd| eh fdoohg xsrq hlwkhu wr �qdqfh fdslwdo lqyhvwphqw dw wkh wlph d surgxfwlrq xqlw
lv fuhdwhg/ ru wr �qdqfh shulrgv ri qhjdwlyh fdvk  rz gxulqj wkh olihwlph ri wkh xqlw1
Wkh vwdnh ri h{whuqdo �qdqflhuv lv phdvxuhg e| wkh xqlw*v qhw h{whuqdo oldelolwlhv/ e
+e A 3 fruuhvsrqgv wr srvlwlyh h{whuqdo oldelolwlhv dqg e ? 3 wr srvlwlyh lqwhuqdo ixqgv,1

Zrunhuv duh lq�qlwho|0olyhg djhqwv zkrvh srsxodwlrq lv uhsuhvhqwhg e| d frqwlq0
xxp ri pdvv rqh1 Hdfk zrunhu l lv hqgrzhg zlwk d xqlw ri oderu/ dqg pd{lpl}hv wkh
h{shfwhg suhvhqw ydoxh ri lqvwdqwdqhrxv xwlolw|

f�| . }+4� o�|,> } � 3>

olqhdu dw dq| wlph w lq frqvxpswlrq f�| dqg oderu vxsso| o�|/ glvfrxqwhg dw udwh � A 31
Hqwuhsuhqhxuv pd{lpl}h wkh h{shfwhg suhvhqw ydoxh ri frqvxpswlrq/ dovr glv0

frxqwhg dw udwh �1 Doo djhqwv duh wkhuhiruh ulvn qhxwudo/ dqg wkh pdunhw glvfrxqw
udwh zloo eh �1 Hqwuhsuhqhxuldo surmhfwv duh khog e| d frqwlqxxp ri qrq0dfwlyh hq0
wuhsuhqhxuv lqgh{hg e| l1 Hdfk kdv d surmhfw iru d surgxfwlrq xqlw zlwk nqrzq sur0
gxfwlylw| ��/ dqg d fhuwdlq dprxqw ri zhdowk wkdw wudqvodwhv lqwr d �qdqflqj uhtxluh0
phqw e� � htxdo wr wkh surmhfw*v lqyhvwphqw uhtxluhphqw plqxv wkh hqwuhsuhqhxu*v
zhdowk15 Zh dvvxph wkdw wkh glvwulexwlrqv ri zhdowk dqg surmhfw surgxfwlylwlhv duh
lqghshqghqw lq wkh furvv vhfwlrq1 Dw dq| wlph w/ wkh pdujlqdo ghqvlw| ri surmhfw
surgxfwlylwlhv lv jlyhq e| i+�,> dqg wkh pdujlqdo ghqvlw| ri surmhfw �qdqflqj uh0
txluhphqwv lv j+e>D|,/ zkhuh D| lv dq lqgh{ ri wkh djjuhjdwh zhdowk ri qrq0dfwlyh
hqwuhsuhqhxuv16

Idfwru0pdunhw uhqwv
Wkh hpsor|phqw dqg �qdqflqj uhodwlrqvklsv zlwklq surgxfwlrq xqlwv vx�hu iurp frq0
wudfwlqj revwdfohv1 Zh dvvxph wkdw d iudfwlrq ! 5 +3> 4` ri d surgxfwlrq xqlw*v fdslwdo
lv vshfl�f/ lq wkh vhqvh wkdw lwv surgxfwlyh ydoxh glvdsshduv li hlwkhu oderu ru wkh pdq0
djhu ohdyhv wkh xqlw1 Vshfl�flw| zlwk uhvshfw wr oderu dqg pdqdjhphqw lv lqwhqghg wr

5Qrwh wkdw li K� 	 f/ wkh xqlw vwduwv zlwk srvlwlyh lqwhuqdo ixqgv1
6E| �{lqj wkh glvwulexwlrqv ri surmhfw surgxfwlylwlhv dqg �qdqflqj uhtxluhphqwv/ zh dyrlg kdylqj

wr prgho wkh ghwdlohg srsxodwlrq g|qdplfv ri srwhqwldo hqwuhsuhqhxuv1 Lpsolflwo|/ zh dvvxph wkh
surfhvv e| zklfk srwhqwldo hqwuhsuhqhxuv lqyhqw ru orvh lghdv iru surmhfwv lv vxfk wkdw lw uhvxowv lq
wkh dvvxphg glvwulexwlrqv1

9



fdswxuh wkh hgjh wkdw vxfk �lqvlghuv� pd| dftxluh wr dssursuldwh txdvl0uhqwv zlwklq
wkh qh{xv ri wkh �up17 Lw fuhdwhv d fodvvlf �krogxs� sureohp1 Djhqwv* h{ dqwh whupv
ri wudgh qhhg wr eh surwhfwhg wkurxjk d ixoo| frqwlqjhqw frqwudfw1 Krzhyhu/ vxfk
frqwudfwv pd| eh xqhqirufhdeoh ru h{fhvvlyho| frpsoh{/ dqg vshfl�f txdvl0uhqwv zloo
lqvwhdg eh glylghg dffruglqj wr wkh sduwlhv* h{ srvw whupv ri wudgh18 Wklv frqvwudlqv
fhuwdlq hpsor|phqw dqg �qdqflqj uhodwlrqvklsv iurp ehlqj iruphg/ dqg uhvxowv lq
uhqw frpsrqhqwv ri zdjhv dqg sur�wv wkdw zh dqdo|}h lq vxe0vhfwlrq 5151

Wkh qrq0vshfl�f frpsrqhqw ri fdslwdo/ +4�!,�/ kdv ixoo froodwhudo ydoxh/ dqg jlyhv
ulvh wr qr frqwudfwlqj gl!fxowlhv1 Lwv rzqhu fdq zlwkgudz lw dw dq| wlph iurp wkh
uhodwlrqvkls/ dqg xvh lw hovhzkhuh zlwk qr orvv ri ydoxh1 Zlwkrxw orvv ri jhqhudolw|/
zh frqvlghu wkdw lw lv dozd|v ohdvhg dw d uhqwdo frvw u A 3/ zklfk fryhuv wkh frvw
ri fdslwdo dgmxvwhg iru ghsuhfldwlrq19 Ehfdxvh wkh uhqwdo frvw ri jhqhulf fdslwdo dqg
wkh pdujlqdo xwlolw| ri ohlvxuh duh xqsureohpdwlf/ zh qhw wkhp rxw ri surgxfwlrq0xqlw
rxwsxw dqg gh�qh h|r � h| � u+4� !,�� }1

Surgxfwlrq vwuxfwxuh g|qdplfv
Dw dq| wlph w/ wkh glvwulexwlrq ri surgxfwlrq xqlwv lv jlyhq e| wkh ghqvlw| qn| +e> �,
ri xqlwv wkdw rshudwh lq wkh jrrg vwdwh zlwk h{whuqdo oldelolw| e dqg shupdqhqw sur0
gxfwlylw| �/ dqg wkh htxlydohqw ghqvlw| q3| +e> �, ri xqlwv lq wkh edg vwdwh1 Wkh wrwdo
qxpehu ri xqlwv lq wkh jrrg dqg wkh edg vwdwhv duh
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Irxu idfwruv gulyh wkh glvwulexwlrqdo g|qdplfv ri surgxfwlrq xqlwv +vhh sdqho +e,
ri �jxuh 514,= +l, xqlwv duh frqwlqxrxvo| fuhdwhg> +ll, xqlwv duh dovr frqwlqxrxvo|
ghvwur|hg> +lll, xqlwv ghfxpxodwh ru dffxpxodwh e/ ghshqglqj rq zkhwkhu wkh| h{sh0
ulhqfh srvlwlyh ru qhjdwlyh fdvk  rzv> dqg +ly, xqlwv wudqvlw ehwzhhq wkh jrrg dqg wkh
edg lglrv|qfudwlf vwdwh dw suredelolw| udwh �1 Wkh h�hfw ri glvwulexwlrqdo g|qdplfv
rq djjuhjdwh hpsor|phqw lv fdswxuhg e| wkh djjuhjdwh jurvv udwhv ri fuhdwlrq dqg
ghvwuxfwlrq ri surgxfwlrq xqlwv � zklfk zh ghqrwh e| K| dqg G|/ uhvshfwlyho|1

Fuhdwlrq ri qhz surgxfwlrq xqlwv uhtxluhv wzr frqglwlrqv wkdw zh ghulyh lq vxe0
vhfwlrq 516= wkh surmhfw pxvw eh sur�wdeoh/ dqg lw pxvw �qg �qdqflqj1 Dw dq| srlqw

7 Lqyhvwphqw vshfl�flw| pd| uhvxow iurp �up0vshfl�f kxpdq dqg rujdql}dwlrqdo fdslwdo/ ru iurp
wkh dgydqwdjh wkdw d sduw| fdq jdlq wkurxjk jryhuqphqw uhjxodwlrq1 Lw lv fohduo| rqo| d vlpsol�fdwlrq
wr dvvxph wkdw lw lv wkh vdph iudfwlrq ri fdslwdo wkdw lv vshfl�f wr erwk oderu dqg pdqdjhphqw1

8Iru d glvfxvvlrq ri wklv �krogxs� sureohp wkdw uhvxowv iurp vshfl�flw|/ vhh/ h1j1/ Nohlq/ Fudzirug
dqg Dofkldq +4<:;, dqg Kduw +4<<8/ fkdswhu 7,1 Iru d glvfxvvlrq ri lwv pdfurhfrqrplf lpsolfdwlrqv/
vhh Fdedoohur dqg Kdpprxu +4<<;d,1

9Wklv frqwudfwxdo irup lv qrw xqltxh1 Qrq0vshfl�f fdslwdo frxog dovr eh �qdqfhg wkurxjk d ixoo|
froodwhudol}hg ordq1 Dv orqj dv wkh sulfh ri fdslwdo uhpdlqv frqvwdqw/ wkh wzr frqwudfwv duh htxlydohqw
+vhh Nl|rwdnl dqg Prruh 4<<:/ iq1 ;/ s1 54;,1

:



lq wlph/ doo surmhfwv wkdw vdwlvi| erwk frqglwlrqv duh vwduwhg1 Wkh hqwuhsuhqhxu kluhv d
zrunhu/ pdnhv d vshfl�f lqyhvwphqw ri !�/ dqg uhqwv +4�!,� xqlwv ri jhqhulf fdslwdo1
Li wkh hqwuhsuhqhxu*v zhdowk lv d�/ wkh lqlwldo ohyho ri h{whuqdo oldelolwlhv lv e� @ !��d�1
Zh dvvxph wkdw doo qhz surgxfwlrq xqlwv vwduw lq wkh jrrg vwdwh1

Ghvwuxfwlrq ri surgxfwlrq xqlwv lv ri wzr w|shv1 Lw pd| hlwkhu eh gxh wr d idloxuh ri
wkh surgxfwlrq xqlw +dw wkh deryh0phqwlrqhg udwh �,/ ru gxh wr d vhsdudwlrq ghflvlrq
zlwklq d ixqfwlrqlqj surgxfwlrq xqlw1 Lq erwk hyhqwv/ vshfl�f fdslwdo orvhv doo ydoxh
rqfh idfwruv vhsdudwh1 Wkh odwwhu w|sh ri ghvwuxfwlrq wdnhv sodfh gxulqj shulrgv
ri qhjdwlyh fdvk  rzv/ zkhq wkh hqwuhsuhqhxu vwrsv pdnlqj wkh lqyhvwphqw wkdw lv
qhfhvvdu| wr fryhu qhjdwlyh fdvk  rzv dqg frqwlqxh rshudwlrqv1 Zh uhvwulfw rxuvhoyhv
wr d udqjh ri prgho sdudphwhuv vxfk wkdw rshudwlrqdo fdvk  rzv duh dozd|v srvlwlyh
lq wkh jrrg vwdwh dqg qhjdwlyh lq wkh edg vwdwh1 Lq wkh jrrg vwdwh/ srvlwlyh fdvk  rzv
doorz d xqlw wr uhgxfh lwv oldelolwlhv ryhu wlph/ wkhq dffxpxodwh lqwhuqdo ixqgv> rqfh
lw wudqvlwv wr wkh edg vwdwh/ wkh xqlw pxvw ghflgh zkhwkhu wr lqwhuuxsw rshudwlrqv
ru ixqg qhjdwlyh fdvk  rzv zlwk wkh krsh ri uhyhuwlqj wr wkh jrrg vwdwh1 Vlploduo|
wr fuhdwlrq lqyhvwphqw/ wklv frqwlqxdwlrq lqyhvwphqw ghflvlrq uhtxluhv wzr frqglwlrqv
wkdw zh dovr ghulyh lq vxe0vhfwlrq 516= wkh hqwuhsuhqhxu pxvw �qg lw sur�wdeoh wr
fryhu wkh xqlw*v qhjdwlyh fdvk  rz/ dqg kh pxvw �qg �qdqflqj iru lw1 Ghvwuxfwlrq
wdnhv sodfh zkhq rqh ri wkrvh wzr frqglwlrqv idlov wr eh vdwlv�hg1 Idloxuh ri wkh
sur�wdelolw| frqglwlrq uhvxowv lq sulydwho| h!flhqw vhsdudwlrq ehwzhhq idfwruv> idloxuh
ri wkh �qdqflqj frqglwlrq uhvxowv lq sulydwho| lqh!flhqw vhsdudwlrq1:

515 Frqwudfwlqj Idloxuhv lq wkh Oderu dqg Ilqdqfldo Pdunhwv

Zh qrz wxuq wr wkh ghwhuplqdwlrq ri idfwru uhzdugv zkhq d iudfwlrq ! ri fdslwdo
lv vshfl�f zlwk uhvshfw wr oderu dqg wr wkh hqwuhsuhqhxu0pdqdjhu1 Wkh frqwudfwlqj
sureohp frqvlvwv lq wkh dvvxpswlrq wkdw oderu dqg wkh hqwuhsuhqhxu fdqqrw frqwudf0
wxdoo| suhfrpplw qrw wr zlwkkrog wkhlu kxpdq fdslwdo iurp wkh uhodwlrqvkls1 Zh
dqdo|}h wkh h�hfw ri vshfl�flw| zlwk uhvshfw wr oderu rq wkh hpsor|phqw uhodwlrqvkls/
dqg ri vshfl�flw| zlwk uhvshfw wr wkh hqwuhsuhqhxu rq wkh �qdqflqj uhodwlrqvkls1

Wkh hpsor|phqw uhodwlrqvkls
Zh frqvlghu wkdw oderu dqg fdslwdo +wkh hqwuhsuhqhxu dqg h{whuqdo �qdqflhuv, wudqvdfw
dv wzr prqrolwklf sduwqhuv1; Ehfdxvh ri wkh frqwudfwlqj sureohp/ vshfl�f txdvl0
uhqwv pxvw eh glylghg h{ srvw/ diwhu lqyhvwphqw lv vxqn1 Zh dvvxph wklv glylvlrq
lv jryhuqhg e| frqwlqxrxv0wlph Qdvk edujdlqlqj1 Oderu rewdlqv/ lq dgglwlrq wr lwv

:Ehfdxvh zh kdyh dvvxphg qr mrlqw0rzqhuvkls ri surgxfwlrq xqlwv/ d olwhudo lqwhusuhwdwlrq ri
sulydwho| lqh!flhqw vhsdudwlrqv lv lq whupv ri edqnuxswf|1 Wklv lqwhusuhwdwlrq fdq eh orrvho| h{whqghg
wr sduwldo oltxlgdwlrqv ri d �up*v dfwlylwlhv ehfdxvh ri olplwhg ixqgv1 Li dq hqwuhsuhqhxu zhuh doorzhg
wr rshudwh vhyhudo surgxfwlrq xqlwv dw d wlph/ zklfk h�hfwlyho| vkduh lq wkh vdph srro ri oldelolwlhv ru
lqwhuqdo ixqgv/ �qdqfldo frqvwudlqwv pd| ohdg klp wr lqh!flhqwo| oltxlgdwh vrph xqlwv exw qrw rwkhuv1

;Rqh uhdvrq zk| oderu pd| qrw eh deoh wr ghdo vhsdudwho| zlwk wkh hqwuhsuhqhxu dqg h{whuqdo
�qdqflhuv lv lqirupdwlrqdo1 Wkh hqwuhsuhqhxu pd| eh deoh wr glvjxlvh lqwhuqdo ixqglqj lq wkh irup
ri h{whuqdo �qdqflqj1 Li/ krzhyhu/ oderu lv deoh wr vhsdudwh ehwzhhq wkh wzr/ h{whuqdo oldelolwlhv fdq
eh xvhg dv d zd| wr uhgxfh wkh uhqwv dssursuldeoh e| oderu1 Vhh Eurqduv dqg Ghhuh +4<<4, iru d
glvfxvvlrq dqg vrph hpslulfdo hylghqfh1

;



rxwvlgh rssruwxqlw| frvw/ d vkduh � 5 +3> 4, ri wkh suhvhqw ydoxh V ri wkh xqlw*v vshfl�f
txdvl0uhqwv/ v�|> dqg fdslwdo rewdlqv d vkduh +4� �,V1

Wkh txdvl0uhqwv lq surgxfwlrq xqlw l duh

v�| @ +h|r| . �� .h��|,�zJ
| /

zkhuh zJ
| ghqrwhv oderu*v  rz rssruwxqlw| frvw ri sduwlflsdwlqj lq d surgxfwlrq xqlw/

deryh wkh pdujlqdo xwlolw| ri ohlvxuh +zklfk lv gluhfwo| vxewudfwhg iurp h|r,1 Zh vroyh
iru d zdjh sdwk iru hdfk surgxfwlrq xqlw l/

z�| @ zJ
| . �v�|/ +4,

zklfk jlyhv wkh zrunhu d vkduh �V lq suhvhqw ydoxh dw dq| srlqw lq wlph1 Sur�wv duh
wkhuhiruh htxdo wr

��| � +h|r| . �� .h��|,�z�| @ +4� �, v�|= +5,

Ilqdoo|/ oderu*v rssruwxqlw| frvw lv jlyhq e|

zJ
| @

K|

X|
�HD ^V|`1 +6,

Dv lv vwdqgdug lq htxloleulxp edujdlqlqj prghov/ lw lv htxdo wr wkh udwh K|@X| dw
zklfk dq xqhpsor|hg zrunhu h{shfwv wr �qg hpsor|phqw/ pxowlsolhg e| wkh vkduh
�HD ^V|` kh h{shfwv wr rewdlq ri wkh vxusoxv iurp klv qhz mre1<

H{suhvvlrq +5, doorzv xv wr gh�qh sur�w ixqfwlrqv ��| @ �n+��> |, lq wkh jrrg lg0
lrv|qfudwlf vwdwh dqg ��| @ �3+��> |, lq wkh edg vwdwh/ zkhuh | lv d vwdwh yhfwru wkdw
frqvwlwxwhv d vx!flhqw vwdwlvwlf iru fxuuhqw dqg ixwxuh djjuhjdwh frqglwlrqv +lqfoxglqj
yduldeohv h|r| dqg zJ

| ,1 Li wkh xqlw kdv qhw xqfroodwhudol}hg oldelolwlhv e�|/ wkh h{shfwhg
suhvhqw glvfrxqwhg ydoxh ri sur�w  rzv lv d ixqfwlrq �n+e�|> ��> |, zkhq wkh xqlw lv
lq wkh jrrg vwdwh dqg �3+e�|> ��> |, zkhq lw lv lq wkh edg vwdwh1 Wkrvh ixqfwlrqv duh
+zhdno|, ghfuhdvlqj lq e/ ehfdxvh/ dv zh dujxh ehorz/ d kljkhu e jhqhudoo| lqfuhdvhv
wkh suredelolw| ri sulydwho| lqh!flhqw oltxlgdwlrq1 Khqfhiruwk/ zh zloo uhsodfh wkh
dujxphqw | e| d wlph vxevfulsw wr vdyh rq qrwdwlrq1

Wkh �qdqflqj uhodwlrqvkls
Wkh �qdqflqj uhodwlrqvkls lv uhvwulfwhg wr xqfroodwhudol}deoh lqyhvwphqwv/ ehfdxvh wkh
froodwhudol}deoh vkduh ri fdslwdo +4 � !,� lv xqsureohpdwlf dqg lv frqvlghuhg uhqwhg1
Vshfl�flw| zlwk uhvshfw wr wkh hqwuhsuhqhxu0pdqdjhu jlyhv ulvh wr frqwudfwlqj sure0
ohpv vlplodu wr wkrvh wkdw dulvh lq wkh hpsor|phqw uhodwlrqvkls1 Wkh hqwuhsuhqhxu0
pdqdjhu fdq dozd|v wkuhdwhq h{ srvw wr zlwkkrog klv kxpdq fdslwdo iurp wkh surgxf0
wlrq xqlw/ dqg dwwhpsw wr uhqhjrwldwh zlwk wkh �qdqflhu rq wkdw edvlv1 Zh dvvxph
wkdw Qdvk edujdlqlqj zrxog jlyh d vkduh � 5 +3> 4, ri wkh suhvhqw ydoxh � ri sur�wv wr
wkh pdqdjhu/ dqg d vkduh +4� �, wr wkh �qdqflhu1 Wkhuhiruh/ dq| h{whuqdo fodlp iru
wkh �qdqflhu deryh +4� �,� zloo eh uhqhjrwldwhg grzq1 Wklv sxwv dq xsshu0erxqg
rq wkh h{whuqdo fodlpv d surgxfwlrq xqlw fdq vxssruw1

<Iru d ghwdlohg ghulydwlrq ri d vlplodu h{suhvvlrq/ vhh wkh dsshqgl{ lq Fdedoohur dqg Kdpprxu
+4<<;e,1

<



Wkh lqdelolw| wr �qg �qdqflqj pd| suhyhqw dq hqwuhsuhqhxu iurp vwduwlqj dq
rwkhuzlvh sur�wdeoh surmhfw> ru pd| irufh klp wr oltxlgdwh d kljko| surgxfwlyh xqlw
wkdw uxqv lqwr d shulrg ri qhjdwlyh fdvk  rzv +vhh vxe0vhfwlrq 516,1 Dv d frqvhtxhqfh/
dq rswlpdo srolf| iru wkh hqwuhsuhqhxu wkdw plqlpl}hv wkh ulvn ri lqh!flhqw oltxlgdwlrq
lv qrw wr frqvxph glylghqgv xqwlo wkh surgxfwlrq xqlw idlov ru lv oltxlgdwhg143 Wklv
lpsolhv/ lq sduwlfxodu/ wkdw uhsd|phqwv wr wkh �qdqflhu duh h�hfwlyho| pdgh dw wkh
idvwhvw srvvleoh udwh1

D frqwudfw wkdw plqlpl}hv wkh �qdqfldo frqvwudlqw pxvw vdwlvi| wkh iroorzlqj surs0
huwlhv= +l, wkh �qdqflhu h{shfwv wr jhw klv prqh| edfn lq suhvhqw ydoxh> +ll, wkh deryh0
phqwlrqhg uh0qhjrwldwlrq frqvwudlqw lv qrw ylrodwhg> dqg +lll, wkh hqwuhsuhqhxu fdqqrw
frqvxph iurp wkh surmhfw*v fdvk  rz ehiruh wkh �qdqflhu*v fodlp kdv ehhq ixoo| sdlg1
D �qdqfldo frqwudfw zlwk wkrvh surshuwlhv fdq eh wkrxjkw ri dv d vhqlru xqfroodwhu0
dol}hg fodlp e ryhu wkh xqlw*v fdvk  rz khog e| d vlqjoh �qdqflhu/ zlwk d suhihuuhg
uhwxuq htxdo wr wkh ulvn0dgmxvwhg rssruwxqlw| frvw ri ixqgv1 Rxu prgho grhv qrw
glvwlqjxlvk ehwzhhq gl�huhqw lqvwlwxwlrqdo duudqjhphqwv � ghew0olnh ru htxlw|0olnh �
dv orqj dv wkh| uhvxow lq wkh vdph lqyhvwphqw ghflvlrqv dqg qhw wudqvihuv ehwzhhq wkh
wzr sduwlhv1

516 Fuhdwlrq dqg Frqwlqxdwlrq

Zh qrz ghulyh wkh frqglwlrqv xqghu zklfk fuhdwlrq dqg frqwlqxdwlrq lqyhvwphqwv duh
xqghuwdnhq1 Wkh iruphu lqyhvwphqw frqvlvwv ri wkh vshfl�f lqyhvwphqw !� uhtxluhg wr
fuhdwh d surgxfwlrq xqlw1 Wkh odwwhu frqvlvw ri wkh lqyhvwphqwv pdgh wr fryhu shulrgv
ri qhjdwlyh fdvk  rzv lq rughu wr krdug wkh xqlw*v vshfl�f dvvhwv1 E| lwv yhu| qdwxuh/
frqwlqxdwlrq lqyhvwphqw lv ixoo| vshfl�f dqg vxemhfw wr frqwudfwlqj revwdfohv1 Erwk
w|shv ri lqyhvwphqwv duh vxemhfw wr d �qdqfldo dqg d sur�wdelolw| frqvwudlqw1 Wkh|
zloo rqo| eh xqghuwdnhq li erwk frqvwudlqwv duh vdwlv�hg1

Fuhdwlrq lqyhvwphqw
Vxssrvh dq hqwuhsuhqhxu zlwk zhdowk d kdv d surmhfw iru d surgxfwlrq xqlw zlwk
surgxfwlylw| �1 Wr fuhdwh wkh xqlw/ wkh hqwuhsuhqhxu qhhgv wr lqfxu d qhw oldelolw|
e @ !�� d1 Wkh wzr frqglwlrqv iru xqghuwdnlqj wkh surmhfw duh dv iroorzv1 Iluvw/ wkh
hqwuhsuhqhxu pxvw eh deoh wr dwwudfw wkh uhtxluhg �qdqflqj/ zklfk zh kdyh vhhq lv
olplwhg wr wkh pd{lpxp oldelolw|

e � +4� �,�n
| +e> �,= +7,

Vhfrqg/ wkh surmhfw pxvw eh sur�wdeoh=

!� � �n
| +e> �, = +8,

43Wklv vwdwhphqw pxvw eh txdol�hg e| wkh revhuydwlrq wkdw/ li wkh djjuhjdwh yduldeoh h+ kdv �qlwh
vxssruw/ wkhuh lv d ohyho Kr@se 	 f ri lqwhuqdo ixqgv eh|rqg zklfk wkh surgxfwlrq xqlw lv lppxqh
iurp lqh!flhqw oltxlgdwlrq1 Wklv kdsshqv zkhq wkh lqwhuhvw lqfrph 4Kr@se rq lqwhuqdo ixqgv fryhuv
dq| srvvleoh qhjdwlyh fdvk  rz Z3 lq wkh edg vwdwh1 Eh|rqg Kr@se/ wkh hqwuhsuhqhxu lv lqgl�huhqw
ehwzhhq frqvxplqj glylghqgv ru qrw1
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Vlqfh �n lv ghfuhdvlqj lq e/ frqvwudlqwv +7, dqg +8, fdq eh uhzulwwhq dv

!�� d � e
n
| +�, � plqiesn| +�,> e

Rn
| +�,j/ +9,

zkhuh e
s
| lv gh�qhg lpsolflwo| e| wdnlqj wkh �qdqfldo frqvwudlqw zlwk htxdolw|/ dqg e

R
|

lv gh�qhg e| wdnlqj wkh sur�wdelolw| frqvwudlqw zlwk htxdolw| +hlwkhu yduldeoh fdq wdnh
ydoxh .4 zkhq wkh frqvwudlqw lv qrw elqglqj,1 Iljxuh 515+d, looxvwudwhv wkh rshudwlrq
ri wkh sur�wdelolw| dqg �qdqfldo frqvwudlqwv rq wkh fuhdwlrq ri surmhfwv zlwk surgxf0
wlylwlhv �� dqg �2/ �� ? �21 Iru surmhfwv zlwk surgxfwlylw| ��/ lw lv wkh sur�wdelolw|
frqvwudlqw e � e

Rn
+��, wkdw lv elqglqj> zkloh iru surmhfwv zlwk surgxfwlylw| �2/ lw lv

wkh �qdqfldo frqvwudlqw e � e
sn

+�2,1
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Frqwlqxdwlrq lqyhvwphqw
Jlyhq rxu uhvwulfwlrq wr sdudphwhuv vxfk wkdw fdvk  rzv duh srvlwlyh lq wkh jrrg
vwdwh dqg qhjdwlyh lq wkh edg vwdwh � l1h1 �n| +�, A 3 dqg �3| +�, ? 3 � frqwlqxdwlrq
lqyhvwphqw lv dozd|v uhtxluhg lq wkh edg vwdwh1 Lw idfhv �qdqfldo dqg sur�wdelolw|
frqvwudlqwv/ e

s3
| +�, dqg e

R3
| +�,/ vlplodu wr wkh frqvwudlqwv rq fuhdwlrq1

Wkh �qdqfldo frqvwudlqw pd| d�hfw d xqlw lq wkh edg vwdwh zlwk qr lqwhuqdo ixqgv
wr fryhu lwv qhjdwlyh fdvk  rz +e � 3,1 Wklv fdq eh looxvwudwhg prvw hdvlo| lq d
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vwhdg|0vwdwh vhwwlqj/ zkhuh djjuhjdwh frqglwlrqv  duh lqyduldqw1 Lq wkh devhqfh ri
�qdqflqj frqvwudlqwv +l1h1/ wdnlqj wkh olplw e $ �4,/ rqh fdq vkrz wkdw wkh ydoxh ri
wkh rswlrq wr fryhu qhjdwlyh fdvk  rzv lq wkh edg vwdwh lv

�3 +�, . ��n +�4> �,

�. � . �
= +:,

Krzhyhu/ ehfdxvh wkh pdqdjhu zrxog uhqhjrwldwh wkh ghew grzq wr

e
sn

+�, @ +4� �,�n
�
e
sn

+�,> �
�

rqfh lq wkh jrrg vwdwh/ rqh fdq vkrz wkdw wkh ydoxh wr wkh �qdqflhu ri wkh rswlrq wr
�qdqfh qhjdwlyh fdvk  rzv lv qr juhdwhu wkdq

�3 +�, . � +4� �,�n
�
e
sn

+�,> �
�

�. � . �
>

zklfk lv reylrxvo| vpdoohu wkdq wkh sulydwh ydoxh +:, ri frqwlqxdwlrq1 Lw lv wkhuhiruh
srvvleoh iru sulydwho| lqh!flhqw oltxlgdwlrq wr wdnh sodfh/ zkhuh frqwlqxdwlrq kdv
srvlwlyh suhvhqw ydoxh exw fdqqrw eh �qdqfhg h{whuqdoo|144 c45

Ixuwkhupruh/ rqh fdq vkrz wkdw li wkh hqwuhsuhqhxu lv deoh wr dwwudfw h{whuqdo
�qdqfh iru frqwlqxdwlrq/ kh zloo eh deoh wr gr vr luuhvshfwlyh ri wkh fxuuhqw ohyho ri

44Frqfhlydeo|/ wkh �qdqflhu pd| r�hu wkh hqwuhsuhqhxu dq �lqvxudqfh� duudqjhphqw wkurxjk zklfk
kh frpplwv wr �qdqfh qhjdwlyh fdvk  rzv lq wkh edg vwdwh lq h{fkdqjh iru dq lqvxudqfh suhplxp
sdlg lq wkh jrrg vwdwh1 Zlwk odujh hqrxjk fdvk  rzv lq wkh jrrg vwdwh/ wkh �qdqflhu pd| eh deoh wr
euhdn hyhq1 Krzhyhu/ lqvxudqfh jlyhv ulvh wr dq lqirupdwlrqdo sureohp li wkh �qdqflhu fdqqrw revhuyh
wkh xqlw*v lglrv|qfudwlf vwdwh1 Wkh hqwuhsuhqhxu qhhg rqo| fodlp wr eh lq wkh edg vwdwh wr froohfw
wkh lqvxudqfh1 Dv lv zhoo nqzrq/ wkh lqirupdwlrqdo sureohp lv ohvv vhyhuh xqghu d vlpsoh oldelolw|
duudqjhphqw/ zkhuh wkh hqwuhsuhqhxu pxvw oltxlgdwh klv surgxfwlrq xqlw wr glvfrqwlqxh sd|phqwv wr
wkh �qdqflhu1

45Zkhq d sulydwho| lqh!flhqw vhsdudwlrq wdnhv sodfh/ erwk wkh hqwuhsuhqhxu dqg oderu orvh wkhlu
vkduh ri wkh surgxfwlrq xqlw*v vxusoxv 73| EKc D�1 Frxog oderu frph wr wkh uhvfxh e| wdnlqj d zdjh
fxwB Rqh fdq vkrz wkdw wkh pdqdjhu0rzqhu lv dovr vxemhfw wr d �qdqflqj frqvwudlqw zlwk uhvshfw wr
wkh zrunhu/ vlplodu wr wkdw zlwk uhvshfw wr dq h{whuqdo �qdqflhu1 Zh frqvwudlq wkh sdudphwhu vsdfh
vr wkdw wklv zrunhu0�qdqflqj frqvwudlqw lv dozd|v elqglqj1
Wr vhh wklv/ frqvlghu wkh frqwlqxrxv0wlph Qdvk edujdlqlqj vroxwlrq ehklqg zdjh htxdwlrq +4,/

zkhuh oderu dqg wkh hqwuhsuhqhxu jhw ru frqwulexwh wkhlu vkduh � q dqg E�3q� � ri wkh  rz vxusoxv
r|1 Li wkh hqwuhsuhqhxu uxqv rxw ri lqwhuqdo ixqgv lq wkh edg vwdwh/ dqg lv xqdeoh wr �qdqfh klv vkduh
ri wkh qhjdwlyh vxusoxv/ wkh Qdvk edujdlqlqj sureohp ehfrphv frqvwudlqhg dqg wkh deryh vroxwlrq
euhdnv grzq1 Lw pd| pdnh vhqvh iru wkh zrunhu/ lq wkdw fdvh/ wr �qdqfh wkh zkroh ri r3| ED� lq wkh
edg vwdwh lq rughu wr uhwdlq klv vkduh q7n

| EKc D� lq wkh jrrg vwdwh1 Wkh vwhdg|0vwdwh frqglwlrq iru wklv
wr kdsshq lv

r3| ED� n bq7n

| E3"c D� : f�

Rq wkh rwkhu kdqg/ wkh frqglwlrq iru frqwlqxdwlrq wr eh sulydwho| h!flhqw lv

r3| ED� n b7n

| E3"c D� : f�

Lw lv wkhuhiruh fohdu wkdw dv orqj dv q 	 �/ �qdqflqj pd| qrw eh zruwk lw iru oderu hyhq zkhq
frqwlqxdwlrq lv sulydwho| h!flhqw1
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e � 3146 Lq rwkhu zrugv/ wkh pd{lpxp oldelolw| e
s3

+�, iru frqwlqxdwlrq �qdqflqj wr
eh ihdvleoh fdq wdnh rqo| wzr ydoxhv= 3 ru .41 Wkh lqwhuhvwlqj fdvh iru xv lv zkhq
frqwlqxdwlrq lq wkh edg vwdwh fdqqrw eh �qdqfhg1 Zh wkhuhiruh uhvwulfw rxuvhoyhv wr
sdudphwhuv xqghu zklfk qhjdwlyh fdvk  rzv lq wkh edg vwdwh duh vljql�fdqw hqrxjk/
vr wkdw wkh �qdqfh frqvwudlqw rq frqwlqxdwlrq lv dozd|v elqglqj =

e
s3
| +�, @ 3> � 5 ^��> �`/ w � 3=

Wkh �qdqfldo frqvwudlqw rq frqwlqxdwlrq lv looxvwudwhg lq �jxuh 515+e,/ zkhuh erwk
surgxfwlrq xqlwv duh �qdqfldoo| frqvwudlqhg lq wkh edg vwdwh1

Ohw xv qrz wxuq wr wkh sur�wdelolw| frqvwudlqw iru d xqlw wkdw vwloo kdv lqwhuqdo
ixqgv +e ? 3, wr fryhu qhjdwlyh fdvk  rzv1 Sur�wdelolw| uhtxluhv

�3| +e> �, � 3=

Wklv ohdgv xv wr gh�qh e
R3
| +�, dv wkh orzhvw ydoxh ri e iru zklfk �3| +e> �, @ 31

Rqh fdq vkrz wkdw/ lq vwhdg| vwdwh/ e
R3
| dovr wdnhv rqo| wzr ydoxhv= �4 ru 3147

Lq rwkhu zrugv/ li d xqlw kdv lqwhuqdo ixqgv dqg wudqvlwv wr wkh edg vwdwh/ lw hlwkhu
frqwlqxhv xqwlo irufhg wr h{lw zkhq e uhdfkhv e

s3
| @ 3> ru lw h{lwv yroxqwdulo| xsrq

wudqvlwlqj lqwr wkh edg vwdwh/ luuhvshfwlyh ri lwv ohyho ri e1 Lq wkh iruphu vfhqdulr/ wkh
xqlw lv �qdqfldoo| frqvwudlqhg> lq wkh odwwhu/ lw lv sur�wdelolw| frqvwudlqhg1

517 Djjuhjdwh G|qdplfv

Zh forvh wkh prgho e| glvfxvvlqj wkh glvwulexwlrqdo g|qdplfv wkdw jryhuq wkh djjuh0
jdwh surgxfwlrq vwuxfwxuh1 Zh h{dplqh/ lq wxuq/ wkh g|qdplfv ri d surgxfwlrq xqlw*v
h{whuqdo oldelolwlhv> wkh djjuhjdwh jurvv fuhdwlrq dqg ghvwuxfwlrq udwhv ri surgxfwlrq
xqlwv> dqg wkh zhdowk g|qdplfv wkdw ghwhuplqh qhz surmhfwv* �qdqflqj uhtxluhphqwv1

G|qdplfv ri h{whuqdo oldelolwlhv
46Frqvlghu wzr qrq0qhjdwlyh ohyhov ri h{whuqdo oldelolw|/ Kkljk : Korz D f1 Li wkh �qdqflhu lv zloolqj

wr �qdqfh frqwlqxdwlrq dw Korz / kh kdv doo wkh pruh uhdvrq wr �qdqfh lw dw Kkljk / vlqfh klv uhwxuq lq
wkdw fdvh fdq rqo| eh juhdwhu1 Frqyhuvho|/ li frqwlqxdwlrq lv �qdqfhg dw Kkljk / wkh hqwuhsuhqhxu fdq
dozd|v �qg dq lqwhuhvw udwh sdwk wkdw zloo dwwudfw �qdqfh dw Korz 1 Rqh vxfk sdwk lv wr lqfuhdvh wkh
oldelolw| lqvwdqwo| wr Kkljk / dw zklfk ohyho zh nqrz wkdw h{whuqdo �qdqfh fdq eh lqgxfhg1 Wklv sdwk
lv suhihudeoh iru wkh hqwuhsuhqhxu wr lqh!flhqw oltxlgdwlrq/ dowkrxjk kh jhqhudoo| kdv pruh idyrudeoh
dowhuqdwlyh sdwkv1

47Wkh dujxphqw zk|/ jhqhulfdoo|/ K
R3

ED� M t3"c f� lq vwhdg| vwdwh lv dv iroorzv1 Ohw D_ eh wkh
ohyho ri surgxfwlylw| dw zklfk d xqlw zlwk lq�qlwh ixqgv +K ' 3", lv lqgl�huhqw ehwzhhq frqwlqxlqj ru
oltxlgdwlqj lq wkh edg vwdwh/ l1h1 Z3ED_�nb�n

�3"c D_
�
' f1 +l, Zkhq D ' D_/ wkh ydoxh �3 ri d xqlw

lq wkh edg vwdwh lv }hur/ luuhvshfwlyh ri lwv ohyho ri K> zklfk lpsolhv wkdw lwv ydoxh �n lq wkh jrrg vwdwh
lv dovr lqghshqghqw ri K1 Wkxv/ dq| xqlw lq wkh edg vwdwh zloo dovr �qg wkdw Z3ED_�nb�n

�
Kc D_

�
' f

luuhvshfwlyh ri K/ dqg zloo eh lqgl�huhqw ehwzhhq frqwlqxdwlrq dqg oltxlgdwlrq1 +ll, Zkhq D 	 D_/
lw lv fohdu wkdw frqwlqxdwlrq lv xqghvludeoh iru dq| xqlw lq wkh edg vwdwh/ luuhvshfwlyh ri wkh ohyho
ri K1 +lll, Zkhq D : D_/ frqwlqxdwlrq lv vwulfwo| ghvludeoh luuhvshfwlyh ri K iru dq| xqlw lq wkh edg
vwdwh/ ehfdxvh lw pxvw eh vwulfwo| pruh ghvludeoh wkdq lq wkh fdvh D ' D_1 Iurp doo ri wkh deryh/ rqh
frqfoxghv wkdw/ jhqhulfdoo|/ K

R3
ED� wdnhv hlwkhu ydoxh 3" +zkhq D 	 D_, ru 3 +zkhq D : D_,1
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Wkh g|qdplfv ri d surgxfwlrq xqlw*v h{whuqdo oldelolwlhv/ e/ duh ghwhuplqhg e| wkh
uhtxluhg ulvn0dgmxvwhg uhwxuq1 Wkh| duh jlyhq e|48

be| @

+
+�. � . �, e| � �|> e| A 3>
�e| � �|> e| � 3=

Uhfdoo wkdw zh kdyh uhvwulfwhg rxuvhoyhv wr wkh fdvh zkhuh qhjdwlyh fdvk  rzv fdqqrw
eh �qdqfhg h{whuqdoo| lq wkh edg vwdwh1 Zlwk srvlwlyh h{whuqdo oldelolwlhv +e| A 3,
� zklfk/ e| dvvxpswlrq/ rqo| kdsshqv lq wkh jrrg vwdwh � wkh h{whuqdo �qdqflhu
uhtxluhv d uhwxuq �. � . �/ wr fryhu wkh rssruwxqlw| frvw � ri fdslwdo dv zhoo dv wkh
suredelolw| � . � ri idloxuh ru edg0vwdwh oltxlgdwlrq1 Zlwk srvlwlyh lqwhuqdo ixqgv
+e| ? 3,/ wkh hqwuhsuhqhxu hduqv wkh lqwhuhvw udwh �1

Jurvv Fuhdwlrq
Iru hdfk surgxfwlylw| �/ zh kdyh vhhq wkdw wkhuh lv plqlpxp zhdowk frpsdwleoh zlwk
fuhdwlrq frqvwudlqwv +9, � zklfk wudqvodwhv lqwr dq xsshu0erxqg e � e

n
| +�, rq lqlwldo

ohyhudjh1 Zh gh�qh �S| dv wkh surgxfwlylw| dw zklfk dq hqwuhsuhqhxu zlwk lq�qlwh
ixqgv zrxog eh lqgl�huhqw ehwzhhq fuhdwlqj ru qrw1 Wrwdo jurvv fuhdwlrq lv

K| @

] D

DS|

] K
n

| ED�

3"

j+e>D|,i+�, ge g�=

Zlwk wkh dffrxqwlqj ri wkh xqlwv wkdw duh fuhdwhg dw dq| srlqw lq wlph dw kdqg/ zh
fdq jr edfn dqg h{solflw oderu*v  rz rssruwxqlw| frvw +6,/ e| zulwlqj dq h{suhvvlrq
iru wkh txdvl0uhqwv d zrunhu h{shfwv wr fdswxuh lq d ixwxuh mre=

HD ^V|` @
4

4� �

] D

DS|

] K
n

| ED�

3"

�n
| +e> �,

j+e>D|,i+�,

K|
ge g�=

Jurvv ghvwuxfwlrq
Wkh qxpehu G| ri surgxfwlrq xqlwv ghvwur|hg dw dq| srlqw lq wlph lv pdgh xs ri
wkuhh frpsrqhqwv=

G| @ GB
| .Gr

| .Gs
| >

zkhuh

GB
| @ �+4� X|,> +;,

Gr
| @ �

] D_|

3D

] �V

3"

qn| +e> �, ge g� .pd{i �
�
_

| > 3j
] f

3"

q3| +e> �
_
| ,ge> +<,

Gs
| @ �

] D

D_|

] �V

f
qn| +e> �, ge g� .

] D

3D
q3| +3> �, be|

���
EKch"�'Efc3"� g�= +43,

Wkh wkuhh whupv fruuhvsrqg/ uhvshfwlyho|/ wr h{rjhqrxv idloxuhv/ �sulydwho| h!flhqw�
+ru �Vfkxpshwhuldq�, ghvwuxfwlrq/ dqg �sulydwho| lqh!flhqw� +ru �vsxulrxv�, ghvwuxf0
wlrq1 +l, Wkh �uvw whup/ GB

| / fdswxuhv wkh  rz ri xqlwv wkdw idlo iru h{rjhqrxv uhdvrqv1

48Zh iroorz wkh frqyhqwlrq ri ghqrwlqj wkh wlph0ghulydwlyh ri d ixqfwlrq %E|� e|
�
% _%*_|1
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+ll, Sulydwho| h!flhqw +ru Vfkxpshwhuldq, ghvwuxfwlrq Gr fdswxuhv xqlwv ghvwur|hg
ehfdxvh wkh| klw d sur�wdelolw| frqvwudlqw rq frqwlqxdwlrq1 Gh�qh �_| dv wkh ohyho ri
sur�wdelolw| dw zklfk d xqlw zlwk lq�qlwh lqwhuqdo ixqgv zrxog eh lqgl�huhqw ehwzhhq
frqwlqxlqj ru qrw lq wkh edg vwdwh1 Wkh �uvw whup fdswxuhv xqlwv wkdw wxuq xqsuri0
lwdeoh ehfdxvh wkh| hqwhu wkh edg vwdwh zlwk surgxfwlylw| � � �_| > wkh vhfrqg/ xqlwv
wkdw wxuq xqsur�wdeoh ehfdxvh wkh| furvv wkdw wkuhvkrog zkloh lq wkh edg vwdwh gxh wr
ghwhulrudwlqj djjuhjdwh frqglwlrqv1 Wklv w|sh ri ghvwuxfwlrq lv d irup ri Vfkxpshwh0
uldq ghvwuxfwlrq/ e| zklfk xqsurgxfwlyh frpsrqhqwv ri wkh hfrqrp|*v surgxfwlyh
vwuxfwxuh duh uhqrydwhg149 +lll, Sulydwho| lqh!flhqw +ru vsxulrxv, ghvwuxfwlrq/ Gs

| /
phdvxuhv ghvwuxfwlrq gxh wr �qdqfldo frqvwudlqwv1 Wkh �uvw whup lq Gs

| lv wkh  rz
ri xqlwv wkdw wxuq edg dqg pxvw eh oltxlgdwhg ehfdxvh ri lqvx!flhqw fdslwdol}dwlrq>
wkh vhfrqg whup fdswxuhv wkh  rz ri xqlwv lq wkh edg vwdwh wkdw uxq rxw ri lqwhuqdo
ixqgv14:

Lqlwldo zhdowk g|qdplfv
Uhfdoo wkdw zh vshfl�hg wkh pdujlqdo ghqvlw| j+e>D|, ri qhz surmhfwv* �qdqflqj uh0
txluhphqwv dv d ixqfwlrq ri dq lqgh{ D| ri wkh djjuhjdwh zhdowk ri qrq0dfwlyh hq0
wuhsuhqhxuv1 Lq rughu wr doorz iru dq h�hfw ri djjuhjdwh frqglwlrqv h|| rq wkh odwwhu �
dv hpskdvl}hg/ h1j1/ e| Ehuqdqnh dqg Jhuwohu +4<;<, dqg Nl|rwdnl dqg Prruh +4<<:,
� zh dvvxph wkdw D| iroorzv wkh iroorzlqj surfhvv=

bD| @ #+h||>D|,> #� � 3/ #2 � 3= +44,

Rxu prgho lv irfxvhg rq wudfnlqj lq ghwdlo wkh lqwhuqdo ixqgv g|qdplfv ri surgxf0
wlrq xqlwv lq rshudwlrq/ exw qrw wkh srsxodwlrq dqg zhdowk g|qdplfv ri srwhqwldo
hqwuhsuhqhxuv1 Dowkrxjk lw zrxog eh phwkrgrorjlfdoo| pruh vrxqg wr wudfn wkh gh0
wdlov ri wkh odwwhu/ grlqj vr zrxog dgg dqrwkhu glphqvlrq ri frpsoh{lw| wr rxu prgho1
Rxu vshfl�fdwlrq xvhv d vkruw0fxw ghvljqhg wr fdswxuh wkh hvvhqfh ri wkh glvwulexwlrq
ri lqlwldo zhdowk dqg lwv f|folfdo g|qdplfv1

6 Hpslulfdo Dqfkruv

Lq wklv vhfwlrq/ zh glvfxvv wkh hpslulfdo hylghqfh rq wkh XV hfrqrp| zklfk zh xvh wr
�dqfkru� rxu prgho*v sdudphwhuv1 Rxu plvvlrq lv fohduo| qrw wr uhvroyh wkh frqwuryhu0
vlhv wkdw fkdudfwhul}h wkh uhohydqw hpslulfdo olwhudwxuhv/ ru wr ghprqvwudwh wkdw wkhuh
lv rqo| rqh ghihqvleoh sdudphwul}dwlrq1 Zkdw zh dujxh lv wkdw d uhdvrqdeoh uhdglqj ri
wkh hylghqfh � qrw qhfhvvdulo| wkh rqo| uhdvrqdeoh uhdglqj � ohdgv wr d shuvshfwlyh
rq wkh frvw ri uhfhvvlrqv wkdw lv vxusulvlqjo| gl�huhqw iurp suhydlolqj ylhzv1

49Wklv lv d udwkhu vlpsolvwlf ylhz ri Vfkxpshwhuldq ghvwuxfwlrq1 Vhh/ h1j1/ Fdedoohur dqg Kdpprxu
+4<<7, iru d ylqwdjh prgho ri fuhdwlyh ghvwuxfwlrq1 Lq frqwudvwlqj Vfkxpshwhuldq zlwk vsxulrxv
ghvwuxfwlrq/ zh gr qrw phdq wr dwwulexwh wr Vfkxpshwhu wkh ylhz wkdw vhsdudwlrqv duh sulydwho|
h!flhqw1 Zkdw zh dwwulexwh wr klp lv wkh lghd � fhqwudo wr klv �oltxlgdwlrqlvw� ylhz ri uhfhvvlrqv
� wkdw ghvwuxfwlrq lv kljko| vhohfwlyh1

4:Doo hovh ehlqj htxdo/ wkh orzhu d xqlw*v surgxfwlylw|/ wkh pruh olnho| lw lv wr eh oltxlgdwhg gxh
wr �qdqfldo frqvwudlqwv1 Wklv �vhohfwlylw|� ri vsxulrxv ghvwuxfwlrq pdnhv wkh gl�huhqfh zlwk Vfkxp0
shwhuldq ghvwuxfwlrq ohvv vwdun wkdq pd| dsshdu dw �uvw jodqfh1
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Wkh hylghqfh wkdw sod|v d fhqwudo uroh lq wklv h{huflvh uhodwhv wr +l, dyhudjh dqg
f|folfdo ihdwxuhv ri djjuhjdwh hpsor|phqw dqg ri mre  rzv> dqg +ll, sulydwh uhqwv wr
�upv dqg zrunhuv rq wkh fuhdwlrq dqg ghvwuxfwlrq pdujlqv1 Zh jhqhudoo| uho| rq
h{lvwlqj olwhudwxuhv iru hylghqfh1 Krzhyhu/ wkhuh lv rqh fhqwudo txhvwlrq frqfhuqlqj
zklfk/ dv idu dv zh duh dzduh/ wkhuh lv qr hpslulfdo olwhudwxuh � qdpho| wkh fxpxodwlyh
lpsdfw ri djjuhjdwh vkrfnv rq jurvv mre fuhdwlrq dqg ghvwuxfwlrq  rzv1 Zh vwduw e|
h{dplqlqj wklv txhvwlrq lq vxe0vhfwlrq 614/ dqg dgydqfh wkh fdvh ri fkloo iroorzlqj d
frqwudfwlrqdu| djjuhjdwh vkrfn1 Zh wkhq wxuq wr fdoleudwlqj wkh prgho*v sdudphwhuv
lq vxe0vhfwlrq 615/ edvhg rq h{lvwlqj hylghqfh dv zhoo dv wkh uhvxowv ri vxe0vhfwlrq 6141

614 Vhpl0vwuxfwxudo Hylghqfh= D Fdvh ri Fkloo

Xvlqj gdwd iurp wkh XV pdqxidfwxulqj vhfwru ryhu wkh shulrg 4<:5=404<<6=7/ zh sur0
srvh wzr dssurdfkhv wr h{dplqh wkh fxpxodwlyh lpsdfw ri �djjuhjdwh� exvlqhvv f|foh
vkrfnv rq mre  rzv1 Wkh �vlqjoh0idfwru� dssurdfk dvvxphv wkdw djjuhjdwh vkrfnv duh
wkh rqo| gulylqj idfwru ehklqg hpsor|phqw  xfwxdwlrqv> wkh �wzr0idfwru� dssurdfk
dvvxphv wkhuh duh wzr idfwruv/ djjuhjdwh dqg uhdoorfdwlrq vkrfnv1 Lq erwk fdvhv/
rxu wlph0vhulhv uhvxowv lqglfdwh wkdw XV pdqxidfwxulqj h{klelwhg d fkloo iroorzlqj
uhfhvvlrqv1 Wkh hylghqfh zh �qg grhv qrw vxssruw wkh frpprq suhvxpswlrq wkdw
uhfhvvlrqv duh dvvrfldwhg zlwk d fxpxodwlyh lqfuhdvh lq uhvwuxfwxulqj14;

Wkh gdwd
Iljxuh 614 suhvhqwv rxu gdwd rq pdqxidfwxulqj hpsor|phqw dqg jurvv  rzv1 Wkh vrolg
olqh lq sdqho +d, ghslfwv pdqxidfwxulqj hpsor|phqw glylghg e| lwv phdq1 Iru frp0
sdulvrq/ wkh gdvkhg olqh suhvhqwv wkh hfrqrp|0zlgh xqhpsor|phqw vhulhv +uhvfdohg,14<

Wkh wzr vhulhv fohduo| suhvhqw d yhu| vlplodu f|folfdo sdwwhuq/ d ihdwxuh zh zloo h{sorlw
zkhq zh whvw dqg gr qrw uhmhfw wkh vwdwlrqdulw| ri wkh hpsor|phqw vhulhv1 Sdqho
+e, uhsruwv wkh sdwk ri jurvv mre fuhdwlrq dqg ghvwuxfwlrq  rzv/ gh�qhg dv wkh edvlf
txduwhuo| fuhdwlrq dqg ghvwuxfwlrq udwhv uhsruwhg e| Gdylv/ Kdowlzdqjhu dqg Vfkxk
+4<<7/ khqfhiruwk �GKV�, pxowlsolhg e| wkh djjuhjdwh hpsor|phqw vhulhv iurp sdqho
+d,153 Doo gdwd duh vhdvrqdoo| dgmxvwhg xvlqj wkh Fhqvxv [44 surfhgxuh1

4;Gdwd olplwdwlrqv gr qrw doorz xv wr dqdo|}h vhfwruv rxwvlgh pdqxidfwxulqj1 Vlqfh d vljql�fdqw
sruwlrq ri od|r�v lq XV pdqxidfwxulqj duh whpsrudu|/ wklv eldvhv rxu uhvxowv djdlqvw wkh fkloo �qglqj
ehfdxvh wkh uhvxowlqj wxuexohqfh grhv qrw fruuhvsrqg wr wuxh uhvwuxfwxulqj1 Rq wkh rwkhu kdqg/ vrph
zrunhuv zkr duh odlg r� iurp pdqxidfwxulqj pd| �qg whpsrudu| mrev lq rwkhu vhfwruv1 Wklv pd|
phdq wkdw wkh djjuhjdwh hfrqrp| h{klelwv ohvv fkloo wkdq pdqxidfwxulqj/ exw djdlq wkh dsshdudqfh ri
wkrvh whpsrudu| mrev � zklfk lqyroyh qhjoljleoh lqyhvwphqw � grhv qrw uhsuhvhqw wuxh uhvwuxfwxulqj1

4<Vrxufh= IUHG1
53Pruh suhflvho|/ GKV fdofxodwh wkhlu fuhdwlrq dqg ghvwuxfwlrq udwh vhulhv dv wkh udwlr ri mre  rzv wr

dyhudjh hpsor|phqw iru sodqwv lq wkhlu vdpsoh1 Iru frqvlvwhqf|/ zh �uvw wudqvirup wkh ghqrplqdwru
ri wkh GKV vhulhv iurp dyhudjh wr odjjhg hpsor|phqw1 Zh wkhq pxowlso| e| odjjhg pdqxidfwxulqj
hpsor|phqw/ phdvxuhg lq wkh plggoh prqwk ri wkh txduwhu/ wr rewdlq rxu  rz vhulhv1
Lqvwhdg ri xvlqj djjuhjdwh pdqxidfwxulqj hpsor|phqw/ zh frxog kdyh xvhg hpsor|phqw lq wkh

GKV vdpsoh1 Wkh odwwhu vhulhv kdv d wlph0wuhqg wkdw lv qrw suhvhqw lq wkh iruphu/ exw wkh wzr duh
rwkhuzlvh eurdgo| frqvlvwhqw1 Zh udq rxu uhjuhvvlrqv xvlqj wkh GKV hpsor|phqw vhulhv dqg rewdlqhg
yhu| vlplodu uhvxowv1
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Zh ghqrwh wkh hpsor|phqw/ fuhdwlrq/ dqg ghvwuxfwlrq vhulhv lq ghyldwlrq iurp
wkhlu phdq e| eQ|/ eK|/ dqg eG|/ uhvshfwlyho|1 Lq sulqflsoh/ wkrvh vhulhv duh uhodwhg e|
wkh lghqwlw|

� eQ| @ eK| � eG|= +45,

Lq sudfwlfh/ wklv lghqwlw| grhv qrw krog vwulfwo| ehfdxvh ri wkh zd| zh frqvwuxfwhg
rxu mre  rz vhulhv � dv wkh surgxfw ri GKV udwhv wlphv pdqxidfwxulqj udwkhu wkdq
GKV hpsor|phqw1

Vlqjoh0idfwru dssurdfk
Zh �uvw dvvxph wkdw hpsor|phqw  xfwxdwlrqv duh gulyhq e| d vlqjoh djjuhjdwh vkrfn1
Vlqfh fuhdwlrq dqg ghvwuxfwlrq duh uhodwhg e| +45,/ d olqhdu wlph0vhulhv prgho iru wkh
uhvsrqvh ri mre  rzv wr djjuhjdwh vkrfnv fdq jhqhudoo| eh zulwwhq hlwkhu lq whupv ri
fuhdwlrq= eK| @ ��+O,+� eQ|, . ��| > +46,

ru lq whupv ri ghvwuxfwlrq=

eG| @ �_+O,+� eQ|, . �_| > +47,

4:



zkhuh O lv wkh odj0rshudwru dqg �%+O, @ �%f . �%�O . �%2O
2 . === 1 Li lghqwlw| +45,

zhuh h{dfw/ wkrvh wzr htxdwlrqv zrxog eh htxlydohqw/ zlwk ��| @ �_| = Jlyhq wkh qrlvh
lqwurgxfhg lqwr +45,/ wkhuh duh jurxqgv iru hvwlpdwlqj hdfk htxdwlrq lqghshqghqwo|1
Zh uhsruw uhvxowv iru wkh iroorzlqj vshfl�fdwlrq=54

�%+O, @
�%f . �%�O. �%2O

2 . �%�O
�

4� �%O
> { 5 ik> gj=

Sdqhov +d, dqg +e, ri �jxuh 615 sruwud| wkh hvwlpdwhg lpsxovh0uhvsrqvh ixqfwlrq
ri +plqxv, hpsor|phqw dqg mre  rzv/ uhvshfwlyho|/ wr d 50vwdqgdug0ghyldwlrq uhfhv0
vlrqdu| vkrfn1 Dv lv zhoo grfxphqwhg e| GKV/ dw lpsdfw mre ghvwuxfwlrq ulvhv vkduso|
dqg mre fuhdwlrq ghfolqhv wr d ohvvhu h{whqw1 Ohvv nqrzq lv zkdw frphv qh{w1 Dorqj
wkh uhfryhu| sdwk/ mre ghvwuxfwlrq ghfolqhv dqg idoov ehorz dyhudjh iru d vljql�fdqw
dprxqw ri wlph/ r�vhwwlqj lwv lqlwldo shdn1 Rq wkh rwkhu kdqg/ mre fuhdwlrq uhfryhuv
wr lwv dyhudjh ohyho exw grhv qrw h{fhhg lw wr dq| vljql�fdqw h{whqw wr r�vhw lwv lqlwldo
ghfolqh155 Dvvxplqj vwdwlrqdu| hpsor|phqw/ wkh txdolwdwlyh gl�huhqfh lq wkh wzr
vhulhv* ehkdylru/ li vljql�fdqw/ lv rqo| frqvlvwhqw zlwk d fkloo h�hfw1 Wklv lv vkrzq lq
sdqho +f,/ zklfk uhsruwv wkh fxpxodwlyh uhvsrqvhv ri mre fuhdwlrq dqg ghvwuxfwlrq1

Jlyhq +45,/ wkh vwdwlrqdulw| ri hpsor|phqw lpsolhv wkdw ��+4,��_+4, @ 31 Zh whvw
wklv k|srwkhvlv dqg gr qrw uhmhfw lw dw dq| uhdvrqdeoh vljql�fdqfh ohyho156 Vwdwlrqdulw|
ri hpsor|phqw/ krzhyhu/ grhv qrw phdq wkdw ��+4, dqg �_+4, duh htxdo wr }hur1 Rq
wkh frqwudu|/ wkh frqvwudlqw ��+4, @ �_+4, @ 3 lv fohduo| uhmhfwhg lq idyru ri dq
dowhuqdwlyh wkdw vhwv ��+4, @ �_+4, ? 3157 Wklv phdqv wkdw wkh fxpxodwlyh h�hfw
ri d vkrfn rq jurvv  rzv lv vljql�fdqwo| qhjdwlyh1 Rq d vhulhv0e|0vhulhv edvlv/ lw lv
ghvwuxfwlrq wkdw lv prvwo| uhvsrqvleoh iru wklv uhmhfwlrq158

Wzr0idfwru dssurdfk
Wkh fkloo uhvxow grhv qrw fkdqjh pxfk lq d ulfkhu/ pruh vwdqgdug wlph vhulhv vhwwlqj1
Zh qrz dvvxph wkdw hpsor|phqw  xfwxdwlrqv duh gulyhq e| wzr w|shv ri vkrfnv/
dqg xvh d vhpl0vwuxfwxudo YDU dssurdfk wr lghqwli| wkhp1 Jlyhq wkh suhylrxv whvw/
zh pdlqwdlq wkh dvvxpswlrq wkdw hpsor|phqw lv vwdwlrqdu|1 E| htxdwlrq +45,/ wkh
lqwhjudo ri eK � eG pxvw wkhuhiruh eh vwdwlrqdu|159 Iru fkloo ru wxuexohqfh h�hfwv wr
eh frqvlvwhqw zlwk wklv idfw/ wkh lqwhjudov ri eK dqg eG pxvw eh frlqwhjudwhg zlwk

54Rxu txdolwdwlyh/ dqg wr d odujh h{whqw txdqwlwdwlyh/ uhvxowv duh urexvw wr gl�huhqw odj vwuxfwxuhv1
55Kdoo +4<<<, frlqv wkh whup �frqfhqwudwhg vhulhv� wr ghvfuleh vhulhv zklfk oxps dgmxvwphqw/ lq

wkh vhqvh wkdw d exuvw ri dfwlylw| wrgd| suhglfwv d ehorz dyhudjh ohyho ri dfwlylw| lq wkh qhdu ixwxuh1
Wklv lv d qhfhvvdu| exw qrw vx!flhqw frqglwlrq iru d fkloo/ zklfk uhtxluhv wkdw uhgxfhg dfwlylw| pruh
wkdq r�vhwv wkh lqwldo exuvw1 Kh �qgv wkdw zkloh mre ghvwuxfwlrq lv frqfhqwudwhg/ mre fuhdwlrq lv qrw/
zklfk lv frqvlvwhqw zlwk rxu �qglqjv1

56Hvwlpdwlqj mrlqwo| htxdwlrqv +46, dqg +47, zlwkrxw lpsrvlqj vwdwlrqdulw|/ w�E�� 3 w_E�� ' f/
|lhogv d olnholkrrg ri 9:818> zkloh lpsrvlqj vwdwlrqdulw| rqo| orzhuv wkh olnholkrrg wr 9:71;1

57 Li zh lpsrvh w�E�� ' w_E�� ' f rq wkh mrlqw hvwlpdwlrq ri +46,0+47,/ wkh olnholkrrg gursv wr 9:4171

58Hvwlpdwlqj htxdwlrq +46, vhsdudwho| zlwk dqg zlwkrxw wkh frqvwudlqw wkdw w�E�� ' f |lhogv
olnholkrrgv ri 6791; dqg 67:16/ uhvshfwlyho|1 Grlqj wkh vdph iru +47, zlwk dqg zlwkrxw wkh frqvwudlqw
w_E�� ' f |lhogv olnholkrrgv ri 65618 dqg 65:13/ uhvshfwlyho|1

59Wklv dvvxphv wkdw wkh phdvxuhphqw qrlvh lqwurgxfhg lqwr htxdwlrq +45, lv vwdwlrqdu| +srvvleo|
zlwk d ghwhuplqlvwlf wuhqg, � d k|srwkhvlv zh fdqqrw uhmhfw1
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frlqwhjudwlqj yhfwru +4>�4,1 Xvlqj wklv orz0iuhtxhqf| uhvwulfwlrq h!flhqwo| vxjjhvwv
uxqqlqj d YDU zlwk wkh frlqwhjudwlqj yhfwru +htxdo wr eQ, dqg rqh ri wkh lqwhjudov
�uvw0gl�huhqfhg +h1j1/ eG,1

Zh zulwh rxu vhpl0vwuxfwxudo YDU dv% eQ|eG|

&
@ D+O,

%
�@|
�o|

&
>

zkhuh D+O, @ Df.D�O.D2O. === dqg +�@| > �
o
| , uhsuhvhqw l1l1g1 lqqrydwlrqv wkdw fru0

uhvsrqg wr djjuhjdwh dqg uhdoorfdwlrq vkrfnv/ uhvshfwlyho|1 Ehvlghv qrupdol}dwlrqv/
dfklhylqj lghqwl�fdwlrq uhtxluhv wzr dgglwlrqdo uhvwulfwlrqv1 Iru wklv sxusrvh/ zh dv0
vxph wkdw wkh wzr lqqrydwlrqv duh lqghshqghqw ri hdfk rwkhu/ dqg wkdw/ dw lpsdfw/
d uhfhvvlrqdu| vkrfn udlvhv ghvwuxfwlrq dqg orzhuv fuhdwlrq1 Edvhg rq Gdylv dqg
Kdowlzdqjhu +4<<9,/ zh vhw wkh uhodwlyh vl}h ri wkh devroxwh uhvsrqvh ri ghvwuxfwlrq
frpsduhg wr fuhdwlrq wr 419/ zklfk lv urxjko| wkh ydoxh wkdw pd{lpl}hv wkh frqwul0
exwlrq ri djjuhjdwh vkrfnv wr qhw hpsor|phqw  xfwxdwlrqv zlwk wkhlu hvwlpdwhv1 Zh
h{shulphqwhg zlwk ydoxhv ri wkh uhodwlyh uhvsrqvh ri ghvwuxfwlrq wr fuhdwlrq lq wkh
udqjh ^4> 5`/ zlwkrxw d vljql�fdqw fkdqjh lq rxu pdlq frqfoxvlrqv1
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Vlqfh zh duh sduwlfxoduo| frqfhuqhg zlwk phglxp dqg orz iuhtxhqf| vwdwlvwlfv/ zh
xvhg d idluo| qrq0sduvlprqlrxv uhsuhvhqwdwlrq ri wkh uhgxfhg0irup YDU dqg doorzhg
iru �yh odjv1 Wkh �uvw dqg vhfrqg froxpqv ri �jxuh 616 uhsuhvhqw lpsxovh0uhvsrqvh
ixqfwlrqv fruuhvsrqglqj wr uhfhvvlrqdu| 50vwdqgdug0ghyldwlrq djjuhjdwh dqg uhdoorfd0
wlrq vkrfnv/ uhvshfwlyho|/ iru +plqxv, hpsor|phqw/ jurvv  rzv/ dqg fxpxodwlyh jurvv
 rzv1 Wkh �uvw froxpq h{klelwv d fdvh ri fkloo iroorzlqj d uhfhvvlrqdu| djjuhjdwh
vkrfn/ zklfk lv txdolwdwlyho| vlplodu dqg txdqwlwdwlyho| odujhu wkdq wkh fkloo rewdlqhg
zlwk wkh vlqjoh0idfwru dssurdfk15: Wkh vhfrqg froxpq ghslfwv uhvsrqvhv wr uhdoorfd0
wlrq vkrfnv/ zklfk/ qrw vxusulvlqjo|/ jhqhudwh wxuexohqfh15;

5:Zh udq errwvwudsv wr whvw wkh qr0fkloo k|srwkhvlv/ dqg uhmhfwhg lw1 Wkh fruuhvsrqglqj klvwrjudpv
duh suhvhqwhg lq wkh zrunlqj0sdshu yhuvlrq ri wklv vwxg| +Fdedoohur dqg Kdpprxu 4<<;f,1
Rxu txdolwdwlyh uhvxowv duh urexvw wr wkh qxpehu ri odjv xvhg +zh wulhg ehwzhhq 5 dqg 9 odjv,/ wr

zkhwkhu wkh 4<:70:8 uhfhvvlrq lv h{foxghg/ ru wr hvwlpdwlqj wkh YDU iru wkh orjdulwkpv ri E�c(*��
udwkhu wkdq E�c(�1

5;Vhh Gdylv dqg Kdowlzdqjhu +4<<<, iru d frpsuhkhqvlyh vwxg| ri wkh uhvsrqvh ri mre  rzv wr rlo
vkrfnv/ zklfk kdyh d vljql�fdqw uhdoorfdwlrq frpsrqhqw1
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615 Sdudphwhu Fkrlfh

Zh fdq qrz wxuq wr wkh fkrlfh ri sdudphwhu ydoxhv lq rxu prgho1 Vl{ sdudphwhuv
fkdudfwhul}h whfkqrorjlfdo dvshfwv ri surgxfwlrq xqlwv= �/ �/ �/ �/ !/ u> wzr fkdudfwhul}h
lqvwlwxwlrqdo dvshfwv ri uhqw vkdulqj= � dqg �> dqg wzr fkdudfwhul}h suhihuhqfhv= � dqg
}1 Zh dovr qhhg wr vshfl�flw| ixqfwlrqdo irupv zlwk wkhlu dvvrfldwhg sdudphwhuv1 Wkh
mrlqw glvwulexwlrq ri surmhfw surgxfwlylwlhv � dqg �qdqflqj uhtxluhphqwv e lv dvvxphg
xqlirup lq � rq wkh lqwhuydo ^��> �` dqg xqlirup lq e rq ^3> e4@ `/ zlwk wrwdo pdvv
D|15< Wkh g|qdplf surfhvv #+|>D, wkdw jryhuqv lqwhuqdo ixqgv dydlodeoh iru fuhdwlrq
lv dvvxphg olqhdu1 Ilqdoo|/ �exvlqhvv f|foh� g|qdplfv iru wkh djjuhjdwh frpsrqhqwh|| ri �up rxwsxw lv dvvxphg wr iroorz dq Ruqvwhlq0Xkohqehfn surfhvv=

gh|| @ ��+h||� b
|,gw. �gZ|> �> � � 3>

zkhuh Z| lv d vwdqgdug Eurzqldq prwlrq163

Wdeoh 4 vxppdul}hv wkh ydoxhv zh fkrvh iru wkh deryh sdudphwhuv/ edvhg rq re0
vhuyhg ihdwxuhv ri wkh XV hfrqrp|1 Zh �uvw glvfxvv fdoleudwlrq ri vwhdg|0vwdwh ihdwxuhv
ri rxu prgho edvhg rq hylghqfh frqfhuqlqj +l, jhqhudo ihdwxuhv ri wkh hfrqrp| wkdw
duh ohvv fhqwudo wr rxu dujxphqw> +ll, idfwru0pdunhw uhqwv> dqg +lll, xqhpsor|phqw
dqg jurvv  rzv1 Zh wkhq glvfxvv wkh dvshfw ri fdoleudwlrq wkdw lv edvhg rq f|folfdo
ihdwxuhv ri wkh hfrqrp|1 D qxpehu ri sdudphwhuv zhuh fdoleudwhg e| �wwlqj txdqwlwlhv
wkdw dulvh hqgrjhqrxvo| zlwklq rxu prgho1 Dowkrxjk wklv dprxqwv wr d vlpxowdqhrxv
htxdwlrqv h{huflvh/ lw zloo eh lqwxlwlyh wr wklqn ri lw lq whupv ri wkh dvvljqphqw ri rqh
sdudphwhu iru hdfk �wwhg txdqwlw|1

Jhqhudo ihdwxuhv ri wkh hfrqrp|
+l, Wkh glvfrxqw udwh zdv vhw wr � @ 3=391 +ll, Wkh jurvv uhqwdo0frvw ri jhqhulf
fdslwdo zdv vhw wr u @ 3=4681 Jlyhq wkh glvfrxqw udwh/ wklv phdqv d ghsuhfldwlrq
udwh ri :18 shufhqw/ zklfk idoov ehwzhhq wkh udwhv ri ghsuhfldwlrq ri vwuxfwxuhv dqg
htxlsphqw +vrxufh= EHD,1 +lll, Wkh djjuhjdwh frpsrqhqw | ri surgxfwlrq0xqlw rxwsxw
zdv fkrvhq lq vxfk d zd| dv wr qrupdol}h djjuhjdwh rxwsxw wr rqh1 +ly, Wkh fdslwdo
uhtxluhphqw ri d surgxfwlrq xqlw zdv vhw wr � @ 4=<7/ zklfk lv wkh ydoxh qhhghg wr
pdwfk wkh revhuyhg fdslwdo2rxwsxw udwlr +htxdo wr 41< iru wkh XV exvlqhvv vhfwru lq
4<<8> vrxufh= RHFG,164 +y, Hqwuhsuhqhxuv* vkduh sdudphwhu � ghwhuplqhv wkh uhwxuq

5<E| gh�qlwlrq/ K4@ pxvw vdwlvi| wkh frqvwudlqw K4@ $ �V1
63Vwulfwo| vshdnlqj/ vrph uhdol}dwlrqv ri dq Ruqvwhlq0Xkohqehfn surfhvv zloo ylrodwh wzr dvvxps0

wlrqv zh pdgh lq vxe0vhfwlrq 516 � qdpho| wkdw zh uhvwulfw rxuvhoyhv wr sdudphwhuv vxfk wkdw wkh
iroorzlqj surshuwlhv dozd|v krog= +l, Zn| : f dqg Z3| 	 f> dqg +ll, K

s3

| ' f1 Zh wkhuhiruh qhhg wr
dvvxph wkdw wkh surfhvv iru h+| lv dghtxdwho| uhjxodwhg vr dv wr vdwlvi| wkrvh wzr dvvxpswlrqv> dqg
fkhfn wkdw wkh| duh dozd|v vdwlv�hg lq rxu vlpxodwlrqv1
Dqrwkhu/ uhodwlyho| plqru lvvxh lv wkdw h{suhvvlrq +<, iru (r

| lv qrw frpsdwleoh zlwk dq lq�qlwh0

yduldwlrqv vshfl�fdwlrq iru h+/ ehfdxvh whup
�

D
_

| lv loo0gh�qhg1 Zh fkrvh wr uhwdlq wklv h{suhvvlrq iru
h{srvlwlrqdo vlpsolflw|1 Wklv lv ri qr sudfwlfdo uhohydqfh wr rxu vlpxodwlrqv/ zklfk duh edvhg rq d
glvuhwl}hg yhuvlrq ri wkh prgho1

64Rqh pxvw glvwlqjxlvk ehwzhhq wkh dprxqw ri fdslwdo dfwxdoo| xwlol}hg lq surgxfwlrq xqlwv/ dqg
fdslwdo dv phdvxuhg xvlqj qdwlrqdo dffrxqwv shushwxdo lqyhqwru| surfhgxuhv1 Lq rxu fdvh/ vlqfh wkh
vhsdudwlrq udwh lv kljkhu wkdq wkh ghsuhfldwlrq udwh ri jhqhulf fdslwdo/ wkh iruphu vwrfn ri fdslwdo lv
ohvv wkdq wkh odwwhu1 Rxu fdoleudwlrqv duh dlphg dw pdwfklqj phdvxuhg fdslwdo1
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suhplxp rq lqwhuqdo ixqgv/ dqg khqfh wkh hfrqrp|*v sur�w udwh1 Zh vhw lw wr wkh
ydoxh � @ 3=: wkdw |lhogv d sur�w udwh ri 48 shufhqw1 +yl, Iru wkh glvshuvlrq ri
surmhfw surgxfwlylwlhv/ zh vhw � @ 3=439 qhdu wkh pd{lpxp ydoxh frpsdwleoh zlwk
wkh prgho*v frqvwudlqw rq edg0vwdwh �qdqflqj1 Wklv fruuhvsrqgv wr 	43 shufhqw ri
dyhudjh surgxfwlylw|1

Wdeoh 4= Prgho Sdudphwhuv

Sdudphwhu Ydoxh Sdudphwhu Ydoxh

� 41<73 } 31333
� 315;6 � 31439
� 31538 e4@ 316<7
� 31393 #f 03133<
! 3165< #� 3188;
u 31468 #2 041<73
� 31:33 | 31;<<
� 31666 � 318<3
� 031393 � 314;3

Idfwru0pdunhw uhqwv
Rxu prgho h{klelwv sulydwh uhqwv wr oderu dqg �upv rq wkh fuhdwlrq dqg vsxulrxv
ghvwuxfwlrq pdujlqv1 +l, Derzg dqg Ohplhx{ +4<<6, hvwlpdwh wkh htxlydohqw ri oderu*v
vkduh � ri uhqwv wr idoo lq wkh udqjh ^3156/316<`165 Xvlqj d ydoxh ri � @ 4@6 iru oderu*v
edujdlqlqj vkduh/ zh rewdlq dq dyhudjh uhqw frpsrqhqw ri zdjhv htxdo wr ; shufhqw
ri wkh dyhudjh zdjh166 +ll, Doghuvrq dqg Ehwnhu +4<<8, hvwlpdwh wkh oltxlgdwlrq ydoxh
ri d �up wr eh derxw 526 ri �up dvvhwv1 Wklv ohdgv xv wr vhw wkh fdslwdo vshfl�flw|
sdudphwhu ! wr derxw 426/ zklfk uhvxowv lq dq dyhudjh  rz uhqw rq wkh �up*v vlgh
htxlydohqw wr 9 shufhqw ri wkh dyhudjh zdjh1 +lll, Rq wkh ghvwuxfwlrq vlgh/ sulydwho|
lqh!flhqw vhsdudwlrqv fdq fdxvh uhqw orvvhv wr oderu dqg wr wkh �up1 Wkh olwhudwxuh
lqfoxghv d zlgh udqjh ri hvwlpdwhv iru wkh frvw ri mre orvv/ wkdw udqjh iurp ohvv
wkdq 5 zhhnv ri zdjhv wr vxevwdqwldoo| pruh wkdq d |hdu167 Xvlqj xqhpsor|phqw
lqvxudqfh gdwd/ Dqghuvrq dqg Ph|hu +4<<7, hvwlpdwh dq dyhudjh zrunhu orvv ri 47
zhhnv ri zdjhv1 Dowkrxjk wklv lv dq hvwlpdwhg dyhudjh ryhu doo shupdqhqw vhsdudwlrqv
� lqfoxglqj sulydwho| h!flhqw rqhv � zh dsso| lw frqvhuydwlyho| wr wkh sulydwho|
lqh!flhqw frpsrqhqw ri vhsdudwlrqv Gs 168 Wkh olwhudwxuh rq wkh �up vlgh lv pxfk
ohvv ghyhorshg1 Kdphuphvk +4<<6/ ss1 53:053<, vxuyh|v ydulrxv hvwlpdwhv/ zlwk

65Vhh Rvzdog +4<<9, iru d vxuyh| ri wkh uhodwhg olwhudwxuh1
66H{suhvvlrqv iru sulydwh uhqwv rq wkh fuhdwlrq dqg vsxulrxv ghvwuxfwlrq pdujlqv fdq eh irxqg lq

wkh zrunlqj sdshu yhuvlrq +Fdedoohur dqg Kdpprxu 4<<;f,1
67Vhh/ h1j1/ Uxkp +4<;:,/ Wrsho +4<<3,/ Iduehu +4<<6,/ Mdfrevrq/ OdOrqgh dqg Vxoolydq +4<<6,/

dqg Zkhodq +4<<:,1
68 Lq idfw/ wkh phgldq orvv lv ri rqo| derxw rqh zhhn ri zdjhv zkloh derxw < shufhqw ri zrunhuv

vx�hu d orvv ri pruh wkdq d |hdu1
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djdlq d zlgh udqjh wkdw jrhv iurp 6 zhhnv wr 518 |hduv ri d zrunhu*v zdjh ghshqglqj
rq fkdudfwhulvwlfv ri wkh �up1 Zh xvh wkh hvwlpdwh ri 53 zhhnv ri zdjhv iurp rqh
ri wkh pruh fduhixo vwxglhv +Exwwrq 4<<3,1 Wkh wrwdo orvv ri 67 zhhnv iru wkh zkroh
surgxfwlrq xqlw lv rewdlqhg e| fkrrvlqj d ydoxh � @ 3=5;6/ wkdw ghwhuplqhv wkh rxwsxw
jds ehwzhhq wkh jrrg dqg wkh edg vwdwh1

Xqhpsor|phqw dqg jurvv  rzv
Zh qrz dqfkru wkh iroorzlqj txdqwlwlhv= X / K/ dqg wkh gl�huhqw w|shv ri ghvwuxfwlrq1
+l, Zh xvh wkh yduldeoh } wr fdoleudwh wkh xqhpsor|phqw udwh wr X @ 3=391 Wkh
uhvxowlqj ydoxh lv yhu| vpdoo/ zklfk ohdgv xv wr vhw } @ 31 +ll, Zh fdoleudwh wkh
dqqxdo fkxuq udwh wr K@+4 � X, @ 3=44 e| fkrrvlqj wkh dssursuldwh zlgwk e4@ iru
wkh glvwulexwlrq ri �qdqflqj uhtxluhphqwv169 +lll, Rq wkh ghvwuxfwlrq vlgh/ wkh fkxuq
udwh wudqvodwhv lqwr wkuhh w|shv ri ghvwuxfwlrq= K @ �+4 � X, . Gs . Gr1 Zh vhw
wkh idloxuh udwh ri surgxfwlrq xqlwv wr � @ 3=39 wr ghwhuplqh wkh �uvw w|sh/ fkrvhq
lq wkh orzhu udqjh ri ydoxhv frpsdwleoh zlwk wkh sdudphwhu uhvwulfwlrqv zh lpsrvh lq
vhfwlrq 51 +ly, Xvlqj wkh Srlvvrq sdudphwhu �/ zh vhw wkh dqqxdo udwh ri sulydwho|
lqh!flhqw vhsdudwlrqv Gs wr derxw 518 shufhqw ri hpsor|phqw/ zklfk fruuhvsrqgv wr
wkh dqqxdol}hg udwh ri �glvsodfhphqwv� dv uhsruwhg e| wkh Glvsodfhg Zrunhuv Vxuyh|
iru wkh shulrg 4<<40<616:

F|folfdo g|qdplfv
Zh uho| rq wkh g|qdplfv ri hpsor|phqw dqg jurvv  rzv grfxphqwhg lq vxe0vhfwlrq
614 iru sdudphwhuv wkdw gulyh f|folfdo ihdwxuhv ri rxu prgho1 +l, Sdudphwhuv � dqg � lq
wkh Ruqvwhlq0Xkohqehfn surfhvv iru h|| zhuh vhw wr ydoxhv wkdw uhvxow lq xqhpsor|phqw
g|qdplfv vlplodu lq yrodwlolw| dqg shuvlvwhqfh wr wkh g|qdplfv grfxphqwhg lq vhfwlrq
6141 Wklv uhvxowlqj surfhvv lpsolhv dq dqqxdo dxwr0uhjuhvvlyh frh!flhqw iru h|| ri derxw
3171 +ll, Lq vhfwlrq +7,/ zh h{dplqh krz wkh fkloo iroorzlqj uhfhvvlrqv lv srwhqwldoo|
uhodwhg wr wkh h�hfw ri djjuhjdwh lqfrph rq ixqgv dydlodeoh iru fuhdwlrq lq g|qdplf
htxdwlrq +44,1 Zh fkrvh sdudphwhu ydoxhv iru wkdw htxdwlrq wkdw fdq pdwfk wkh
hpslulfdo fdvh ri �fkloo� zh �qg lq vxe0vhfwlrq 61416;

69Wklv jurvv fkxuq udwh lv dq dyhudjh ydoxh ehwzhhq d vhfwrudo phdvxuh ri  rzv lq XV pdqxidfwxulqj
dqg dq hfrqrp|0zlgh phdvxuh ri  rzv olplwhg wr wkh vwdwh ri Shqqv|oydqld +vhh Gdylv/ Kdowlzdqjhu
dqg Vfkxk 4<<9/ s1 54,1

6:Vhh Kdoo +4<<8,/ wdeoh 4/ s1 5651 Wklv vxuyh| zdv frqgxfwhg lq 4<<7 dqg dvnhg zkhwkhu wkh
uhvsrqghqw kdg orvw d mre gxulqj wkh 4<<40<6 shulrg iru sodqw forvlqj/ dq derolvkhg vkliw/ lqvx!flhqw
zrun/ ru vlplodu uhdvrqv1 Kdoo srlqwv rxw wkdw d vhsdudwlrq lv �pruh olnho| wr eh frqvlghuhg d
glvsodfhphqw lq d uhwurvshfwlyh vxuyh| li lw kdv odujhu shuvrqdo frqvhtxhqfhv1�

6;Wkh frqvwdqw whup �f lq �E+c�� kdv olwwoh uhodwlrq wr wkh hfrqrp|*v f|folfdo ihdwxuhv1 Lw h�hfwlyho|
ghwhuplqhv wkh vwhdg|0vwdwh pdvv � ri srwhqwldo hqwudqwv/ zklfk fdq eh fdoleudwhg edvhg rq wkh
vwhdg|0vwdwh fkxuq udwh MW wkdw dq �h!flhqw� hfrqrp| � l1h1/ rqh zlwk qr frqwudfwlqj lpshglphqwv
� zrxog kdyh1 Wklv fdq eh prvw hdvlo| vhhq li zh frqvlghu wkh h{shulphqw ri dgglqj pdvv wr wkh
}EKc �� glvwulexwlrq dw wkh uljkw ri K4@ / lq vxfk d zd| dv wr lqfuhdvh wkh h!flhqw fkxuq udwh zlwkrxw
d�hfwlqj wkh lqh!flhqw hfrqrp|1 Lq wkh devhqfh ri dq revhuydeoh frxqwhusduw iru MW/ zh fkrvh d
udwkhu duelwudu| ydoxh iru � lq wkh plggoh ri lwv dgplvvleoh udqjh wkdw jhqhudwhg dq h!flhqw fkxuq
udwh MW ' f��HD1
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7 Wkh Frvw ri Uhfhvvlrqv

Zh qrz wxuq wr dqdo|}lqj rxu prgho*v lpsolfdwlrqv iru wkh h�hfw ri uhfhvvlrqv rq
hfrqrplf uhvwuxfwxulqj dqg lwv vrfldo zhoiduh lpsolfdwlrqv1 Lq rughu wr ghvfuleh wkh
jhqhudo hfrqrplf hqylurqphqw zkhuh uhfhvvlrqv ghyhors/ zh vwduw lq vxe�vhfwlrq 714
e| fkdudfwhul}lqj wkh vwhdg|0vwdwh lpsolfdwlrqv ri idfwru pdunhw uhqwv lq dq hfrqrp|
wkdw lv vxemhfw wr rq0jrlqj uhvwuxfwxulqj1 Zh wkhq dqdo|}h lq vxe0vhfwlrq 715 wkh
hfrqrp|*v exvlqhvv f|foh g|qdplfv dqg/ lq sduwlfxodu/ wkh phfkdqlvpv ehklqg wkh
fkloo iroorzlqj uhfhvvlrqv1 Ilqdoo|/ zh glvfxvv lq vxe0vhfwlrq 716 wkh vrfldo frvwv ri wkh
fkloo1

714 Vwuxfwxudo Xqhpsor|phqw/ Vfohurvlv dqg Vfudpeolqj

Vxssrvh wkh hfrqrp| lv lq vwhdg| vwdwh zlwk d frqvwdqw h| � |1 Lq rughu wr vruw
rxw wkh h�hfw ri oderu dqg �qdqfldo pdunhw uhqwv/ zh gh�qh irxu gl�huhqw hfrqrplhv=
wkh �h!flhqw� hfrqrp|/ wkdw vx�huv iurp qr frqwudfwlqj sureohpv> wkh �0hfrqrp|/
wkdw dggv rqo| wkh �qdqfldo frqvwudlqw wr wkh h!flhqw hfrqrp| +� A 3/ � @ 3,> wkh
�0hfrqrp|/ wkdw dggv rqo| wkh oderu pdunhw sureohp +� @ 3/ � A 3,> dqg wkh ��0
hfrqrp| +�> � A 3,/ wkdw dggv erwk sureohpv1 Rxu fdoleudwlrq h{huflvh uhihuv wr wkh
��0hfrqrp|1

Wkh hfrqrp|*v djjuhjdwh shuirupdqfh lv vxppdul}hg e| djjuhjdwh  rz0zhoiduh=

Z @ \ r � !�K> +48,

zkhuh \ r � \ � u+4� !,�Q � }Q phdvxuhv djjuhjdwh rxwsxw qhw ri wkh uhwxuq rq
jhqhulf fdslwdo dqg wkh iruhjrqh xwlolw| ri ohlvxuh1 Wdeoh 5 uhsruwv/ iru hdfk ri wkh
hfrqrplhv/ zhoiduh �Z � Z �ZW lq ghyldwlrq iurp lwv h!flhqw0hfrqrp| ohyho/ dv
zhoo dv lwv wkuhh edvlf ghwhuplqdqwv= xqhpsor|phqw/ dyhudjh oderu surgxfwlylw|/ dqg
fuhdwlrq1 Lw dovr uhsruwv phdvxuhv ri jurvv  rzv dqg wkh vkdgrz zdjh1 Qrwh wkdw/
ehfdxvh jurvv djjuhjdwh rxwsxw zdv qrupdol}hg wr rqh lq wkh fdoleudwlrq surfhvv/
phdvxuhv ri djjuhjdwh zhoiduh fdq eh lqwhusuhwhg dv d shufhqwdjh ri JGS lq wkh
��0hfrqrp|1

Wdeoh 5= Vwhdg|0Vwdwh Htxloleulxp

H!flhqw Hfrqrp| �0hfrqrp| �0hfrqrp| ��0hfrqrp|

�Z 0 03133: 031393 0313::
X 0 0 3137< 31393
\ r@Q 31<93 31<7: 31;;9 31;;7
K 314;8 314:: 313<7 31437
Gr 31458 31434 3136: 31357
Gs 0 31348 0 31356
zJ 31:78 31:6: 31:58 319<:
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Wkh qhw zhoiduh frvw ri frqwudfwlqj lpshglphqwv lq wkh ��0hfrqrp| fruuhvsrqgv
wr qhduo| ; shufhqw ri JGS1 Wklv frvw lv dffrxqwhg iru e| vhyhudo idfwruv1 Frp0
sduhg wr wkh h!flhqw hfrqrp|/ wkh ��0hfrqrp| vx�huv iurp d 9 shufhqw vwuxfwxudo
xqhpsor|phqw udwh16< Lw dovr vx�huv iurp dyhudjh surgxfwlylw| orzhu e| ; shufhqw/
lwvhoi gxh wr wzr skhqrphqd wkdw zh zloo ghvfuleh vkruwo|= vfohurvlv ri wkh surgxfwlyh
vwuxfwxuh/ dqg d vfudpeolqj ri wkh surgxfwlylw| udqnlqj dorqj zklfk fuhdwlrq dqg
ghvwuxfwlrq ghflvlrqv duh pdgh1 Wkrvh frvwv duh sduwo| doohyldwhg e| d uhgxfwlrq lq
mre0fuhdwlrq frvwv/ jlyhq wkh hfrqrp|*v vxevwdqwldoo| orzhu fkxuq udwh1

Vwuxfwxudo xqhpsor|phqw
�Vwuxfwxudo� xqhpsor|phqw lq vwhdg| vwdwh lv lqwlpdwho| wlhg wr d fkxuq surfhvv wkdw
idfhv lpshglphqwv lq wkh oderu pdunhw1 Lq wkh devhqfh ri hlwkhu d fkxuq +l1h1/ li
� @ � @ 3, ru oderu0pdunhw lpshglphqwv +li � @ 3,/ vwhdg|0vwdwh xqhpsor|phqw
zrxog eh }hur1 Ilqdqfldo frqvwudlqwv frpsrxqg zlwk wkrvh wzr idfwruv wr fdxvh hyhq
kljkhu xqhpsor|phqw1 Xqhpsor|phqw ulvhv wr 71<( gxh wr wkh oderu0pdunhw sureohp/
dqg wr 913( zkhq zh dgg �qdqfldo frqvwudlqwv1

Xqhpsor|phqw fdq eh wkrxjkw ri dv d uhvsrqvh ri wkh hfrqrplf v|vwhp wkdw uh0
vwruhv htxloleulxp lq wkh suhvhqfh ri zdjh uhqwv1 Frpsduhg wr dq h!flhqw vwhdg|
vwdwh zlwk ixoo hpsor|phqw/ zh kdyh vhhq wkdw frqwudfwlqj lpshglphqwv lq wkh oderu
pdunhw jlyh ulvh wr zdjh uhqwv/ zklfk euhdn wkh h!flhqw iuhh0hqwu| frqglwlrq rq wkh
fuhdwlrq pdujlq1 Orzhu fuhdwlrq dqg kljkhu xqhpsor|phqw duh dq hqgrjhqrxv uh0
vsrqvh ri wkh hfrqrplf v|vwhp1 Wkh| ohdg wr kljkhu xqhpsor|phqw gxudwlrq X@K/
zklfk uhgxfhv oderu*v rxwvlgh rssruwxqlw| frvw zJ +vhh htxdwlrq 6,1 Wklv r�vhwv uhqw
dssursuldwlrq/ dqg khosv jxdudqwhh wkh udwh ri uhwxuq uhtxluhg e| fdslwdo pdunhwv1
Qrwh/ krzhyhu/ wkdw dowkrxjk wkh vkdgrz zdjh zJ idoov/ wklv lv qrw jhqhudoo| wuxh ri
dfwxdo zdjhv lqfoxvlyh ri wkh uhqw frpsrqhqw173

Wdeoh 5 vkrzv wkdw �qdqfldo frqvwudlqwv frpsrxqg zlwk oderu0pdunhw frqvwudlqwv
wr ixuwkhu lqfuhdvh wkh vwuxfwxudo udwh ri xqhpsor|phqw1 Wklv kdsshqv dv �qdqfldo
frqvwudlqwv uhgxfh wkh vwhdg|0vwdwh ghpdqg iru oderu/ erwk ehfdxvh ri wkh �qdqfldo
uhvwulfwlrqv rq fuhdwlrq dqg ehfdxvh wkh sur�wdelolw| ri klulqj lv uhgxfhg e| wkh ulvn
ri lqh!flhqw oltxlgdwlrq1

Vfohurvlv dqg vfudpeolqj
Lq dgglwlrq wr xqhpsor|phqw/ wkh hfrqrp| vx�huv iurp glvwruwlrqv lq wkh uhvwuxf0
wxulqj surfhvv1 Wkh lqh!flhqf| ri wkh fkxuq lv fkdudfwhul}hg e| d frpelqdwlrq ri
�vfohurvlv� dqg �vfudpeolqj/� l1h1 d vorzhu dqg ohvv h�hfwlyh fkxuq/ uhvshfwlyho|1 Erwk
oderu0pdunhw dqg �qdqfldo0pdunhw sureohpv fuhdwh vfohurvlv � wkh vxuylydo ri sur0
gxfwlrq xqlwv wkdw zrxog qrw vxuylyh lq dq h!flhqw htxloleulxp1 Dv looxvwudwhg lq wdeoh
5/ vfohurvlv dulvhv wkurxjk wkh orz vkdgrz zdjh zJ dvvrfldwhg zlwk od{ oderu0pdunhw

6<D qxpehu ri idfwruv wkdw d�hfw wkh vrfldo frvw ri revhuyhg xqhpsor|phqw duh qrw fdswxuhg
e| rxu prgho1 Wkh frvw pd| eh kljkhu ehfdxvh +l, xqhpsor|phqw lv dvvrfldwhg zlwk ghwhulrudwlrq
lq kxpdq fdslwdo/ vrfldo vwljpd/ hwf1> dqg +ll, wudqvdfwlrqdo lpshglphqwv fdxvh d uhgxfwlrq lq wkh
sduwlflsdwlrq udwh wkdw lv qrw fdswxuhg e| xqhpsor|phqw vwdwlvwlfv1 Wkh frvw ri xqhpsor|phqw pd|
eh orzhu ehfdxvh +lll, xqhpsor|phqw idflolwdwhv wkh pdwfklqj ri hpsor|huv dqg zrunhuv> dqg +ly,
zrun lv dvvrfldwhg zlwk d glvxwlolw| +zh fdoleudwhg 5 ' f,1

73Vhh Fdedoohur dqg Kdpprxu +4<<;e,1
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frqglwlrqv +kljk xqhpsor|phqw,1 Wklv orzhuv wkh suhvvxuh wr vfuds orz0surgxfwlylw|
xqlwv lq wkh edg vwdwh/ zklfk uhgxfhv wkh wkuhvkrog surgxfwlylw| �_ dw zklfk wklv lv
grqh1 Wkh uhvxow lv d vxevwdqwldo uhgxfwlrq lq wkh Vfkxpshwhuldq fkxuq udwh Gr1 D
sxuh vfohurvlv h�hfw lv h{klelwhg lq wkh �0hfrqrp|/ zkhuh wkh Vfkxpshwhuldq fkxuq
udwh wkhuh lv derxw rqh0wklug wkh h!flhqw0hfrqrp| udwh zkloh dyhudjh oderu surgxf0
wlylw| \ r@Q idoov e| ; shufhqw1 Vfohurvlv lv frvwo| ehfdxvh lw ohdgv wr dq lqh!flhqwo|
orz udwh ri uhvwuxfwxulqj1

Dgglqj �qdqfldo frqvwudlqwv wr wkh �0hfrqrp| zruvhqv wkh txdolw| ri wkh fkxuq1
Wkh ��0hfrqrp| kdv d kljkhu dfwlyh fkxuq udwh Gr .Gs / exw voljkwo| orzhu dyhudjh
surgxfwlylw| \ r@Q 1 Wkh idfw wkdw d kljkhu uhlqyhvwphqw frvw lv h{shqghg wr pdlqwdlq
orzhu dyhudjh surgxfwlylw| lv fohduo| frvwo|1 Lw lv gxh wr d vfudpeolqj skhqrphqrq rq
wkh fuhdwlrq dqg ghvwuxfwlrq pdujlqv/ wkdw uhgxfhv wkh h�hfwlyhqhvv ri wkh fkxuq1 Lq
wkh devhqfh ri �qdqfldo frqvwudlqwv/ fuhdwlrq dqg ghvwuxfwlrq ghflvlrqv duh edvhg rq d
vwulfw surgxfwlylw|0udqnlqj ri surgxfwlrq xqlwv1 Zkhq lqwhuqdo ixqgv ehfrph d idfwru
lq wkrvh ghflvlrqv/ vrph xqlwv duh �qdqfhg wkdw kdyh orzhu surgxfwlylw| wkdq rwkhuv
wkdw duh qrw �qdqfhg1 Jlyhq wkh fuhdwlrq udwh K/ wklv whqgv wr orzhu wkh surgxfwlylw|
ri wkh dyhudjh xqlw fuhdwhg1 Lw dovr whqgv wr lqfuhdvh wkh surgxfwlylw| ri wkh dyhudjh
xqlw ghvwur|hg/ e| vkliwlqj wkh frpsrvlwlrq ri ghvwuxfwlrq iurp Vfkxpshwhuldq Gr wr
vsxulrxv Gs 1

715 Phfkdqlvpv ehklqg wkh Fkloo

Zh qrz wxuq wr wkh hfrqrp|*v f|folfdo surshuwlhv1 Zh kljkoljkw wkh prgho*v delolw| wr
jhqhudwh lpsxovh0uhvsrqvh ixqfwlrqv ri hpsor|phqw dqg jurvv  rzv frqvlvwhqw zlwk
wkrvh grfxphqwhg lq vxe0vhfwlrq 6141 Zh irfxv/ lq sduwlfxodu/ rq wkh h�hfw ri uhfhv0
vlrqv rq fxpxodwlyh uhvwuxfwxulqj dqg wkh phfkdqlvpv wkdw fdq jhqhudwh d fkloo1 Wr
gr vr/ zh dqdo|}h rxu hfrqrp| lq wzr vwhsv1 Zh �uvw uhpryh �qdqfldo frqvwudlqwv dqg
orrn dw wkh f|folfdo surshuwlhv ri wkh �0hfrqrp|1 Dowkrxjk wklv hfrqrp| grhv qrw
h{klelw wkh �qdqfldo frqvwudlqwv rq fuhdwlrq ru wkh sulydwho| lqh!flhqw vhsdudwlrqv
glvfxvvhg lq rxu fdoleudwlrq h{huflvh/ dqdo|}lqj lw khosv lvrodwh d vshfl�f phfkdqlvp
iru wkh fkloo edvhg rq surgxfwlylw| vhohfwlrq1 Zh wkhq eulqj edfn �qdqfldo frqvwudlqwv
dqg orrn dw wkh ��0hfrqrp|1 Wkh surgxfwlylw|0edvhg phfkdqlvp lv zhdnhqhg dqg
uhsodfhg e| d pxfk frvwolhu fkloo edvhg rq d �qdqfldo phfkdqlvp1

Iljxuhv 714 dqg 715 ghslfw wkh lpsxovh0uhvsrqvh ixqfwlrqv iru d uhfhvvlrqdu| vkrfn
lq wkh �0hfrqrp| dqg wkh ��0hfrqrp|/ uhvshfwlyho|1 Iru frpsdudelolw|/ zh fkrvh
wkh vl}h ri wkh vkrfn wr eh vxfk wkdw lw |lhogv wkh vdph fxpxodwlyh xqhpsor|phqw
lq wkh ��0hfrqrp| dv d 50vwdqgdug0ghyldwlrq vkrfn lq wkh YDU hvwlpdwhg lq vxe0
vhfwlrq 6141 Sdqhov +d, dqg +e, ghslfw wkh uhvsrqvh ri xqhpsor|phqw dqg mre  rzv1
Sdqho +f, ghslfwv wkh fxpxodwlyh uhvsrqvh ri fuhdwlrq dqg ghvwuxfwlrq/

U |
f

eKrgv dqgU |
f
eGr gv1 Sdqho +g, ghslfwv wkh sulydwho| h!flhqw dqg sulydwho| lqh!flhqw frpsrqhqwv

ri ghvwuxfwlrq1
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Wkh �0hfrqrp|= surgxfwlylw|0edvhg fkloo
Wkh �0hfrqrp| lq �jxuh 714 h{klelwv d srvlwlyh xqhpsor|phqw uhvsrqvh wr wkh uhfhv0
vlrqdu| vkrfn/ wkdw uhwxuqv wr vwhdg| vwdwh ryhu wlph1 Wkh xqhpsor|phqw uhvsrqvh lv
gxh wr wkh zdjh �uljlglw|� eurxjkw derxw e| zrunhuv* uhqw0vhhnlqj ehkdylru +� A 3,1
Lq wkh devhqfh ri uhqwv +� @ 3,/ dqg r�0fruqhuv/ rqh fdq vkrz wkdw wkh vkdgrz zdjh
zJ zloo devrue doo  xfwxdwlrqv lq h| zlwk qr uhvxowlqj txdqwlw| uhvsrqvh1 Zkhq � A 3/
d fhqwudo ghwhuplqdqw ri wkh vkdgrz zdjh lv wkh mre0�qglqj suredelolw| K@X +vhh
htxdwlrq 6,1 Lq wkdw fdvh/ d txdqwlw| uhvsrqvh lq wkh irup ri lqfuhdvhg xqhpsor|0
phqw ru uhgxfhg klulqj lv uhtxluhg wr lqgxfh d idoo lq wkh vkdgrz zdjh lq uhvsrqvh wr
d frqwudfwlrq lq h|1

Lq whupv ri jurvv  rzv/ wkh uhfhvvlrq pdwhuldol}hv wkurxjk erwk dq lqfuhdvh lq
ghvwuxfwlrq dqg d ghfuhdvh lq fuhdwlrq1 Zkdw ghwhuplqhv zklfk ri wkrvh wzr pdujlqv
uhvsrqgv wr wkh vkrfnB Dv zh dujxh lq Fdedoohur dqg Kdpprxu +4<<7/ 4<<9,/ wkh
nh| wr wklv txhvwlrq olhv lq wkh �lqvxodwlrq� phfkdqlvp e| zklfk d idoo lq fuhdwlrq
uhgxfhv zJ dqg lqvxodwhv ghvwuxfwlrq iurp djjuhjdwh vkrfnv1 Li dq h{foxvlyh uhvsrqvh
rq wkh fuhdwlrq pdujlq lv qrw frvwo|/ wkh hfrqrp| zloo uhvsrqg rq wkh fuhdwlrq pdujlq
rqo| dqg zloo ixoo| lqvxodwh ghvwuxfwlrq1 Lq idfw/ rqh fdq vkrz wkdw wklv lv zkdw zrxog
kdsshq/ r�0fruqhuv/ li doo surmhfwv lq rxu hfrqrp| kdg wkh vdph surgxfwlylw| �1 Khw0
hurjhqhrxv surgxfwlylwlhv lq wkh srro ri srwhqwldo hqwudqwv lv zkdw pdnhv dq h{foxvlyh
uhvsrqvh rq wkh fuhdwlrq pdujlq frvwo|1 Lq wkdw fdvh/ wkh dyhudjh surgxfwlylw| ri wkh
hqwudqw srro ulvhv zkhq wkh udwh ri fuhdwlrq idoov/ zklfk pdnhv ixuwkhu uhgxfwlrqv lq
fuhdwlrq lqfuhdvlqjo| frvwo| dqg vkliwv sduw ri wkh uhvsrqvh wr ghvwuxfwlrq1

Wkh uhfhvvlrq*v h�hfw rq fxpxodwlyh  rzv ghshqgv qrw rqo| rq wkh uhvsrqvh ri
jurvv  rzv dw lpsdfw/ exw rq wkh pdqqhu lq zklfk wkh hfrqrp| uhfryhuv1 Dv fdq
eh vhhq lq sdqho +f,/ wkh hfrqrp| lqlwldoo| h{shulhqfhv wxuexohqfh lq wkh irup ri
lqfuhdvhg ghvwuxfwlrq dw lpsdfw/ exw xowlpdwho| hqgv xs zlwk d ghfuhdvh lq fxpxodwlyh
ghvwuxfwlrq1 Wkh uhdvrq iru wklv lv wkdw wkh uhfryhu| wdnhv sodfh hvvhqwldoo| wkurxjk
orzhu0wkdq0qrupdo ghvwuxfwlrq/ zkloh fuhdwlrq vlpso| frqyhujhv edfn wr lwv qrupdo
ohyho zlwkrxw pxfk ryhuvkrrwlqj1 Lq dgglwlrq wr wkh idfw wkdw fxpxodwlyh ghvwuxfwlrq
lv orzhu ehfdxvh hpsor|phqw lv orzhu dorqj wkh sdwk/ d txdqwlwdwlyho| pruh lpsruwdqw
phfkdqlvp wkdw xqghuolhv wkh fkloo lv gxh wr wkh vhohfwlylw| ri fuhdwlrq dfurvv surmhfw
surgxfwlylwlhv1 Wkrvh xqlwv wkdw duh qrw fuhdwhg gxulqj wkh uhfhvvlrq duh suhflvho|
xqlwv wkdw kdyh uhodwlyho| orz surgxfwlylw|/ dqg wkhuhiruh d kljk fkxuq udwh1 Wkhlu
devhqfh uhgxfhv ghvwuxfwlrq lq wkh hqvxlqj uhfryhu|1

Wkh ��0hfrqrp|= �qdqfh0edvhg fkloo
Frpsduhg wr wkh �0hfrqrp|/ wkh ��0hfrqrp| lq �jxuh 715 h{shulhqfhv pruh yrodwloh
xqhpsor|phqw/ uhvsrqgv pxfk pruh rq wkh ghvwuxfwlrq udwkhu wkdq rq wkh fuhdwlrq
pdujlq/ dqg h{klelwv d pruh vljql�fdqw fkloo1 Ryhudoo/ wkh ��0hfrqrp| h{klelwv d
jrrg �w iru wkh hpslulfdo lpsxovh0uhvsrqvh ixqfwlrqv ri hpsor|phqw/ jurvv  rzv/ dqg
wkh fxpxodwlyh fkxuq lq �jxuhv 615 dqg 6161

Wkh lqwurgxfwlrq ri �qdqfldo frqvwudlqwv lqgxfhv d vljql�fdqw vkliw lq wkh hfrq0
rp|*v f|folfdo uhvsrqvlyhqhvv iurp wkh fuhdwlrq wr wkh ghvwuxfwlrq pdujlq1 Wkh idfw
wkdw hqwu| iru pdq| surmhfwv lv qrz ghwhuplqhg e| wkh delolw| ri hqwuhsuhqhxuv wr
�qdqfh wkhp lqwurgxfhv �qdqfldo uhqwv rq wkh fuhdwlrq pdujlq1 Wkrvh uhqwv doorz
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pdq| surmhfwv wr devrue qhjdwlyh sur�wdelolw| vkrfnv/ zklfk uhqghuv wkh lqvxodwlrq
phfkdqlvp hyhq frvwolhu iru wkh uhpdlqlqj surmhfwv dqg vkliwv pruh ri wkh uhvsrqvh
wr wkh ghvwuxfwlrq pdujlq1 Wklv gdpshqlqj h�hfw ri �qdqfldo uhqwv rq fuhdwlrq lq0
yhvwphqw jrhv djdlqvw wkh frpprq frqfoxvlrq wkdw �qdqfldo frqvwudlqwv lqfuhdvh wkh
yrodwlolw| ri lqyhvwphqw174 Wkh odwwhu frqfoxvlrq uholhv rq lqwhuqdo ixqg g|qdplfv
+Ehuqdqnh dqg Jhuwohu/ 4<;<, ru f|folfdo  xfwxdwlrqv lq wkh ydoxh ri froodwhudo dvvhwv
+Nl|rwdnl dqg Prruh/ 4<<:,/ zklfk zh fdswxuh wkurxjk wkh g|qdplfv ri ixqgv dydlo0
deoh iru fuhdwlrq +htxdwlrq 44,1 Ioxfwxdwlrqv rq wkh fuhdwlrq pdujlq duh wkhuhiruh
sduwo| gulyhq e| d f|folfdo �qdqfldo frqvwudlqw udwkhu wkdq d sur�wdelolw| frqvwudlqw1

Wkh idfw wkdw �qdqfldo frqvwudlqwv gdpshq fuhdwlrq lqyhvwphqw grhv qrw phdq
wkdw lw gdpshqv wkh qhw hpsor|phqw uhvsrqvh1 Rq wkh frqwudu|/ hpsor|phqw ehfrphv
pruh yrodwloh dv wkh hfrqrp|*v f|folfdo uhvsrqvh vkliwv wr wkh ghvwuxfwlrq pdujlq/
zklfk lv pruh vhqvlwlyh wr fxuuhqw frqglwlrqv ehfdxvh ri d vkruwhu h{shfwhg vxuylydo
krul}rq1 Wkh juhdwhu yrodwlolw| ri ghvwuxfwlrq lq wklv hfrqrp| lv/ wkxv/ fdxvdoo| uhodwhg
wr wkh dpsolwxgh ri hfrqrplf  xfwxdwlrqv1

Wkh fkloo iroorzlqj wkh uhfhvvlrq lv ri d yhu| gl�huhqw qdwxuh wkdq wkh surgxfwlylw|0
edvhg fkloo lq wkh �0hfrqrp|1 Lq idfw/ wkh txdqwlwdwlyh vljql�fdqfh ri wkh vhohfwlrq
phfkdqlvp ehklqg wkh odwwhu lv qrz juhdwo| uhgxfhg/ dv fuhdwlrq ehfrphv pxfk ohvv
uhvsrqvlyh dqg wkh surgxfwlylw| udqnlqj iru hqwu| ghflvlrqv lv vfudpeohg1 Dw wkh fruh
ri wklv skhqrphqrq duh qrz wkh g|qdplfv ri �qdqfldo uhvrxufhv iru fuhdwlrq1 Wkh
qdwxuh ri ixqg g|qdplfv lv vxfk wkdw lw ohdgv wr d qdwxudo vkliw lq wkh pdujlq zklfk
uhvsrqgv gxulqj wkh uhfhvvlrq dqg uhfryhu| skdvhv1 Zkloh wkh uhgxfwlrq lq �qdqfldo
uhvrxufhv fdq dffhqwxdwh wkh idoo lq fuhdwlrq gxulqj wkh uhfhvvlrq/ lw zloo frqvwudlq wkh
uhfryhu| iurp wdnlqj sodfh dorqj wkdw pdujlq xqwlo uhvrxufhv uhfryhu1 Wkh uhvxow lv d
vkliw iurp wkh fuhdwlrq wr wkh ghvwuxfwlrq pdujlq lq wkh uhfryhu| skdvh/ zklfk uhvxowv
lq vljql�fdqwo| qhjdwlyh fxpxodwlyh uhdoorfdwlrq1 Dv zh vkrz lq wkh qh{w vxe0vhfwlrq/
d �qdqfh0edvhg fkloo lv vrfldoo| pxfk frvwolhu wkdq d surgxfwlylw|0edvhg fkloo1

Qrqolqhdu uhvsrqvh
Ehiruh ohdylqj ehklqg wkh ghvfulswlrq ri wkh srvlwlyh lpsolfdwlrqv ri wkh prgho/ lw
lv zruwk kljkoljkwlqj wkdw wkh ��0hfrqrp| h{klelwv lqwhuhvwlqj qrq0olqhdulwlhv1 Do0
wkrxjk ghvwuxfwlrq lv qhduo| irxu wlphv pruh uhvsrqvlyh wr d odujh qhjdwlyh vkrfn
wkdq fuhdwlrq/ wkh udwlr ri wkh ryhudoo vwdqgdug ghyldwlrqv ri ghvwuxfwlrq wr fuhdwlrq
lv rqo| 418 � urxjko| wkh vdph dv lq wkh XV pdqxidfwxulqj vhfwru1 Wklv lv hvvhqwldoo|
gxh wr d vxevwdqwldo gl�huhqfh lq wkh hfrqrp|*v uhvsrqvh wr qhjdwlyh yhuvxv srvlwlyh
vkrfnv1 Uhodwlyh wr fuhdwlrq/ ghvwuxfwlrq uhvsrqgv pxfk pruh wr d qhjdwlyh wkdq
wr d srvlwlyh vkrfn1 Wklv ihdwxuh kdv ehhq grfxphqwhg iru XV pdqxidfwxulqj jurvv
 rzv +h1j1/ Fdedoohur dqg Kdpprxu 4<<7/ Gdylv dqg Kdowlzdqjhu 4<<9,1 Dv d uhvxow/
xqhpsor|phqw uhvsrqgv pruh wr d qhjdwlyh wkdq d srvlwlyh vkrfn1 Wklv dv|pph0
wu| lq qhw hpsor|phqw  xfwxdwlrqv lv uhplqlvfhqw ri ihdwxuhv grfxphqwhg iru wkh XV
hfrqrp| dv d zkroh +vhh/ h1j1/ Vlfkho 4<;<,/ dqg dulvhv rxw ri d ixoo| v|pphwulf vkrfn
surfhvv1

74Dq h{fhswlrq lv Fduovwurp dqg Ixhuvw +4<<:,1
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716 Vrfldo Frvwv ri wkh Fkloo

Lq wklv vxe0vhfwlrq/ zh ghyhors d vrfldo0zhoiduh ghfrpsrvlwlrq wkdw doorzv xv wr dq0
do|}h wkh vrfldo frvwv ri uhfhvvlrqv1 Lq dgglwlrq wr wkh gluhfw frvw dvvrfldwhg zlwk
xqhpsor|phqw/ uhfhvvlrqv lq rxu prgho dovr uhvxow lq uhgxfhg fxpxodwlyh uhvwuxfwxu0
lqj1 Lq dq hfrqrp| wkdw vx�huv iurp vfohurvlv/ wkhuh duh srvlwlyh jdlqv iurp lqfuhdvhg
uhvwuxfwxulqj1 Wkh suhvxpswlrq lv wkhuhiruh wkdw wkh fkloo lv frvwo|/ exw pxfk gh0
shqgv rq krz fxpxodwlyh uhvwuxfwxulqj lv uhgxfhg lq wkh uhfhvvlrq0uhfryhu| hslvrgh1
Zlwk surgxfwlylw|0edvhg fkloo/ wkh iruhjrqh jdlqv iurp uhvwuxfwxulqj duh uhodwlyho|
vpdoo ehfdxvh wkh idoo lq fuhdwlrq d�hfwv vhohfwlyho| surmhfwv zlwk orz surgxfwlylw|1
Zlwk �qdqfh0edvhg fkloo/ wkh iruhjrqh jdlqv iurp uhvwuxfwxulqj duh odujhu ehfdxvh wkh
�qdqfldoo|0gulyhq idoo lq fuhdwlrq lv qrw yhu| glvfulplqdwh dfurvv surgxfwlylwlhv1 Wkh
odwwhu lv wkhuhiruh vrfldoo| pxfk frvwolhu wkdw wkh iruphu1

Dvvxph wkh hfrqrp| vwduwv lq vwrfkdvwlf vwhdg| vwdwh/ dqg h{shulhqfhv d qhjdwlyh
djjuhjdwh vkrfn wr h| dw wlph w @ 31 Li wklv vkrfn d�hfwv �uhdo� surgxfwlylw|/ dq
reylrxv gluhfw vrfldo orvv � zklfk dovr d�hfwv wkh h!flhqw hfrqrp| � uhvxowv iurp
orzhu surgxfwlylw| lq doo xqlwv1 Lq rughu wr vhsdudwh wkh frvwv ri lqh!flhqw fkxuq iurp
wklv gluhfw frvw/ zh dvvxph wkdw wkh vkrfn wr h| lv gxh wr dq �djjuhjdwh glvwruwlrq�
� h1j1/ gxh wr d glvwruwlrqdu| wd{ rq jurvv rxwsxw wkdw lv uhglvwulexwhg oxps0vxp1
Wr frpsduh wkh uhfhvvlrq sdwk ri dq| yduldeoh [| zlwk lwv vwrfkdvwlf vwhdg|0vwdwh
ydoxh [ lq wkh devhqfh ri wkh qhz vkrfn/ zh gh�qh e[| � [| �[ dqg wkh uhvxowlqj
suhvhqw0ydoxh rshudwru
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Zh dovr gh�qh/ iru dq| wzr yduldeohv [| dqg \|/ wkh lqwhudfwlrq rshudwru
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Zh phdvxuh wkh vrfldo0zhoiduh h�hfw ri d uhfhvvlrq dv wkh suhvhqw ydoxh OZ ri
wkh vkrfn*v h�hfw rq  rz zhoiduh Z/ gh�qhg lq +48,1 Wkh zhoiduh h�hfw fdq eh
ghfrpsrvhg lqwr d frpsrqhqw lq OL wkdw fdswxuhv dq xqhpsor|phqw h�hfw/ dqg d
frpsrqhqw wkdw fdswxuhv wkh surgxfwlylw| h�hfwv uhodwhg wr wkh fkxuq=
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Wkh whup Y �
| phdvxuhv wkh dyhudjh vrfldo ydoxh ri fuhdwlqj d surgxfwlrq xqlw> Y _r

| dqg
Y _s
| phdvxuh wkh dyhudjh vrfldo orvv iurp sulydwho| h!flhqw dqg sulydwho| lqh!flhqw
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ghvwuxfwlrq> dqg [ lv dq lqwhudfwlrq whup175

Wkh �xqhpsor|phqw� h�hfw/ zklfk fruuhvsrqgv wr wkh �uvw olqh lq +49,/ fds0
wxuhv wkh gluhfw vrfldo frvw ri xqhpsor|phqw/ dgmxvwhg iru wkh sdvvlyh uhvsrqvh ri
�0ghvwuxfwlrq1 Irupdoo|/ lw lv htxdo wr wkh fxpxodwlyh hpsor|phqw h�hfw ri wkh uh0
fhvvlrq/ �OL / pxowlsolhg e| wkh  rz vrfldo ydoxh +� . �,+Y

� � !�, ri d surgxfwlrq
xqlw1

Wkh �surgxfwlylw|� h�hfw/ fdswxuhg lq wkh qh{w irxu olqhv/ uh hfwv d srwhqwldo frvw
ri pdodgmxvwphqw lq dgglwlrq wr wkh xqhpsor|phqw frvw1 Lw lv hvvhqwldoo| d ixqfwlrq
ri wkh suhvhqw ydoxh O(rn(s ri wkh uhvsrqvh ri dfwlyh ghvwuxfwlrq wr wkh uhfhvvlrqdu|
vkrfn/ dv zhoo dv ri wkh uhvsrqvh ri wkh frpsrvlwlrq ri jurvv  rzv ryhu wlph1 Wkh
whupv rq olqhv wzr wr irxu/ uhvshfwlyho|/ dqvzhu wkh iroorzlqj txhvwlrqv= +l, Zkdw lv
wkh zhoiduh h�hfw ri fkdqjhv lq wkh dprxqw ri uhvwuxfwxulqj/ dvvxplqj wkdw lw d�hfwv
doo surgxfwlylwlhv lq htxdo sursruwlrqv dqg wkdw doo ghvwuxfwlrq lv sulydwho| h!flhqw
+wkh �fkxuq� h�hfw,> +ll, E| krz pxfk vkrxog wkdw zhoiduh h�hfw eh dgmxvwhg wr
dffrxqw iru wkh idfw wkdw vrph ghvwuxfwlrq lv sulydwho| lqh!flhqwB +wkh �vsxulrxv
ghvwuxfwlrq� h�hfw,> +lll, E| krz pxfk vkrxog wkdw h�hfw eh dgmxvwhg wr dffrxqw iru
wkh idfw wkdw vrph surgxfwlylwlhv duh d�hfwhg pruh wkdq rwkhuv e| fkdqjhv lq wkh
fkxuq +wkh �vhohfwlrq� h�hfw,1 Wkh odvw olqh fdswxuhv dq lqwhudfwlrq whup1 Qrwh wkdw
wr dqvzhu wkh �uvw txhvwlrq/ zh ydoxh d xqlw0lqfuhdvh lq fxpxodwlyh uhdoorfdwlrq lv
+Y

��Y
_r
,�!�1 Lw lv htxdo wr wkh sulydwh ydoxh lqfuhdvh iurp xsgdwlqj d surgxfwlrq

xqlw/ plqxv wkh uhlqyhvwphqw frvw1 Ehfdxvh ri sulydwh uhqwv rq wkh fuhdwlrq pdujlq/
wklv vrfldo ydoxh lv srvlwlyh1 Wr dqvzhu wkh vhfrqg txhvwlrq/ rqh pxvw vxewudfw iurp
wklv wkh sulydwh orvv Y

_s � Y
_r
wkdw dssolhv wr sulydwho| lqh!flhqw vhsdudwlrqv1

Wdeohv 7 dqg 8 uhsruw wkh fxpxodwlyh uhvsrqvhv dqg wkh vrfldo0zhoiduh ghfrpsr0
vlwlrqv wkdw fruuhvsrqg wr wkh lpsxovh0uhvsrqvh ixqfwlrqv lq �jxuhv 714 dqg 715 iru
wkh �0hfrqrp| dqg wkh ��0hfrqrp|1 Dv h{sodlqhg lq vxe0vhfwlrq 714/ vrfldo frvwv fdq
djdlq eh lqwhusuhwhg dv d shufhqwdjh ri vwhdg|0vwdwh dqqxdo JGS lq wkh ��0hfrqrp|1
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Wdeoh 7= Uhvsrqvh wr d Uhfhvvlrqdu| Vkrfn

�0hfrqrp| ��0hfrqrp|

OL 31355 31379
OM 03133; 031357
O(r 031339 031336
O(s 0 031348

Wdeoh 8= Zhoiduh H�hfw ri d Uhfhvvlrq

�0hfrqrp| ��0hfrqrp|

Xqhpsor|phqw 03134: 031368

Fkxuq 031336 031348
Vsxulrxv Ghvwuxfwlrq 0 3133:
Vhohfwlrq 31335 031335
Lqwhudfwlrq 031334 031334

Surgxfwlylw| 031335 031344

Wrwdo 03134< 031379

Wkh vrfldo frvw ri d wzr0vwdqgdug ghyldwlrqv uhfhvvlrq lq wkh �0hfrqrp| lv 41<
shufhqw ri d |hdu*v JGS1 Lw lv hvvhqwldoo| gxh wr dq xqhpsor|phqw frvw ri 41: shufhqw1
Surgxfwlylw| rqo| dggv dqrwkhu 315 shufhqw1 Dowkrxjk d orzhu fxpxodwlyh fkxuq lv
kdupixo lq dq hfrqrp| wkdw vx�huv iurp vfohurvlv/ lw lv ohvv vr rqfh zh frqvlghu wkdw
xqlwv fuhdwhg lq d uhfhvvlrq kdyh kljk surgxfwlylw| dqg suhvhqw uhodwlyho| orz jdlqv
iurp uhvwuxfwxulqj1 Wklv lv zk| wkh vhohfwlrq whup uhgxfhv e| qhduo| d kdoi wkh vrfldo
frvw ri uhgxfhg fkxuq1

Wkh ��0hfrqrp| h{klelwv odujhu dqg pruh frvwo| hpsor|phqw dqg fkloo uhvsrqvhv1
Wkh xqhpsor|phqw frvw ulvhv wr 618 shufhqw/ dqg wkh fkloo dggv dqrwkhu 414 shufhqw1
Wkh uhfhvvlrqdu| idoo lq fuhdwlrq lv prvwo| �qdqfldoo| gulyhq/ khqfh ohvv vhohfwlyh dfurvv
surgxfwlylwlhv wkdq lq wkh �0hfrqrp|1 Dv d uhvxow/ wkh �qdqfh0edvhg fkloo lv pxfk
frvwolhu1

8 Frqfoxvlrq

Wkh pdlq txhvwlrq lq wklv sdshu frqfhuqv wkh h�hfw ri djjuhjdwh vkrfnv lq dq hfrqrp|
wkdw lv vxemhfw wr rq0jrlqj uhvwuxfwxulqj1 Wkhuh lv d frpprq suhvxpswlrq dprqj
pdfurhfrqrplvwv wkdw d uhfhvvlrq lqfuhdvhv uhvwuxfwxulqj dfwlylw|/ exw frqwuryhuv|
derxw zkhwkhu wklv lv vrfldoo| frvwo| ru ehqh�fldo1 D wudglwlrq wkdw jrhv edfn wr
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wkh suh0Nh|qhvldq �oltxlgdwlrqlvw� vfkrro/ ylhzv lqfuhdvhg oltxlgdwlrqv dv khdowk|>
dqrwkhu ylhz krogv wkdw oltxlgdwlrqv duh riwhq sulydwho| lqh!flhqw dqg zdvwhixo1

Iluvw/ zh vkrzhg wkdw wkh h{lvwlqj hylghqfh frqwudglfwv wkh frpprq suhvxps0
wlrq/ dqg vhhpv wr lqglfdwh wkdw uhfhvvlrqv uhgxfh udwkhu wkdq lqfuhdvh wkh fxpxod0
wlyh dprxqw ri uhvwuxfwxulqj lq wkh hfrqrp|1 Vhfrqg/ zh dujxhg wkdw d v|vwhpdwlf
wuhdwphqw ri frqwudfwlqj sureohpv � ri zklfk sulydwho| lqh!flhqw oltxlgdwlrqv duh
rqo| rqh pdqlihvwdwlrq � lv uhtxluhg wr pdnh d zhoiduh dvvhvvphqw1 Lq htxloleulxp/
frqwudfwlqj gl!fxowlhv rq wkh fuhdwlrq pdujlq jhqhudoo| ohdg wr lqvx!flhqw uhvwuxf0
wxulqj/ zklfk srlqwv wr d frvw ri uhgxfhg uhvwuxfwxulqj1 Wkh prgho zh ghyhorshg
surylghv d xvhixo iudphzrun wr dqdo|}h krz uhfhvvlrqv d�hfw uhvwuxfwxulqj dfwlylw|/
dqg zkdw wkh vrfldo zhoiduh lpsolfdwlrqv pd| eh1

Zh pdgh dq h�ruw wr txdqwli| rxu frqfoxvlrqv e| gudzlqj rq h{lvwlqj hpslulfdo
hylghqfh1 Rxu plvvlrq zdv fohduo| qrw wr uhvroyh wkh frqwuryhuvlhv wkdw fkdudfwhul}h
wkh uhohydqw hpslulfdo olwhudwxuhv/ ru wr ghprqvwudwh wkdw wkhuh lv rqo| rqh ghihqvleoh
sdudphwul}dwlrq1 Zkdw zh dujxhg lv wkdw d uhdvrqdeoh uhdglqj ri wkh hylghqfh �
qrw qhfhvvdulo| wkh rqo| uhdvrqdeoh uhdglqj � ohdgv wr d shuvshfwlyh rq wkh frvw ri
uhfhvvlrqv wkdw lv txlwh gl�huhqw iurp suhydlolqj ylhzv1
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Uhihuhqfhv

^4` Derzg/ Mrkq P1/ dqg Wkrpdv Ohplhx{ +4<<6,= �Wkh H�hfwv ri Surgxfw Pdunhw
Frpshwlwlrq rq Froohfwlyh Edujdlqlqj Djuhhphqwv= Wkh Fdvh ri Iruhljq Frp0
shwlwlrq lq Fdqdgd/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43;/ <;6043471

^5` Doghuvrq/ Plfkdho M1/ dqg Euldq O1 Ehwnhu +4<<8,= �Oltxlgdwlrq Frvwv dqg Fds0
lwdo Vwuxfwxuh/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 6<+4,/7809<1

^6` Dqghuvrq/ Sdwulfld P1/ dqg Euxfh G1 Ph|hu +4<<7,= �Wkh H{whqw dqg Frqvh0
txhqfhv ri Mre Wxuqryhu/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|= Plfurhfr0
qrplfv/ 4::057;1

^7` Dqgudgh/ Juhjru/ dqg Vwhyhq Q1 Ndsodq +4<<;,= �Krz Frvwo| lv Ilqdqfldo +qrw
Hfrqrplf, GlvwuhvvB Hylghqfh iurp Kljko| Ohyhudjhg Wudqvdfwlrqv wkdw Ehfdph
Glvwuhvvhg/� Mrxuqdo ri Ilqdqfh1

^8` Ehdxgu|/ Sdxo/ dqg Iudqn Sruwlhu +4<<;,= �Dq H{sorudwlrq lqwr Sljrx*v Wkhru|
ri F|fohv/� w|shvfulsw/ Ghfhpehu1

^9` Ehuqdqnh/ Ehq/ dqg Pdun Jhuwohu +4<;<,= �Djhqf| Frvwv/ Qhw Zruwk/ dqg Exvl0
qhvv Ioxfwxdwlrqv/� Dphulfdq Hfrqrplf Uhylhz/ :</ 470641

^:` Eodqfkdug/ Rolylhu M1/ dqg Shwhu Gldprqg +4<<3,= �Wkh F|folfdo Ehkdylru ri
wkh Jurvv Iorzv ri XV Zrunhuv/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 5/ s1
;8�4881

^;` Eurqduv/ Vwhskhq J1/ dqg Grqdog U1 Ghhuh +4<<4,= �Wkh Wkuhdw ri Xqlrql}dwlrq/
wkh Xvh ri Ghew/ dqg wkh Suhvhuydwlrq ri Vkduhkroghu Zhdowk/� Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ Iheuxdu|1

^<` Exwwrq/ Shwhu +4<<3,= �Wkh Frvw ri Oderxu Wxuqryhu= Dq Dffrxqwlqj Shuvshf0
wlyh/� Oderxu Hfrqrplfv dqg Surgxfwlylw|/ 5/ 47904931

^43` Fdedoohur/ Ulfdugr M1/ dqg Prkdpdg O1 Kdpprxu +4<<7,= �Wkh Fohdqvlqj H�hfw
ri Uhfhvvlrqv/� Dphulfdq Hfrqrplf Uhylhz/ ;7/ 46830469;1

^44` �� +4<<9d,= �Rq wkh Wlplqj dqg H!flhqf| ri Fuhdwlyh Ghvwuxfwlrq/� Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ 444+6,/ ;380;851

^45` �� +4<<;d,= �Wkh Pdfurhfrqrplfv ri Vshfl�flw|/� Mrxuqdo ri Srolwlfdo Hfrq0
rp|/ 439+7,/ :570:9:1

^46` �� +4<<;e,= �Mreohvv Jurzwk= Dssursuldelolw|/ Idfwru Vxevwlwxwlrq/ dqg Xq0
hpsor|phqw/� Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 7;/ 840<71

^47` �� +4<<;f,= �Lpsurshu Fkxuq= Vrfldo Frvwv dqg Pdfurhfrqrplf Frqvh0
txhqfhv/� QEHU Zrunlqj Sdshu Qr1 9:4:1
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^48` Fdpsehoo/ Mh�/ dqg Mrqdv Ilvkhu +4<<9,/ �Djjuhjdwh Hpsor|phqw Ioxfwxdwlrqv
zlwk Plfurhfrqrplf Dv|pphwulhv/� Lqvwlwxwh iru Hpslulfdo Pdfurhfrqrplfv Glv0
fxvvlrq Sdshu 445/ Vhswhpehu1

^49` Fduovwurp/ Fkduohv/ dqg Wlprwk| Ixhuvw +4<<:,= �Djhqf| Frvwv/ Qhw Zruwk dqg
Exvlqhvv Ioxfwxdwlrqv= D Frpsxwdeoh Jhqhudo Htxloleulxp Dqdo|vlv/� Dphulfdq
Hfrqrplf Uhylhz/ Ghfhpehu1

^4:` Froh/ Kdurog O1/ dqg Ulfkdug Urjhuvrq +4<<9,= �Fdq wkh Pruwhqvhq0Slvvdulghv
Pdwfklqj Prgho Pdwfk wkh Exvlqhvv F|foh IdfwvB� Vwd� uhsruw 557/ Ihghudo
Uhvhuyh Edqn ri Plqqhdsrolv/ Ghfhpehu1

^4;` Gdylv/ Vwhyhq M1 +4<;:,= �Ioxfwxdwlrqv lq wkh Sdfh ri Oderu Uhdoorfdwlrq/�
Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 5:/ 66807351

^4<` Gdylv/ Vwhyhq M1/ dqg Mrkq F1 Kdowlzdqjhu +4<<3,/ �Jurvv Mre Fuhdwlrq dqg Gh0
vwuxfwlrq= Plfurhfrqrplf Hylghqfh dqg Pdfurhfrqrplf Lpsolfdwlrqv/� QEHU
Pdfurhfrqrplfv Dqqxdo/ 8/ 456�49;1

^53` �� +4<<5,= �Jurvv Mre Fuhdwlrq/ Jurvv Mre Ghvwuxfwlrq dqg Hpsor|phqw
Uhdoorfdwlrq/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43:/ ;4<0;971

^54` �� +4<<9,/ �Gulylqj Irufhv dqg Hpsor|phqw Ioxfwxdwlrqv/� w|shvfulsw/
Vhswhpehu1

^55` Gdylv/ Vwhyhq M1/ Mrkq F1 Kdowlzdqjhu/ dqg Vfrww Vfkxk +4<<9,= Mre Fuhdwlrq
dqg Ghvwuxfwlrq/ Fdpeulgjh/ Pdvv1= PLW Suhvv1

^56` Gh Orqj/ M1 Eudgirug +4<<3,= �cOltxlgdwlrq* F|fohv= Rog0Idvklrqhg Uhdo Exvl0
qhvv F|foh Wkhru| dqg wkh Juhdw Ghsuhvvlrq/� QEHU Zrunlqj Sdshu Qr1 6879/
Ghfhpehu1

^57` Ghq Kddq/ Zrxwhu M1/ Jduh| Udph|/ dqg Mrho Zdwvrq +4<<:,= �Mre Ghvwuxfwlrq
dqg Sursdjdwlrq ri Vkrfnv/� w|shvfulsw/ Mxqh1

^58` Iduehu/ Khqu| V1 +4<<6,= �Wkh Lqflghqfh dqg Frvwv ri Mre Orvv= 4<;50<4/�
Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|= Plfurhfrqrplfv/ :6=44<1

^59` �� +4<<:,= �Wkh Fkdqjlqj Idfh ri Mre Orvv lq wkh Xqlwhg Vwdwhv/ 4<;40<8/�
Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|= Plfurhfrqrplfv/ 88045;1

^5:` Kdoo/ Urehuw H1 +4<<8,= �Orvw Mrev/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4/
55405891

^5;` �� +4<<<,= �Wkh Frqfhqwudwlrq ri Mre Ghvwuxfwlrq/� QEHU ZS &:358/
Pdufk1

^5<` Kdphuphvk/ Gdqlho V1 +4<<6,= Oderu Ghpdqg/ Sulqfhwrq= Sulqfhwrq Xqlyhuvlw|
Suhvv1
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^63` Kduw/ Rolyhu +4<<8,= Ilupv/ Frqwudfwv/ dqg Ilqdqfldo Vwuxfwxuh/ R{irug= Foduhq0
grq Suhvv1

^64` Mdfrevrq/ Orxlv V1/ Urehuw M1 OdOrqgh/ dqg Gdqlho J1 Vxoolydq +4<<6,= �Hduqlqjv
Orvvhv ri Glvsodfhg Zrunhuv/� Dphulfdq Hfrqrplf Uhylhz/ ;6/ 9;80:3<1

^65` Nl|rwdnl/ Qrexklur/ dqg Mrkq Prruh +4<<:,= �Fuhglw F|fohv/� Mrxuqdo ri Srolw0
lfdo Hfrqrp|/ 438+5,/ 544057;1

^66` Nohlq/ Ehqmdplq/ Urehuw J1 Fudzirug/ dqg Duphq D1 Dofkldq +4<:;,= �Yhuwlfdo
Lqwhjudwlrq/ Dssursuldeoh Uhqwv/ dqg wkh Frpshwlwlyh Frqwudfwlqj Surfhvv/�
Mrxuqdo ri Odz dqg Hfrqrplfv/ Rfwrehu/ 54+5,/ 5<:06591

^67` Ololhq/ Gdylg +4<;5,= �Vhfwrudo Vkliwv dqg F|folfdo Xqhpsor|phqw/� Mrxuqdo ri
Srolwlfdo Hfrqrp|/ <3+7,/ :::0:<61

^68` Oxfdv/ Urehuw +4<;:,= Prghov ri Exvlqhvv F|fohv/ Qhz \run= Edvlo Eodfnzhoo1

^69` Phu}/ P1 +4<<9,/ �Khwhurjhqhrxv Mre0Pdwfkhv dqg wkh F|folfdo Ehkdylru ri
Oderu Wxuqryhu/� w|shvfulsw/ Dsulo1

^6:` Pruwhqvhq/ Gdoh dqg Fkulvwrskhu Slvvdulghv +4<<7,= �Mre Fuhdwlrq dqg Mre
Ghvwuxfwlrq lq wkh Wkhru| ri Xqhpsor|phqw/� Uhylhz ri Hfrqrplf Vwxglhv/ 940
6/ 53;/ s16<:�7491

^6;` �� +4<<;,= �Mre Uhdoorfdwlrq/ Hpsor|phqw Ioxfwxdwlrqv/ dqg Xqhpsor|phqw
Gl�huhqfhv/� iruwkfrplqj lq Mrkq Wd|oru dqg Plfkdho Zrrgirug/ hgv1/ Kdqgerrn
ri Pdfurhfrqrplfv1

^6<` Rvzdog/ Dqguhz +4<<9,= �Uhqw0Vkdulqj lq wkh Oderu Pdunhw/� w|shvfulsw/ Xql0
yhuvlw| ri Zduzlfn1

^73` Udph|/ Jduh|/ dqg Mrho Zdwvrq +4<<:,= �Frqwudfwxdo Iudjlolw|/ Mre Ghvwuxfwlrq/
dqg Exvlqhvv F|fohv/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 445+6,/ ;:60<451

^74` Ukxp/ Fkulvwrskhu +4<;:,= �Wkh Hfrqrplf Frqvhtxhqfhv ri Oderu Prelolw|/�
Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ 74/ 630741

^75` Vfkxpshwhu/ Mrvhsk D1 +4<67,= �Ghsuhvvlrqv/� lq Grxjodv Eurzq hw do1/ Hfr0
qrplfv ri wkh Uhfryhu| Surjudp/ Qhz \run= PfJudz0Kloo1

^76` Vlfkho/ Gdqlho H1 +4<;<,= �Exvlqhvv F|foh Dv|pphwu|= D Ghhshu Orrn/� Hfr0
qrplf Dfwlylw| Zrunlqj Sdshu qr1 <6/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh
V|vwhp/ Dsulo1

^77` Wrsho/ Urehuw +4<<3,= �Vshfl�f Fdslwdo dqg Xqhpsor|phqw= Phdvxulqj wkh
Frvwv dqg Frqvhtxhqfhv ri Zrunhu Glvsodfhphqw/� Fduqhjlh0Urfkhvwhu Vhulhv
rq Sxeolf Srolf|/ 66/ 4;405471

^78` Zkhodq/ Nduo +4<<:,= �Wkh Zhoiduh Frvw ri Zrunhu Glvsodfhphqw= D Qhz Ds0
surdfk/� w|shvfulsw/ Ihghudo Uhvhuyh Erdug1

6:



</ref_section>


