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Devwudfw

Wklv sdshu hydoxdwhv wkh h{whqw ri uhjxodwlrq lq d ghprfudf| zlwk srolwl0

fdo fruuxswlrq1 Hohfwhg srolwlfldqv fdq uhvwulfw hqwu| ri �upv lq h{fkdqjh

iru eulehv iurp hqwuhsuhqhxuv1 Ixoo olehudol}dwlrq lpsolhv iuhh hqwu| dqg do0

orfdwlyh h!flhqf| dqg lv vxssruwhg e| d pdmrulw| ri yrwhuv1 Yrwhuv uhhohfw

srolwlfldqv edvhg rq revhuyhg shuirupdqfh1 Zh vwxg| Pdunry0shuihfw htxl0

oleuld ri wkh uhvxowlqj jdph/ dqg ghprqvwudwh wkdw yrwhuv djuhh wr wrohudwh

vrph fruuxswlrq dqg lqh!flhqw uhjxodwlrq lq srolwlfdo htxloleulxp1 H!flhqw

srolflhv fdq eh surprwhg e| surgxfwlylw| jurzwk1 Srolwlfdo fruuxswlrq hqwdlov

h{fhvvlyh vwdelol}dwlrq ri djjuhjdwh  xfwxdwlrqv1

Nh|zrugv= Fruuxswlrq/ shuirupdqfh yrwlqj/ hfrqrplf jurzwk1

MHO fodvvl�fdwlrq= G:5> N75> R741

�Wkh vwdwh lv qrz wkh jlyhu ri pdq| ydoxdeoh uljkwv1111 L vxvshfw wkdw

d fduhixo vwxg| zrxog glvsod| ydvw fdsulfh/ pxfk yhqdolw|/ dqg d qxpehu ri

fdooxvhv rq dssolfdqwv* nqhhv dqg qdyhov� +Vwljohu/4<:8/ s1 4<,1



4 Lqwurgxfwlrq

Lw riwhq dsshduv wkdw ghprfudwlf vrflhwlhv pxvw olyh zlwk lqh!flhqw uhjxodwlrq

ri hfrqrplf dfwlylw| dqg kljk ohyhov ri fruuxswlrq iru h{whqghg shulrgv ri

wlph1 Wklv sdshu sursrvhv d wkhruhwlfdo prgho wr hydoxdwh wkh h{whqw wr zklfk

hqwu| uhjxodwlrq fdq shuvlvw ryhu wlph dqg wr dqdo|}h krz ghprfudwlf vrflhwlhv

pljkw e| ghvljqlqj dssursludwh lqfhqwlyhv ghplvh ri lqh!flhqw uhjxodwlrq dqg

hqfrxudjh krqhvw srolwlfv1 D fuxfldo lqvljkw iurp wkh prgho lv wkdw vxvwdlqhg

hfrqrplf jurzwk fdq eh dq lpsruwdqw idfwru lq sxwwlqj lqfhqwlyhv uljkw1

Hqwu| uhjxodwlrq fdq/ lq ydu|lqj ghjuhhv/ eh irxqg lq doo vrflhwlhv dqg

lq pdq| gl�huhqw irupv1 Riwhq hqwu| wr hfrqrplf dfwlylwlhv lv uhvwulfwhg

e| wkh frvwv ri frpso|lqj zlwk pxowlsoh ohjdo uhtxluhphqwv ru wkh qhhg wr

rewdlq shuplwv dqg olfhqfhv iurp wkh vwdwh ru rewdlq phpehuvkls ri vshfl�f

rujdql}dwlrqv1 Gh Vrwr +4<<3, surylghv d vhplqdo vwxg| ri wkh ohjdo revwdfohv

wkdw d zrxog0eh hqwuhsuhqhxu kdyh wr jr wkurxjk wr rshudwh d �up ohjdoo| lq

Shux/ dqg iroorzv xs lq Gh Vrwr +5333, zlwk d frpsdulvrq zlwk Hj|sw/ Kdlwl/

dqg Sklolsslqhv1 Lq doo wkhvh frxqwulhv/ wkh wudqvdfwlrqv frvwv ri vdwlvi|lqj

odujh qxpehuv ri riwhq lqfrqvlvwhqw uhjxodwlrqv dqg ohjdo uhtxluhphqwv zrun

dv vljql�fdqw eduulhuv wr hqwu| wr wkh irupdo vhfwru/ fuhdwhg dqg suhvhuyhg

e| wkh vwdwh1 Zkloh wklv skhqrphqrq lv pruh surqrxqfhg lq ohvv ghyhorshg

frxqwulhv/ lw lv qrw frq�qhg wr wkdw fdwhjru| ri frxqwulhv1 Gmdqnry hw do1

+5333, froohfw lqirupdwlrq derxw wkh frvw wkdw d vpdoo/ qhz �up kdv wr sd| wr

rewdlq ohjdo vwdwxv lq d vdpsoh ri :8 ghyhorshg dqg ohvv ghyhorshg frxqwulhv1

Rq dyhudjh/ lw wdnhv 96 zrunlqj gd|v wr jr wkurxjk wkh uhtxluhg surfhgxuhv

dw dq r!fldo frvw ri derxw 67( ri JGS shu fdslwd1 Lq frxqwulhv olnh wkh XV

dqg XN wkh revwdfohv duh ohvv vhyhuh/ |hw lw vwloo wdnhv : dqg 44 zrunlqj gd|v

uhvshfwlyho| wr jhw wkh sdshu zrun grqh1 Lw lv qrw vxusulvlqj wkdw Gmdqnry hw

do1 +5333, �qg wkdw hqwu| uhvwulfwlrqv duh kljko| fruuhodwhg zlwk fruuxswlrq1

Hqwu| uhjxodwlrq fdq dovr wdnh wkh irup ri frpsuhkhqvlyh v|vwhpv ri lq0

gxvwuldo olfhqflqj1 Ekdjzdwl +4<<6/ ss1 7<083, grfxphqwv d ohdglqj h{dpsoh

ri wklv skhqrphqrq lq Lqgld zkhuh lqgxvwuldo olfhqflqj �11vrxjkw wr uhjxodwh

grphvwlf hqwu| dqg lpsruw frpshwlwlrq/ 111 wr shqdol}h xqdxwkrul}hg h{sdq0

vlrq ri fdsdflw|/ 111 dqg lqghhg wr gh�qh dqg gholqhdwh yluwxdoo| doo dvshfwv ri

lqyhvwphqw dqg surgxfwlrq wkurxjk d pd}h ri Ndindhvtxh frqwurov�1 Hohfwhg
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jryhuqphqwv frqvwuxfwhg wkdw pd}h iurp 4<83 rqzdugv dqg lw vwduwhg wr eh

glvpdqwohg iurp 4<<4/ lq h�ruwv lqlwldwhg e| |hw rwkhu hohfwhg jryhuqphqwv14

Wkh fruuxswlrq srwhqwldo lq d pdvvlyh olfhqfh v|vwhp olnh wklv lv hqruprxv/

dqg lw lv qrw vxusulvlqj wr �qg wkdw fruuxswlrq ohyhov lq Lqgld duh kljk15

Wkhvh h{dpsohv looxvwudwh wkh wljkw frqqhfwlrq ehwzhhq wkh ohyho ri hfr0

qrplf ghyhorsphqw/ lqh!flhqw uhjxodwlrq ri hfrqrplf dfwlylw| dqg fruuxswlrq

dqg prwlydwh rxu pdlq k|srwkhvlv= hqwu| uhvwulfwlrqv duh lpsohphqwhg dqg

pdlqwdlqhg e| fruuxswleoh srolwlfldqv ehfdxvh ri wkhlu fruuxswlrq srwhqwldo1

Srolwlfldqv idyru srolflhv wkdw ohdyh urrp iru fruuxswlrq1 Wkh uhohydqw yhvwhg

lqwhuhvwv � exvlqhvvhv wkdw ehqh�w iurp surwhfwlrq/ exuhdxfudwv zkr hqmr|

wkh srzhu ri hqiruflqj uhjxodwlrq/ dqg srolwlfldqv zkr fdq vhoo pruh idyruv lq

d uhjxodwhg hfrqrp| � pdnh lw gl!fxow wr lqlwldwh uhirupv +Frdwh dqg Pru0

ulv/ 4<<<> Kdjjdug/ 5333,1 Wkh jhqhudo sxeolf orvhv rxw1 Wkdw lv/ krzhyhu/

qrw wkh hqg ri wkh vwru|1 Lq ghprfudwlf vrflhwlhv/ flwl}hqv kdyh vrph yrlfh

lq srolf|0pdnlqj1 Srolwlfldqv pd| eh fruuxsw exw wkh| duh dzduh wkdw wkh|

kdyh wr idfh hohfwlrqv1 Yrwhuv fdq/ dqg gr/ sxqlvk srolwlfldqv/ zkr lqwurgxfh

wrr pdq| lqh!flhqflhv/ dw wkh sroov dqg vr/ xvh wkh uljkw hperglhg lq wkh

ghprfudwlf lqvwlwxwlrq wr whuplqdwh wkh whqxuh ri dq xqghu0shuiruplqj/ fru0

uxsw srolwlfldq1 D nh| txhvwlrq lv li yrwhuv fdq lqgxfh krqhvw srolwlfv dqg jhw

hohfwhg srolwlfldqv wr lpsohphqw h!flhqw hfrqrplf srolflhv1 Wkdw lv/ zkhq lv

lw srvvleoh iru ghprfudflhv wr jhw ulg ri lqh!flhqw uhjxodwlrqB

Lq wklv sdshu/ zh sursrvh d prgho ri srolf| frpsurplvh wkdw fdq eh xvhg

wr dqdo|}h wkh h{whqw ri uhjxodwlrq dqg fruuxswlrq lq d g|qdplf ghprfudf|1

Jryhuqphqwv fdq uhjxodwh hqwu| lqwr wkh surgxfwlrq vhfwru e| lvvxlqj sur0

gxfwlrq olfhqvhv1 Rxwsxw dqg zdjhv lqfuhdvh/ dqg sur�wv ghfolqh zlwk wkh

qxpehu ri olfhqvhv/ ru wkh ghjuhh ri olehudol}dwlrq +Sursrvlwlrqv 4 dqg 5,

dqg wkh vwdjh lv vhw iru vrfldo frq lfw1 Zrunhuv hduq zdjhv/ dqg zrxog olnh

wr vhh wkh olfhqvh v|vwhp derolvkhg1 Hqwuhsuhqhxuv zrxog olnh d olfhqvh iru

wkhpvhoyhv exw vhh rwkhuv ghqlhg1

Srolwlfldqv duh hohfwhg e| pdmrulw| uxoh1 Wkh| fdqqrw frpplw wr d sro0

4Vlplodu v|vwhpv ghyhorshg lq rwkhu frxqwulhv lq wkh uhjlrq/ vxfk dv Edqjodghvk dqg

Sdnlvwdq +Vulqlydvdq/ 5333,1
5Lq Wudqvsduhqf| Lqwhuqdwlrqdo*v 5334 udqnlqj ri frxqwulhv dffruglqj wr shufhlyhg fru0

uxswlrq Lqgld lv qxpehu :4 rxw ri <4 frxqwulhv zlwk d vfruh ri 51: rxw ri 431
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lf| sodwirup dw wkh wlph ri hohfwlrq1 Rqfh lq r!fh/ wkh| fdq uhvwulfw wkh

qxpehu ri olfhqvhv dqg fkdujh iru wkh rqhv wkh| lvvxh1 Wklv lv wkh vrxufh

ri fruuxswlrq1 Wkhlu euleh lqfrph ghshqgv rq kdylqj wkh olfhqvh v|vwhp lq

sodfh1 Wkh pdmrulw| ri wkh srsxodwlrq lv zrunhuv1 Wkh| dwwhpsw wr frqwuro

srolwlfldqv e| kroglqj wkhp dffrxqwdeoh iru srolf| fkrlfhv1 Wr wklv hqg/ wkh|

vhw shuirupdqfh vwdqgdugv/ dqg yrwh d srolwlfldq rxw ri r!fh li klv srolf|

idlov wr frpso| zlwk wkh vwdqgdug/ dv lq Eduur +4<:6, dqg Ihuhmrkq +4<;9,1

Zh vwxg| Pdunry0shuihfw htxloleuld ri wkh uhvxowlqj jdph1 Zh vkrz wkdw

htxloleulxp srolf| lv/ w|slfdoo|/ d frpsurplvh ehwzhhq wkh suhihuuhg srolf|

ri wkh srolwlfldq dqg klv frqvwlwxhqf| +Sursrvlwlrq 6,1 Srolwlfdo htxloleulxp

hqwdlov fruuxswlrq dqg vr/ yrwhuv djuhh wr hohfw dqg uhhohfw srolwlfldqv suryhq

wr eh fruuxsw1 Kljk ohyhov ri fruuxswlrq jr kdqg lq kdqg zlwk lqh!flhqw

hfrqrplf srolf|= fruuxswlrq dqg lqh!flhqw uhjxodwlrq duh wzr vlghv ri wkh

vdph frlq1 Wklv lv gxh wr wkh idfw wkdw wkh srolwlfldq lv � xs wr d srlqw � deoh

wr h{wudfw pruh eulehv e| uhvwulfwlqj hfrqrplf dfwlylw| +Ohppd 4,1

Zh xvh wkh prgho wr h{dplqh krz hfrqrplf jurzwk d�hfwv fruuxswlrq dqg

hfrqrplf h!flhqf|1 Lpsruwdqwo|/ ohyho h�hfwv/ dqg jurzwk h�hfwv zrun lq rs0

srvlwh gluhfwlrqv1 Ohyho h�hfwv kdyh d qhjdwlyh lpsdfw ehfdxvh wkh fruuxswlrq

srwhqwldo lv odujhu lq ulfkhu vrflhwlhv1 Jurzwk h�hfwv kdyh d srvlwlyh lpsdfw

iru d pruh vxewoh uhdvrq1 Wkh vfrsh iru fruuxswlrq jurzv zlwk JGS/ dqg vr

srolwlfldqv suhihu wr srvwsrqh froohfwlqj wkhlu euleh lq d jurzlqj hfrqrp|1

Wr wklv hqg/ wkh| kdyh wr kdqj rq wr r!fh/ dqg sdqghu wr wkhlu frqvwlwxhqf|

e| oliwlqj uhvwulfwlrqv1 H{fhvvlyh vwdelol}dwlrq/ ru frxqwhu0f|folfdo srolf|/ lv d

frqvhtxhqfh ri wkh vdph sulqflsoh lq vlwxdwlrqv ri huudwlf surgxfwlylw| jurzwk1

Srolwlfldqv zdqw wr eh uhhohfwhg lq uhfhvvlrqv/ dqg froohfw wkhlu eulehv gxulqj

errpv1 Iru wkh odwwhu sxusrvh/ wkh| lpsrvh h{fhvvlyh uhjxodwlrq wkdw orzhuv

rxwsxw dqg orrnv olnh ��qh0wxqlqj� ri djjuhjdwh  xfwxdwlrqv1 Rxu dqdo|vlv

vhwv rxw d vlpsoh lqfhqwlyh sdfndjh +Sursrvlwlrq 7,/ frqvlvwlqj ri d srolwlfdo

vdodu| dqg wkh wkuhdw ri whuplqdwlrq/ dv rqh srvvleoh phfkdqlvp wr surprwh

krqhvw| dqg h!flhqf| lq d jurzlqj hfrqrp|1

Fruuxswlrq lv reylrxvo| gl!fxow wr revhuyh dqg txdqwli| dqg hpslulfdo

vwxglhv/ w|slfdoo|/ uho| rq gdwd rq shufhlyhg ohyhov ri fruuxswlrq/ uhsruwhg

e|/ iru h{dpsoh/ Wudqvsduhqf| Lqwhuqdwlrqdo/ ru rq gdwd rq wkh qxpehu ri

fulplqdo fkdujhv djdlqvw fruuxsw jryhuqphqw r!fldov +Gho Prqwh dqg Sd0
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sdjql/ 5334,1 Hpslulfdo vwxglhv ri fruuxswlrq +vhh/ h1j1/ Pdxur/ 4<<8/ 4<<;>

Sdogdp/ 4<<<> dqg Wuhlvpdq/ 5333, hydoxdwh wkh fruuhodwlrq ehwzhhq phd0

vxuhg fruuxswlrq dqg hfrqrplf dqg vrfldo lqglfdwruv lq furvv0frxqwu| vwxglhv1

Dq lpsruwdqw/ dqg urexvw �qglqj/ lv wkdw fruuxswlrq lv qhjdwlyho| fruuhodwhg

zlwk wkh ohyho ri JGS shu fdslwd dqg/ wr d ohvvhu h{whqw/ dovr zlwk hfrqrplf

jurzwk1 Lq rxu iudphzrun/ wkh iruphu lv dq rxwfrph= uhjxodwlrq ghfuhdvhv

rxwsxw ohyhov dqg jhqhudwhv fruuxswlrq dw wkh vdph wlph1 Rxwsxw dqg fru0

uxswlrq duh wkhuhiruh hqgrjhqrxv yduldeohv/ dqg zh pxvw orrn wr rwkhu idfwruv

vxfk dv surgxfwlylw| jurzwk wr xqghuvwdqg zk| wkh| gl�hu dfurvv vrflhwlhv1

D fuxfldo lpsolfdwlrq ri rxu prgho lv wkdw +surgxfwlylw|, jurzwk fdq uhgxfh

fruuxswlrq/ e| uhgxflqj wkh frvw ri frqwuroolqj fruuxswlrq yld/ iru h{dpsoh/

srolwlfdo vdodulhv1 Wklv vxjjhvwv dq dowhuqdwlyh h{sodqdwlrq ri wkh revhuyhg

qhjdwlyh fruuhodwlrq ehwzhhq jurzwk dqg fruuxswlrq1

Wkh wkhruhwlfdo olwhudwxuhv rq fruuxswlrq dqg uhjxodwlrq lv kxjh/ dqg zh

vkdoo qrw dwwhpsw wr vxppdul}h lw khuh16 Krzhyhu/ ehiruh zh wxuq wr wkh

irupdo prgho/ zh eulh | uhodwh rxu zrun wr wkh eudqfkhv ri wkh olwhudwxuh rq

zklfk lw h{solflwo| exlogv1 Iluvw/ fruuxswlrq dulvhv d pdq| gl�huhqw ohyhov dqg

iru pdq| gl�huhqw uhdvrqv1 Zh irfxv rq zkdw zh fdoo srolwlfdo fruuxswlrq1

Srolwlfdo fruuxswlrq rffxuv dw wkh kljkhvw ohyho ri jryhuqphqw dqg lqyroyhv

pdmru jryhuqphqw surmhfwv dqg surjudpv ru wkh ghvljq ri wkh ryhudoo ohjdo

vwuxfwxuhv wkdw uhjxodwh hfrqrplf dfwlylwlhv1 Wklv w|sh ri fruuxswlrq fdq eh

irxqg lq doprvw doo vrflhwlhv +Urvh0Dfnhupdq/ 4<<</ fkdswhu 6, dqg dulvhv

zkhq qrq0ehqhyrohqw srolwlfldqv uhdol}h wkdw hqwu| uhvwulfwlrqv dqg rwkhu uhj0

xodwlrq fdq eh wr wkhlu shuvrqdo ehqh�w +Vkohlihu dqg Ylvkq|/ 4<<6,17 Wkh

edvlv lghd lv wkdw srolwlfldqv kdyh whpsrudu| prqrsro| uljkwv wr srolwlfdo id0

yruv dqg pd| xvh wklv srvlwlrq wr glvwruw hfrqrplf srolf| wr jhqhudwh odujh

uhqwv iru wkhpvhoyhv1 Srolwlfdo fruuxswlrq lv gl�huhqw iurp exuhdxfudwlf fru0

uxswlrq1 Exuhdxfudwlf fruuxswlrq dulvhv zkhq d ehqhyrohqw jryhuqphqw zdqwv

wr uhjxodwh wkh hfrqrp| zlwk wkh dlp ri holplqdwlqj pdunhw idloxuhv +Dfh0

prjox dqg Yhuglhu/ 4<<;> 5333/ dqg Od�rqw dqg Wluroh/4<<6/ fkdswhu 48, exw

kdv lpshuihfw lqirupdwlrq derxw frpsoldqfh1 Iru h{dpsoh/ wkh jryhuqphqw

pd| zdqw wr vxevlgl}h h!flhqw �upv dqg forvh grzq lqh!flhqw rqhv/ lq wkh

6Wkh olwhudwxuh lv vxuyh|hg e| Edugkdq +4<<:, dqg Urvh0Dfnhupdq +4<<<,1
7Vkohlihu dqg Ylvkq| +4<<7, xvh wklv k|srwkhvlv wr h{sodlq sulfh frqwurov1
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lqwhuhvwv ri h!flhqf|1 Lw fdq/ lq sulqflsoh/ glvwlqjxlvk ehwzhhq jrrg dqg edg

�upv/ exw grlqj vr uhtxluhv h{shuwlvh1 H{shuwv duh vshfldol}hg r!fldov dv0

vljqhg wr wkh wdvn/ zkr duh fruuxswleoh dqg pd| zlwkkrog lqirupdwlrq iru d

sulfh1 Lw lv srvvleoh wr hqvxuh krqhvw uhsruwlqj/ e| sd|lqj wkh h{shuwv hqrxjk/

exw wklv lv frvwo|1 Lw pd|/ wkhuhiruh/ eh frqvwudlqhg h!flhqw wr doorz iru vrph

fruuxswlrq dqg wr dffhsw wkh lpsolhg glvwruwlrq1

Vhfrqg/ rxu irupdo prgho lv vlplodu/ dqg forvho| uhodwhg wr Shuvvrq hw do1

+4<<:, dqg Frdwh dqg Pruulv +4<<<,1 Shuvvrq hw do1 +4<<:, dqdo|}h vlwxd0

wlrqv zkhuh wkh jryhuqphqw fdq glyhuw uhvrxufhv iurp wkh sulydwh vhfwru1 Lw lv

olplwhg lq wklv sxuvxlw rqo| e| hohfwrudo dffrxqwdelolw|1 Wkh h{whqw wr zklfk

�vhsdudwlrq ri srzhuv� fdq eh vxffhvvixo lq uhgxflqj htxloleulxp ohyhov ri gl0

yhuvlrq lv hydoxdwhg18 Frdwh dqg Pruulv +4<<<, vkrz wkdw lqh!flhqw srolflhv

wkdw idyru rqh vhfwru fdq shuvlvw ryhu wlph rqfh wkh| kdyh ehhq lpsohphqwhg1

Rxu prgho vkduhv wkh qrwlrq wkdw fruuxswlrq lv olqnhg wr lqh!flhqw hfrqrplf

srolf| dqg wkdw lqh!flhqflhv shuvlvw lq htxloleulxp zkhq hohfwrudo dffrxqw0

delolw| lv vx!flhqwo| zhdn1 Lq frqwudvw wr Shuvvrq hw do1 +4<<:, dqg Frdwh

dqg Pruulv +4<<<,/ rxu dqdo|vlv lv edvhg rq d frpsohwh vshfl�fdwlrq ri whfk0

qrorjlhv/ hqgrzphqwv/ dqg frqvwudlqwv1 Dv d frqvhtxhqfh/ zh fdq hydoxdwh

wkh lpsdfw ri fkdqjhv lq hfrqrplf ixqgdphqwdov rq wkh txdolw| ri srolf|

pdnlqj1 Zh irfxv rq wkh h{whqw wr zklfk ehwwhu srolflhv fdq eh dfklhyhg e|

wkh xvh ri hfrqrplf lqfhqwlyh lqvwuxphqwv= vshfl�fdoo|/ ri srolwlfdo vdodulhv/

dv hpskdvl}hg e| Eduur +4<:6,/ Ehfnhu dqg Vwljohu +4<:7, dqg Ehvoh| dqg

PfOduhq +4<<6,1 Zh kdyh olwwoh wr vd|/ dw suhvhqw/ derxw wkh uhodwlyh h!0

flhqf| ri lqfhqwlyhv dqg frqvwlwxwlrqdo frqvwudlqwv lq dfklhylqj ehwwhu srolf|

rxwfrphv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5/ zh vhw rxw

wkh hfrqrplf prgho1 Lq Vhfwlrq 6/ zh ghvfuleh wkh srolwlfdo v|vwhp1 Srolf|

rxwfrphv duh dqdo|}hg lq Vhfwlrqv 7 dqg 81 Lq Vhfwlrq 9/ zh frqfoxgh1

8Vhsdudwlrq ri srzhuv lqfuhdvhv frpshwlwlrq ehwzhhq jryhuqphqw djhqwv dqg uhgxfhv

wkh vfrsh iru glyhuvlrq ri sxeolf uhvrxufhv1 Wkh phfkdqlvp lv pxfk wkh vdph dv wkh rqh

wkdw pdnhv frqvxphuv suhihu d gxrsro| wr d prqrsro|1
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5 Wkh Hfrqrp|

Zh frqvlghu dq hfrqrp| zlwk d frqwlqxxp ri lqglylgxdov zlwk phdvxuh u19

Wkh vl}h ri wkh srsxodwlrq lv frqvwdqw1 Wlph lv glvfuhwh/ lqgh{hg e| | '

fc �c2c � � �1 Hdfk lqglylgxdo kdv rqh xqlw ri oderu hdfk shulrg wkdw fdq eh xvhg

iru vxshuylvlrq/ r�/ ru pdqxdo zrun/ ��/ dqg vr/ r� n �� � �1 D krprjhqhrxv

frqvxpswlrq jrrg/ +/ lv surgxfhg hyhu| shulrg1 Lqglylgxdov olyh iru hyhu/

frqvxph wkhlu qhw lqfrph hdfk shulrg/ glvfrxqw wkh ixwxuh dw udwh q/ dqg

ghulyh qr xwlolw| iurp ohlvxuh1 Wd{hv +� |,/ zkhq uhohydqw/ duh ohylhg oxps0

vxp luuhvshfwlyh ri lqfrph ru rffxsdwlrq1

Dw dq| srlqw lq wlph/ dq lqglylgxdo fdq hlwkhu eh d pdqxdo zrunhu ru dq

hqwuhsuhqhxu1 Pdqxdo zrunhuv vxsso| oderu wr d frpshwlwlyh oderu pdunhw1

Hqwuhsuhqhxuv uxq �upv dqg vxshuylvh pdqxdo zrunhuv1: Wkh �up rzqhg e|

hqwuhsuhqhxu � surgxfhv zlwk wkh iroorzlqj surgxfwlrq whfkqrorj|=

+�| ' �|r
�3k
�|

�k
�|
c f � k 	 �c +4,

zkhuh ��| ghqrwhv wkh krxuv ri pdqxdo zrun kluhg e| hqwuhsuhqhxu �> r�|
ghqrwhv wkh wlph vshqg rq vxshuylvlrq e| hqwuhsuhqhxu �> dqg �| lv wkh ohyho

ri whfkqrorj|/ frpprq wr doo �upv1 Sur�wv duh uhwdlqhg e| wkh hqwuhsuhqhxu

zkr uxqv wkh �up1

D zrxog0eh hqwuhsuhqhxu qhhgv wr rewdlq d olfhqvh wr rshudwh d �up iurp

wkh jryhuqphqw1; Wkh lqfxpehqw srolwlfldq fdq fkrrvh wkh qxpehu ri ol0

fhqvhv dqg ghwhuplqh zkr jhwv wkhp1 D olfhqvh frqihuv wkh uljkw/ exw qrw wkh

reoljdwlrq wr rshudwh d �up iru rqh shulrg1 Olfhqvh kroghu � fkrrvhv krz

pxfk wlph wr vshqg rq vxshuylvlrq/ r�| 5 dfc �o/ dqg vxssolhv wkh uhpdlqlqj

sduw ri khu wlph wr wkh oderu pdunhw1 Qrq0olfhqvh kroghuv kdyh qr fkrlfh ri

9Wkh hfrqrplf prgho lv d vlpsol�hg yhuvlrq ri wkh prgho ghyhorshg lq Gxwwd +5333,/

zklfk ghulyhv ruljlqdoo| iurp Oxfdv +4<:;,1
:Lw lv qrw srvvleoh wr kluh vrpherg| hovh wr vxshuylvh d �up1
;Lq rxu prgho/ wkh olfhqvh v|vwhp lv hfrqrplfdoo| lqh!flhqw1 Olfhqvh v|vwhpv fdq/ krz0

hyhu/ lq vrph fdvhv/ khos surprwh h!flhqf|1 Frqvlghu wkh h{dpsoh ri d qdwxudo prqrsro|1

Wkh jryhuqphqw pd| iru srolwlfdo uhdvrqv zdqw wr fkdqjh wkh uhjxodwru| frqglwlrqv lp0

srvhg rq wkh prqrsro| diwhu lqyhvwphqwv kdyh ehhq vxqn1 Uhdol}lqj wklv h{ dqwh/ xqghu0

lqyhvwphqw zloo wdnh sodfh1 Dv dujxhg e| Qhzehu| +4<<</ fkdswhu 5,/ d olfhqvh v|vwhp

wkdw lqvxodwhv wkh qdwxudo prqrsro| iurp srolwlfdo suhvvxuhv fdq plwljdwh wklv sureohp

dqg surprwh h!flhqf|1
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rffxsdwlrq1 Wkh| duh zrunlqj ixoo wlph iru d �up dqg hduq wkh uhdo zdjh/ �|1

Wkh uhdo zdjh dgmxvwv wr fohdu wkh oderu pdunhw hdfk shulrg1 Ohw b| 5 dfc uo

eh wkh qxpehu ri olfhqfhv lvvxhg lq shulrg |1 Zh wklqn ri b| dv dq lqgh{ ri

hfrqrplf olehudol}dwlrq1 Zh orvh qrwklqj e| dvvxplqj wkdw olfhqvhv duh khog

e| lqglylgxdov � 5 dfc b|o1

Wkh vwdwh ri wkh hfrqrp| dw wlph | lv vxppdul}hg e| e| ' E�|c b|�1 Lq

rxu dqdo|vlv/ �| lv h{rjhqrxv/ zkloh b| lv wr eh hqgrjhqrxvo| ghwhuplqhg e| d

srolwlfdo surfhvv +vhh vhfwlrq 6,1 Ohw ?| � b| eh wkh qxpehu ri �upv rshudwlqj

lq shulrg |1 Qdwlrqdo lqfrph lv jlyhq e| t| '
U
?|

f +�|_�1 Iru dq| vhtxhqfh

ri vwdwhv iefc � � � c e|c � � �j/ zlwk e| � f/ dq htxloleulxp ri wkh hfrqrp| lv d

vhtxhqfh i� � � c E?|c t|c�|�c � � �j vxfk wkdw doo lqglylgxdov dqg �upv rswlpl}h/

dqg wkh oderu pdunhw fohduv hdfk shulrg1 Zh zulwh Z�| ' +�| � �|��| dv wkh

htxloleulxp sur�w ohyho ri �up � dw wlph |1 Dw d v|pphwulf htxloleulxp/

Z�| ' Z|1

Sursrvlwlrq 4 hvwdeolvkhv wkdw wkh htxloleulxp lv vwdwlrqdu|= wkh qxpehu

ri �upv/ hpsor|phqw/ dqg lqfrphv ghshqg rqo| rq wkh fxuuhqw vwdwh ri wkh

hfrqrp|1

Sursrvlwlrq 4 +Vwdwlrqdu| Htxloleulxp, Ohw e| ' E�|c b|� eh wkh vwdwh

ri wkh hfrqrp| dw wlph |1 Dq htxloleulxp h{lvwv dqg lv vwdwlrqdu|/ zkhqhyhu

e| : f1 Ohw bM ' E� � k�u1 Wkhq htxloleulxp txdqwlwlhv dqg lqfrphv duh

?Ee|� ' 4�?db|c bM o( t Ee|� ' �|?Ee|�
�3kEu � ?Ee|��

k(

�Ee|� ' k
t Ee|�

u� ?Ee|�
( ZEe|� ' E�� k�

t Ee|�

?Ee|�
�

Ixuwkhupruh/ ZEe|� ' �Ee|� li dqg rqo| li b| � bM > rwkhuzlvh ZEe|� : �Ee|�1

Iru doo e|/ wkh qxpehu ri zrunhuv lv juhdwhu wkdq ru htxdo wr ku1

Surri1 Iru hdfk b : f/ lqglylgxdov � � b duh olfhqvh kroghuv/ dqg kdyh wkh

uljkw wr fkrrvh r� : f dqg hpsor| zrunhuv lq wkhlu �up1 Vxssrvh r�Ee� : f1

Sur�w pd{lpl}dwlrq lpsolhv

��Eec�� ' r�

�
k�

�

� �

�3k

:



dqg

+� ' �r�3k
�

�k
�
� r�+E��( Z� ' E� � k�+� � r�ZE���

D olfhqvh kroghu hduqv ZE��r� n �E� � r�� zklfk lv pd{lpl}hg dw r� ' �

zkhqhyhu ZE�� : �1 Lq wklv fdvh/ doo olfhqfhv duh xvhg/ l1h1/ ?Ee� ' b dqg

wkh wrwdo vxsso| ri oderu lv u � b1 Oderu pdunhw fohdulqj uhtxluhv wkdw

b��Eec�� ' u � b1 Wkhuhiruh/ htxloleulxp qdwlrqdo lqfrph/ wkh zdjh udwh/

dqg sur�w shu �up vdwlvi|

t Ee� ' �b�3kEu � b�k( �Ee� ' k
t Ee�

u� b
( ZEe� ' E�� k�

t Ee�

b
�

Iurp wkhvh/ zh rewdlq wkh frqglwlrq

ZEe� : �Ee�, b 	 E� � k�u � bM �

Vxssrvh b � bM1 Ohw ? � b1 Ilupv pd{lpl}h sur�wv dqg doo oderu lv

hpsor|hg1 Htxloleulxp qdwlrqdo lqfrph/ wkh zdjh udwh/ dqg sur�w shu �up

vdwlvi|

t E�c?� ' �?�3kEu�?�k( �E�c?� ' k
t E�c?�

u � ?
( ZE�c?� ' E��k�

t E�c?�

?
�

Qrwh wkdw ? : f , ZE�c?� � �E�c?� iurp wkh rffxsdwlrqdo fkrlfh ri lqgl0

ylgxdov � � b> wkdw ? ' bM lv wkh xqltxh vroxwlrq wr ZE�c?� ' �E�c?�> dqg

wkdw ZE�c?� 	 �E�c?� zkhqhyhu ? : bM1 Wklv hvwdeolvkhv wkdw ZEe� '

�Ee� / b � bM dqg wkdw ?Ee� ' bM iru b � bM1 Ilqdoo|/ zh vhh wkdw

u� ?Ee� � ku iru doo e

Zkhq wkh qxpehu ri olfhqvhv lvvxhg lv vwulfwo| ohvv wkdq bM � E� � k�uc

doo olfhqvhv duh ixoo| xwlol}hg dqg wkh| fduu| d vfduflw| uhqw/ l1h1/ Z| : �|�

Wkh qxpehu ri �upv lv ?| ' b| dqg wkh olfhqvh v|vwhp lpsrvhv d elqglqj

frqvwudlqw rq hqwu| dqg rxwsxw1 Zkhq wkh qxpehu ri olfhqvhv lv juhdwhu

wkdq +ru htxdo wr, bM / wkh hfrqrp| lv ixoo| olehudol}hg dqg olfhqvhv duh qr

orqjhu vfdufh dqg vrph duh qrw xwlol}hg lq htxloleulxp1 Wkh qxpehu ri �upv

lv ?| ' bM dqg hdfk olfhqvh kroghu lv lqgl�huhqw ehwzhhq ehlqj d ixoo wlph

hqwuhsuhqhxu ru d ixoo wlph pdqxdo zrunhu/ l1h1/ Z| ' �|1
<

<Wklv lv d frqvhtxhqfh ri wkh dvvxpswlrq wkdw lqglylgxdov kdyh vlplodu delolwlhv1 Ox0

fdv +4<:;, hydoxdwhv wkh h�hfw ri delolw| gl�huhqfhv rq wkh glvwulexwlrq ri �up vl}hv dw

htxloleulxp1

;



Sursrvlwlrq 5 +Lqfrph dqg glvwulexwlrq, Qdwlrqdo lqfrph/ t|/ lv pd{0

lpl}hg dw ?| ' bM1 Zdjhv lqfuhdvh dqg sur�wv ghfuhdvh zlwk b| zkhqhyhu

b| 	 bM1 Qdwlrqdo lqfrph/ wkh zdjh/ dqg sur�w shu �up lqfuhdvh zlwk �|/

iru doo b| 5 Efc uo1

Surri1 Iurp Sursrvlwlrq 4/

t Ee� ' �?Ee��3kEu� ?Ee��k ��|� ?Ee� ' 4�?dbc bM o(

�Ee� ' k�

#
?Ee�

u� ?Ee�

$�3k
( ZEe� ' E�� k��

#
u� ?Ee�

?Ee�

$
k

�

Zh qrwh wkdw tc� dqg Z duh prqrwrqlfdoo| lqfuhdvlqj lq �> wkdw Z dqg �

�

ghfuhdvh zlwk ?> dqg wkdw t dwwdlqv lwv pd{lpxp dw ? ' bM

Qdwlrqdo lqfrph dv zhoo dv wkh lqfrph glvwulexwlrq ghshqg rq wkh h{whqw ri

uhjxodwlrq1 Zkhq uhodwlyho| ihz olfhqvhv duh lvvxhg wkh hfrqrp| lv lqh!flhqw1

Dq h{sdqvlrq ri wkh qxpehu ri olfhqfhv lqfuhdvhv qdwlrqdo lqfrph dqg kdv

dq dv|pphwulf lpsdfw rq wkh lqfrph glvwulexwlrq1 Olehudol}dwlrq derolvkhv

wkh olfhqvlqj v|vwhp dqg dfklhyhv doorfdwlyh h!flhqf| zlwk ? ' bM1 Zrunhuv

zhofrph wklv/ zkloh hqwuhsuhqhxuv gr qrw/ dv wkh| vhh sur�wv ghfolqh1 Wkh glv0

wulexwlrqdo lpsdfw ri wkh olfhqfh v|vwhp lv fhqwudo wr rxu dqdo|vlv1 Zh qrwlfh

wkdw uhvlvwdqfh wr oliwlqj uhvwulfwlrqv dulvhv iurp wkh dfwlylwlhv ri wkrvh orvlqj

wkhlu hfrqrplf uhqwv +hqwuhsuhqhxuv, dqg vr/ rxu prgho lv lq wkh wudglwlrq ri

wkh �hfrqrplf orvhuv k|srwkhvlv� +Nuxvhoo dqg Ulrv0Uxoo/ 4<<9> Sduhqwh dqg

Suhvfrww/ 5333,1 Dq lqfuhdvh lq surgxfwlylw| +�|, lqfuhdvhv qdwlrqdo lqfrph/

zdjh dqg sur�wv sursruwlrqdoo| ehfdxvh whfkqrorjlfdo surjuhvv lv dvvxphg wr

eh idfwru qhxwudo1 Olehudol}dwlrq lv frqwhqwlrxv/ exw jurzwk lv qrw1

6 D G|qdplf Ghprfudf|

Zh zdqw wr vwxg| wkh ghwhuplqdwlrq ri uhjxodwlrq dqg uhirup lq ghprfudwlf

vrflhwlhv1 Rxu prgho ri wkh srolwlfdo surfhvv lv ghvljqhg wr fdswxuh wkuhh

lpsruwdqw ihdwxuhv ri srolwlfdo ghflvlrq pdnlqj ryhu wlph1

41 Uhshdwhg hohfwlrqv dqg shuirupdqfh yrwlqj= Yrwhuv ghohjdwh gh0

flvlrqv wr hohfwhg srolwlfldqv/ zkr fdqqrw frpplw wr srolf| dfwlrqv dw

<



wkh wlph ri hohfwlrq1 Srolwlfldqv/ rqfh lq r!fh/ duh iuhh wr ghflgh rq

wkh qxpehu ri olfhqvhv wr eh lvvxhg gxulqj wkhlu whqxuh dqg wkh sulfh

wr fkdujh shu olfhqvh1 Yrwhuv fdq uhvsrqg diwhu wkh idfw dqg krog wkh

srolwlfldq dffrxqwdeoh iru sdvw shuirupdqfh1 Wkh wkhru| ri shuirupdqfh

yrwlqj lq d g|qdplf ghprfudf| kdv ehhq ghyhorshg e| Eduur +4<:6,

dqg Ihuhmrkq +4<;9,43 dqg lw kdv uhfhlyhg vxevwdqwldo hpslulfdo vxs0

sruw +Ohzlv0Ehfn/ 4<;;> Qdqqhvwdg dqg Sdogdp 4<<7,1 Irupdoo|/ wkh

lqfxpehqw uxqv djdlqvw d fkdoohqjhu lq wkh hohfwlrq khog dw wkh hqg ri

hdfk shulrg/ dqg lv uhhohfwhg iru dqrwkhu whup li kh jdlqv d pdmrulw|144

Sursrvlwlrq 5 vkrzv wkdw wkh qxpehu ri zrunhuv lv dw ohdvw ku1 Zh

dvvxph wkdw k : �*2 dqg vr/ d pdmrulw| ri wkh srsxodwlrq zrxog olnh

wr vhh wkh olfhqvh v|vwhp derolvkhg +l1h1/ b| � bM iru doo |,1 Dw wkh eh0

jlqqlqj ri d srolwlfldq*v whqxuh/ yrwhuv dqqrxqfh dq hohfwlrq uxoh/ #
|
E��/

vshfli|lqj wkh suredelolw| ri uhhohfwlrq zkhq wkh srolf| b| lv gholyhuhg1

Zh dvvxph wkdw srolflhv duh revhuyhg zlwkrxw huuru45 dqg zh uhvwulfw

dwwhqwlrq wr uxohv wkdw vshfli| d shuirupdqfh vwdqgdug/ 7b|=

#
|
Eb|( 7b|� '

+
� �g b| � 7b|

f L|�ih��ti
�

D vwdwlrqdu| hohfwlrq uxoh vshfl�hv d frqvwdqw vwdqgdug 7b1

51 Fruuxswlrq dqg olfhqvhv= Wkh idfw wkdw d olfhqvh wr uxq d �up fdq

kdyh hfrqrplf ydoxh vxjjhvwv wkdw lw fdq eh vrog dw d sulfh1 Vkohlihu dqg

Ylvkq| +4<<6, gh�qh fruuxswlrq dv �wkh vdoh e| jryhuqphqw r!fldov ri

jryhuqphqw surshuw| iru shuvrqdo jdlq�1 Zh frqvlghu fruuxswlrq dw wkh

kljkhvw ohyho ri jryhuqphqw zkhuh srolf| ghflvlrqv kdyh pdfurhfrqrplf

lpsolfdwlrqv1 Wkh lqfxpehqw srolwlfldq kdv d whpsrudu| prqrsro|46

rq wkh vdoh ri olfhqfhv dqg lv fhuwdlqo| whpswhg wr h{wudfw wkh vxusoxv

43Vhh dovr Dxvwhq0Vplwk dqg Edqnv +4<;<,/ Edqnv dqg Vxqgdudp +4<<6> 4<<;,/ Uhhg

+4<<7, dqg Ehvoh| dqg Fdvh +4<<8,1
44Fkdoohqjhuv sod| qr dfwlyh uroh lq wkh prgho1 Wkh| duh lpsruwdqw rqo| ehfdxvh wkh|

vhuyh dv vxevwlwxwhv iru wkh lqfxpehqw1 Wkh ydoxh ri kroglqj r!fh pxvw/ wkhuhiruh/ eh

vx!flhqwo| kljk wr hqvxuh srvlwlyh vxsso| ri r!fh0vhhnlqj fkdoohqjhuv1
45Wkh fdvh zlwk lpshuihfwo| revhuydeoh srolf| dfwlrqv fdq eh dqdo|}hg dorqj wkh olqhv

ri Ihuhmrkq +4<;9,1
46Vkohlihu dqg Ylvkq| +4<<6, surylghv d ghwdlohg dqdo|vlv ri wkh lqgxvwuldo rujdql}dwlrq
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uhvxowlqj iurp uhvwulfwlqj hqwu| wr wkh hfrqrp|147 Hdfk shulrg/ wkh

lqfxpehqw fkrrvhv b|/ dqg wkh sulfh/ K|/ dw zklfk kh vhoov hdfk olfhqfh1

Dffruglqjo|/ wkh srolwlfldq*v xqr!fldo lqfrph lv=

�| ' b|K|� +5,

61 Srzhu dqg srolwlfv= Srolwlfldqv fduh derxw kroglqj sxeolf r!fh iru

pdq| uhdvrqv1 Wzr ri wkhvh duh prqh| dqg srzhu1 Iru vxuh/ srzhu

doorzv wkhp wr pdnh prqh|/ ehfdxvh wkh| fdq vhoo jryhuqphqw surshuw|

dqg hduq �|1 Wkh r!fh lwvhoi pd|/ krzhyhu/ dovr r�hu d jrrg olylqj1

Hyhq srru vrflhwlhv riwhq uhzdug hohfwhg srolwlfldqv zlwk kljk vdodulhv/

ru kljk vwdqgdugv ri olylqj uhodwlyh wr wkh uhvw ri wkh srsxodwlrq1 Zh

uhihu wr wklv dv wkh srolwlfldq*v r!fldo lqfrph dqg ghqrwh lw /|1 Lq dg0

glwlrq/ srolwlfldqv w|slfdoo| olnh srzhu iru lwv rzq vdnh � d idfwru wkdw

zh fdoo6 iru phjdorpdqld dqg uhihu wr dv wkh hjr0uhqw1 Wrjhwkhu/ wkhvh

wkuhh hohphqwv dgg xs wr wkh sd|r� ri d srolwlfldq zkhq lq r!fh dqg

frqwulexwh wr wkh ghvluh wr eh uhhohfwhg doorzlqj yrwhuv wr lq xhqfh sro0

lf| fkrlfhv1 Zh dvvxph wkdw srolwlfldqv jlyh xs wkhlu sulydwh vhfwru mre

rqfh hohfwhg1 Wklv lv uhdvrqdeoh lq frxqwulhv zkhuh frq lfw0ri0lqwhuhvw

odzv duh vwulfw dqg hqirufhg exw qrw fuxfldo iru rxu uhvxowv1

614 Wkh Pdunhw iru Olfhqvhv

Wkh srolwlfldq kdv whpsrudu| prqrsro| srzhu lq wkh srolwlfdo pdunhw1 Kh

fdq lvvxh dv pdq| olfhqvhv dv kh olnhv/ vxemhfw wr wkh zloolqjqhvv wr sd| ri

zrxog0eh hqwuhsuhqhxuv1 Ohppd 4 hydoxdwhv wkh euleh ixqfwlrq/ uhodwlqj wkh

qxpehu ri olfhqvhv wr wkh wrwdo vxusoxv wkdw fdq eh h{wudfwhg1

ri fruuxswlrq1 Zkloh wkh dvvxpswlrq ri prqrsro| srzhu lv h{wuhph/ lw lv qrw fuxfldo iru rxu

uhvxowv1 Zh frxog dvvxph wkdw wkh vxusoxv lv ehlqj vsolw/ h1j1/ e| phdqv ri Qdvk edujdlqlqj/

dv lq Ehvoh| dqg PfOduhq +4<<6,/ ehwzhhq hqwuhsuhqhxuv dqg srolwlfldqv1
47Hpslulfdo vwxglhv ri fruuxswlrq iurp pdq| frxqwu| vxjjhvw wkdw wklv lv d uhdvrqdeoh

k|srwkhvlv1 Vhh Roghqexuj +4<;:, iru Lqgld> Ohylq dqg Vdwdury +5333, iru Uxvvld> Vrwr

+4<<3, iru Shux> dqg Urvh0Dfnhupdq +4<<</ fkdswhu 6, iru h{dpsohv iurp vhyhudo frxqwulhv1
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Ohppd 4 +Wkh Euleh Ixqfwlrq, Wkh lqfxpehqw srolwlfldq sulfhv hdfk ol0

fhqvh dw K| zkhuh

K| ' 4@ d�|

3CE�� k�

#
u� b

b

$
k

� k

#
b

u� b

$�3k4D c fo�

Wkh srolwlfldq*v xqr!fldo lqfrph/ �|Eb|c �|� ' b|K|/ lv pd{lpl}hg dw b| ' bu/

zkhuh f 	 bu 	 bM 1

Surri1 D olfhqvh lv ydolg iru rqh shulrg1 Lwv �sulfh�/ K|/ fdqqrw h{fhhg

lwv ydoxh wr wkh kroghu/ l1h1/

K| � ZEb|c�|�� �Eb|c �|�� +6,

Wkh srolwlfldq h{wudfwv wkh hqwluh vxusoxv dqg vr/ frqglwlrq +6, lv elqglqj1

Wkh wrwdo euleh lv

�Ebc�� ' b EZEbc��� �Ebc��� � +7,

Wkh euleh ixqfwlrq lv frqfdyh dqg gl�huhqwldeoh/ zlwk�Efc �� ' f ' �EbM c��/

*�4b<f�
�Efc �� '4/ dqg ��EbM c �� � f1 Khqfh/ wkh wrwdo xqr!fldo lqfrph

lv pd{lpl}hg dw vrph bu 5 Efc bM�1 Qrwh wkdw bu lv vwdwlrqdu|/ dqg lqghshq0

ghqw ri surgxfwlylw| �|

Wkh euleh ixqfwlrq lv looxvwudwhg lq Iljxuh � iru wzr ydoxhv ri �1 Lq

wkh devhqfh ri ghprfudwlf hohfwlrqv/ wkh srolwlfldq h{wudfwv wkh pd{lpxp

euleh/ �Ebuc �|�/ hyhu| shulrg e| vhwwlqj b| ' bu1 Vlqfh bu 	 bM c wkh euleh

pd{lpl}lqj srolf| lpsrvhv h{fhvvlyh uhjxodwlrq1 Wkh lqwxlwlrq iroorzv iurp

Sursrvlwlrqv 4 dqg 51 D olfhqvh lv ydoxdeoh rqo| li lw lv vfdufh1 Olehudol}dwlrq

uhgxfhv vfduflw| dqg wkh sulfh hdfk olfhqfh frppdqgv1

7 Srolf| Fkrlfhv lq d Vwdwlrqdu| Hfrqrp|

Zh fdq qrz gh�qh wkh jdph ehwzhhq srolwlfldqv/ yrwhuv/ dqg zrxog0eh hq0

wuhsuhqhxuv/ dv lw xqirogv ryhu wlph1 Srolwlfdo fdqglgdwhv duh gudzq iurp wkh

srro ri zrunhuv/ dqg duh lghqwlfdo h{0dqwh1 Wkhlu sd|r� zkloh lq r!fh lv

�
R

| ' 6n /| n�| � � |� +8,
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Iljxuh 4= Wkh euleh ixqfwlrq1

Doo fdqglgdwhv kdyh wkh vdph hjr0uhqw/ 6 � f1 Dq hohfwhg srolwlfldq hduqv

dq r!fldo lqfrph/ /|/ dv zhoo dv xqr!fldo lqfrph/ �| � f1 Wd{hv duh sdlg

e| doo/ dqg xvhg wr �qdqfh wkh r!fldo zdjh/ l1h1/ /| ' � |u1 D srolwlfldq zkr

orvhv r!fh ehfrphv dq ruglqdu| flwl}hq1 Vrph flwl}hqv duh zrunhuv zkr hduq

wkh pdunhw zdjh dqg jhw xwlolw|

��
|
' �| � � |� +9,

Wkh uhvw duh hqwuhsuhqhxuv/ zkr kdyh wr sd| d euleh/ K|/ wr rewdlq wkhlu

olfhqvh1 Iurp Ohppd 4/ zh vhh wkdw wkh| jhw shu0shulrg xwlolw|

�e
|
' Z| � K| � � | ' �| � � |� +:,

Zh qrwlfh wkdw zrunhuv dqg hqwuhsuhqhxuv rewdlq wkh vdph lqfrph/ qhw ri

eulehv dqg wd{hv1 Dffruglqjo|/ lq d fruuxsw ghprfudf|/ doo flwl}hqv vxssruw

ixoo olehudol}dwlrq148 Wkdw lv/ hqwuhsuhqhxuv duh zloolqj wr sd| wkh euleh zkhq

48Wklv zrxog qrw eh wkh fdvh li wkh vxusoxv ri wkh olfhqfh v|vwhp zhuh eh eh vkduhg

ehwzhhq hqwuhsuhqhxuv dqg wkh srolwlfldq1
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dvnhg/ exw sd| hqrxjk wr zdqw wkh v|vwhp derolvkhg h{ srvw1 Wkh olihwlph

xwlolw| iru hdfk djhqw lv

�� '
"[
|'f

q|�
�E|�

| c

zkhuh �E|� 5 iRc�c ej lv lqglylgxdo �*v rffxsdwlrq dw wlph |1 Srolwlfldqv dsso|

wkh vdph glvfrxqw udwh dv flwl}hqv1

Wkh wlplqj ri hyhqwv lv dv iroorzv1 Dw wkh ehjlqqlqj ri hdfk shulrg/ d

srolwlfldq lv douhdg| lq r!fh1 Yrwhuv dqqrxqfh d shuirupdqfh vwdqgdug/ 7b|/

pdnlqj lw fohdu wr wkh lqfxpehqw wkdw kh zloo eh uhhohfwhg li dqg rqo| li wkh

qxpehu ri olfhqvhv lvvxhg lv dw ohdvw dv juhdw dv wkh vwdqgdug/ l1h1/ b| � b|1

Qh{w/ wkh srolwlfldq fkrrvhv krz pdq| olfhqvhv wr lvvxh dqg dw zkdw sulfh/

Eb|c K|�1 Zrxog0eh hqwuhsuhqhxuv fdq dffhsw ru uhmhfw wkh r�hu ri d olfhqvh

dw wkh dqqrxqfhg sulfh1 Rqfh eulehv dqg olfhqvhv kdyh ehhq h{fkdqjhg/

surgxfwlrq wdnhv sodfh1 Ilqdoo|/ dw wkh hqg ri hdfk shulrg/ dq hohfwlrq lv

khog1 Wkh rxwfrph ri wkh hohfwlrq lv ghwhuplqhg e| wkh srolf| lpsohphqwhg

e| wkh lqfxpehqw uhodwlyh wr wkh vwdqgdug1 Wkh wlplqj lv vxppdul}hg lq

Iljxuh 21

Ohw i�fc � � � c �|c � � �j eh d vhtxhqfh ri whfkqrorj| ohyhov1 D srolwlfdo htxl0

oleulxp lv d vhtxhqfh ri srolf| ghflvlrqv ibfc � � � c b|c � � �j zklfk duh wdnhq lq d

Pdunry0shuihfw htxloleulxp ri wkh jdph1 D Pdunry0shuihfw htxloleulxp sdwk

vshfl�hv wkh shuirupdqfh vwdqgdug/ 7b|/ wkh hohfwrudo rxwfrph/ #|Eb|c
7b|�c dqg

wkh srolf| lpsohphqwdwlrq/ b|/ iru doo |1 D vwdwlrqdu| srolwlfdo htxloleulxp

kdv b| ' b dw hdfk |1

Iurp Sursrvlwlrqv 4 dqg 5/ zh nqrz wkdw wkh ohyho ri whfkqrorj| wrjhwkhu

zlwk wkh srolf| fkrlfh ghwhuplqh doo yduldeohv ri hfrqrplf lqwhuhvw1 Htxlole0

ulxp rxwfrphv/ khqfh/ ghshqg fulwlfdoo| rq wkh vhtxhqfh ri whfkqrorj| ohyhov

ru/ pruh jhqhudoo|/ rq wkh qdwxuh ri whfkqrorjlfdo surjuhvv1 Zh vwduw e|

dqdo|}lqj rxwfrphv lq d vwdwlrqdu| hfrqrp|/ zlwk �| ' �1

Sursrvlwlrq 6 +Vwdwlrqdu| Srolf| Frpsurplvhv, Vxssrvh �| ' � : f

dqg /| ' / � f1 Gh�qh

8 Eb� �
E�� q�

q
�Ebu��

�Eb�

q
n �Eb�c +;,
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Time
t t+1

Election Election
tλ ( )tt b,λ ( )tt lY ,

Voting rule Production

Policy

Iljxuh 5= Wkh wlph olqh1

dqg ohw 	b eh wkh vroxwlrq wr

8 Eeb� ' 6n /� +<,

D vwdwlrqdu| srolwlfdo htxloleulxp zlwk b| ' b h{lvwv1 Htxloleulxp srolf| lv

fkdudfwhul}hg e|

41 b ' bM zkhqhyhu 	b � bM (

51 b ' 	b zkhqhyhu bu 	 	b 	 bM(

61 b ' bu zkhqhyhu 	b � bu1

Surri1 Ohw 7b : bu eh d vwdwlrqdu| shuirupdqfh vwdqgdug1 Wkh ydoxh

ixqfwlrq ri wkh lqfxpehqw srolwlfldq lv

�|Eb|� ' 6n/� � n�Eb|�n q#Eb|c 7b�4@ �|n�Eb|n�� nqE�� #Eb|c 7b���&c|n��

Wkh srolwlfldq fdq fkrrvh d srolf| ehorz wkh vwdqgdug1 Li vr dqg li d fkdoohqjhu

lv zloolqj wr uxq/ kh lv uhsodfhg e| wkh fkdoohqjhu dqg kdv wkh frqwlqxdwlrq
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sd|r� ri d flwl}hq1 Zh ghqrwh wklv e| �&c|n� '
S
"

,'|n� q
,�
&E,�

,
zkhuh &E�� 5

i�c ej1 Dowhuqdwlyho|/ kh fdq fkrrvh d srolf| dw ru deryh wkh vwdqgdug dqg eh

uhhohfwhg1 Wkh sd|r�v dvvrfldwhg zlwk wkhvh wzr rswlrqv duh ghqrwhg �(E��

dqg ��E��/ uhvshfwlyho|1 Irupdoo|/

b| 	 7b , �(Eb|� ' 6n / � � n�Eb|� n q�&c|n� +43,

b| � 7b , ��Eb|� ' 6n / � � n�Eb|� n q4@ ��Eb|n��� +44,

Li qr fkdoohqjhu lv zloolqj wr uxq/ wkh lqfxpehqw lv uhhohfwhg e| ghidxow qr

pdwwhu zkdw kh grhv +dqg vr/ kh lpsohphqwv wkh euleh pd{lpl}lqj srolf|

hyhu| shulrg,1 Wkh srolwlfldq fkrrvhv b| ' 7b li dqg rqo| li wkh iroorzlqj

wkuhh frqglwlrqv duh vdwlv�hg

�E7b� ' 4@ 
b|

��Eb|�c +45,

�E7b� � �(Ebu� ' 6n / � � n�Ebu� n q�&c|n�c +46,

�E7b� � �� Ebu� '
�Ebu�� �

� � q
c +47,

zkhuh �E7b� ' 6n/3�n�E7b�

�3q
lv wkh ydoxh ri nhhslqj r!fh iru hyhu1 Li dq| ri

wkhvh frqglwlrqv idlo/ wkh srolwlfldq lpsohphqwv b| ' bu1 Frqglwlrq +45, lv

vdwlv�hg zkhqhyhu 7b : bu vlqfh �
�E�� � f iru b � bu1 Frqglwlrq +46, hqvxuhv

wkdw dq lqfxpehqw zloo frqirup wr wkh vwdqgdug1 Lw lv vdwlv�hg zkhqhyhu

�E7b� � E�� q��Ebu�� qE6n / � � � n E� � q�q�&c|n�� +48,

Ixuwkhupruh/ b| ' 7b iru doo | , �&c|n� ' �E7b�3�

�3q
1 Wklv dqg htxdwlrq +48,

lpso| wkdw

8 E7b� �
E�� q�

q
�Ebu��

�Eb�

q
n �Eb� � 6n /� +49,

Wkh ixqfwlrq 8 E�� lv vwulfwo| lqfuhdvlqj lq wkh lqwhuydo dbuc bM o1 Frqglwlrq

+47, vd|v wkdw wkh sd|r� dvvrfldwhg zlwk srolwlfdo r!fh kdv wr eh juhdwhu

wkhq wkh sd|r� ghulyhg iurp sulydwh vhfwru hpsor|phqw +�� Ebu�, zkhq wkh

euleh pd{lpl}lqj srolf| lv lpsohphqwhg hyhu| shulrg1 Wklv hqvxuhv d srvlwlyh

vxsso| ri fkdoohqjhuv1 Wkh frqglwlrq lv vdwlv�hg zkhqhyhu

CEb� � �Ebu���Eb� � 6n /� +4:,
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Fohduo|/ 8 Eb� �CEb� : f iru b 5 Ebuc bM o dqg 8 Ebu� ' CEbu�1 Wkh vxsso|

frqvwudlqw +4:, lv/ khqfh/ lpsolhg e| wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw

+49,1

Vxssrvh 6 n / : 8 Ebu�1 Yrwhuv* sd|r�v lqfuhdvh zlwk b/ dqg wkh|

fkrrvh wkh vwdqgdug/ 7b/ wr eh dv kljk dv srvvleoh vxemhfw wr frqglwlrq +49,/

l1h1/ b ' 	b zkhqhyhu 6 n / � 8 EbM�1 Zh qrwh wkdw doo sduwlflsdqwv duh

lqgl�huhqw wr srolflhv dw ru deryh bM 1 Wr frpsohwh wkh dujxphqw/ zh qrwh

wkdw 6n / � 8 Ebu� lpsolhv b| ' bu

Sursrvlwlrq 6 lghqwl�hv wkuhh vfhqdulrv/ zklfk fdq eh looxvwudwhg e| phdqv

ri Iljxuh 61 Wkh Iljxuh vkrzv wkh whpswdwlrq ri d srolwlfldq wr ghyldwh dv d

ixqfwlrq ri wkh sursrvhg srolf|/ 8 Eb�1 Wklv whpswdwlrq lv odujhu wkh ixuwkhu

wkh sursrvhg srolf| lv iurp bu1 Wkh htxloleulxp rffxuv zkhuh wkh whpswdwlrq

lv suhflvho| edodqfhg djdlqvw wkh uhzdugv ri srolwlfdo r!fh +6n /,1

Lq wkh ehvw fdvh vfhqdulr/ ixoo olehudol}dwlrq dqg krqhvw| fdq eh vxvwdlqhg

dv d vwdwlrqdu| htxloleulxp +dw srlqw �,1 Wklv kdsshqv zkhq

EO� �Ebu� �
q

� � q
E6n / � �EbM���

Frqglwlrq +M, uhtxluhv wkdw wkh pd{lpxp euleh wkdw fdq eh froohfwhg +�Ebu�,

lv ohvv wkdw wkh sd|r� wr shushwxdo krqhvw| dqg shupdqhqw whqxuh1 Lq d zruvw

fdvh vfhqdulr/ htxloleulxp glvsod|v h{wuhph lqh!flhqf| dqg kljk ohyhov ri fru0

uxswlrq +dw srlqw �,1 Wklv kdsshqv zkhq

Ew� 6n / n�Ebu� � �Ebu��

Frqglwlrq +u, uhtxluhv wkdw wkh pd{lpxp sd|r� wkdw fdq eh h{wudfwhg iurp

fruuxsw srolwlfv lv ohvv wkdq wkh zdjh lqfrph hduqhg lq wkh sulydwh vhfwru

zkhq olfhqfhv duh uhvwulfwhg wr bu1 Lw lv fohdu wkdw wkh zruvh vfhqdulr fdqqrw

rffxu zlwk yroxqwdu| sduwlflsdwlrq= zkhq frqglwlrq +u, lv vdwlv�hg/ qr rqh

zdqwv wr uxq iru r!fh1

Frqglwlrqv +u, dqg +M, gh�qh wkh xsshu dqg orzhu olplw ri uhjxodwlrq

lq d vwdwlrqdu|/ fruuxswleoh ghprfudf|1 Lqwhuphgldwh vlwxdwlrqv ghprqvwudwh

wkdw htxloleulxp srolf| lv/ w|slfdoo|/ d frpsurplvh ehwzhhq glvsdudwh lqwhu0

hvwv1 Yrwhuv zdqw ixoo olehudol}dwlrq +b| ' bM,1 Srolwlfldqv zdqw wr suhvhuyh

4:
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Iljxuh 6= Srolwlfdo htxloleulxp

uhjxodwlrq wr surwhfw wkhlu xqr!fldo lqfrph dqg suhihu wr lpsohphqw b| ' bu

hyhu| shulrg exw uhdol}h wkdw grlqj vr zloo mhrsdugl}h uhhohfwlrq survshfwv1

Sursrvlwlrq 6 vkrzv wkdw d g|qdplf ghprfudf| dfklhyhv d frpsurplvh vrox0

wlrq +	b, dqg qhlwkhu vlgh jhwv lwv prvw0suhihuuhg srolf| lpsohphqwhg lq htxl0

oleulxp +srlqw � lq Iljxuh �,1 Yrwhuv djuhh wr olyh zlwk lqh!flhqw uhjxodwlrq

dqg fruuxswlrq1 D �}hur0wrohudqfh� uxoh lv frxqwhusurgxfwlyh= lw vx!fhv wr

qrwh wkdw wkh shuirupdqfh vwdqgdug 7b ' bM zloo ohdg wr b ' bu dqg hyhu|

srolwlfldq zloo idlo wr eh uhhohfwhg/ dv lq Frdwh dqg Pruulv +4<<<,1 Wklv uhvxow

lv vlplodu wr Shuvvrq hw1 do1 +4<<:/ Sursrvlwlrq 4,1 Srolwlfldqv frqirup wr

wkh vwdqgdugv vhw e| yrwhuv ehfdxvh wkh| zdqw wr eh uhhohfwhg1 Lq frqfoxvlrq/

hohfwrudo frqwuro fdqqrw/ lq jhqhudo/ hqvxuh krqhvw| dqg h!flhqw hfrqrplf

srolflhv ehfdxvh yrwhuv �qg lw lq wkhlu ehvw lqwhuhvw wr uhhohfw fruuxsw srolwl0

fldqv dv orqj dv wkh| duh qrw wrr fruuxsw1 Wkh idfw wkdw lqh!flhqw uhjxodwlrq

shuvlvwv dqg srolwlfldqv duh fruuxsw duh wkh wzr vlghv ri wkh vdph frlq ri

srolf| frpsurplvh1

4;



714 Wkh H{whqw ri Frpsurplvh

Sursrvlwlrq +6, vkrzv wkdw ghprfudwlf vrflhwlhv iuhtxhqwo| qhhg wr frpsur0

plvh rq hfrqrplf srolf|1 Wr ghulyh wkh sursrvlwlrq/ zh kdyh pdgh pdq|

vlpsoli|lqj dvvxpswlrqv lq wkh lqwhuhvw ri fodulw|1 Lq uhdolw|/ vrflhwlhv gl�hu

lq pdq| uhvshfwv wkdw fuxfldoo| d�hfw wkh h{whqw ri frpsurplvh1 Zh frqvlghu

vrph ri wkhvh gl�huhqfhv ehorz1

41 Jrrg dqg edg ohdghuv= Sursrvlwlrq 6 vkrzv wkdw h!flhqf| ri hfr0

qrplf srolf| ghshqgv rq wkh shuvrqdo fkdudfwhulvwlfv ri hohfwhg srolwl0

fldqv1 Lqghhg/ frqglwlrq +K, fdq eh uhdg dv d �iron wkhruhp� ri srolw0

lfdo h!flhqf|= iru 6 odujh hqrxjk/ htxloleulxp srolf| lv h!flhqw1 Wkh

lqwxlwlrq lv fohdu1 D srolwlfldq/ zkr ydoxhv r!fh kljko| lv pruh dq{0

lrxv wr sohdvh klv frqvwlwxhqf|1 D vlplodu uroh lv sod|hg e| wkh glvfrxqw

udwh/ dowkrxjk q $ � pd| qrw eh vx!flhqw wr lqvxuh h!flhqw rxwfrphv1

Zh kdyh dvvxphg wkdw srolwlfldqv duh doo wkh vdph/ dqg/ dv phpehuv

ri wkh vshflhv krpr hfrqrplfxv/ duh doo htxdoo| fruuxswleoh1 Srolwlfdo

klvwru| lv uhsohwh zlwk vwrulhv ri jrrg dqg edg ohdghuv +lqfoxglqj nlqjv

dqg txhhqv zkr zhuh qrw vxemhfw wr hohfwrudo glvflsolqh, vr/ lq uhdolw|/

srolwlfldqv gl�hu juhdwo| lq wkh 60idfwru1 Rxu dqdo|vlv vxjjhvwv wkdw

phjdorpdqld lqgxfhv krqhvw|/ dqg wkdw yrwhuv/ wkhuhiruh/ zrxog olnh

wr hohfw �kljk06� ohdghuv1 Dv d frqvhtxhqfh/ wkh| duh olnho| wr prg0

li| wkh shuirupdqfh vwdqgdug lq rughu wr �qg dqg nhhs vxfk d ohdghu1

Vlploduo|/ srolwlfdo g|qdvwlhv dsshdu wr eh d uhdolw|/ lq ulfk dv zhoo dv

lq srru frxqwulhv/ dqg pd| zhoo eh dq lpsruwdqw idfwru lq h{sodlqlqj

qrq0p|rslf ehkdylru dqg lq dyrlglqj �Odph Gxfn� h�hfwv +Dohvlqd dqg

Vshdu/ 4<;;,1 Zh gr qrw surylgh wkh irupdo dqdo|vlv khuh/ exw zh qr0

wlfh wkdw wkh ghvljq ri v|vwhpv wkdw vhohfw krqhvw lqglylgxdov wr sxeolf

r!fh lq d zruog srsxodwhg e| hqrxjk glvkrqhvw rqhv pd| eh frvwo| lq

whupv ri srolwlfdo dqg hfrqrplf lqvwdelolw|149

51 Srolwlfdo vdodulhv= Sursrvlwlrq 6 hvwdeolvkhv wkdw zhoo0sdlg srolwl0

fldqv duh olnho| wr eh pruh krqhvw ehfdxvh lw udlvhv wkhlu ghvluh wr eh

49Iru dqdo|vlv dorqj wkhvh olqhv/ vhh Wluroh +4<<9, dqg Edqnv dqg Vxqgdudp +4<<6,1

4<



uhhohfwhg14: Dq lqwhuhvwlqj wudgh0r� ehwzhhq wkh 60idfwru dqg kljk

vdodulhv dulvhv li srolwlfldqv gl�hu lq wkh h{whqw wr zklfk wkh| wudgh0

r� srzhu iru prqh|1 Lq wklv fdvh/ lw fdq eh frxqwhu0surgxfwlyh wr

r�hu yhu| odujh vdodulhv wr khdgv ri vwdwh/ ehfdxvh wklv dwwudfwv wkh

prqh|0pdg udwkhu wkdq wkh srzhu0pdg srolwlfldq1 Orug Dfwrq*v pxfk

txrwhg skudvh ehjlqv zlwk �Srzhu fruuxswv�1 Wkh ghvljq ri lqfhqwlyh0

frpsdwleoh hohfwrudo v|vwhpv vkrxog dffrxqw iru wkh idfw wkdw srzhu

rqo| fruuxswv wkrvh zkr gr qrw ydoxh lw vx!flhqwo|1 Lq dgglwlrq/ sd|0

lqj kljk vdodulhv wr srolwlfldqv lv frvwo| wr yrwhuv dqg vr lw lv dq rshq

txhvwlrq li wkh| duh zloolqj wr sd| wkh sulfh ri krqhvw srolwlfv dqg

h!flhqw hfrqrplf srolflhv1 D ixoo| olehudol}hg hfrqrp| lv doorfdwlyh

h!flhqw dqg vr wkhuh lv d vxevwdqwldo vxusoxv/ frpsduhg wr d fruuxsw

ghprfudf|/ iurp zklfk yrwhuv fdq �qdqfh d kljk vdodu|1 Wkh vxusoxv

lv/ krzhyhu/ rqo| odujh hqrxjk wr sd| wkh sulfh ri krqhvw| li wkh srolwl0

fldq ydoxhv wkh ixwxuh hqrxjk1 Zh uhwxuq wr wklv lvvxh ehorz lq wkh

glvfxvvlrq ri Sursrvlwlrq 71

61 Ohyho h�hfwv dqg fhqwudol}dwlrq= Iurp htxdwlrq +<,/ zh vhh wkdw 	b

ghfuhdvhv zlwk � dqg u= vrflhwlhv zlwk kljkhu lqfrph dqg odujhu srs0

xodwlrqv kdyh wr frqfhgh pruh wr glvkrqhvw srolwlfv1 Wkh lqwxlwlrq lv

vwudljkwiruzdug1 Dq lqfuhdvh lq lqfrph udlvhv wkh vwdnhv ehfdxvh srolwl0

fldqv fdq srwhqwldoo| h{wudfw pxfk odujhu eulehv1 Wkh| duh/ wkhuhiruh/

pruh olnho| wr ghihfw iurp d jlyhq vwdqgdug1 Uhdol}lqj wklv/ yrwhuv duh

zloolqj wr dffhsw pruh uhvwulfwlrqv dqg kljkhu ohyhov ri fruuxswlrq lq

htxloleulxp1 Srolwlfdo fhqwudol}dwlrq wkdw lqfuhdvhv wkh vl}h ri wkh hfrq0

rp| frqwuroohg e| d sduwlfxodu srolwlfldq fdq/ wkhuhiruh/ uhvxow lq pruh

lqh!flhqw hfrqrplf uhjxodwlrq dqg kljkhu ohyhov ri fruuxswlrq1 Wklv

surylghv d uhdvrqdeoh wkhru| ri zk| srolwlfv lv ohvv fruuxsw lq Ox{0

hpexuj wkdq lq Lqgld dqg zk| fruuxswlrq pljkw eh uhodwlyho| orz lq

vrflhwlhv zlwk ghfhqwudol}hg jryhuqphqw vwuxfwxuhv/ exw fdq kdugo| khos

xv xqghuvwdqg zk| Ghqpdun lv ohvv fruuxsw wkdq Pdodzl1

4:Lq d furvv0frxqwu| vwxg|/ Ydq Ulmfnhjkhp dqg Zhghu +5334, �qg d qhjdwlyh fruuhodwlrq

ehwzhhq flylo vhuylfh zdjhv +uhodwlyh wr zdjhv lq pdqxidfwxulqj, dqg wkh ohyho ri fruuxswlrq1

Khqfh/ wkhuh lv vrph hpslulfdo vxssruw wr wkh sursrvlwlrq wkdw r!fldo zdjhv fdq eh xvhg

wr frpedw fruuxswlrq1
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71 Hqirufhphqw dqg srolwlfdo uhirupv= Vrflhwlhv fdq olplw fruuxswlrq

e| lqyhvwlqj lq ehwwhu lqvwlwxwlrqv ri hqirufhphqw/ shqdowlhv dqg uhzdugv

+Urvh0Dfnhupdq/ 4<<</ fkdswhu 8 dqg ;,1 Wklv zrxog/ lq vrph fdvhv/

dprxqw wr frqvwlwxwlrqdo uhirupv4; dqg/ dv srlqwhg rxw e| Kdjjdug

+5333/ s1 7;,/ uhfhqw frqvwlwxwlrqdo fkdqjhv lq Mdsdq dqg Frorpeld

kdyh dw ohdvw lq sduw ehhqprwlydwhg e| d ghvluh wr pdnh hfrqrplf srolf|

pdnlqj pruh h!flhqw1 Vxssrvh 0 lv wkh ghjuhh ri hqirufhphqw ri dqwl0

fruuxswlrq odzv dqg rwkhu dvshfwv ri wkh srolwlfdo dqg ohjdo hqylurqphqw

wkdw pdnh lw frvwo| wr froohfw eulehv1 Wkh srolwlfldq*v xqr!fldo lqfrph

wkhq ehfrphv

�Eb� ' E� � 0�bKEb��

Fohduo|/ dq lqfuhdvh lq 0 uhgxfhv wkh xqr!fldo lqfrph iru d jlyhq b�

Wklv lqfuhdvhv htxloleulxp b ehfdxvh ghihfwlrq ehfrphv uhodwlyho| ohvv

sur�wdeoh1 Uhdolvwlfdoo|/ srolwlfdo ru exuhdxfudwlf uhirupv/ zklfk lq0

fuhdvh 0/ duh uhvrxufh frvwo|/ dqg/ wkhuhiruh pruh olnho| wr eh lqvwlwxwhg

lq ulfkhu vrflhwlhv1 Wklv lv xqgrxewhgo| rqh idfwru ehklqg wkh revhuyhg

qhjdwlyh fruuhodwlrq ehwzhhq fruuxswlrq dqg qdwlrqdo lqfrph1 Xqiruwx0

qdwho|/ lqvwlwxwlrqv ri hqirufhphqw duh wkhpvhoyhv surqh wr fruuxswlrq

+Dfhprjox dqg Yhuglhu/ 5333,1

81 Ghprfudwlf lqvwlwxwlrqv= Zh dvvxph wkdw ghprfudwlf lqvwlwxwlrqv

duh ixoo| ghyhorshg dqg wkdw yrwhuv fdq fkrrvh dq hohfwlrq uxoh/ #/ zlwk

f � #E�� � �1 Wklv pd| eh rswlplvwlf iru vhyhudo uhdvrqv1 Vrflhwlhv

zkhuh uxolqj srolwlfldqv fdq vxeyhuw wkh ghprfudwlf surfhvv e| vwx�0

lqj edoorw er{hv pxvw zrun zlwk d ohvv srzhuixo wkuhdw ri whuplqdwlrq

ehfdxvh #Ebu� ' #
u
: f1 Vrflhwlhv zlwk orz wxuq0rxwv/ yrwhu dsdwk|

ru frvwv ri frruglqdwlrq dprqj yrwhuv fdqqrw surplvh odujh uhzdugv

ehfdxvh #Eeb� ' #
M

	 �1 Wkhvh sureohpv duh olnho| wr dulvh lq yhu|

gl�huhqw vrflhwlhv/ exw kdyh vlplodu +dgyhuvh, h�hfwv rq wkh txdolw| ri

hfrqrplf srolf|1 Wkh idfwv/ dv vxppdul}hg e| Wuhlvpdq +5333,/ vxj0

jhvw wkdw fruuxswlrq lv ohvv olnho| lq frxqwulhv zlwk orqjhu wudglwlrqv ri

4;Shuvvrq hw do1 +4<<:> 4<<;, dqdo|}h krz vhsdudwlrq ri srzhuv fdq uhgxfh fruuxswlrq1

P|huvrq +4<<6, vkrzv wkdw wkh ghvljq ri wkh hohfwrudo v|vwhp lwvhoi kdv dovr lpsruwdqw

lpsolfdwlrqv iru fruuxswlrq ohyhov1
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ghprfudf| dqg zlwk +Dqjor0Vd{rq, frpprq odz v|vwhpv/ jlylqj vrph

hpslulfdo vxssruw wr wkh vxjjhvwlrq wkdw d zhoo0ghyhorshg ghprfudf|

fdq khos frpedw fruuxswlrq1

8 Jurzwk dqg Srolwlfv

D odujhu hfrqrp| suhvhqwv juhdwhu whpswdwlrqv/ dqg srolwlfldqv vwdqg wr jdlq

pruh iurp vhoolqj idyruv1 Wklv vxjjhvw wkdw lw pd| eh kdughu iru yrwhuv

wr pdlqwdlq dqg lpsuryh vwdqgdugv ri krqhvw| lq sxeolf r!fh lq d jurzlqj

hfrqrp|1 Lq wklv vhfwlrq/ zh frqvlghu wklv lvvxh dqg vkrz/ lq Sursrvlwlrq 7/

wkdw surgxfwlylw| jurzwk fdq frqwulexwh wr vxvwdlq h!flhqw hfrqrplf srolflhv1

Zh frqvlghu dq hfrqrp| zlwk frqvwdqw surgxfwlylw| jurzwk/

�|n� ' E� n }��| f � } �
�� q

q
� +4;,

Iurp Sursrvlwlrq 4/ zh uhfdoo wkdw doo yduldeohv ri lqwhuhvw duh sursruwlrqdo

wr �|=

t| ' �|t Eb|�( �| ' �|�Eb|�( Z| ' �|ZEb|�( +4<,

dqg

�|Eb|� ' �|�Eb|�� +53,

Zh dvvxph wkdw yrwhuv olqn wkh srolwlfldq*v r!fldo lqfrph/ /|/ wr surgxfwlylw|

xvlqj wkh iroorzlqj lqgh{dwlrq uxoh=

/| ' w�|c w � f� +54,

Sursrvlwlrq 7 +Vwdeoh Srolwlfv, Vxssrvh �| ' E� n }�|�f/ zlwk f 	 } �
�3q

q
dqg /| ' w�|1 D vwdwlrqdu| srolwlfdo htxloleulxp b| ' 	b fdq eh vxvwdlqhg

iru 	b 5 dbuc bM o li dqg rqo| li

w � �E	b� �
E�� qE� n }���Ebu���E	b�

qE� n }�
� +55,

Surri1 D vwdwlrqdu| srolf| lv dq htxloleulxp li/ dqg rqo| li/ lw fdq eh

vxvwdlqhg e| wkh dvvrfldwhg hohfwlrq uxoh +vhh Sursrvlwlrq 6,/ dqg 	b : bM
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lv d vwdwlrqdu| htxloleulxp zkhqhyhu bM lv1 Ohw 	b 5 dbuc bM o1 Frqvlghu wkh

hohfwlrq uxoh

	#Eb|c 	b� '

+
� �g b| � 	b

f L|�ih��ti
�

Wkh srolwlfldq fkrrvhv 	b dw hdfk | li/ dqg rqo| li/ �R| E	b� � �
R

| Ebu� dw hdfk |1

Wklv lv htxlydohqw wr

6

� � q
n�|

�E	b� n w

� � qE� n }�
� 6n�|

#
�Ebu� n w n

qE� n }��E	b�

�� qE� n }�

$
+56,

dw hdfk |1 Uhduudqjlqj htxdwlrq +56, |lhogv

q6

�� q
n�|^E

eb� � f� +57,

zkhuh ^Eeb� lv gh�qhg e| froohfwlqj wkh uhohydqw whupv lq htxdwlrq +56,1 Vlqfh

*�4|<"�| ' 4 iurp htxdwlrq +4;,/ lqhtxdolw| +57, krogv dw hdfk | li/ dqg

rqo| li/ ^Eeb� � f� Wklv |lhogv frqglwlrq +55,

Sursrvlwlrq 7 vhwv rxw dq lqgh{dwlrq uxoh iru hdfk shuirupdqfh vwdqgdug

dqg jurzwk udwh1 Wkh lqgh{ uxoh lv h{suhvvhg dv d suhplxp ryhu wkh sulydwh

vhfwru zdjh1 Wkh zdjh suhplxp/ >E}c b� ' w � �Eb�/ lv lqfuhdvlqj lq b/ dqg

ghfuhdvlqj lq wkh jurzwk udwh/ }1 Wkh odwwhu fdswxuhv wkh ehqh�fldo h�hfw ri

jurzwk1 Lpdjlqh > ' f/ vr wkdw srolwlfdo vdodulhv duh qr odujhu wkdq sulydwh

vhfwru zdjhv1 Vlpso| doorzlqj srolwlfldqv wr nhhs wkhlu sulydwh vhfwru mre

zkloh lq r!fh frxog dfklhyh wklv1 Wkh ehvw vwdwlrqdu| srolf| wkdw fdq eh

vxvwdlqhg +bf, vdwlv�hv

�Ebf� ' E�� qE� n }���Ebu��

�E�� lv d ghfuhdvlqj ixqfwlrq iru b � bu dqg zh vhh wkdw kljkhu surgxfwlylw|

jurzwk lpsohphqwv pruh h!flhqw srolflhv/ hyhq li srolwlfdo vdodulhv frppdqg

qr suhplxp1 Zh qrwlfh wkdw d odujh hqrxjk zdjh suhplxp fdq gholyhu h!0

flhqf|/ l1h1/

>
M
'

�� qE� n }�

qE� n }�
�Ebu�, b| ' bM iru doo |�
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Duh wd{0sd|huv zloolqj wr sd| iru h!flhqw srolflhvB Wkh dqvzhu lv |hv zkhq0

hyhu

E,� t EbM�� t Ebf� �
E�� qE� n }��

2

qE� n }�
�Ebu��

Lw iroorzv wkdw h!flhqw srolflhv ehfrphv pruh d�rugdeoh zlwk kljk surgxfwly0

lw| jurzwk1 Zkhqhyhu } ' �3q

q
c wkh h!flhqw srolf| +bM, fdq eh lpsohphqwhg

lq srolwlfdo htxloleulxp e| sd|lqj srolwlfldqv wkh jrlqj pdunhw udwh dqg yrw0

huv duh lqghhg +mxvw, zloolqj wr gr wkdw +l1h1/ frqglwlrq +., lv vdwlv�hg zlwk

htxdolw|,1

Sursrvlwlrq 7 hydoxdwhv vwdwlrqdu| htxloleuld1 Wkhuh duh rwkhu/ qrq0vwdwlrqdu|

htxloleuld li > 	 >
M
1 Wklv lqfoxghv sdwkv zlwk prqrwrqlfdoo| ghfolqlqj ohyhov

ri olehudol}dwlrq/ dqg lqfuhdvlqj fruuxswlrq zkhuh wkh olplwlqj ydoxh lv gh0

�qhg e| htxdwlrq +55,1 Wkhvh sdwkv duh htxloleuld ehfdxvh wkh qhw jdlq ri

frpsoldqfh wdnhv wkh irup q6

�3q
n �|^E	b�1 Wkh uhodwlyh lpsruwdqfh ri 6 lv

kljkhu zkhq �| lv orz1 Lq hduo| skdvhv ri jurzwk/ yrwhuv fdq h{dfw pxfk

kljkhu vwdqgdugv ri shuirupdqfh iurp wkhlu hohfwhg ohdghuv1 Wkhvh sdwkv

vkrz lqfuhdvlqj htxloleulxp fruuxswlrq � zklfk zh pd| wklqn ri dv d �jrrg

rog gd|v� surshuw|= srolwlfv zdv pruh krqhvw zkhq wkh zruog zdv |rxqj1 Lw

dovr surylghv dq +dowhuqdwlyh, h{sodqdwlrq iru wkh revhuydwlrq pdgh e| Ro0

vrq +4<;5, wkdw vrflhwlhv whqg wr jurz pruh lqh!flhqw ryhu wlph dv vshfldo

lqwhuhvw jurxs srolwlfv ehfrphv pruh hqwuhqfkhg1

814 Jurzwk Vkrfnv dqg Srolwlfv

Lq Sursrvlwlrq 7/ zh hydoxdwh vwdwlrqdu| srolflhv wkdw dulvh lq wkh suhvhqfh

ri v|vwhpdwlf jurzwk1 Huudwlf jurzwk pd| uhvxow lq xqsohdvdqw srolwlfv/ zlwk

srolf| uhyhuvdov gxulqj skdvhv ri wudqvlwlrq1 Wr vhh wklv/ lpdjlqh dq hfrqrp|

zklfk kdv d frqvwdqw ohyho ri whfkqrorj| xqwlo shulrg |= �|3� ' �f ' � iru

� 	 |1 Vxssrvh wkdw wkh zdjh suhplxp lv �3q

q
�Ebu�/ hqvxulqj wkdw 	b|3� ' bM1

Lq shulrg |/ wkhuh lv d odujh dqg srvlwlyh whfkqrorj| vkrfn/ dqg�| ' �n} : �1

Wkh vkrfn lv xqdqwlflsdwhg1 Zkdw lv wkh olnho| h�hfw rq srolf| rxwfrphvB

Lw lv lpsruwdqw zkhwkhu wkh vkrfn lv shupdqhqw/ ru wudqvlwru|/ dqg olnho| wr

uhyhuvh lwvhoi1 Wr nhhs wklqjv vlpsoh/ vxssrvh

�|n& '

+
� n } ��|� ThLM@M�*�|) R � f

� ��|� ThLM@M�*�|) � � R�
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Lq shulrg |/ wkh pd{lpxp euleh lv �Ebu�E� n }�/ zklfk lv odujhu wkdq xvxdo1

Wkh srolwlfldq ghihfwv dqg vhwv b| ' bu/ li

6n E� n }�E�Ebu� n w� n
q

� � q
E� n R}��EbM�

:
6

�� q
n E� n }�w n

q

�� q
E� n R}�w� +58,

Vxevwlwxwlqj iru w ' �EbM� n
�3q

q
�Ebu�/ zh vhh wkdw b| ' bu li

E�� R�}�Ebu� :
q6

E�� q�
�

Srolf| uhyhuvdov duh olnho| zkhq R lv vpdoo1 Wkdw lv/ srvlwlyh hfrqrplf vkrfnv

fdq ohdg wr srolwlfdo lqvwdelolw| dqg wr lqh!flhqw srolflhv/ li wkh| duh shu0

fhlyhg wr eh whpsrudu|1 Ehwwhu whfkqrorjlhv jhqhudwh pruh rxwsxw/ dqg lq0

fuhdvh wkh srwhqwldo uhyhqxh iurp eulehv1 Li whfkqrorj| vkrfnv duh vhhq wr

eh wudqvlhqw/ fruuxsw srolwlfldqv vhl}h wkh gd| dqg froohfw wkh odujhu euleh1

Sxw dqrwkhu zd|/ wkh frvw ri krqhvw| +>
M
, lv kljkhu lq errpv/ dqg wkh ri0

�fldo zdjh qhhgv wr ydu| pruh wkdq wkh hfrqrplf f|foh wr hqvxuh h!flhqw

srolf|0pdnlqj1 Dqrwkhu lpsolfdwlrq lv wkdw pruh lqh!flhqw hfrqrplf srolf|

whqgv wr eh lpsohphqwhg gxulqj +whpsrudu|, errpv wkdq gxulqj +whpsr0

udu|, uhfhvvlrqv1 Vlqfh lqh!flhqw hfrqrplf srolf| e| lwvhoi uhgxfhv rxwsxw

wklv skhqrphqd fdq eh lqwhusuhwhg dv dfwlyh Nh|qhvldq vwdelol}dwlrq srolf|

gulyhq e| wkh ghvluh ri fruuxsw srolwlfldqv wr froohfw eulehv1 Li whfkqrorjlfdo

fkdqjhv duh vhhq wr eh shupdqhqw/ wkh| gr qrw dowhu wkh lqwhuwhpsrudo lq0

fhqwlyhv ri srolwlfldqv/ ehfdxvh wkh| fdq vwd| lq r!fh dqg uhds wkh ehqh�wv

iurp d ulfkhu hfrqrp|1

Vrflhwlhv lq wudqvlwlrq pxvw kdqgoh fkdqjhv lq hfrqrplf vwuxfwxuh/ riwhq

dw wkh vdph wlph dv fkdqjhv lq srolwlfdo v|vwhpv duh uhtxluhg1 Zh qrwh/ khuh/

wkdw wkh ihhgedfn iurp hfrqrplfv wr srolwlfv pd| eh sdudgr{lfdo= srvlwlyh

hfrqrplf vkrfnv fdq ohdg wr lqh!flhqw srolwlfdo rxwfrphv dqg h{shfwdwlrqv

ri ehwwhu hfrqrplf frqglwlrqv lq wkh ixwxuh fdq khos olehudol}dwlrq jhwwlqj

vwduwhg rqo| wr vhh wkh h�ruw uhyhuvhg dw d odwhu gd|1 Lw dovr surylghv d vhw0

wlqj wr xqghuvwdqg srolwlfdo lqvwdelolw| dqg kljk jryhuqphqw wxuqryhu/ zklfk

dffrpsdq| wkh wudqvlwlrq wr ehwwhu ixqfwlrqlqj hfrqrplf v|vwhpv1
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9 Frqfoxvlrqv dqg Ixuwkhu Lvvxhv

Lq wklv sdshu/ zh dqdo|}h krz fruuxsw srolwlfldqv pd| lpsohphqw dqg suh0

vhuyh lqh!flhqwo| kljk ohyhov ri uhjxodwlrq/ dqg wkh h{whqw wr zklfk yrwhuv

fdq frqwuro wkh uhvxowlqj lqh!flhqf|1 Zh vkrz/ lq Sursrvlwlrq 6/ zk| zh h{0

shfw wr revhuyh frpsurplvh srolwlfv> dqg lq Sursrvlwlrq 7 wkdw pruh h!flhqw

rxwfrphv fdq eh dwwdlqhg e| dq dssursuldwh ghvljq ri shuirupdqfh vwdqgdugv

dqg r!fldo uhzdugv wr r!fh kroghuv1 Zh dgguhvv d ihz txhvwlrqv1 Wkhuh duh

pdq| pruh/ dqg zh lqglfdwh d ihz lpsruwdqw lvvxhv ehorz1

� Shuvlvwhqw Fruuxswlrq= Sursrvlwlrq 7 lv d srvlwlyh uhvxow/ vxjjhvw0

lqj wkdw vrflhwlhv fdq/ lq vrph fdvhv/ holplqdwh srolwlfdo fruuxswlrq e|

dssursuldwh fkrlfhv ri fduurw dqg vwlfn1 Zk|/ wkhq/ grhv fruuxswlrq

shuvlvw/ hvshfldoo| exw qrw h{foxvlyho| lq srru frxqwulhvB Zh hydoxdwh

rqh w|sh ri fruuxswlrq � srolwlfdo fruuxswlrq1 Wklv lv fruuxswlrq dw wkh

kljkhvw ohyho1 Fruuxswlrq lv srvvleoh dw yluwxdoo| hyhu| ohyho ri jryhuq0

phqw/ vwduwlqj iurp �oh0sxvklqj fohunv dqg wd{ ru fxvwrpv lqvshfwruv

+Ehvoh| dqg PfOduhq/ 4<<6,1 Wklv pdnhv lw gl!fxow wr frpsduh ru fro0

ohfw hylghqfh1 Lw lv dovr d olnho| h{sodqdwlrq ri zk| vlpsoh dqg fkhds

uxohv fdqqrw holplqdwh fruuxswlrq rq wkh vsrw1 Wkh dssurdfk hpsor|hg

e| Dfhprjox dqg Yhuglhu +4<<;> 5333, lv gluhfwo| frqfhuqhg zlwk vxfk

lvvxhv1 Wkh| hydoxdwh d vlwxdwlrq zkhuh exuhdxfudwlf lqwhuyhqwlrq lv

qhfhvvdu| wr fruuhfw vrph glvwruwlrq dw wkh plfurhfrqrplf ohyho1 Ex0

uhdxfudwv fdq eh whpswhg e| eulehv1 Lw lv srvvleoh wr dfklhyh krqhvw|

exw wkh frvw ri frpsoldqfh dw hyhu| ohyho fdq eh vr odujh wkdw wd{sd|huv

suhihu vrph fruuxswlrq1

� Srolwlfv dqg jurzwk= Lqh!flhqw srolwlfv duh olnho| wr eh sduwlfxoduo|

frvwo| wr vrflhwlhv lq wudqvlwlrq/ zkhuh jurzwk lv dq|wklqj exw vprrwk1

Vhfwlrq 814 hydoxdwhv wkh olnho| h�hfw ri hfrqrplf vkrfnv rq srolwlfdo

rxwfrphv1 Wkh h�hfwv duh qhjdwlyh � whpsrudu| jurzwk lq surgxfwlylw|

ohdgv wr dgyhuvh srolwlfdo rxwfrphv/ ehfdxvh wkh| lqfuhdvh wkh uhzdugv

wr fruuxswlrq1 Zh frqfhqwudwh rq vlwxdwlrqv zkhuh jurzwk lv h{rjhqrxv/

dqg qrw d�hfwhg e| srolwlfdo plvwdnhv ru glyhuvlrq ri uhvrxufhv wr uhqw0

vhhnlqj1 Lq uhdolw|/ edg srolflhv fdq kdyh jurzwk h�hfwv/ e| d�hfwlqj
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wkh lqfhqwlyhv wr lqyhvw lq/ ru dgrsw/ qhz whfkqrorjlhv4< ru e| pdnlqj

lw dwwudfwlyh wr hqjdjh lq uhqw0vhhnlqj153 Wklv lpsolhv/ ri frxuvh/ wkdw

edg srolf| fkrlfhv dqg fruuxswlrq lwvhoi fdq kdyh d shuvlvwhqw/ qhjdwlyh

lpsdfw rq wkh hfrqrp|1 Dw wkh vdph wlph/ hyhq fruuxsw srolwlfldqv duh

xqolnho| wr pdnh yhu| edg plvwdnhv/ ehfdxvh wkh| zrxog udwkhu wdnh

wkhlu fxw iurp d jurzlqj slh1

Dfnqrzohgjphqwv1 Zh zrxog olnh wr wkdqn wkh HVUF iru uhvhdufk vxssruw1

Zh kdyh ehqh�whg iurp glvfxvvlrq zlwk Pduwlq Gdxqwrq/ Vwdq Hqjhupdq/

Mrkq Ihqghu/ Shu Iuhgulnvvrq/ Jhr� Kdufrxuw/ Gdylg Qhzehu|/ Iudqfhvfr

Pdjulv/ VwhskhqPruulv/ Erxzh Glmnvwud/ Sdxo Vhdeuljkw/ dqg Ydqld Vhqd dqg

iurp frpphqwv lq vhplqduv dw Elunehfn/ Eluplqjkdp/ H{hwhu/ NxOhxyhq/

Pdqfkhvwhu/ Ur|do Kroorzd|/ Zduzlfn dqg dw wkh HSFV*v dqqxdo phhwlqj

53341

Uhihuhqfhv

41 Dfhprjox/ Gdurq/ dqg Yhuglhu/ Wklhuu|1 �Surshuw| Uljkwv/ Fruuxs0

wlrq dqg wkh Doorfdwlrq ri Wdohqw= D Jhqhudo Htxloleulxp Dssurdfk1�

Hfrqrplf Mrxuqdo 43; +Vhswhpehu 4<<;,= 46;4047361

51 Dfhprjox/ Gdurq/ dqg Yhuglhu/ Wklhuu|1 �Wkh Fkrlfh Ehwzhhq Pdunhw

Idloxuh dqg Fruuxswlrq1� Dphulfdq Hfrqrplf Uhylhz <3 +Pdufk 5333,=

4<705441

61 Dohvlqd/ Doehuwr/ dqg Vshdu/ Vwhskhq H1 �Dq Ryhuodsslqj Jhqhudwlrqv

Prgho ri Hohfwrudo Frpshwlwlrq1� Mrxuqdo ri Sxeolf Hfrqrplfv 6:

+Ghfhpehu 4<;;,= 68<0:<1

4<Ehqkdele dqg Uxvwlfklql +4<<9, dqg Gxwwd +5333, hydoxdwh wzr nlqgv ri ihhgedfn

h�hfwv1 Vhh dovr Nuxvhoo dqg Ulrv Uxoo +4<<9,1
53Wkh edvlf lghd lq wklv olwhudwxuh lv wkdw fruuxswlrq uhtxluhv h�ruw ru lqyhvwphqw lq

srolwlfdo fdslwdo dqg vr/ d vrfldo frvw lv dgghg wr wkdw dulvlqj iurp lpsohphqwdwlrq ri

lqh!flhqw srolflhv +Pxusk| hw do1/ 4<<4> Hkuolfk dqg Oxl/ 4<<<,1
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71 Dxvwhq0Vplwk/ Gdylg dqg Edqnv/ Mh�uh| V1 �Hohfwrudo Dffrxqwdelolw|

dqg Lqfxpehqf|1� Lq Prghov ri Vwudwhjlf Fkrlfh lq Srolwlfv/ hglwhg e|

Shwhu F1 Rughvkrrn1 Dqq Dueru= Xqly1 Plfkljdq Suhvv/ 4<;<1

81 Edqnv/ Mh�uh| V1/ dqg Vxqgdudp/ Udqjdudmdq N1 �Dgyhuvh Vhohfwlrq

dqg Prudo Kd}dug lq d Uhshdwhg Hohfwlrq Prgho1� Lq Srolwlfdo Hfrq0

rp|/ Lqvwlwxwlrqv/ Lqirupdwlrq/ Frpshwlwlrq dqg Uhsuhvhqwdwlrq/ hglwhg

e| Zlooldp D1 Eduqhww/ Phoylq M1 Klqlfk dqg Qrupdq M1 Vfkr�hog1

Fdpeulgjh/ XN= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<61

91 Edqnv/ Mh�uh| V1/ dqg Vxqgdudp/ Udqjdudmdq N1 �Rswlpdo Uhwhqwlrq

lq Djhqf| Sureohpv1� Mrxuqdo ri Hfrqrplf Wkhru| ;5 +Rfwrehu 4<<;,=

5<6�65;1

:1 Edugkdq/ Sudqde1 �Fruuxswlrq dqg Ghyhorsphqw= D Uhylhz ri Lvvxhv1�

Mrxuqdo ri Hfrqrplf Olwhudwxuh 68 +Vhswhpehu 4<<:,= 465306791

;1 Eduur/ Urehuw M1 �Wkh Frqwuro ri Srolwlfldqv= Dq Hfrqrplf Prgho1�

Sxeolf Fkrlfh 47 +Vsulqj 4<:6,= 4<0751

<1 Ehfnhu/ Jhuu| V1/ dqg Vwljohu/ Jhrujh M1 �Odz Hqirufhphqw/ Pdoihd0

vdqfh dqg Frpshqvdwlrq ri Hqirufhuv1� Mrxuqdo ri Ohjdo Vwxglhv 6

+Mdqxdu| 4<:7,= 404;1

431 Ehqkdele/ Mhvv/ dqg Uxvwlfklql/ Dogr1 �Vrfldo Frq lfw dqg Jurzwk1�

Mrxuqdo ri Hfrqrplf Jurzwk 4 +Pdufk 4<<9,= 4580751

441 Ehvoh|/ Wlprwk| M1/ dqg PfOduhq/ Mrkq1 �Wd{hv dqg Eulehu|= Wkh uroh

ri Zdjh Lqfhqwlyhv1� Hfrqrplf Mrxuqdo 436 +Mdqxdu| 4<<6,= 44<0741

451 Ehvoh|/ Wlprwk| M1/ dqg Fdvh/ Dqqh1 �Lqfxpehqw Ehkdylrxu= Yrwh

Vhhnlqj/ Wd{0Vhwwlqj/ dqg \dugvwlfn Frpshwlwlrq1� Dphulfdq Hfr0

qrplf Uhylhz ;8 +Pdufk 4<<8,= 580781

461 Ekdjzdwl/ Mdjglvk Q1 Lqgld lq Wudqvlwlrq � Iuhhlqj wkh Hfrqrp|1 R{0

irug= Foduhqgrq Suhvv/ 4<<61

471 Frdwh/ Vwhskhq/ dqg Pruulv/ Vwhskhq �Srolf| Shuvlvwhqfh1� Dphulfdq

Hfrqrplf Uhylhz ;< +Ghfhpehu 4<<<,= 465:06691
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481 Gho Prqwh/ Doiuhgr/ dqg Sdsdjql/ Hudvpr1 �Sxeolf H{shqglwxuhv/ Fru0

uxswlrq/ dqg Hfrqrplf Jurzwk= Wkh Fdvh ri Lwdo|1� Hxurshdq Mrxuqdo

ri Srolwlfdo Hfrqrp| 4: +Pdufk 5334,= 40491

491 Gh Vrwr/ Khuqdqgr1 Wkh Rwkhu Sdwk= Wkh Lqylvleoh Uhyroxwlrq lq wkh

Wklug Zruog1 Qhz \run= Kdushu/ 4<<31

4:1 Gh Vrwr/ Khuqdqgr1 Wkh P|vwhu| ri Fdslwdo1 Qhz \run= Edqwdp

Errnv/ 53331

4;1 Gmdqnry/ Vlphrq/ Udidho Od Sruwd/ Ioruhqflr Orsh}0gh0Vlodqfhv dqg

Dqguhl Vkohlihu1 �Wkh Uhjxodwlrq ri Hqwu|1� Zrunlqj sdshu :;<5/

Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ 53331

4<1 Gxwwd/ Md|dvul1 �Jurzwk Frq lfwv1� Zrunlqj sdshu/ Xqlyhuvlw| ri

Eluplqjkdp/ 53331

531 Hkuolfk/ Lvddf/ dqg Oxl/ Iudqflv1 �Exuhdxfudwlf Fruuxswlrq dqg Hq0

grjhqrxv Hfrqrplf Jurzwk1� Mrxuqdo ri Srolwlfdo Hfrqrp| 43: +Gh0

fhpehu 4<<<,= V5:30<61

541 Ihuhmrkq/ Mrkq1 �Lqfxpehqw Shuirupdqfh dqg Hohfwrudo frqwuro1� Sxe0

olf Fkrlfh 83/ qrv1 406 +4<;9,= 80581

551 Kdjjdug/ Vwhskdq1 �Lqwhuhvw/ Lqvwlwxwlrqv/ dqg Srolf| Uhirup1� Lq Hfr0

qrplf Srolf| Uhirup � Wkh Vhfrqg Vwdjh/ hglwhg e| Dqqh R1 Nuxjhu1

Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv/ 53331

561 Nuxvhoo/ Shu/ dqg Ulrv0Uxoo/ Mrvh0Ylfwru1 �Yhvwhg Lqwhuhvwv lq d Srvlwlyh

Wkhru| ri Vwdjqdwlrq dqg Jurzwk1� Uhylhz ri Hfrqrplf Vwxglhv 96

+Dsulo 4<<9,= 63405<1

571 Od�rqw/ Mhdq0Mdftxhv dqg Wluroh/ Mhdq1 D Wkhru| ri Lqfhqwlyhv lq

Surfxuhphqw dqg Uhjxodwlrq1 Fdpeulgjh/ PD= PLW suhvv/ 4<<61

581 Ohylq/ Pdun/ dqg Vdwdury/ Jhruj|1 �Fruuxswlrq dqg Lqvwlwxwlrqv lq

Uxvvld� Hxurshdq Mrxuqdo ri Srolwlfdo Hfrqrp| 49 +Pdufk 5333,= 4460

651
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591 Ohzlv0Ehfn/ Plfkdho1 Hfrqrplfv dqg Hohfwlrqv= Wkh Pdmru Zhvwhuq

Ghprfudflhv1 Dqq Dueru= Xqly1 Plfkljdq Suhvv/ 4<;;1

5:1 Oxfdv/ Urehuw H1 �Wkh Vl}h Glvwulexwlrq ri Exvlqhvv Ilupv� Ehoo Mrxu0

qdo ri Hfrqrplfv < +Dxwxpq 4<;;,= 83;0561

5;1 Pdxur/ Sdror1 �Fruuxswlrq dqg Jurzwk1� Txduwhuo| Mrxuqdo ri Hfr0

qrplfv 443 +Dxjxvw 4<<8,= 9;40:451

5<1 Pdxur/ Sdror1 �Fruuxswlrq dqg wkh Frpsrvlwlrq ri Jryhuqphqw H{0

shqglwxuhv1� Mrxuqdo ri Sxeolf Hfrqrplfv 9< +Dxjxvw 4<<;,= 5960:<1

631 Pxusk|/ Nhylq P1> Vkohlihu/ Dqguhl> dqg Ylvkq|/ Urehuw Z1 �Wkh

Doorfdwlrq ri Wdohqw= Lpsolfdwlrqv iru Jurzwk1� Txduwhuo| Mrxuqdo

ri Hfrqrplfv 439 +Pd| 4<<4,= 8360631

641 P|huvrq/ Urjhu E1 H�hfwlyhqhvv ri Hohfwrudo V|vwhpv iru Uhgxflqj

Jryhuqphqw Fruuxswlrq= DJdph0Wkhruhwlf Dqdo|vlv1 Jdphv dqg Hfr0

qrplf Ehkdylru 8 +Mdqxdu| 4<<6,= 44;0651

651 Qdqqhvwdg/ Shwhu/ dqg Sdogdp/ Pduwlq1 �Wkh YS0ixqfwlrq= D Vxuyh|

ri wkh Olwhudwxuh rq Yrwh dqg Srsxodulw| Ixqfwlrqv diwhu 58 \hduv1�

Sxeolf Fkrlfh :< +Mxqh 4<<7,= 5460781

661 Qhzehu|/ Gdylg1 Sulydwl}dwlrq/ Uhvwuxfwxulqj/ dqg Uhjxodwlrq ri Qhw0

zrun Xwlolwlhv1 Fdpeulgjh/ PD= PLW suhvv/ 4<<<1

671 Roghqexuj/ Sklols1 �Plggoh Phq lq Wklug0zruog Fruuxswlrq= Lpsolfd0

wlrqv ri dq Lqgldq fdvh1� Zruog Srolwlfv 6< +4<;:,= 83;08681

681 Rovrq/ Pdqfxu1 Wkh Ulvh dqg Ghfolqh ri Qdwlrqv1 Qhz Kdyhq= \doh

Xqlyhuvlw| Suhvv/ 4<;51

691 Sdogdp/ Pduwlq1 �Wkh Elj Sdwwhuq ri Fruuxswlrq= Hfrqrplfv/ Fxowxuh/

dqg Vhh0Vdz G|qdplfv1� Zrunlqj sdshu 4<<<044/ Fhqwuh iru G|qdplf

Prghoolqj lq Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv/ 4<<<1

63



6:1 Shuvvrq/ Wruvwhq/ Urodqg/ Jhudug/ dqg Wdehoolql/ Jxlgr1 �Vhsdudwlrq ri

Srzhuv dqg Srolwlfdo Dffrxqwdelolw|1� Txduwhuo| Mrxuqdo ri Hfrqrplfv

445 +Qryhpehu 4<<:,= 4496045351

6;1 Shuvvrq/ Wruvwhq/ Urodqg/ Jhudug/ dqg Wdehoolql/ Jxlgr1 �Wrzdugv

Plfursrolwlfdo Irxqgdwlrqv ri Sxeolf Ilqdqfh1� Hxurshdq Hfrqrplf

Uhylhz 75 +Pd| 4<<;,= 9;80<71

6<1 Sduhqwh/ Vwhskhq dqg Suhvfrww/ Hgzdug F1 Eduulhuv wr Ulfkhv/ Fdp0

eulgjh PD= PLW suhvv/ 53331

731 Uhhg/ Urehuw1 �D Uhwurvshfwlyh Yrwlqj Prgho Zlwk Khwhurjhqrxv

Srolwlfldqv1� Hfrqrplfv dqg Srolwlfv 9 +Pdufk 4<<7,/ 6<08<1

741 Urvh0Dfnhupdq/ Vxvdq1 Fruuxswlrq dqg Jryhuqphqw � Fdxvhv/ Frq0

vhtxhqfhv dqg Uhirup1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<<1

751 Vkohlihu/ Dqguhl/ dqg Ylvkq|/ Urehuw Z1 �Fruuxswlrq1� Txduwhuo| Mrxu0

qdo ri Hfrqrplfv 43; +Dxjxvw 4<<6,= 8<<094;1

761 Vkohlihu/ Dqguhl/ dqg Ylvkq|/ Urehuw Z1 �Wkh Srolwlfv ri Pdunhw Vr0

fldolvp1� Mrxuqdo ri Hfrqrplf Shuvshfwlyhv ; +Vsulqj 4<<7,= 4980:91

771 Vulqlydvdq/ W1Q1 �Hfrqrplf Uhirupv lq Vrxwk Dvld1� Lq Hfrqrplf Sro0

lf| Uhirup � Wkh Vhfrqg Vwdjh hglwhg e| Dqqh R1 Nuxhjhu1 Fklfdjr=

Xqlyhuvlw| ri Fklfdjr Suhvv/ 53331

781 Vwljohu/ Jhrujh M1 Wkh Flwl}hq dqg wkh Vwdwh1 Fklfdjr= Xqlyhuvlw| ri

Fklfdjr Suhvv/ 4<:81

791 Wluroh/ Mhdq �D Wkhru| ri Froohfwlyh Uhsxwdwlrqv +zlwk Dssolfdwlrqv

wr wkh Shuvlvwhqfh ri Fruuxswlrq dqg wr Ilup Txdolw|,1� Uhylhz ri

Hfrqrplf Vwxglhv 96 +Mdqxdu| 4<<9,/ 40551

7:1 Wuhlvpdq/ Gdqlho1 �Wkh Fdxvhv ri Fruuxswlrq= DFurvv0qdwlrqdo Vwxg|1�

Mrxuqdo ri Sxeolf Hfrqrplfv :9 +Mxqh 5333,= 6<<078:1
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7;1 Ydq Ulmfnhjkhp/ Fdurolqh/ dqg Zhghu/ Ehdwulfh V1 �Fruuxswlrq dqg

wkh Udwh ri Whpswdwlrq= Gr Orz Zdjhv lq wkh Flylo Vhuylfh Fdxvh

FruuxswlrqB� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 98 +5334,=5<4063:1
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