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Devwudfw

Zkdw gulyhv wkh gl�huhqfh lq lqvwlwxwlrqdo txdolw| dfurvv frxqwulhvB Zh h{sodlq wkh vxuylydo ri lq0

vwlwxwlrqdo lqh!flhqf| e| lqyhvwljdwlqj wkh uhodwlrqvkls ehwzhhq zhdowk lqhtxdolw| dqg lqvwlwxwlrqv1

Zh suhvhqw d prgho ri uhjxodwhg hqwu| zkhuh hqwuhsuhqhxuv irup frdolwlrqv ri srwhqwldoo| ydu|lqj

vl}h wr euleh wkh uhjxodwru1 Vpdoo frdolwlrqv uxq vkruw ri uhvrxufhv/ zkloh odujh frdolwlrqv vx�hu

pruh vhyhuh iuhh0ulghu sureohpv1 Wkh suhydohqfh dqg lqwhqvlw| ri fruuxswlrq lv wkxv ghwhuplqhg e|

wkh glvwulexwlrq ri zhdowk= zkhq zhdowk lv pruh frqfhqwudwhg/ erwk fdvk frqvwudlqwv dqg iuhh0ulghu

sureohpv duh ohvv uhvwulfwlyh/ htxloleulxp frdolwlrqv duh vpdoohu/ fruuxswlrq lv suhydohqw/ dqg eduulhuv

wr hqwu| duh kljk1

D g|qdplf dqdo|vlv vxssruwv wkh shuvlvwhqfh ri lqh!flhqflhv lq wkh orqj uxq1 Ghshqglqj rq

lqlwldo frqglwlrqv/ wkh hfrqrp| pd| eh hlwkhu rq d sdwk wrzdugv lqvwlwxwlrqdo fkdqjh zkhuh lqyhvw0

phqw lqfuhdvhv dqg lqhtxdolw| hyhqwxdoo| ydqlvkhv> ru/ lw pd| eh rq d sdwk wrzdugv lqvwlwxwlrqdo

vfohurvlv/ zklfk h{klelwv d srodul}dwlrq ri vrflhw| lqwr wzr fodvvhv zlwk d zhdowk| holwh grplqdwlqj

wkh lqfuhdvlqjo| lpsryhulvkhg pdvvhv zkr gr qrw kdyh dffhvv wr sur�wdeoh rssruwxqlwlhv1 Wkh suh0

glfwlrqv ri wkh prgho duh frqvlvwhqw zlwk d qxpehu ri revhuyhg idfwv/ zklfk lqglfdwh dq dssduhqw

forvh uhodwlrqvkls ehwzhhq lqvwlwxwlrqv dqg lqhtxdolw|1



4 Lqwurgxfwlrq

Zkdw h{sodlqv wkh shuvlvwhqfh ri lqvwlwxwlrqv wkdw duh kdupixo wr lqyhvwphqw dqg jurzwkB D pdmru

sx}}oh idfhg e| hfrqrplvwv lv wkh revhuyhg gl�huhqfhv lq hfrqrplf ghyhorsphqw ehwzhhq frxqwulhv1

Wkhvh revhuyhg gl�huhqfhv vhhp wr eh dwwulexwdeoh wr gl�huhqfhv lq lqvwlwxwlrqv1 Zkloh dvvhvvlqj

wkh fdxvdolw| ehwzhhq lqvwlwxwlrqdo hqylurqphqwv dqg hfrqrplf shuirupdqfh/ Od Sruwd/ Orsh}0gh0

Vlodqhv/ Vkohlihu dqg Ylvkq| ^4<<;/ 4<<<` dqg Dfhprjox/ Mrkqvrq dqg Urelqvrq ^5334` �qg wkdw

suhvhqw lqvwlwxwlrqv/ odujho| lqkhulwhg iurp wkh sdvw/ duh vljql�fdqw ghwhuplqdqwv ri fxuuhqw hfrqrplf

rxwfrphv1 Pruhryhu/ wkhuh lv hylghqfh wkdw fkdqjhv lq lqvwlwxwlrqv/ rqfh lpsohphqwhg/ fdq kdyh

uhdo h�hfwv rq vxevhtxhqw hfrqrplf shuirupdqfh1 Ehvoh| ^4<<8`/ dv zhoo dv Edqhumhh/ Jhuwohu dqg

Jkdwdn ^5335` �qg wkdw lpsuryhg odqg uljkwv kdyh d vljql�fdqw lpsdfw lq Jkdqd dqg Zhvw Ehqjdo/

uhvshfwlyho|/ lqfuhdvlqj djulfxowxudo surgxfwlylw| dqg lqyhvwphqw1

Wklv udlvhv d nh| txhvwlrq= li vrph duudqjhphqwv vhhp vr ghwulphqwdo wr hfrqrplf ghyhorsphqw/

zk| grq*w jryhuqphqwv lpsohphqw lqvwlwxwlrqv wkdw irvwhu lqyhvwphqw dqg surprwh jurzwkB Wklv

sdshu vxjjhvwv rqh dqvzhu wr wklv txhvwlrq1 Zh dqdo|}h d srolwlfdo hfrqrp| prgho zkhuh wkh

glvwulexwlrq ri zhdowk ghwhuplqhv wkh txdolw| ri jryhuqdqfh1 Uhjxodwlrq lqwurgxfhv wkh srvvlelolw|

ri lpshuihfw frpshwlwlrq lq wkh surgxfw pdunhw/ fuhdwlqj uhqwv1 Hqwuhsuhqhxuv pd| wkxv hqjdjh

lq uhqw0vhhnlqj dfwlylw|/ zklfk lq rxu prgho wdnhv wkh irup ri uhvwulfwlrqv rq hqwu|1 D frdolwlrq ri

hqwuhsuhqhxuv 0 wkh lqvlghuv 0 irupv dqg r�huv eulehv wr d exuhdxfudw lq rughu wr olplw hqwu| iurp

rwkhu hqwuhsuhqhxuv 0 wkh rxwvlghuv1 Khqfh/ lqvlghuv hqmr| kljkhu pdunhw srzhu1 Wkh lqh!flhqf|

ri uhjxodwlrq lv phdvxuhg e| wkh h{whqw ri xqghulqyhvwphqw/ dqg lv ghwhuplqhg e| wkh glvwulexwlrq

ri zhdowk dprqj hqwuhsuhqhxuv1 D odujhu frdolwlrq ri lqvlghuv lv vxemhfw wr pruh vhyhuh iuhh0ulglqj

sureohpv/ zkloh d vpdoohu frdolwlrq odfnv uhvrxufhv1 Zkhq zhdowk lv frqfhqwudwhg lq wkh kdqgv ri

ihz shrsoh/ frooxvlrq lv hdvlhu vr wkdw erwk wkh iuhh0ulglqj dqg exgjhw frqvwudlqwv duh ohvv vwulqjhqw>

lqvlghuv irup vpdoo frdolwlrqv/ fruuxswlrq lv suhydohqw dqg hqwu| lv vhyhuho| olplwhg1 Frqyhuvho|/ pruh

htxdoo| glvwulexwhg zhdowk lqklelwv vxfk frooxvlyh ehkdylru dqg wkxv/ uhjxodwlrq lv pruh h!flhqw1 Lq

d g|qdplf iudphzrun/ lqlwldo frqglwlrqv ghwhuplqh wkh wudmhfwru| wkh hfrqrp| iroorzv1 Rq d sdwk

wrzdugv srvlwlyh lqvwlwxwlrqdo fkdqjh/ wkh zhdowk glvwulexwlrq ehfrphv pruh htxdo dqg uhjxodwlrq

lpsuryhv ryhu wlph1 Frqyhuvho|/ lqvwlwxwlrqdo vfohurvlv lv fkdudfwhul}hg e| d zlghqlqj jds ehwzhhq

lqvlghuv dqg rxwvlghuv/ dqg d vrflhw| srodul}hg durxqg wzr fodvvhv= d ulfk dqg vpdoo hqwuhsuhqhxuldo

holwh wkdw grplqdwhv wkh lqfuhdvlqjo| lpsryhulvkhg pdvvhv1

Wklv prgho r�huv rqh vshfl�f fkdqqho uhodwlqj lqhtxdolw| dqg shuirupdqfh/ frqwulexwlqj wr d

odujh olwhudwxuh rq lqhtxdolw| dqg hfrqrplf ghyhorsphqw1 Zkloh Dohvlqd dqg Urguln ^4<<7` dqg Shuv0

vrq dqg Wdehoolql ^4<<7` h{dplqh phfkdqlvpv zkhuh lqhtxdolw| fuhdwhv odujhu glvwruwlrqv wkurxjk

lqfuhdvhg uhglvwulexwlrq/ dqrwkhu fodvv ri prghov h{soruhv wkh g|qdplfv ri zhdowk glvwulexwlrq dqg

hfrqrplf shuirupdqfh zkhq fuhglw pdunhwv duh lpshuihfw1 Lq wkh suhvhqfh ri eruurzlqj frqvwudlqwv/

lqhtxdolw| pdsv lqwr wkh h{whqw ri xqixo�oohg lqyhvwphqw rssruwxqlwlhv1 Vxfk hfrqrplhv h{klelw hl0
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wkhu xqghulqyhvwphqw lq sk|vlfdo fdslwdo +Djklrq dqg Erowrq ^4<<:`> Slnhww| ^4<<:`, ru kxpdq fdsl0

wdo +Orxu| ^4<;4`> Edqhumhh dqg Qhzpdq ^4<<6`> Jdoru dqg ]hlud ^4<<6`,1 Pruh uhfhqwo|/ hpskdvlv lv

sxw rq wkh uroh ri lqvwlwxwlrqv dqg wkh lqwhusod| ehwzhhq lqhtxdolw| dqg wkh ghvljq ri lqvwlwxwlrqv1

Hqjhupdq dqg Vrnror� ^4<<:` dgrsw wkh ylhz wkdw h{rjhqrxv idfwruv vxfk dv jhrjudsk| ghwhuplqhg

lqlwldo gl�huhqfhv lq zhdowk glvwulexwlrq dfurvv frxqwulhv1 Xqhtxdo vrflhwlhv zhuh wkhq pruh olnho|

wr dgrsw lqh!flhqw lqvwlwxwlrqv/ dv phpehuv ri wkh holwh rssrvhg lqvwlwxwlrqdo fkdqjh wr surwhfw

wkhlu uhqwv/ ohdglqj wr shuvlvwhqfh1 D vxevhtxhqw olwhudwxuh looxvwudwhg e| Dfhprjox/ Djklrq dqg

]lolerwwl ^5335` dqg Jodhvhu/ Vfkhlqnpdq dqg Vkohlihu ^5335` dovr iroorzv wklv dssurdfk e| dqdo|}lqj

krz lqhtxdolw| pljkw eh gulylqj lqvwlwxwlrqdo fkrlfhv1 Zlwklq wklv iudphzrun/ zh suhvhqw d prgho

zkhuh wkh lqwhudfwlrq ehwzhhq lqhtxdolw| dqg lqvwlwxwlrqv zrunv wkurxjk d phfkdqlvp ri uhqw glv0

vlsdwlrq= frpshwlwlrq dprqj holwhv pdnhv wkhp ohvv h�hfwlyh dw h{wudfwlqj uhqwv1 Lq wkdw uhvshfw/

wklv sdshu uhodwhv wr Nuxhjhu ^4<:7` dqg Ehfnhu ^4<;6`1 Zkloh vrph suhylrxv zrunv dujxh wkdw shu0

vlvwhqfh ri lqvwlwxwlrqdo lqh!flhqflhv vwhpv iurp wkh frvw ri fkdqjlqj lqvwlwxwlrqv ^Qruwk/ 4<<3`/

wkh suhvhqw dqdo|vlv h{sodlqv lqvwlwxwlrqdo vfohurvlv lq d srolwlfdo hfrqrp| prgho/ hpskdvl}lqj wkh

frpplwphqw sureohp dv lq Ihuqdqgh} dqg Urguln ^4<<4`/ ru lq Dfhprjox dqg Urelqvrq ^5334` ru

pruh vshfl�fdoo| wkh iuhh0ulghu sureohp> lw wkxv uhodwhv wr Rovrq ^4<98`1

Wkh sdshu lv rujdql}hg dv iroorzv= wkh qh{w vhfwlrq suhvhqwv hpslulfdo prwlydwlrq1 Vhfwlrq

6 od|v rxw wkh prgho lq lwv vlpsohvw vwdwlf irup/ zlwkrxw fruuxswlrq= zh uhihu wr wklv vlwxdwlrq

dv wkh ehqfkpdun fdvh1 Lq vhfwlrq 7 zh uhod{ wkh fruuxswlrq0iuhh dvvxpswlrq dqg dqdo|}h wkh

hfrqrp| zkhq frdolwlrqv duh h{rjhqrxv1 Vhfwlrq 8 fkdudfwhul}hv wkh htxloleulxp ri wkh hqgrjhqrxv

frdolwlrq irupdwlrq jdph1 Wkh g|qdplf dqdo|vlv lv suhvhqwhg lq vhfwlrq 9 zkloh vhfwlrq : uhodwhv

wkh suhglfwlrqv ri wkh prgho wr hpslulfdo �qglqjv1 Vhfwlrq ; frqfoxghv1

5 Hpslulfdo Prwlydwlrq

Odujh gl�huhqfhv lq ohyhov ri hfrqrplf dqg lqvwlwxwlrqdo ghyhorsphqw fdq eh revhuyhg wkurxjkrxw

wkh zruog1 H{rjhqrxv idfwruv vxfk dv jhrjudsklfdo frqglwlrqv ru hwkqlf frpsrvlwlrq ri d srsxodwlrq

fdqqrw dorqh h{sodlq vxfk gl�huhqfhv1 Iljxuh 4 ehorz sorwv/ iru d vdpsoh ri Hdvw0Dvldq frxqwulhv/

wkh ohyho ri hfrqrplf ghyhorsphqw djdlqvw dq lqgh{ ri fruuxswlrq14 Qrwh wkdw wkh vdph sdwwhuq

lv revhuyhg xvlqj rwkhu lqgh{hv ri jryhuqdqfh dv zhoo1 Wklv vxjjhvwv d forvh uhodwlrqvkls ehwzhhq

hfrqrplf ghyhorsphqw dqg lqvwlwxwlrqdo hqylurqphqwv1

LQVHUW ILJXUH 4 KHUH
4Hfrqrplf ghyhorsphqw lv phdvxuhg e| wkh ohyho ri Jurvv Grphvwlf Surgxfw +JGS, shu fdslwd lq 4<<8/ zkloh wkh

fruuxswlrq lqgh{ lv wkh �dvvhvvphqw ri wkh fruuxswlrq lq jryhuqphqw1 Orzhu vfruhv lqglfdwh wkdw ckljk jryhuqphqw

r!fldov duh olnho| wr ghpdqg vshfldo sd|phqwv ^dqg` loohjdo sd|phqwv duh jhqhudoo| h{shfwhg wkurxjkrxw orzhu ohyhov

ri jryhuqphqw ^lq wkh irup ri` eulehv frqqhfwhg zlwk lpsruw dqg h{sruw olfhqvhv*^111`� ^Od Sruwd/ Orsh}0gh0Vlodqhv/

Vkohlihu dqg Ylvkq|/ 4<<;/ s1 4457`1
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Iljxuh 5 uhsruwv wkh �qglqjv ri Fodhvvhqv/ Gmdqnry dqg Odqj ^4<<;` iru wkh vdph vhw ri frxqwulhv=

frqfhqwudwlrq ri idplo| frqwuro/ dv shufhqwdjh ri wrwdo pdunhw fdslwdol}dwlrq rzqhg e| wkh wrs 48

idplolhv lq d jlyhq frxqwu|/ lv vwurqjo| dqg qhjdwlyho| fruuhodwhg zlwk wkh txdolw| ri jryhuqdqfh15

Wkh dxwkruv vxjjhvw wkdw wkh �frqfhqwudwlrq ri frusrudwh frqwuro lv d pdmru ghwhuplqdqw lq wkh

hyroxwlrq ri wkh ohjdo v|vwhp/ l1h1 uhodwlrqvklsv h{lvw ehwzhhq rzqhuvkls vwuxfwxuh ri wkh zkroh

frusrudwh vhfwru dqg wkh ohyho ri lqvwlwxwlrqdo ghyhorsphqw1�6 Wklv vwdwhphqw vxjjhvwv d wkhru| ri

uhjxodwru| fdswxuh +fi1 Vwljohu ^4<:4`, vxssruwhg e| Gh Vrwr ^4<;<` dqg odwhu e| Gmdqnry/ Od Sruwd/

Orsh}0gh0Vlodqhv dqg Vkohlihu ^5333`1 Wkhvh vwxglhv erwk fodlp wkdw uhjxodwlrq ehqh�wv srolwlfldqv/

exuhdxfudwv dqg lqfxpehqwv pruh wkdq hfrqrplf ghyhorsphqw dv d zkroh1 Olfhqvlqj srolf| lq

srvw0lqghshqghqfh Lqgld looxvwudwhv wkh srlqw1 Zkloh olfhqvlqj zdv lq sduw dlphg dw euhdnlqj wkh

grplqdwlrq ri prqrsrolhv/ Kd}dul ^4<9:` qrwhg lq klv Ilqdo Uhsruw wr wkh Sodqqlqj Frpplvvlrq=

�^Wkhuh lv` wkh suhvxpswlrq wkdw pxowlsoh dssolfdwlrqv iru wkh vdph surgxfw dqg iru d zlgh/ yhu|

zlgh lqghhg ydulhw| ri surgxfwv duh phdqw wr iruhforvh olqfhqvdeoh +vlf, fdsdflw|�17

LQVHUW ILJXUH 5 KHUH

Klvwru| dovr surylghv pdq| rwkhu h{dpsohv ri eduulhuv wr srvlwlyh fkdqjh1 Sduhqwh dqg Suhvfrww ^5333`

ghwdlo hylghqfh ri eduulhuv wr h!flhqf| dqg dujxh wkdw vxfk eduulhuv duh wkh pdlq ghwhuplqdqwv ri

furvv0frxqwu| gl�huhqfhv lq hfrqrplf ghyhorsphqw1 Orrnlqj dw wkh wh{wloh lqgxvwu| dfurvv frxqwulhv

dqg wkurxjk wlph/ wkh dxwkruv frqfoxgh wkdw yhvwhg lqwhuhvwv sod|hg d vljql�fdqw uroh lq fdvhv ri

idloxuh wr dgrsw qhz whfkqrorjlhv dqg qhz irupv ri rujdql}dwlrqv/ zklfk h{sodlqv �wkh gl�huhqfhv

lq wkh shufhqwdjh lqfuhdvh lq oderu surgxfwlylw| lq wkh frwwrq ploov lq Lqgld dqg Mdsdq ehwzhhq

4<53 dqg 4<6;1 Lq wklv shulrg/ Mdsdqhvh oderu surgxfwlylw| lqfuhdvhg e| pruh wkdq 453 shufhqw/

zkloh Lqgldq surgxfwlylw| lqfuhdvhg e| rqo| 73 shufhqw1�8 Wkh| dujxh ixuwkhu wkdw eduulhuv wr

whfkqrorj| dgrswlrq duh nh| wr xqghuvwdqglqj zk| Hqjodqg h{shulhqfhg prghuq hfrqrplf jurzwk

ehiruh frqwlqhqwdo Hxursh/ dv zhoo dv zk| Fklqd glg qrw h{klelw vxvwdlqhg jurzwk ehiruh 4<831

Vlploduo|/ Udmdq dqg ]lqjdohv ^5334` dujxh wkdw wkh ghyhorsphqw ri �qdqfldo pdunhwv gxulqj

wkh 53|� fhqwxu| zdv sduwo| gulyhq e| sulydwh lqwhuhvwv1 Lqfxpehqwv rssrvhg wkh ghyhorsphqw ri

�qdqfldo lqvwlwxwlrqv lq rughu wr suhyhqw wkh hphujhqfh ri frpshwlwlrq dqg lq xhqfhg wkh ghvljq

ri srolflhv lq wkh diwhupdwk ri wkh Juhdw Ghsuhvvlrq1 �Wkxv/ Mdsdq/ iru h{dpsoh/ pryhg iurp dq

hfrqrp| zlwk d  rxulvklqj �qdqfldo pdunhw/ dqg d frpshwlwlyh edqnlqj v|vwhp/ wr dq hfrqrp|

zlwk vpdoo �qdqfldo pdunhwv dqg d frqfhqwudwhg edqnlqj v|vwhp1�9

5Wkh dxwkruv �qg d Shduvrq fruuhodwlrq frh!flhqw htxdo wr 3f�H1
6 ^Fodhvvhqv/ Gmdqnry dqg Odqj/ 4<<;/ s157`
7 ^Kd}dul/ 4<9:/ s1 :`
8 ^Sduhqwh dqg Suhvfrww/ 5333/ s1 <6`
9 ^Udmdq dqg ]lqjdohv/ 5334/ s1 65`
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Wkh ulvh dqg idoo ri phufdqwlolvp lq Zhvwhuq Hxursh surylghv dq lqwhuhvwlqj looxvwudwlrq ri

wkh lvvxh dgguhvvhg lq wklv sdshu1 Hnhoxqg dqg Wroolvrq ^4<;4` ylhz �wkh klvwrulfdo uhfrug ri wkh

phufdqwlolvw hud dv dq h{suhvvlrq ri lqglylgxdo uhqw0vhhnlqj ehkdylru lq d ydulhw| ri lqvwlwxwlrqdo

vhwwlqjv�1: Frpshwlwlrq dprqj hqwuhsuhqhxuv wr rewdlq prqrsro| uljkwv iurp uhjxodwruv dqg frp0

shwlwlrq dprqj srolwlfdo rujdql}dwlrqv +qdpho| wkh Furzq dqg wkh Sduoldphqw, iru wkh dxwkrulw| wr

judqw wkrvh uljkwv lv wkh pdlq wkuhdg ri wkh frpsdudwlyh dqdo|vlv ri phufdqwlolvp lq Hqjodqg dqg

Iudqfh1 Wkxv/ wkh ulvh ri wkh Sduoldphqw lv dvvrfldwhg zlwk wkh idoo ri phufdqwlolvp lq Hqjodqg zkloh

wkh vwuhqjwkhqlqj fhqwudo srzhu lq Iudqfh lq wkh vdph shulrg lv vhhq dv d vrxufh ri lqwhqvl�fdwlrq

ri phufdqwlolvp xqghu Froehuw +4994 0 49;6,1

Wkh hylghqfh suhvhqwhg vxjjhvwv wkdw uhjxodwlrq lv qrw qhfhvvdulo| gulyhq e| sxeolf lqwhuhvwv exw

lv riwhq fdswxuhg e| d vpdoo holwh dw wkh h{shqvh ri vrflhw| dv d zkroh1 Wkh uhvw ri wkh sdshu ghvfulehv

d phfkdqlvp zkhuh wkh sxuvxlw ri prqrsro| uhqwv jryhuqv wkh uhodwlrqvkls ehwzhhq uhjxodwlrq dqg

zhdowk glvwulexwlrq1

6 Vwdwlf Prgho= Wkh Ehqfkpdun Fdvh

Frqvlghu d srsxodwlrq ri Q lqglylgxdov dqg rqh exuhdxfudw1 Wkhuh duh wzr jrrgv lq wkh hfrqrp|/ d

surgxfwlrq jrrg dqg d frqvxpswlrq jrrg1 Zh zloo fdoo surgxfwlrq jrrgv fdslwdo dqg frqvxpswlrq

jrrgv zhdowk1 Lqglylgxdov duh hdfk hqgrzhg zlwk dq lqlwldo dprxqw ri zhdowk dqg rqh xqlw ri oderu1

Wkh wlph krul}rq frqvlvwv ri wkuhh gdwhv1 Dw wlph W @ 3/ lqglylgxdov lqwhudfw zlwk d exuhdxfudw

zkr lvvxhv olfhqvhv1 Dw wlph W @ 4/ lqglylgxdov fkrrvh wkhlu rffxsdwlrq= wkrvh uhfhlylqj d olfhqvh

pd| xqghuwdnh d surmhfw> wkh uhpdlqlqj duh vxevlvwhqfh zrunhuv hduqlqj d �{hg zdjh z1 Olfhqvhg

hqwuhsuhqhxuv frpshwh lq d Frxuqrw jdph lq zklfk wkh| fkrrvh wkh ohyho ri fdslwdo wkh| vxsso|1

Ilqdoo| dw wlph W @ 5/ d surgxfwlrq lqgxvwu| ex|v fdslwdo wr surgxfh zhdowk1 Surmhfwv duh wkhq

oltxlgdwhg/ sur�wv duh uhdol}hg/ frqvxpswlrq wdnhv sodfh dqg djhqwv glh1 D vwrudjh whfkqrorj| lv

dydlodeoh wr doo hqwuhsuhqhxuv zlwk qr ghsuhfldwlrq1

LQVHUW ILJXUH 6 KHUH

Zh vwduw zlwk d fuxfldo dvvxpswlrq wr rxu prgho=

Dvvxpswlrq +D3, Wkhuh lv qr fuhglw pdunhw1
: ^Hnhoxqg dqg Wroolvrq/ 4<;4/ s1 4:`

7



614 Hqwuhsuhqhxuv

Wkh vhw @ ri hqwuhsuhqhxuv kdv vl}h Q 1; Hqwuhsuhqhxuv duh lqgh{hg e| l 5 @/ dqg hdfk ri wkhp

lv hqgrzhg zlwk rqh xqlw ri oderu dqg dq lqlwldo ohyho ri zhdowk d�= Wkh zhdowk glvwulexwlrq lv

fkdudfwhul}hg e| d fxpxodwlyh glvwulexwlrq ixqfwlrq I +=, = Dv prvw uhvxowv gr qrw ghshqg rq Q / zh

fdq qrupdol}h srsxodwlrq vl}h wr 41

Hqwuhsuhqhxuv duh ulvn0qhxwudo dqg pd{lpl}h frqvxpswlrq dw wlph W @ 51

615 Olfhqvlqj/ Frxuqrw jdph dqg Surgxfwlrq

� Olfhqvlqj

Rqh exuhdxfudw lvvxhv olfhqvhv dw wlph W @ 3= Olfhqvhv duh qhfhvvdu| iru hqwuhsuhqhxuv zkr

zdqw wr xqghuwdnh d surmhfw1 Olfhqvlqj zloo eh glvfxvvhg lq ghwdlo ehorz1

� Frxuqrw jdph

Dw wlph W @ 4/ olfhqvhg hqwuhsuhqhxuv kdyh dffhvv wr d frqwlqxrxv lqyhvwphqw whfkqrorj|1

Hqwuhsuhqhxuv qrq0frrshudwlyho| fkrrvh wkh ohyho Y ri fdslwdo wkh| zlvk wr vxsso|1 Y lv

surgxfhg dw qr frvw exw lv erxqghg deryh e| vrph �Y 1< Fdslwdo lv wkhq vrog wr wkh surgxfwlrq

vhfwru dw xqlirup sulfh u/ zhdowk ehlqj wkh qxphudluh1

� Surgxfwlrq

Hqwuhsuhqhxuv dw wlph W @ 4 idfh d ghpdqg iru fdslwdo iurp dq lqgxvwu| zklfk rshudwhv dw

wlph W @ 51 Wklv lqgxvwu| ex|v wkh wrwdo dprxqw ri fdslwdo N vxssolhg e| hqwuhsuhqhxuv dw

sulfh u dqg surgxfhv � +N, xqlwv ri zhdowk1 � +=, lv dvvxphg wr kdyh wkh vwdqgdug uhjxodulw|

surshuwlhv143

616 Htxloleulxp Rxwfrph

Lq rughu wr surylgh d ehqfkpdun iru wkh uhvw ri wkh dqdo|vlv/ zh vroyh iru wkh htxloleulxp ri wkh

hfrqrp| lq wklv vlpsoh iudphzrun1 D qdwxudo htxloleulxp frqfhsw wr dgrsw lv Vxejdph Shuihfwlrq1

Zh wkhuhiruh vroyh wkh prgho e| edfnzdug lqgxfwlrq1

61614 Wlph W @ 5 = Ilqdo Surgxfwlrq

Idflqj d uhqwdo sulfh u/ surgxfhuv fkrrvh d ghpdqg ohyho wr htxdol}h sulfh dqg pdujlqdo surgxfw ri

fdslwdo1 Wklv gh�qhv wkh ghpdqg ixqfwlrq idfhg e| hqwuhsuhqhxuv dw wkh hqg ri Wlph W @ 4 = ;N �
;Wkh dvvxpswlrq wkdw wkh vhw ri hqwuhsuhqhxuv lv �qlwh lv fuxfldo khuh1 D �qlwh srsxodwlrq vl}h hqvxuhv wkdw wkh

iuhh0ulghu sureohp dw wkh Frxuqrw vwdjh lv erxqghg1
<Wkh fdsdflw| frqvwudlqw phuho| vlpsol�hv dojheud dqg lqwhusuhwdwlrq1 Wkrxjk uhod{lqj wklv dvvxpswlrq frpsol0

fdwhv wkh lqwhusuhwdwlrq ri wkh uhvxowv/ wkh vdph frqfoxvlrqv qhyhuwkhohvv krog1
43Wkh uhjxodulw| surshuwlhv duh irupdoo| vwdwhg lq wkh Dsshqgl{1

8



3>

u @ �� +N, =

61615 Wlph W @ 4 = Frxuqrw jdph dqg vxsso| ghflvlrq

Hqwuhsuhqhxuv lq vxejdphv vwduwlqj dw gdwh W @ 4 duh fkdudfwhul}hg e| zkhwkhu wkh| zhuh lvvxhg d

olfhqvh dw wkh hqg ri wlph W @ 3 ru qrw1 Zh zloo ghqrwh � 5 S +@, > wkh vhw ri olfhqvhhv144
Lq wklv jdph/ olfhqvhg hqwuhsuhqhxuv frpshwh ã od Frxuqrw1 Wkh| qrq0frrshudwlyho| vhw ohyhov ri

vxsso|1 Qrq0frrshudwlyh ehkdylru lv dvvxphg dqg fdq eh mxvwl�hg e| wudqvdfwlrq frvwv ru lqdelolw|

wr pdnh elqglqj frpplwphqwv1 Wr vlpsoli| qrwdwlrqv/ ohw*v ghqrwh Y3� �
S

�MK.t�� Y� = Hdfk lqvlghu

l 5 � vroyhv wkh iroorzlqj surjudp=

Y� @ dujpd{
�$7T

�� +Y3� . y , y=

Hqwuhsuhqhxuv* vxsso| fkrlfhv htxdol}h wkh pdujlqdo ehqh�w ri dq dgglwlrqdo xqlw ri fdslwdo

surgxfhg dqg wkh pdujlqdo frvw gxh wr d ghfuhdvh lq sulfh1 Zkhq surmhfw fdsdflwlhv duh vpdoo/

hqwuhsuhqhxuv zloo eh �dw wkh fruqhu� dqg surgxfh dw ixoo fdsdflw|1

Ohppd 4 Iru orz fdsdflwlhv �Y / doo hqwuhsuhqhxuv zkr xqghuwdnh d surmhfw fkrrvh wr vxsso| �Y

xqlwv ri fdslwdo145

Khqfhiruwk/ wr vlpsoli| qrwdwlrq zh zloo qrupdol}h wkh lqyhvwphqw fds wr 41

Dvvxpswlrq +D4, Lqyhvwphqw fds qrupdol}dwlrq=

�Y � 4=

Zkhq wkh vxevlvwhqfh zdjh ohyho lv orz/ doo olfhqvhg hqwuhsuhqhxuv suhihu wr xqghuwdnh d surmhfw

udwkhu wkdq zrun1

Dvvxpswlrq +D5, Dowhuqdwlyh rffxsdwlrq frqglwlrq=

z ? �� +4, =

Fruroodu| 5 Xqghu dvvxpswlrqv +D3, wr +D5,/ doo olfhqvhg hqwuhsuhqhxuv xqghuwdnh d surmhfw dqg

fkrrvh wr vxsso| �Y @ 4 xqlw ri fdslwdo=
44� EV� lv wkh vhw ri doo vxevhwv ri V�
45Wkh uhvxow ri wklv ohppd lv vwdqgdug dqg wkh surri lv rplwwhg khuh1 Dv lqglylgxdo vxsso| lv ghfuhdvlqj lq

wkh qxpehu ri vxssolhuv +xqghu vrph lpsolflwo| dvvxphg uhjxodulw| dvvxpswlrqv derxw Z E��,/ vhwwlqj 7T ehorz wkh

lqglylgxdo surgxfwlrq zkhq doo � hqwuhsuhqhxuv hqwhu wkh pdunhw lv vx!flhqw wr lqgxfh fdsdflw| frqvwudlqwv wr dozd|v

elqg1 Iru pruh ghwdlov/ vhh h1j1 Wluroh ^4<<8`

9



61616 Wlph W @ 3 = Olfhqvlqj

Xqghu wkhvh frqglwlrqv/ d olfhqvhg hqwuhsuhqhxu xqghuwdnhv d surmhfw dqg surgxfhv dw ixoo fdsdflw|1

Zh ghvfuleh dv wkh ehqfkpdun fdvh/ dq hfrqrp| lq zklfk wkh exuhdxfudw lvvxhv d olfhqvh dw qrw frvw

wr dq|rqh zkr uhtxhvwv rqh1 Wklv lpsolhv wkdw hyhu| hqwuhsuhqhxu dvnv iru d olfhqvh dqg vxssolhv 4

xqlw ri fdslwdo1

Ohppd 6 Lq wkh ehqfkpdun fdvh/ dqg xqghu dvvxpswlrqv +D4, dqg +D5,/ hyhu| hqwuhsuhqhxu lv

judqwhg d olfhqvh dqg vxssolhv 4 xqlw ri fdslwdo> vr wkdw wkh htxloleulxp sulfh ri fdslwdo lv jlyhq e|

u @ �� +4, >

dqg djjuhjdwh rxwsxw dfklhyhv wkh kljkhvw srvvleoh ohyho htxdo wr

� +4, =

Zkhq wudqvihuv ehwzhhq hqwuhsuhqhxuv dqg wkh exuhdxfudw duh srvvleoh/ d frdolwlrq ri hqwuhsuh0

qhxuv pd| irup dqg euleh wkh exuhdxfudw wr olplw wkh wrwdo qxpehu ri olfhqvhv lvvxhg1 Wklv uhvxowv

lq d kljkhu sulfh ri fdslwdo iru lqvlghuv/ dw wkh h{shqvh ri rxwvlghuv zkr duh eduuhg iurp hqwu|1 Zh

qrz wxuq wr dq hfrqrp| zkhuh uhjxodwru| fdswxuh lv srvvleoh1

7 Wkh Eulelqj Jdph= D Iluvw H{dpsoh

Wr irfxv rq wkh ydoxh ri olfhqvh uhvwulfwlrqv dqg wkh iuhh0ulghu sureohp/ zh ehjlq e| dvvxplqj wkdw

hqwuhsuhqhxuv duh h{rjhqrxvo| glylghg lqwr wzr jurxsv= lqvlghuv +ru lqfxpehqwv, dqg rxwvlghuv +ru

hqwudqwv,1 Zh dqdo|}h wkh ehkdylru ri hdfk ri wkh sduwlhv ylv0ã0ylv wkh exuhdxfudw/ zkhq lqfxpehqwv

idfh wkuhdwv ri hqwu|1

714 Rxwolqh ri wkh jdph

Wkh exuhdxfudw pd| qrz hqwhu lqwr frqwudfwv zlwk hqwuhsuhqhxuv1 Zh dvvxph wkdw wkh exuhdxfudw

kdv ghyhorshg d uhsxwdwlrq iru krqrulqj djuhhphqwv pdgh zlwk hqwuhsuhqhxuv1 Eulehv duh sdlg dw

wkh hqg ri wlph W @ 3=

Lqfxpehqwv duh phpehuv ri � 5 S +@, > zkloh hqwudqwv ehorqj wr wkh frpsohphqwdu| vhw/ H �
@ q �1 � lv h{rjhqrxvo| jlyhq1

41 Hqwuhsuhqhxuv r�hu +v�,�MV wr wkh exuhdxfudw= lqfxpehqwv elg wr suhyhqw hqwu|/ zkloh hqwudqwv

elg iru hqwu|1

51 Wkh exuhdxfudw ghflghv zkhwkhu wr judqw d olfhqvh wr doo ru qr hqwudqwv1 Sd|phqwv duh pdgh

dffruglqjo|1

:



61 Sod|huv pryh wr wlph W @ 4 vxejdph= olfhqvhhv fkrrvh d ohyho ri vxsso|/ dqg wkhq pryh wr

wlph W @ 5 vxejdphv1

LQVHUW ILJXUH 7 KHUH

71414 Vwudwhjlhv

Hqwuhsuhqhxuv* vwudwhjlhv duh ghqrwhg +v�,�MV =Zlwkrxw fuhglw pdunhwv/ qr frdolwlrq ri hqwuhsuhqhxuv

+hlwkhu lqfxpehqwv ru hqwudqwv, fdq r�hu pruh wkdq lwv djjuhjdwh zhdowk dv d euleh wr wkh exuhdxfudw1

Djhqwv duh krzhyhu doorzhg wr srro uhvrxufhv/ vr zhdowk frqvwudlqwv pd| srwhqwldoo| elqg dw wkh

djjuhjdwh udwkhu wkdq lqglylgxdo ohyho1 Lq wklv vshfl�f vhwwlqj/ wkh jdph lv htxlydohqw wr d �uvw0sulfh

dxfwlrq zlwk wzr elgghuv= wkh frdolwlrq ri lqfxpehqwv yhuvxv wkh frdolwlrq ri hqwudqwv1

71415 Sd|r�v

Zh �uvw lqwurgxfh d frqyhqlhqw qrwdwlrq1

Qrwdwlrq 7 Iru dq| vxevhw M 5 S +@,/

�a �
[
�MV

4�Ma >

zkhuh 4f lv wkh lqglfdwru ixqfwlrq zklfk wdnhv ydoxh 4 li [ lv wuxh dqg 3 rwkhuzlvh/ vr wkdw �a lv

wkh vl}h ri frdolwlrq M phdvxuhg e| wkh iudfwlrq ri wkh srsxodwlrq suhvhqw lq M1

Zkhuhdv hqwudqwv elg wr kdyh dffhvv wr wkh surgxfwlyh lqyhvwphqw whfkqrorj|/ lqfxpehqwv elg

wr edu hqwu| dqg hqmr| pruh pdunhw srzhu1 Hqwu| ghsuhfldwhv wkh sulfh ri fdslwdo e| lqfuhdvlqj

vxsso|1 Wkxv/ iru dq| lqfxpehqw l 5 � zkr elgv v�/

X� +v�, @

+
�� +4, . d� li hqwu| rffxuv

��
�
�K

�
. d� � v� rwkhuzlvh

=

Frqyhuvho|/ hqwudqwv hqmr| wkh ehqh�wv ri wkh surmhfw li dqg rqo| li wkh| duh judqwhg hqwu|1 Zh

wkxv kdyh iru dq| hqwudqw l 5 H zkr elgv v�>

X� +v�, @

+
�� +4, . d� � v� li hqwu| rffxuv

d� .z rwkhuzlvh
=

;



715 Htxloleulxp Rxwfrph

71514 R�huv dqg Sd|phqwv

Sod|huv* zloolqjqhvv wr sd| lv wkh dprxqw wkdw pdnhv wkhp lqgl�huhqw ehwzhhq wkh wzr dowhuqdwlyhv=

hqwu| ru qr hqwu|1 Wkxv/ lqfxpehqw l�v zloolqjqhvv wr sd| lv jlyhq e|

+4, y� @ ��
�
�K

�� �� +4, >

zkloh hqwudqw l�v zloolqjqhvv wr sd| lv htxdo wr

+5, y� @ �� +4,�z=

Lq wklv vhwwlqj/ wkh frdolwlrqv ri lqfxpehqwv dqg hqwudqwv ehkdyh olnh wzr ex|huv lq dq dxfwlrq

ri olfhqvhv1 Wkh ydoxdwlrq ri d jlyhq frdolwlrq lv wkh vxp ri phpehuv* ydoxdwlrqv zkloh wkh exgjhw

olplw lv wkh djjuhjdwh zhdowk ri hdfk frdolwlrq1 Khqfh hqwu| lv suhfoxghg li dqg rqo| li lqfxpehqwv

ydoxh hylfwlrq pruh wkdq hqwudqwv ydoxh hqwu|/ surylghg wkdw zhdowk frqvwudlqwv gr qrw elqg> wkh

uhvxow lv vxppdul}hg lq lqhtxdolw| +6, =

+6, plq

%
�K

�
��

�
�K

�� �� +4,
�
>
[
�MK

d�

&
� plq

%
�.

�
�� +4,�z

�
>
[
�M.

d�

&
=

71515 Jurxs vl}h dqg wkh iuhh0ulghu sureohp

Htxdwlrqv +4, dqg +6, ghwhuplqh wkh lpsdfw ri jurxs vl}h rq wkh rxwfrph ri wkh jdph1 Zkhq wkh

vl}h ri wkh jurxs ri hqwudqwv lv vpdoo/ d Wd|oru dssur{lpdwlrq ri +4, jlyhv= ;l 5 �>

+7, y� � ����
�
�K

�� �.=

Htxdwlrq +7, ghvhuyhv sduwlfxodu dwwhqwlrq dv lw v|qwkhvl}hv wkh xqghuo|lqj irufhv ri wkh prgho1

Wkh �uvw whup/ ����
�
�K

�
/ lv wkh pdujlqdo lqfuhdvh lq sulfh zkhq djjuhjdwh rxwsxw idoov e| rqh

xqlw> wkh vhfrqg whup ri wkh htxdolw|/ �. / lv wkh vkruwidoo lq lqyhvwphqw iroorzlqj wkh hylfwlrq ri doo

hqwudqwv1 Wkh surgxfw ����
�
�K

� � �. lv wkhq wkh wrwdo sulfh lqfuhdvh zkhq hqwudqwv duh ghwhuuhg

iurp hqwu|/ zklfk lv dovr wkh pdujlqdo ehqh�w iru hqwudqw l dv vkh vxssolhv 4 xqlw ri fdslwdo1

Wkxv wkh frdolwlrq zloo eh zloolqj wr elg lq rughu wr ghwhu hqwu| li dqg rqo| li

+8, ����
�
�K

�� �. � 4

�K
plq

%[
�M.

d�> �
.
�
�� +4,�z

�&
=

Hdfk lqfxpehqw wudghv0r� wkh ehqh�w iurp hqwu| ghwhuuhqfh/ ����
�
�K

� � �.> dqg wkh shu lq0

fxpehqw frvw ri hylfwlrq/ �

#K
plq

�
�.

�
��

�
�K . �.

��z
�
>
S

�M. d�
�
1
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Wkh rxwfrph ri wkh eulelqj jdph lv gulyhq e| wkh iuhh0ulghu sureohp wkdw fkdudfwhul}hv Frxuqrw

frpshwlwlrq1 Iuhh0ulglqj dw wkh Frxuqrw vwdjh/ e| lqfuhdvlqj wkh h{0srvw ohyho ri fdslwdo vxsso|/

phfkdqlfdoo| ghfuhdvhv lqfxpehqwv* jdlqv iurp hylfwlrq dw wkh fruuxswlrq vwdjh1 Lq rwkhu zrugv/

h{0srvw frpshwlwlrq xqghuplqhv h{0dqwh lqfhqwlyhv iru hqwu| ghwhuuhqfh1

Zkloh djjuhjdwh zloolqjqhvv wr euleh ghfuhdvhv zlwk jurxs vl}h/ wkh djjuhjdwh exgjhw frqvwudlqw

lv orrvhqhg dv wkh jurxs ehfrphv odujhu> lqfxpehqwv idfh wkh zhoo0nqrzq jurxs vl}h sdudgr{1 Iljxuh

9 looxvwudwhv wkh gl�huhqw rxwfrphv ri wkh jdph1

LQVHUW ILJXUH 9 KHUH

Zkhq hqwudqwv* elgv duh orz/ hqwu| lv ghwhuuhg +erwwrp txdgudqw ri wkh �jxuh,1 Iru kljkhu elgv/

hqwu| rffxuv hlwkhu ehfdxvh d vpdoo frdolwlrq idfhv fdvk frqvwudlqwv +ohiw txdgudqw, ru ehfdxvh d

odujh frdolwlrq vx�huv iurp iuhh0ulglqj +uljkw txdgudqw,/ ru erwk +wrs txdgudqw,1

8 Frdolwlrq Irupdwlrq = Wkh Jhqhudo Fdvh

Lq wkh suhylrxv h{dpsoh/ zh vwxglhg wkh lpsdfw ri jurxs vl}h rq lqfxpehqwv* lqfhqwlyhv wr ghwhu

hqwu|1 Krzhyhu/ zh dvvxphg wkdw lqfxpehqwv zhuh fkrvhq h{rjhqrxvo|1 Lq wklv vhfwlrq/ zh uhod{

wklv dvvxpswlrq dqg vwxg| krz/ jlyhq dq lqlwldo srsxodwlrq ri hqwuhsuhqhxuv/ d frdolwlrq zloo irup

lq rughu wr suhfoxgh lwv frpsohphqwdu| vhw iurp hqwhulqj1 Zh qr orqjhu uhihu wr lqfxpehqwv dqg

hqwudqwv/ dv hqwuhsuhqhxuv duh qrw fkdudfwhul}hg e| dq| wlph suhfhghqfh> zh lqvwhdg uhihu wr lqvlghuv

dqg rxwvlghuv1

D frpsohwh dqdo|vlv ri vxfk frdolwlrq irupdwlrq jdph lv vrphzkdw lqyroyhg dv suhflvh qrwdwlrq

lv fxpehuvrph1 Zh zloo wkhuhiruh/ lq wklv vhfwlrq/ ghvfuleh eulh | wkh jdph dqg suhvhqw wkh pdmru

uhvxowv zlwkrxw surri1 D irupdo dqdo|vlv lv surylghg lq wkh dsshqgl{1

814 Rxwolqh

Hqwuhsuhqhxuv sod| d eulelqj jdph dw wlph W @ 31 Wkhuh lv d vhw @ ri sod|huv dqg rqh dxfwlrqhhu/

wkh exuhdxfudw1 Lqglylgxdov lqwhudfw lq d pxowl0vwdjh jdph/ zlwk wkh iroorzlqj wlplqj=

� Vwdjh 4= Frdolwlrq dqqrxqfhphqwv

Hqwuhsuhqhxuv vhtxhqwldoo| dqqrxqfh d frdolwlrq wr zklfk wkh| zdqw wr ehorqj1 Wkh rughu

ri dqqrxqfhphqwv lv ghwhuplqhg udqgrpo|1 D frdolwlrq hphujhv zkhq doo sod|huv qdphg lq d

jlyhq frdolwlrq djuhh= wklv surfhgxuh wkhuhiruh iroorzv d xqlqdplw| uxoh1

� Vwdjh 5= Exuhdxfudw*v fkrlfh

Dprqj doo frdolwlrqv iruphg/ wkh exuhdxfudw fkrrvhv rqh1 Phpehuv ri wklv frdolwlrq duh fdoohg

lqvlghuv zkloh rxwvlghuv duh phpehuv ri wkh frpsohphqwdu| vhw1

43



� Vwdjh 6= Edujdlqlqj ryhu frqwulexwlrqv dqg Olfhqvlqj

Lqvlghuv dqg rxwvlghuv sod| wzr glvwlqfw pxowlodwhudo edujdlqlqj jdphv zkhuh wkh| ghwhuplqh

frqwulexwlrq ohyhov1 Wkh edujdlqlqj jdph lv vwuxfwxuhg vxfk wkdw doo sod|huv lq d jlyhq frdolwlrq

frqwulexwh wkh vdph dprxqw1 Li lqvlghuv surylgh d kljkhu djjuhjdwh frqwulexwlrq/ wkhq olfhqvhv

duh qrw jlyhq wr rxwvlghuv1 Rwkhuzlvh rxwvlghuv uhfhlyh olfhqvhv1 Orvhuv frqwulexwlrqv duh

uhixqghg1

LQVHUW ILJXUH 8 KHUH

815 Surshuwlhv ri wkh htxloleulxp rxwfrph

Zh qrz ghvfuleh vrph surshuwlhv ri wkh htxloleulxp rxwfrph/ djdlq dgrswlqj d vxejdph0shuihfwlrq

vroxwlrq frqfhsw1

81514 Vwdjh 6= Edujdlqlqj ryhu Frqwulexwlrqv dqg Olfhqvlqj

Lqvlghuv elg djdlqvw rxwvlghuv1 Lq hdfk frdolwlrq/ d pxowlodwhudo edujdlqlqj jdph lv sod|hg zlwklq

hdfk frdolwlrq1 Lq htxloleulxp/ frqwulexwlrqv duh h!flhqw +wkh frdolwlrq zlwk kljkhvw djjuhjdwh

zloolqjqhvv2delolw| wr sd| zlqv wkh dxfwlrq, dqg phpehuv ri hdfk frdolwlrq frqwulexwh wkh vdph

dprxqw1 Zh fdq wkhq vwdwh wkh ihdvlelolw| frqglwlrq/ lghqwlfdo wr frqglwlrq +6,=

Fodlp 8 +ihdvlelolw|, Iru dq| vxevhw * 5 S +@, fkrvhq e| wkh exuhdxfudw wr eh wkh frdolwlrq ri

lqvlghuv/ hylfwlrq wdnhv sodfh li dqg rqo| li
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81515 Vwdjh 5= Exuhdxfudw*v fkrlfh

Dw wklv vwdjh/ wkh exuhdxfudw slfnv wkh frdolwlrq wkdw r�huv wkh kljkhvw euleh1 Li lqvlghuv rxwelg

rxwvlghuv/ wkhq rxwvlghuv duh eduuhg iurp hqwu|1 Rwkhuzlvh/ hqwu| lv doorzhg1 Xqghu zhdn uhvwulfwlrqv

rq ihdvleoh frdolwlrqv/ wkh zlqqlqj frdolwlrq lv xqltxho| ghwhuplqhg e| wkh glvwulexwlrq ri zhdowk

dqg wkh vkdsh ri wkh sur�wv ixqfwlrq1 Zh fdoo wklv wkh xqltxhqhvv surshuw|=

Sursrvlwlrq 9 +xqltxhqhvv, Dvvxplqj wkdw djhqwv gr qrw dqqrxqfh orvlqj frdolwlrqv lq Vwdjh 4/

dq| frdolwlrq vwuxfwxuh wkdw irupv lq htxloleulxp frqwdlqv rqh dqg rqo| rqh zlqqlqj frdolwlrq1
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81516 Vwdjh 4= Frdolwlrq irupdwlrq

Zkhq sod|huv duh uhvwulfwhg wr ihdvleoh frdolwlrq dqqrxqfhphqwv/ sod|huv idfh d wudgh0r�= wkh jdlq

iurp d kljk sulfh zkhq wkh jurxs ri rxwvlghuv eduuhg iurp hqwu| lv odujh/ exw vr lv wkh shu0fdslwd

frvw ri wkh euleh dv lw lv erxuqh e| ihzhu shrsoh1 Ehvlghv dq| zlqqlqj frdolwlrq zloo dozd|v eh pdgh

ri ulfkhvw hqwuhsuhqhxuv= d ulfkhu lqvlghu frqwulexwhv pruh/ zkloh d ulfkhu rxwvlghu pdnhv wkh frvw

ri euleh kljkhu1 Wkh jdph lv wkxv d jdph lq zklfk wkh ulfkhvw hqwuhsuhqhxu fkrrvhv wkh phpehuv

ri wkh zlqqlqj frdolwlrq/ wudglqj r� h{0srvw pdunhw srzhu jdlqv dqg h{0dqwh frqwulexwlrq ohyhov1

Wklv ohdgv wr wkh fhqwudo uhvxow ri wkh sdshu=

Wkhruhp : Wkh htxloleulxp frdolwlrq fkrvhq e| wkh exuhdxfudw lq vwdjh 5 kdv wkh irup=

*W @ il 5 @> d� � dWj >

vr wkdw wkh frdolwlrq vl}h lv

�)
W

@ 4� I +dW, >

zkhuh dW lv wkh vroxwlrq wr

+9, dW 5 dujpd{
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vxemhfw wr wkh ihdvlelolw| frqglwlrq=
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Wkh uhvxow lv idluo| lqwxlwlyh1 Wkh �vwurqjhvw� frdolwlrq pd{lpl}hv lwv frqvwlwxhqwv* sd|r�v

�� ^4� I +d,`/ qhw ri fruuxswlrq frvwv jlyhq e| plq
�U @
f
�dgI +�d, > I +d, ^�� +4,�z`

�
> zklfk lv htxdo

wr wkh rxwvlghuv elg1 Vxfk frvwv duh vsolw htxdoo| dprqj phpehuv ri wkh frdolwlrq ri vl}h 4�I +d, =

Vxfk rswlpl}dwlrq lv vxemhfw wr wkh ihdvlelolw| frqglwlrq1 Wkh zlqqlqj frdolwlrq lv �frqqhfwhg� dqg

wkh hfrqrp| lv sduwlwlrqhg lqwr ulfkhu lqvlghuv +zkrvh zhdowk lv deryh dW, dqg srruhu rxwvlghuv

+zkrvh zhdowk lv ehorz dW,1

816 Frpsdudwlyh Vwdwlfv

Wr xqghuvwdqg wkh ghwhuplqdqwv ri wkh htxloleulxp frdolwlrq/ lw lv qhfhvvdu| wr orrn dw wkh �uvw0rughu

frqglwlrq lpsolhg e| surjudp +9,1
46Wr dffrxqw iru wkh glvfuhwhqhvv ri wkh srsxodwlrq zkloh pdlqwdlqlqj frqvlvwhqw qrwdwlrqv/ ohw wkh lqwhjudo

U
@

f
_8 E@��

eh d vxp lq zklfk wkh xsshu erxqg @ lv qrw lqfoxghg/ zkloh
U
n"

@
_8 E@�� grhv lqfoxgh @1
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Ohppd ; +�uvw0rughu frqglwlrqv, Ohw � � 3 eh wkh Odjudqjh pxowlsolhu ri wkh ihdvlelolw| frq0

vwudlqw lq surjudp +9,1 Zkhq djjuhjdwh exgjhw frqvwudlqwv duh elqglqj durxqg dW> dW vdwlv�hv

+:, ���� i^4� I +dW,`j @
4

4� I +dW,

%
dW .

4

4� I +dW,

]
@
W

f
dgI +d, . 5�dW

&
=

Htxdwlrq +:, vxppdul}hv wkh wudgh0r� idfhg e| lqvlghuv1 Dv lq wkh h{rjhqrxv frdolwlrq fdvh/ wkh

ohiw0kdqg vlgh ri wkh htxdolw| lv d vlqjoh lqvlghu*v pdujlqdo ehqh�w zkhq rqh dgglwlrqdo hqwuhsuhqhxu

lv hylfwhg/ zklfk frqvlvwv ri wkh pdujlqdo sulfh lqfuhdvh1 Wkh uljkw0kdqg vlgh ri +:, lv wkh shu lqvlghu

pdujlqdo frvw ri hylfwlqj dq dgglwlrqdo hqwuhsuhqhxu1 Wkh whup �
�38 E@W� glylghv wrwdo frvw ehwzhhq

doo phpehuv ri wkh frdolwlrq1 Wklv wrwdo frvw lv wkh vxp ri wkuhh hohphqwv1 Wkh �uvw whup lv wkh

dgglwlrqdo dprxqw wr sd| wr h{foxgh wkh pdujlqdo hqwuhsuhqhxu1 Vlqfh wkh exgjhw frqvwudlqw lv

dvvxphg wr eh elqglqj/ wkh frvw lv wkh pdujlqdo rxwvlghu*v zhdowk1 Xs wr wklv srlqw/ wkh dqdo|vlv

lv lghqwlfdo wr wkh fdvh lq zklfk wkh frdolwlrq zdv h{rjhqrxvo| ghwhuplqhg147 Zkhq frdolwlrqv

duh iruphg hqgrjhqrxvo|/ dq dgglwlrqdo idfwru frphv lqwr sod|= wkh rssruwxqlw| frvw ri hylfwlqj

dq dgglwlrqdo lqvlghu1 Vxfk frvw lv wzrirog= �uvw/ lqvlghuv orvh �
�38 E@W�

U
@
W

f dgI +d,/ zklfk lv wkh

frqwulexwlrq ri wkh pdujlqdo rxwvlghu/ zhuh vkh wr eh dgplwwhg lqwr wkh frdolwlrq> vhfrqg/ zkhq wkh

djjuhjdwh exgjhw frqvwudlqw lv elqglqj/ wkh Odjudqjh pxowlsolhu � lv srvlwlyh dqg wkhuhiruh hylfwlqj

dq dgglwlrqdo hqwuhsuhqhxu kdv d grxeoh h�hfw dv lw ghfuhdvhv wkh delolw| wr sd| dqg lqfuhdvhv wkh

frvw ri hylfwlrq e| wkh vdph dprxqw1 Wklv odvw vwdwhphqw h{sodlqv zk| htxloleulxp frdolwlrqv duh

frqqhfwhg zlwk uhvshfw wr zhdowk> ulfkhu hqwuhsuhqhxuv kdyh kljkhu vkdgrz ydoxhv vr wkdw frdolwlrqv

pdgh ri ulfkhvw hqwuhsuhqhxuv suhydlo1

Zh qrz lqyhvwljdwh wkh lpsruwdqfh ri wkhvh h�hfwv1 Orrnlqj dw wkh frpsrqhqwv ri htxdwlrq +:,/

rqh vhhv wkdw wkh htxloleulxp rxwfrph lv ghwhuplqhg e| wkh ehkdylru ri � +=, > dqg pruh suhflvho|

lwv �uvw ghulydwlyh �� +=,/ dqg e| wkh fkdudfwhulvwlfv ri wkh glvwulexwlrq ixqfwlrq I +=,1

81614 Uhwxuqv wr fruuxswlrq

D �uvw ghwhuplqdqw ri wkh lqwhqvlw| ri uhjxodwru| fdswxuh lv wkh hodvwlflw| ri wkh ghpdqg ixqfwlrq

hqwuhsuhqhxuv idfh1 Lqvlghuv kdyh dq lqfhqwlyh wr euleh wkh exuhdxfudw dv orqj dv wkh hylfwlrq ri

rqh hqwuhsuhqhxu kdv d vljql�fdqw lpsdfw +lqfuhdvh, rq wkh sulfh ri fdslwdo1 Zkhq sulfhv duh pruh

vhqvlwlyh wr rxwsxw/ lqfhqwlyhv wr hylfw pruh hqwuhsuhqhxuv ehfrph kljkhu1 Wkxv/ lq rughu wr pdnh

fruuxswlrq sur�wdeoh/ rqo| vpdoo frdolwlrqv fdq eh vxvwdlqhg lq htxloleulxp1 Exw/ wklv lpsolhv wkdw

wkh exgjhw frqvwudlqwv iru wkhvh vpdoo jurxsv duh olnho| wr elqg/ vr wkdw fdswxuh pd| qr orqjhu

eh ihdvleoh1 Wkh qh{w sursrvlwlrq irupdoo| vwdwhv wklv uhvxow/ zkloh wkh surri lv surylghg lq wkh

dsshqgl{1

Sursrvlwlrq < Li wkh surgxfwlrq whfkqrorj| � +=, h{klelwv d odujhu hodvwlflw| ri ghpdqg iru fdslwdo

zlwk uhvshfw wr sulfh/ wkhq uhjxodwru| fdswxuh lv ohvv vhyhuh1
47Vhh htxdwlrq ED�1
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81615 Zhdowk frqfhqwudwlrq

Wkh fhqwudo suhglfwlrq ri rxu prgho uhodwhv wr wkh frpsdudwlyh vwdwlfv dulvlqj iurp fkdqjhv lq wkh

glvwulexwlrq ri zhdowk1 Zkhq zhdowk lv frqfhqwudwhg lq wkh kdqgv ri d vpdoo holwh/ erwk exgjhw

dqg iuhh0ulglqj frqvwudlqwv duh orrvhu1 Wklv doorzv vpdoo frdolwlrqv wr fdswxuh uhjxodwlrq dqg ghwhu

hqwu|1 Zkhq zhdowk lv pruh hyhqo| glvwulexwhg/ odujh frdolwlrqv duh qhfhvvdu| wr vdwlvi| wkh ihdvl0

elolw| frqglwlrq1 Exw wkh iuhh0ulghu sureohp zloo pdnh vxfk frdolwlrqv xqvwdeoh ru lqh�hfwlyh1 Rqh

vwudljkwiruzdug fruroodu| ri wkh suhylrxv vwdwhphqw lv wkh lpsdfw ri d uhglvwulexwlrq ri zhdowk rq

wkh h{whqw ri uhjxodwru| fdswxuh1

Dq| h{rjhqrxv vkrfn wkdw fkdqjhv wkh glvwulexwlrq ri zhdowk lv olnho| wr kdyh dq lpsdfw rq

wkh vxevhtxhqw uhjxodwru| hqylurqphqw1 Frqvlghu uhglvwulexwlrqv wkdw duh d surjuhvvlyh wudqvihu

iurp zhdowk| wr srru lqglylgxdov/ zklfk suhvhuyhv wkh phdq zhdowk ri wkh hfrqrp| dv zhoo dv wkh

udqnlqj ri lqglylgxdov148 Dv lqvlghuv kdsshq wr eh wkh zhdowklhvw fodvv lq wkh hfrqrp|/ uhglvwulexwlrq

zhdnhqv lqvlghuv zkloh lw vwuhqjwkhqv rxwvlghuv1 Wklv lpsolhv wkdw wkh htxloleulxp frdolwlrq qhhgv

wr eh odujhu diwhu uhglvwulexwlrq1

Fruroodu| 43 Dq hfrqrp| vx�huv ohvv uhjxodwru| fdswxuh diwhu uhglvwulexwlrq1

Dqrwkhu ghwhuplqdqw ri uhjxodwru| fdswxuh lv wkh ghjuhh ri rshqqhvv wr wudgh ri wkh hfrqrp|1

Rshqqhvv wr wudgh fuhdwhv dq lqfuhdvhg frpshwlwlrq iru hdfk hqwuhsuhqhxu lq wkh grphvwlf pdunhw1

Wklv lv wkhq htxlydohqw wr eulqjlqj dgglwlrqdo hqwuhsuhqhxuv +iruhljq hqwuhsuhqhxuv, wr wkh jdph1

Wkhq/ e| lqfuhdvlqj h{0srvw frpshwlwlrq/ wudgh rshqqhvv ghfuhdvhv wkh h{0dqwh lqfhqwlyhv wr fuhdwh

eduulhuv wr hqwu|1

Fruroodu| 44 Dq hfrqrp| pruh rshqhg wr wudgh lv ohvv vxemhfw wr uhjxodwru| fdswxuh1

Krzhyhu/ dv dqdo|}hg wkhruhwlfdoo| e| Jurvvpdq dqg Khospdq ^4<<7` dqg whvwhg e| Jrogehuj

dqg Pdjjl ^4<<<`/ wkh ghflvlrq wr rshq wr wudgh lv olnho| wr eh lwvhoi hqgrjhqrxv dv srolf| pdnhuv

duh vxemhfw wr fdswxuh dv zhoo149

48Irupdoo|/ zh gh�qh d uhglvwulexwlrq dv iroorzv= 4 E�� lv d uhglvwulexwlrq ixqfwlrq ri wkh hfrqrp|/ li 4 E�� lv d

ghfuhdvlqj ixqfwlrq vxfk wkdw [
�MV

4 E@�� ' f

dqg ��c � M Vc
@� $ @� i @� n 4 E@�� $ @� n 4 E@��

49Jurvvpdq dqg Khospdq ^4<<7` surylgh d wkhruhwlfdo iudphzrun wr dqdo|}h wkh lpsdfw ri oree|lqj rq wudgh

srolf|1 Lq wkhlu prgho/ wkh ehwwhu0rujdql}hg frdolwlrq zloo fdswxuh uhjxodwlrq1 Zkloh Jurvvpdq dqg Khospdq frqvlghu

wkh frdolwlrq vwuxfwxuh ri wkh hfrqrp| dv h{rjhqrxv dqg fuhglw pdunhwv dv shuihfw/ zh uhod{ wkhvh dvvxpswlrqv e|

pdnlqj hqgrjhqrxv wkh frpsrvlwlrq ri hdfk frdolwlrq/ uho|lqj rq dq lpshuihfw fuhglw pdunhw dvvxpswlrq wr gulyh wkh

htxloleulxp frdolwlrq vwuxfwxuh1
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9 G|qdplfv

Wkh suhylrxv vhfwlrqv zhuh ghyrwhg wr xqghuvwdqglqj rqh fkdqqho wkurxjk zklfk wkh glvwulexwlrq

ri zhdowk d�hfwv wkh h!flhqf| ri uhjxodwlrq1 Krzhyhu/ lqvwlwxwlrqv dovr kdyh d gluhfw lpsdfw rq

lqyhvwphqw dqg zhdowk dv wkh| duh dlphg dw udlvlqj lqyhvwphqw fdsdflwlhv1 Khqfh/ gl�huhqwldo dffhvv

wr jryhuqphqw vhuylfhv kdv gluhfw frqvhtxhqfhv rq lqhtxdolw| ri zhdowk wkurxjkrxw wkh hfrqrp| lq

wkh vxevhtxhqw shulrg1

914 G|qdplf Vhwwlqj

Zh qrz h{whqg wkh prgho wr dqdo|}h wkh ehkdylru ri wkh hfrqrp| lq d g|qdplf iudphzrun1 Hdfk

jhqhudwlrq w @ 4> === sod|v wkh vwdwlf jdph vwxglhg lq wkh suhylrxv vhfwlrqv1 Hdfk phphu ri jhqhudwlrq

w kdv rqh r�vsulqj wr zkrp vkh ohdyhv d ehtxhvw1 Wkh glvwulexwlrq ri zhdowk dw w @ 4 lv jlyhq

h{rjhqrxvo|1

Iru vlpsolflw|/ dvvxph hdfk hqwuhsuhqhxu kdv d Free0Grxjodvv xwlolw| ixqfwlrq= ;l 5 @>

X� +f�> e�, @ f�3q� eq� >

zkhuh f� lv lqglylgxdo l�v frqvxpswlrq dw shulrg W @ 5/ dqg e� lv wkh ehtxhvw lqglylgxdo l ohdyhv khu

r�vsulqj dw wkh hqg ri shulrg W @ 5> ehiruh vkh uhwluhv dqg glhv1 D vwudljkwiruzdug lpsolfdwlrq ri

wklv vshfl�fdwlrq lv wkdw hdfk lqglylgxdo zloo/ zlwklq hdfk jhqhudwlrq/ pd{lpl}h shulrg W @ 5 zhdowk

dqg wkhq frqvxph h{dfwo| d iudfwlrq +4� �, ri wkdw �qdo zhdowk/ sdvvlqj rq wkh uhpdlqghu1 Wkxv/

wkh vwdwlf uhvxowv ghulyhg lq wkh suhylrxv vhfwlrqv uhpdlq xqfkdqjhg1 Xqghu wklv vshfl�fdwlrq/ wkh

zhdowk glvwulexwlrq iroorzv d Pdunry surfhvv1

Iru dq| olqhdjh l 5 @/ lqgh{lqj e| w yduldeohv rq wkh htxloleulxp sdwk iru jhqhudwlrq w/ wkh

wudqvlwlrq lv jlyhq e| =
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zkhuh �| lv wkh +xqltxh, htxloleulxp zlqqlqj frdolwlrq iruphg dw gdwh w/ dqg v|� wkh fruuhvsrqglqj

euleh ohyho1

Jhqhulfdoo|/ wkh surfhvv lv qrw vwdwlrqdu| dv wkh wudqvlwlrq lv lwvhoi hqgrjhqrxv/ vlqfh lw lv ghwhuplqhg

e| wkh hqwluh glvwulexwlrq ri zhdowk wkurxjk �|1

915 Frqyhujhqfh

91514 Frqyhujhqfh zlwkrxw fruuxswlrq

Zkhq qr wudqvihuv duh doorzhg/ hyhu| hqwuhsuhqhxu uhfhlyhv d olfhqvh dw qr frvw1 Doo hqwuhsuhqhxuv

lqyhvw dqg iru dq| w � 4 =

�| @ @ dqg u| @ �� +4, =
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Dqg zhdowk iroorzv d Pdunry surfhvv zlwk vwdwlrqdu| wudqvlwlrqv= ;w � 4>
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Lq wkh olplw/ doo hqwuhsuhqhxuv hqg xs zlwk wkh vdph ohyho ri zhdowk htxdo wr
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Wkh g|qdplfv ri wkh zhdowk glvwulexwlrq lv ghvfulehg lq �jxuh :1

LQVHUW ILJXUH : KHUH

91515 Vwhdg| vwdwh= jhqhudo fdvh

Lq wkh jhqhudo fdvh/ wkhuh h{lvw vwhdg| vwdwhv zkhuh olfhqvhv ehfrph khuhglwdu|1 D g|qdvw| zklfk

vwduwv dv dq rxwvlghu uhpdlqv vr lq doo vxevhtxhqw shulrgv/ iru d vpdoo hqrxjk � +surriv duh surylghg

lq dsshqgl{,1

+D7, Zh vxssrvh wkdw wkh vdylqj udwh � lv vxfk wkdw=

� � 4

5
=

Sursrvlwlrq 45 +vwhdg| vwdwhv, Zkhq wkh rxwvlgh rssruwxqlw| sd|v d orz zdjh z/ wkhuh h{lvwv

wzr wkuhvkrog ydoxhv �W dqg �WW vxfk wkdw

3 � �W ? �WW � 4

dqg dq| ihdvleoh ydoxh

� 5 ^3> �W` ^ ^�WW> 4` >

gh�qhv d vwhdg| vwdwh zlwk d srsxodwlrq glylghg lqwr wzr fodvvhv=4:

41 Dq holwh ri vl}h � zlwk zhdowk
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4:# lv vdlg wr eh ihdvleoh li dqg rqo| li #� lv dq lqwhjhu vpdoohu wkdq ��
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51 D zdjh oderu fodvv ri vl}h +4� �, zlwk zhdowk

d" @
�

4� �
z=

Iru orz ydoxhv ri �> � � �W/ wkh hfrqrp| lv vdlg wr eh lq dq roljrsrolvwlf vwhdg| vwdwh1 Zh zloo

uhihu wr fdvhv ri kljkhu ydoxhv ri �> � � �WW> dv frpshwlwlyh vwhdg| vwdwhv1

Hdfk vwhdg| vwdwh lv ghwhuplqhg e| wzr irufhv= iuhh0ulglqj dqg hylfwlrq frvwv1 Lq wkh roljrsrolvwlf

vwhdg| vwdwh/ lqvlghuv* zhdowk lv kljk/ wkxv ixuwkhu hylfwlrqv duh wrr frvwo| wr xqghuwdnh dqg wkh

hfrqrp| lv vwdeoh1 Lq frpshwlwlyh vwhdg| vwdwhv/ wkh qxpehu ri zhdowk| lqglylgxdov lv odujh/ vr

wkdw vpdoo frdolwlrqv fdqqrw irup dqg wkh iuhh0ulghu sureohp lv h{dfhuedwhg> wklv hqvxuhv vwdelolw|1

Vlploduo|/ zkhq wkh rxwvlgh rssruwxqlw| sd|v kljk zdjhv/ rqo| odujh frdolwlrqv fdq srwhqwldoo|

zlq1 Krzhyhu/ wklv lqgxfhv wkh iuhh0ulghu sureohp wr xqghuplqh wkh lqfhqwlyhv wr euleh/ pdnlqj

roljrsrolvwlf glvwulexwlrqv xqvwdeoh1

Fruroodu| 46 Iru odujh ydoxhv ri z/ wkh rqo| vwhdg| vwdwhv duh frpshwlwlyh1

91516 Orfdo Frqyhujhqfh dqg Vwdelolw|

Wkrxjk zh fdq fkdudfwhul}h wkh vhw ri vwhdg| vwdwhv/ olwwoh fdq eh vdlg derxw frqyhujhqfh1 Zh fdq

qhyhuwkhohvv surylgh wzr surshuwlhv ri frqyhujhqfh dqg orfdo vwdelolw|1

Sursrvlwlrq 47 +edvlq ri dwwudfwlrq, Frqvlghu wkh wkuhvkrog a� gh�qhg e|

�� +a�, @
4

4� �
�� +4, =

Iru orz ydoxhv ri z/ dq| htxloleulxp frdolwlrq zlwk d vl}h vpdoohu ru htxdo wr a� vkulqnv ryhu wlph

dqg wkh hfrqrp| frqyhujhv wr dq roljrsrolvwlf vwhdg| vwdwh1

V|pphwulfdoo|/ zkhq wkh hfrqrp| lv lq wkh grpdlq ri frpshwlwlyh rxwfrphv/ zh fdq ghulyh

vrph vwdelolw| surshuwlhv1 Wkh judqg frdolwlrq/ l1h1 wkh frdolwlrq lqfoxglqj doo hqwuhsuhqhxuv/ lv

g|qdplfdoo| vwdeoh1 Rqfh wkh hfrqrp| kdv uhdfkhg wkh h!flhqw rxwfrph lq vrph jhqhudwlrq w � 4/

lw zloo frqyhujh wr wkh h!flhqw olplwlqj glvwulexwlrq ri zhdowk ghvfulehg e| +:,1

Sursrvlwlrq 48 +g|qdplf vwdelolw|, Wkh judqg frdolwlrq @ lv g|qdplfdoo| vwdeoh1

Frqyhujhqfh uhvxowv fdqqrw eh ghulyhg h{solflwo| dv zh duh ghdolqj zlwk qrq0olqhdu Pdunry

surfhvvhv14; Zh wkxv uho| rq d qxphulfdo dqdo|vlv wr kdyh d vhqvh ri wkh g|qdplf ehkdylru ri wkh

hfrqrp|1
4;Iru h{dpsohv ri qrq0olqhdu Pdunry surfhvvhv lq vlplodu vlwxdwlrqv/ vhh Edqhumhh dqg Qhzpdq ^4<<4`/ Djklrq dqg

Erowrq ^4<<:` ru Slnhww| ^4<<:`1
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91517 Frqyhujhqfh= Vlpxodwlrq

Zh frqvlghu irxu fdvhv zlwk lghqwlfdo sdudphwhu ydoxhv exw ydu|lqj ohyhov ri lqlwldo lqhtxdolw|1 Wkh

glvwulexwlrq ri zhdowk lv jhqhudwhg dv iroorzv1 Hdfk lqglylgxdo lq wkh srsxodwlrq fdq lqlwldoo| eh

hlwkhu srru ru ulfk1 D srru lqglylgxdo vwduwv zlwk zhdowk du zkloh d ulfk lqglylgxdo vwduwv zlwk

zhdowk dM / zlwk dM A du1 Wkh irxu hfrqrplhv zh frqvlghu gl�hu e| wkh sursruwlrq ri srru shrsoh

lq wkh srsxodwlrq= wkh wzr h{wuhph fdvhv h{klelw hlwkhu yhu| kljk ru yhu| orz ohyhov ri lqhtxdolw|/

zkloh wkh wzr rwkhu fdvhv duh lqwhuphgldwh1 Wkh uhvxowv ri wkh vlpxodwlrq duh vkrzq lq �jxuh ;=4<

LQVHUW ILJXUH ; KHUH

Zkloh wkh krul}rqwdo d{lv phdvxuhv jhqhudwlrqv/ wkh yhuwlfdo d{lv phdvxuhv wkh vl}h ri wkh zlqqlqj

frdolwlrq/ ghqrwhg hduolhu �|1 Wkxv/ 433 shufhqw hqwu| phdqv wkdw wkh judqg frdolwlrq lv wkh xqltxh

htxloleulxp frdolwlrq/ zkloh 4 shufhqw lv wkh fdvh lq zklfk rqh orqh prqrsrolvw eorfnv doo rwkhu hqwu|1

Zh qh{w frpphqw rq wkh g|qdplfv ri wkh zhdowk glvwulexwlrq1

91518 Wkh g|qdplfv ri wkh zhdowk glvwulexwlrq= d wkhru| ri fodvv irupdwlrq

Lq d jlyhq jhqhudwlrq/ zh gh�qh wkh plggoh0fodvv dv wkh jurxs ri hqwuhsuhqhxuv zkr duh hlwkhu ulfkhvw

dprqj rxwvlghuv ru srruhvw dprqj lqvlghuv1 Wkh plggoh0fodvv lv slyrwdo wr wkh wudmhfwru| iroorzhg

e| wkh hfrqrp|= zkhq d vpdoo dqg uhodwlyho| srru plggoh0fodvv lv hylfwhg/ wkh hfrqrp| frqyhujhv wr

dq roljrsrolvwlf vwhdg| vwdwh1 Rq wkh frqwudu|/ d odujh dqg uhodwlyho| zhdowk| plggoh0fodvv fdq uhvlvw

hylfwlrq iurp wkh xsshu0fodvv zkloh xqghuplqlqj lqfhqwlyhv iru fruuxswlrq e| lqfuhdvlqj wkh iuhh0

ulghu sureohp1 Wkh hfrqrp| lv wkhq srwhqwldoo| deoh wr frqyhujh wr d frpshwlwlyh vwhdg| vwdwh/ lq

zklfk wkh srruhvw lqglylgxdov kdyh dffhvv wr sur�wdeoh rssruwxqlwlhv1 Zhdowk gl�huhqfhv hyhqwxdoo|

ydqlvk1

Rq wkh sdwk wrzdugv lqvwlwxwlrqdo vfohurvlv/ wkh jds ehwzhhq lqvlghuv dqg rxwvlghuv zlghqv1 Dv

wkh orzhu0fodvv +srruhvw hqwuhsuhqhxuv, jurzv srruhu/ wkh frvw ri hylfwlrq ehfrphv vpdoohu1 Wkxv/

lw ghfuhdvhv wkh vwuhqjwk ri wkh plggoh0fodvv= phpehuv ri wkh plggoh0fodvv duh qrz wkuhdwhqhg

zlwk hylfwlrq +phglxp0orz dqg phglxp0kljk0lqlwldo0lqhtxdolw| fxuyh lq �jxuh ;,1 Wkh skhqrphqrq
4<Zh xvh d vdpsoh ri 433 lqglylgxdov glylghg lqwr wzr jurxsv= srru lqglylgxdov kdyh zhdowk @uc zkloh ulfk lqglylgxdov

kdyh zhdowk @M � Wkh �orz lqlwldo lqhtxdolw|� fxuyh lv jhqhudwhg iurp dq hfrqrp| lq zklfk 8 shufhqw ri wkh srsxodwlrq

duh lqlwldoo| srru/ zkloh wkh wkuhh rwkhu fxuyhv kdyh uhvshfwlyho| 43/ 48 dqg 73 shufhqw srru hqwuhsuhqhxuv1

Wkh ghpdqg ixqfwlrq lv vshfl�hg dffruglqj wr=

Z Eg� ' �

�
�3 �

gk

�

dqg sdudphwhu ydoxhv duh @u ' �Dc @M ' �fc 7T ' �Dc � ' �fffc k ' ��c q ' �ec � ' �2�

Wkh vfdoh +deryh 43 shufhqw, kdv ehhq prgl�hg wr hpskdvl}h wkh ehkdylru ri wkh hfrqrp| durxqg wkh wkuhvkrog

43 shufhqw1
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dffhohudwhv dv erwk fdvk frqvwudlqwv dqg iuhh0ulglqj duh ohvv dqg ohvv vhyhuh iru dq xsshu0fodvv wkdw

hqgv xs grplqdwlqj wkh hfrqrp| lq dq roljrsrolvwlf vwhdg| vwdwh= dffhvv wr sur�wdeoh rssruwxqlwlhv

lv uhvwulfwhg wr d plqrulw| +kljk0lqlwldo0lqhtxdolw| fxuyh lq �jxuh ;,1

Lq wkh rssrvlwh fdvh/ dq hfrqrp| fkdudfwhul}hg e| srvlwlyh lqvwlwxwlrqdo fkdqjh/ wkh vl}h dqg

zhdowk ri wkh plggoh0fodvv lqfuhdvhv frqwlqxrxvo|1 Wkh edujdlqlqj srzhu ri wkh xsshu0fodvv glplq0

lvkhv dv zhdowk ohyhov htxdol}h1 Wkh htxloleulxp frdolwlrq pxvw wkhuhiruh eh odujhu dqg wkh iuhh0ulglqj

sureohp lv h{dfhuedwhg1 Hyhqwxdoo|/ wkh htxloleulxp frdolwlrq lv wkh judqg frdolwlrq1 Wkh hfrqrp|

frqyhujhv wrzdugv d frpshwlwlyh vwhdg| vwdwh= doo lqglylgxdov fdq dffhvv wkh sur�wdeoh lqyhvwphqw

rssruwxqlw| dqg lqhtxdolw| ydqlvkhv +orz0lqlwldo0lqhtxdolw| fxuyh lq �jxuh ;,1

Iljxuh < vxppdul}hv wkh g|qdplfv ri wkh zhdowk glvwulexwlrq1

LQVHUW ILJXUH < KHUH

Rq d sdwk wrzdug lqvwlwxwlrqdo fkdqjh +ohiw duurz,/ eduulhuv wr hqwu| idoo vr pruh hqwuhsuhqhxuv

pd| dffhvv surgxfwlyh rffxsdwlrqv1 Djjuhjdwh rxwsxw phfkdqlfdoo| lqfuhdvhv dqg wkh zhdowk glv0

wulexwlrq frqyhujhv wr wkh ghjhqhudwh fdvh ri vwulfw htxdolw|1 Rq wkh rwkhu kdqg/ rq d sdwk wrzdug

lqvwlwxwlrqdo vfohurvlv +uljkw duurz,/ eduulhuv wr hqwu| lqfuhdvh vr wkdw wkh flufoh ri sulylohjhg hq0

wuhsuhqhxuv vkulqnv1 Lqhtxdolw| ehfrphv pruh vhyhuh dqg rxwsxw gursv1 Lq wkh olplw/ d vpdoo holwh

rzqv wkh phdqv ri surgxfwlrq zkloh d odujh pdvv zrunv lq wkh vxevlvwhqfh vhfwru1

: Pruh Hpslulfdo Hylghqfh

:14 Iurp Srolwlfdo Lqvwlwxwlrqv wr Olfhqvhv

Wkh prgho zh kdyh suhvhqwhg dqg dqdo|}hg hqfrpsdvvhv d odujh qxpehu ri lqvwlwxwlrqdo hqylurq0

phqwv1 Olfhqvlqj lv d frqyhqlhqw irupdol}dwlrq/ exw wkh prgho surylghv lqvljkwv lqwr wkh phfkdqlfv

ri rwkhu skhqrphqd1 Mxvw dv hqwuhsuhqhxuv frpshwh iru olfhqvhv/ vr pd| exuhdxfudwv frpshwh iru

wkh uljkw wr lvvxh olfhqvhv1 Zh kdyh xqwlo qrz wdnhq wkh exuhdxfudwlf vwuxfwxuh dv jlyhq1 Krzhyhu/

srolwlfdo vwuxjjohv zhuh pdmru ghwhuplqdqwv ri wkh lqvwlwxwlrqdo hqylurqphqwv lq pdq| frxqwulhv1

Wkh qh{w h{dpsoh looxvwudwhv wklv srlqw1

:1414 Wkh frpsdudwlyh ghyhorsphqw ri Ph{lfr yhuvxv Eud}lo/ dqg Mdsdq yhuvxv Fklqd1

Wkh frpsdudwlyh ghyhorsphqw ri wkh �qdqfldo vhfwruv ri Ph{lfr dqg Eud}lo surylgh dq lqwhuhvw0

lqj looxvwudwlrq ri wkh phfkdqlvp zh ghvfuleh1 Wkh ryhuwkurz ri wkh Eud}loldq prqdufk| lq 4;;<

surylghv dq h{dpsoh ri dq h{rjhqrxv uhglvwulexwlrq ri srolwlfdo srzhu/ zkloh wkh shuvlvwhqfh ri

wkh Gðd} glfwdwruvkls +4;::04<44, lq Ph{lfr frqvwlwxwhv d frqyhqlhqw frqwuro wr dvvhvv wkh lpsdfw

ri uhglvwulexwlrq rq vxevhtxhqw hfrqrplf rxwfrphv1 Kdehu ^4<<4` dujxhv wkdw Ph{lfr dqg Eud}lo
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zhuh fkdudfwhul}hg e| wkh vdph ohyho ri �qdqfldo xqghughyhorsphqw dw wkh hqg ri wkh 4<|� fhqwxu|1

Lpsruwdqw dprqj wkh fdxvhv ri vxfk edfnzdugqhvv/ zdv wkh shuyhuvh uhjxodwru| hqylurqphqw suh0

yhqwlqj wkh ghyhorsphqw ri edqnv= wkh Ph{lfdq jryhuqphqw sulylohjhg wkh qdwlrq*v odujhvw edqn e|

judqwlqj wkh lqvwlwxwlrq vshfldo uljkwv dqg vlpxowdqhrxvo| fuhdwlqj eduulhuv wr hqwu| iru frpshwlwruv1

Zkloh wkh dxwkru dfnqrzohgjhv wklv surwhfwlrq surylghg d qhhghg vwdeoh vrxufh ri �qdqflqj/ wkhuh

lv qr ghq|lqj wkdw h{hfxwlyhv ri wkh Edqfr Qdflöqão gh Pì{lfr zhuh forvh wr wkh Gðd} uhjlph dqg

xvhg wkhlu srolwlfdo dgydqwdjh wr uhvwulfw pdunhw hqwu|1 Zkloh d vlplodu vlwxdwlrq suhydlohg lq Eud}lo/

wkh Iluvw Uhsxeolf surfodlphg lq 4;;< uhvxowhg lq d ghuhjxodwlrq ri wkh �qdqfldo vhfwru1 Zlwk dffhvv

wr d frpshwlwlyh fuhglw pdunhw/ Eud}loldq hqwuhsuhqhxuv zhuh deoh wr hqwhu lqwr d wkulylqj wh{wloh

lqgxvwu|1 Lq Ph{lfr rq wkh rwkhu kdqg/ wkh wh{wloh lqgxvwu| odqjxlvkhg1

D vlplodu vwru| dffrxqwv iru wkh frpsdudwlyh ghyhorsphqw ri Fklqd dqg Mdsdq dw wkh hqg ri wkh

4<|� fhqwxu|1 Dv Rovrq ^4<;5` vxjjhvwhg/ zkhq Mdsdq xqghuzhqw wkh Phlml uhvwrudwlrq +4;9:,/ jxlogv

orvw wkhlu lq xhqfh/ zkloh wkhlu frxqwhusduwv lq Fklqd pdlqwdlqhg vwulfw frqwuro ri wkh hfrqrp|1 Rqh

fdxvh ri wklv ghfolqh/ dowkrxjk qrw wkh rqo| rqh/ pd| kdyh ehhq wkh irufhg rshqqhvv wr wudgh ri wkh

Mdsdqhvh hfrqrp| xqghu Zhvwhuq suhvvxuh1 Rovrq dovr dujxhv wkdw wkh shuvlvwhqfh ri jxlogv dqg

wkhlu suhvhuyhg lq xhqfh rq wkh uhjxodwru| hqylurqphqw frqvwlwxwhg d pdmru revwdfoh wr Fklqhvh

lqgxvwuldol}dwlrq dw wkh hqg ri wkh 4<|� fhqwxu|1

Wkrvh wzr vwrulhv looxvwudwh wkh lpsdfw ri d uhglvwulexwlrq ri srolwlfdo srzhu1 Lq d zruog zkhuh

zhdowk lv srzhu/ wkh klvwrulhv ri Eud}lo dqg Mdsdq duh frqvlvwhqw zlwk wkh suhglfwlrq ri rxu prgho

zkhq zhdowk uhglvwulexwlrq ru rshqlqj wr wudgh duh xqghuwdnhq1

:1415 Wkh ghuhjxodwlrq ri wkh edqnlqj lqgxvwu| lq wkh Xqlwhg Vwdwhv lq wkh 4<:3v

Nur}qhu dqg Vwudkdq ^4<<<` orrn dw wkh holplqdwlrq ri uhvwulfwlrqv rq edqn eudqfklqj vlqfh wkh

4<:3v lq wkh Xqlwhg Vwdwhv1 Wkhlu pdlq �qglqj vxssruwv d wkhru| ri lqwhuhvw0jurxs uhjxodwlrq dv

ghyhorshg lq wklv sdshu1 Revhuylqj wkdw ghuhjxodwlrq ri uhvwulfwlrqv rq jhrjudsklfdo h{sdqvlrqv lq

wkh edqnlqj lqgxvwu| glg qrw wdnh h�hfw wkh vdph |hdu dfurvv vwdwhv/ Nur}qhu dqg Vwudkdq orrn iru

ghwhuplqdqwv ri vxfk gl�huhqfh1 Orrnlqj dw wkh vwuhqjwk ri vpdoo edqnv/ wkh| �qg wkdw �^d` rqh0

vwdqgdug0ghyldwlrq lqfuhdvh lq wkh vpdoo edqn vkduh uhvxowv lq d 63 shufhqw lqfuhdvh lq wkh wlph xqwlo

ghuhjxodwlrq/ ru derxw 71: |hduv�153 Wdnlqj wkh fkdqqho ghvfulehg lq wkh suhvhqw sdshu vhulrxvo|/

vpdoo edqnv dqg odujhu edqnv fdq eh vhhq dv uhvshfwlyho|/ lqvlghuv dqg rxwvlghuv1 Zkhq lqvlghuv duh

vwurqj hqrxjk wr suhfoxgh hqwu|/ ghuhjxodwlrq rffxuv odwhu/ zkloh zlwk zhdnhu vpdoo edqnv/ frdolwlrqv

duh xqvwdeoh/ ohdglqj wr hduolhu ghuhjxodwlrq1 Wkh phfkdqlfv ri ghuhjxodwlrq duh wkxv zhoo ghvfulehg

e| �jxuh 91 Lqghhg/ dv wkh ydoxh ri orfdo edqnlqj ghfolqhg ryhu wlph/ hqwu| ri odujhu edqnv frxog qrw

eh suhyhqwhg/ jlyhq wkh lqfuhdvlqj ghpdqg iru �qdqfh1 Frqvlvwhqw dovr zlwk wkh wkhru| ghyhorshg vr

idu/ wkhuh lv vxssruw iru wkh ylhz wkdw wkh wlplqj ri ghuhjxodwlrq/ zklfk vwduwhg lq wkh hduo| 4<:3v/
53 ^Nur}qhu dqg Vwudkdq/ 4<<</ s1 4786`

53



fruuhvsrqgv wr vkrfnv wr wkh edodqfh ri srzhu ehwzhhq lqvlghuv dqg rxwvlghuv1 �^W`hfkqrorjlfdo/

hfrqrplf/ dqg ohjdo vkrfnv jhqhudwhg frqglwlrqv wkdw fkdqjhg wkh orqj0vwdqglqj edodqfh idyrulqj

wkh dqwleudqfklqj irufhv1 Wkh pdujlqdo ydoxh ri oree|lqj wr uhshdo eudqfklqj uhvwulfwlrqv lqfuhdvhg

mxvw dv wkh uhodwlyh ydoxh wr wkh vpdoo edqnv ri pdlqwdlqlqj eudqfklqj uhvwulfwlrqv zdv ghfolqlqj�154

Wklv vwru| lv frqvlvwhqw zlwk wkh g|qdplfv ri rxu prgho1

:15 Lqlwldo Frqglwlrqv dqg Shuvlvwhqfh

Wkh g|qdplf dqdo|vlv surylghv dq h{sodqdwlrq iru wkh shuvlvwhqfh ri lqwhqvh uhjxodwru| fdswxuh1

Frxqwulhv pd| idoo lqwr dq lqvwlwxwlrqdo wuds/ lq zklfk wkh holwh grhv qrw idfh dq| rssrvlwlrq iurp wkh

uhvw ri wkh srsxodwlrq/ dqg fdq pdlqwdlq d uhjlph/ zklfk surwhfwv lwv phpehuv* shuvrqdo lqwhuhvwv1

Lqlwldo frqglwlrqv ru klvwrulfdo vkrfnv pdwwhu lq ghwhuplqlqj wkh vxevhtxhqw jurzwk sdwkv frxqwulhv

iroorz1

:1514 �Krz Odwlq Dphulfd ihoo ehklqgB�

Hqjhupdq dqg Vrnror� ^4<<:` dujxh wkdw jhrjudsklfdo frqglwlrqv odujho| ghwhuplqhg lqlwldo ohyhov ri

lqhtxdolw| dqg wkh fruuhvsrqglqj lqvwlwxwlrqdo hqylurqphqw lq wkh hduo| klvwru| ri frorql}dwlrq1 Wkh

frxqwulhv ri Odwlq Dphulfd �srvvhvvhg folpdwhv dqg vrlov wkdw zhuh zhoo0vxlwhg iru wkh surgxfwlrq ri

vxjdu dqg rwkhu kljko| ydoxhg fursv fkdudfwhul}hg e| h{whqvlyh vfdoh hfrqrplhv dvvrfldwhg zlwk wkh

xvh ri vodyhv�/ zkhuhdv Qruwk Dphulfdq frorqlhv �zhuh qrw hqgrzhg zlwk vxevwdqwldo srsxodwlrqv

ri qdwlyhv deoh wr surylgh oderu/ qru zlwk folpdwhv dqg vrlov wkdw jdyh wkhp frpsdudwlyh dgydqwdjh

lq wkh surgxfwlrq ri fursv fkdudfwhul}hg e| pdmru hfrqrplhv lq xvlqj vodyh oderu1�55

Wkh h{whqw ri lqlwldo lqhtxdolw| wkhq ghwhuplqhg wkh ohyho ri lqyhvwphqw lq vfkrrolqj dqg wkh

sdwwhuq ri gl�xvlrq ri xqlyhuvdo pdoh vx�udjh dfurvv Qhz Zruog frxqwulhv1 Lq xqhtxdo vrflhwlhv/

holwhv vhhn wr uhvwulfw dffhvv wr srolwlfdo uljkwv dqg vfkrrolqj wr surwhfw wkhlu sulylohjhv/ khqfh

lpshglqj orqj0whup jurzwk1 Vxfk d frqmhfwxuh lv frqvlvwhqw zlwk wkh suhglfwlrqv gholyhuhg e| rxu

prgho1

:1515 Rq ohjdo ruljlqv

Wr frqfoxgh wklv vhfwlrq/ zh frpsduh rxu dqdo|vlv wr Jodhvhu dqg Vkohlihu ^5334/ 5335` dqg dujxh wkdw

wkh wzr ghvfulswlrqv ri lqvwlwxwlrqdo hqylurqphqw duh frpsohphqwdu|1 Jodhvhu dqg Vkohlihu h{sodlq

krz wkh fkrlfh ri wkh ohjdo vwuxfwxuh +flylo yhuvxv frpprq odz, ru wkh uhjxodwru| hqylurqphqw

+uhjxodwlrq yhuvxv olwljdwlrq, zdv jryhuqhg e| wkh wudgh0r� ehwzhhq glvwruwlrq dqg vxeyhuvlrq1 Mxvw

dv d frpprq odz v|vwhp lv frqvlghuhg wr eh pruh h!flhqw wkdq d flylo odz v|vwhp/ olwljdwlrq lv

ohvv glvwruwlrqdu| wkdq uhjxodwlrq1 Krzhyhu/ zkhq exuhdxfudwlf fdswxuh lv d srwhqwldo wkuhdw wr wkh
54 ^Lelg/ s1 4795`
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zhoo0ixqfwlrqlqj ri lqvwlwxwlrqv/ Jodhvhu dqg Vkohlihu dujxh wkdw flylo odz zdv dgrswhg lq Iudqfh

ehfdxvh lw zdv ohvv vxemhfw wr fdswxuh1 Zkhuhdv lq Hqjodqg mxulhv frxog eh surwhfwhg djdlqvw

eulehu| dqg ylrohqfh e| d vwurqj fhqwudo srzhu/ wkh Iuhqfk nlqj irxqg lw suhihudeoh wr kluh dqg

surwhfw mxgjhv1 Vlploduo|/ xqghu wkh lq xhqfh ri wkh Surjuhvvlyh pryhphqw dw wkh ehjlqqlqj ri

wkh 53|� fhqwxu|/ uhjxodwlrq zdv suhihuuhg wr olwljdwlrq ehfdxvh lw zdv ohvv surqh wr vxeyhuvlrq1

Wkhlu dqdo|vlv uholhv rq wkh fodlp wkdw �Frxuwv duh pruh yxoqhudeoh wr vxeyhuvlrq wkdq uhjxodwruv/

hvshfldoo| lq dq hqylurqphqw ri vljql�fdqw lqhtxdolw| ri zhdowk dqg srolwlfdo srzhu1�561 Hylghqfh

vxssruwlqj wklv wkhru| lv surylghg e| Gmdqnry/ Od Sruwd/ Orsh}0gh0Vlodqhv/ dqg Vkohlihu ^5335`1 Lq

uhfhqw zrun/ Jodhvhu/ Vfkhlqnpdq dqg Vkohlihu ^5335` jr rqh vwhs ixuwkhu dqg uhodwh wkh fkrlfh ri

lqvwlwxwlrqv wr dq h{rjhqrxv glvwulexwlrq ri srolwlfdo srzhu1 Wkh prgho suhvhqwhg lq wklv sdshu

surylghv d udwlrqdoh iru d gl�huhqfh ri yxoqhudelolw| wr vxeyhuvlrq dfurvv vrflhwlhv dqg wlph/ dqg

srlqwv rxw wr d phfkdqlvp wkdw uhodwhv hfrqrplf dqg srolwlfdo srzhu1

; Frqfoxvlrq

Wklv sdshu kdv ghvfulehg dqg dqdo|}hg d prgho ri lqvwlwxwlrqdo fkrlfh dqg g|qdplfv lq zklfk wkh

glvwulexwlrq ri zhdowk lv wkh nh| yduldeoh1 Wkh frqwulexwlrq ri wklv sdshu lv wzrirog= +4, lw surylghv d

wkhruhwlfdo iudphzrun wr hydoxdwh wkh lpsdfw ri lqhtxdolw| rq wkh ghvljq ri lqvwlwxwlrqv/ dqg rq wkh

shuvlvwhqfh ri lqh!flhqflhv lq wkh orqj0uxq> +5, lw kljkoljkwv d phfkdqlvp zklfk khosv xqghuvwdqg

zk| frxqwulhv h{shulhqfh vxfk gl�huhqw jurzwk sdwkv1

Zh hpskdvl}hg wkdw iuhh0ulglqj dqg fuhglw frqvwudlqwv duh wkh pdlq irufhv xqghuo|lqj rxu uh0

vxowv1 Zkhq frdolwlrqv irup wr h{wudfw uhqwv/ lqhtxdolw| ghwhuplqhv wkh rswlpdo frdolwlrq vl}h> wkh

pruh xqhtxdo d vrflhw|/ wkh vpdoohu wkh htxloleulxp frdolwlrq/ dqg wkh pruh uhjxodwlrq lv fdswxuhg1

Lqh!flhqw lqvwlwxwlrqv fuhdwh d ihhgedfn h�hfw zkhuhe| xqhtxdo dffhvv wr lqyhvwphqw rssruwxqlwlhv

h{dfhuedwhv lqhtxdolw|1

Wkh prgho surylghv d ylhz rq srolwlfdo wudqvlwlrqv frpsohphqwdu| wr Dfhprjox dqg Urelqvrq

^5333`1 Zkloh Dfhprjox dqg Urelqvrq exlog wkhlu wkhru| rq wkh wkuhdw ri uhyroxwlrq frplqj iurp

wkh pdvvhv/ hpskdvlv lv sxw rq wkh edodqfh ri srzhu ehwzhhq wkh fodvvhv dqg hvshfldoo| wkh slyrwdo

uroh ri wkh plggoh0fodvv1 Wkh sdshu wkxv sdudoohov wkh ylhz ri Hqjhov dqg Pdu{ ^4;7;` lq zklfk fodvv

uhodwlrqvklsv zhuh wkh nh| ghwhuplqdqw ri wkh vkdsh ri vrflhwlhv lq wkh prghuq zruog1

Zkloh zh suhvhqw klvwrulfdo hylghqfh wkdw lv frqvlvwhqw zlwk rxu dqdo|vlv/ d uljrurxv hpslulfdo

whvw ri wkh prgho lv zduudqwhg1
56 ^Jodhvhu dqg Vkohlihu/ 5334`
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< Dsshqgl{ 4= Surriv

<14 Surri ru Sursrvlwlrq 45 +vwhdg| vwdwhv,

Wr suryh wkh sursrvlwlrq/ zh vshfli| uhjxodulw| dvvxpswlrqv vr idu lpsolflwo| dvvxphg1

+DD4, � +=, lv lqfuhdvlqj frqfdyh dqg �� +N, @ R +N, =

+DD5, % +N, @ �N Z��Eg�
Z�Eg� lv ghfuhdvlqj iru doo N � 3=

Iru d jlyhq ydoxh ri �> lqvlghuv sd| d sulfh ri }hur iru fruuxswlrq1 Wkhlu zhdowk wkxv uhpdlqv htxdo

wr d" +�, = Krzhyhu/ wkh vwdelolw| ri wkh frdolwlrq uhtxluhv wkdw qr vxe0frdolwlrq kdv dq lqfhqwlyh wr

hylfw dq| phpehu1 Wkh ihdvlelolw| frqglwlrq iru wkh zkroh frdolwlrq lv dozd|v vdwlv�hg dv rxwvlghuv

kdyh olwwoh zhdowk +z lv vpdoo,1 Wkh rswlpl}dwlrq surjudp wkhq |lhogv wkh iroorzlqj vroxwlrq=

+;, 4 @ dujpd{
b

Y +�, � �� +��,� 4

��

�
+4� �, �plq

�
d" +�, > �� +4,�z

�
. +4� �,

�

4� �
z

�
>

vxemhfw wr wkh ihdvlelolw| frqglwlrq=

+4� �, �plq
�
d" +�, > �� +4,�z

�
. +4� �,

�

4� �
z � ��plq

�
d" +�, > �� +��,� �� +4,

�
=

Iru odujh ydoxhv ri �/ wkh ihdvlelolw| frqglwlrq dozd|v krogv dqg wkh xqfrqvwudlqhg �uvw0rughu

ghulydwlyh lv=

Y � +�, @ ���� +��, .
4

�2

�
plq

�
d" +�, > �� +4,�z

�
.

4� �

�

�

4� �
z

�
=

Xqghu dvvxpswlrqv +DD4, dqg +DD5,/ iru � @ 4 wr eh wkh vroxwlrq wr surjudp +;, > d qhfhvvdu|

dqg vx!flhqw frqglwlrq lv

Y � +4, � 3>

zklfk wudqvodwhv lqwr=

+<, ����� +�,� 4� �

�

�

4� �
z � plq

�
d" +�, > �� +4,�z

�
=

Zh fdq �uvw dvvxph wkdw wkh frqvwudlqw lv qrw elqglqj +�� +4, lv kljk hqrxjk, vr wkdw wkh frq0

glwlrq ehfrphv

+43, �4� �

�
���� +�,� 4� �

�

4� 5�

4� �
z � �� +�, =

Ohw*v ghqrwh U +�, dqg O +�, wkh uljkw0kdqg vlgh dqg ohiw0kdqg vlgh ri +43, uhvshfwlyho|1 Zkloh

U +�, lv dozd|v ghfuhdvlqj/ O +�, lv lqfuhdvlqj iru orz ydoxhv ri � dqg ghfuhdvlqj iru odujh ydoxhv

ri �1 Dv � pd| eh wkrxjkw ri dv d vfdolqj idfwru/ wkh iroorzlqj judskv looxvwudwh srvvleoh ydoxhv ri

U +�, dqg O +�,1
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LQVHUW ILJXUH 43 KHUH

Uhod{lqj wkh dvvxpswlrq wkdw �� +4, lv odujh grhv qrw txdolwdwlyho| fkdqjh wkh uhvxowv1 Zh qrz

gh�qh

� �
�
� 5 ^3> 4` @ � ���� +�,� 4� �

�

�

4� �
z � plq

�
d" +�, > �� +4,�z

��
=

Iru orz ydoxhv ri �> hyhu| frdolwlrq vl}h fdq eh vxvwdlqhg lq d vwhdg| vwdwh +surylghg wkdw wkh

ihdvlelolw| frqvwudlqw krogv,> iru kljk ydoxhv ri �/ rqo| vpdoo frdolwlrqv zloo eh revhuyhg lq wkh orqj

uxq/ dqg iru lqwhuphgldwh ydoxhv ri �/ wkh vhw ri vwhdg| vwdwhv kdv wkh irup=

� @ ^3> �W` ^ ^�WW> 4` =

T1H1G1

<15 Surri ri Sursrvlwlrq 47 +edvlq ri dwwudfwlrq,

Lq shulrg w/ wkh htxloleulxp frdolwlrq �| lv d vroxwlrq wr surjudp +9, xqghu wkh ihdvlelolw| frqvwudlqw1

Vxssrvh wkdw �K
| � a� dqg frqvlghu wkh wudqvlwlrq ixqfwlrq=

d|n�� @

;?
= �

k
��

�
�K

|
�
. d|� � v|�

l
li l 5 �|

�
�
d|� .z

�
rwkhuzlvh

=

Wklv lpsolhv wkh iroorzlqj g|qdplfv/ iru orz hqrxjk ydoxhv ri z =

plq

%[
�*MK|

d|n�� >
[
�*MK|

�� +4,�z

&
� plq

%[
�*MK|

d|�>
[
�*MK|

�� +4,�z

&
>

plq

%[
�MK|

d|n�� >
[
�MK|

��
�
�K

|
�
� �� +4,

&
� plq

%[
�MK|

d|�>
[
�MK|

��
�
�K

|
�
� �� +4,

&
=

Khqfh/ lq shulrg w . 4> wkh ihdvlelolw| frqvwudlqw lv orrvhu dqg wkh frvw ri hylfwlrq lv orzhu dqg

wkxv

�K
| � �K

|n�

=

Wkh vhtxhqfh
�
�K

|
�
|D�

lv qrq0lqfuhdvlqj dqg erxqghg ehorz= lw wkxv frqyhujhv wr d sdudphwhu

�"= Vwdelolw| wkhq lpsolhv wkdw �" � �W

T1H1G1
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<16 Surri ri Sursrvlwlrq 48 +g|qdplf vwdelolw|,

Vxssrvh wkdw iru vrph wlph W � 3/ wkh judqg frdolwlrq lv wkh htxloleulxp rxwfrph ri wkh vwdwlf jdph1

Iru ydoxhv ri �� +4, odujh hqrxjk/ vxfk wkdw dq hqwuhsuhqhxu zkr xqghuwdnhv d surmhfw ehtxhdwkv

wr khu r�vsulqj pruh wkdq zkdw vkh vwduwhg zlwk/ wkh wudqvlwlrq ixqfwlrq lpsolhv wkdw li

@ @ dujpd{
�

�� +��,�plq

5
7[
�*M�

d|�>
[
�*M�

�� +4,�z

6
8 >

vxemhfw wr wkh ihdvlelolw| frqglwlrq/ wkhq lq wkh iroorzlqj shulrg/ wkh ihdvlelolw| frqglwlrq lv vwulfwhu

dqg wkh frvw ixqfwlrq lv xqlirupo| vwhhshu1 Iru dq| � 5 S +@,

�� +��,�plq

5
7[
�*M�

d|�>
[
�*M�

�� +4,�z

6
8 � �� +��,�plq

5
7[
�*M�

d|n�� >
[
�*M�

�� +4,�z

6
8 >

zlwk vwulfw lqhtxdolw| li � 9@ >= Wkh vdph surshuw| krogv iru wkh ihdvlelolw| frqvwudlqw=

plq

5
7[
�M�

d|n�� >
[
�M�

�� +��,� �� +4,

6
8�plq

5
7[
�*M�

d|n�� >
[
�*M�

�� +4,�z

6
8 >

� plq

5
7[
�M�

d|�>
[
�M�

�� +��,� �� +4,

6
8plq

5
7[
�*M�

d|�>
[
�*M�

�� +4,�z

6
8 =

Wkh vhw ri ihdvleoh frdolwlrqv vkulqnv vr wkdw wkh rswlpdo vroxwlrq dw gdwh w.4 lv vwloo wkh judqg

frdolwlrq=

@ @ dujpd{
�

�� +��,�plq

5
7[
�*M�

d|n�� >
[
�*M�

�� +4,�z

6
8 >

vxemhfw wr

plq

5
7[
�M�

d|n�� >
[
�M�

�� +��,� �� +4,

6
8 � plq

5
7[
�*M�

d|n�� >
[
�*M�

�� +4,�z

6
8 =

T1H1G1

43 Dsshqgl{ 5= Frdolwlrq Irupdwlrq Jdph

Lq wklv vhfwlrq/ zh irupdoo| ghvfuleh dqg vroyh wkh jdph ghvfulehg lq wkh sdshu1 Lq rughu wr pdnh wklv

vhfwlrq vhoi0frqwdlqhg/ vrph qrwdwlrq eh uhgxqgdqw1 Wkh vhw ri sod|huv frqvlvwv ri wkh srsxodwlrq @
ri hqwuhsuhqhxuv ri vl}h Q dqg wkh exuhdxfudw1 Hqwuhsuhqhxuv kdyh dq lqlwldo hqgrzphqw ri zhdowk

+d�,�MV

Zh �uvw lqwurgxfh +ru uhfdoo, wkh iroorzlqj qrwdwlrqv=
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� Frpsohphqwdu| vhw= ;* 5 S +@, >
�* � @ q *>

vr wkdw zh pd| htxlydohqwo| zulwh l 5 �* ru l @5 *

� Fduglqdolw| ri d vhw= ;* 5 S +@, >
�) �

[
�MV

4�M)=

Hqwuhsuhqhxuv dqg wkh exuhdxfudw lqwhudfw lq d pxowl0vwdjh jdph zlwk revhuyhg dfwlrqv1 Wkh

jdph frqvlvwv ri wkuhh vwdjhv=

� Vwdjh 4= Frdolwlrq dqqrxqfhphqwv

Hqwuhsuhqhxuv vhtxhqwldoo| dqqrxqfh d frdolwlrq wr zklfk wkh| zdqw wr ehorqj1 Wkh rughu ri

dqqrxqfhphqwv lv ghwhuplqhg udqgrpo|1 D frdolwlrq vwuxfwxuh hphujhv1

� Vwdjh 5= Exuhdxfudw*v fkrlfh

Dprqj doo wkh frdolwlrqv wkdw zhuh iruphg/ wkh exuhdxfudw fkrrvhv rqh1 Phpehuv ehfrph

lqvlghuv zkloh rxwvlghuv duh phpehuv ri wkh frpsohphqwdu| vhw1

� Vwdjh 6= Edujdlqlqj ryhu frqwulexwlrqv dqg Olfhqvlqj

Lqvlghuv dqg rxwvlghuv sod| wzr glvwlqfw pxowlodwhudo edujdlqlqj jdphv zkhuh frqwulexwlrqv duh

ghwhuplqhg1 Li lqvlghuv surylgh d kljkhu djjuhjdwh frqwulexwlrq/ wkhq olfhqvhv duh qrw jlyhq wr

rxwvlghuv dqg lqvlghuv sd| wkhlu frqwulexwlrq wr wkh exuhdxfudw1 Rwkhuzlvh/ rxwvlghuv uhfhlyh

olfhqvhv dqg sd| wkhlu frqwulexwlrq wr wkh exuhdxfudw1

4314 Wlplqj dqg Dfwlrq vsdfhv

431414 Vwdjh 4= Frdolwlrq dqqrxqfhphqwv

Qdwxuh pryhv dqg slfnv s dprqj doo shupxwdwlrqv ri wkh vhw @= Hdfk hqwuhsuhqhxu l 5 @ uhfhlyhv

dq rughu qxpehu s +l, = Wkh vhw ri doo shupxwdwlrqv ri @ lv ghqrwhg s +@, =
Iru n @ 4 wr n @ Q / lqglylgxdo l vxfk wkdw s +l, @ n/ revhuyhv suhylrxv pryhv dqg pdnhv dq

dqqrxqfhphqw �� zklfk frqvlvwv ri d olvw ri hqwuhsuhqhxuv lq @=

Gh�qlwlrq 49 Dq dqqrxqfhphqw iru lqglylgxdo l lv d vxevhw �� 5 S +@, vxfk wkdw l 5 ��

Wkh rxwfrph ri wkh dqqrxqfhphqw jdph lv d frdolwlrq vwuxfwxuh> hqwuhsuhqhxuv duh glylghg lqwr

frdolwlrqv dffruglqj wr wkh xqdqlplw| uxoh=

Gh�qlwlrq 4: D frdolwlrq * 5 S +@, irupv vxevhtxhqwo| wr wkh dqqrxqfhphqw sur�oh

+��,�MV/ li ;l 5 *>

* @ ilj
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ru

�� @ *=

Lq rwkhu zrugv/ vxevhtxhqw wr dqqrxqfhphqwv pdgh gxulqj vwdjh 4/ hqwuhsuhqhxuv duh glylghg

lqwr frdolwlrqv1 Dq hqwuhsuhqhxu lv hlwkhu dorqh +wkh frdolwlrq lv d vlqjohwrq, ru lv lq d frdolwlrq

zlwk rwkhu hqwuhsuhqhxuv1 Lq rughu iru d frdolwlrq wr irup/ doo phpehuv pxvw djuhh wr eh lq wkdw

vdph frdolwlrq/ zklfk lpsolhv wkdw wkh| pxvw kdyh pdgh wkh vdph dqqrxqfhphqw lq vwdjh 41 Iru

h{dpsoh/ li hqwuhsuhqhxu l dqqrxqfhv �� dqg rqh lqglylgxdo lq �� grhv qrw dqqrxqfh wkdw vdph

frdolwlrq/ wkhq l hqgv xs ehlqj dorqh lq ilj = Qrwh wkdw dw wkh hqg ri vwdjh 4/ wkh dqqrxqfhphqw

sur�oh +��,�MV gh�qhv d sduwlwlrq ri @1

431415 Vwdjh 5= Exuhdxfudw*v fkrlfh

Wkh exuhdxfudw*v dfwlrq frqvlvwv ri wkh fkrlfh ri d frdolwlrq wr eh frqvlghuhg wkh frdolwlrq ri lqvlghuv/

wkh frpsohphqwdu| vhw ehlqj wkh vhw ri rxwvlghuv1

Gh�qlwlrq 4; Wkh exuhdxfudw*v ghflvlrq lv d vxevhw ri * 5 S +@, =

431416 Vwdjh 6= Edujdlqlqj ryhu frqwulexwlrqv

Dw wklv vwdjh/ dqg iru d jlyhq ghflvlrq * 5 S +@, pdgh e| wkh exuhdxfudw lq vwdjh 5/ hqwuhsuhqhxuv

vxeplw elgv wr wkh exuhdxfudw1 Lqvlghuv duh lqglylgxdov olvwhg lq * zkloh rxwvlghuv duh lq �*1 Lqvlghuv

elg iru hylfwlrq ri rxwvlghuv/ zkloh rxwvlghuv elg iru hqwu|1

Hdfk jurxs ri hqwuhsuhqhxuv sod|v d wzr0vwdjh edujdlqlqj jdph1 Ghqrwh � wkh vhw wkdw fdq

hlwkhu eh * ru �*1

Vwdjh 614= Iluvw r�hu

Qdwxuh ghwhuplqhv udqgrpo| d shupxwdwlrq s� 5 s +�, = Sod|hu l vxfk wkdw s� +l, @ 4 pdnhv

dq r�hu1 Dq r�hu frqvlvwv ri d frqwulexwlrq sur�oh ��� @ +v�,�Mx = Iroorzlqj wkh rughu gh�qhg

e| s�/ rwkhu phpehuv ri � hlwkhu dffhsw +D, ru uhmhfw +U, wkh r�hu pdgh e| l1 Wkh jdph hqgv

li dqg rqo| li qr phpehu sod|v U dqg wkh djjuhjdwh frqwulexwlrq lv wkhq jlyhq e|
S

�Mx v� 1

Rwkhuzlvh wkh jdph pryhv wr Vwdjh 615

Vwdjh 615= Ilqdo r�hu

Qdwxuh ghwhuplqhv udqgrpo| d shupxwdwlrq s2 5 s +�, = Sod|hu l vxfk wkdw s2 +l, @ 4 pdnhv dq

r�hu1 Dq r�hu frqvlvwv ri d frqwulexwlrq sur�oh �2� @ +v�,�Mx = Iroorzlqj wkh rughu gh�qhg e|

s2/ rwkhu phpehuv ri � hlwkhu dffhsw +D, ru uhmhfw +U, wkh r�hu pdgh e| l1 Li qr phpehu sod|v

U wkhq wkh djjuhjdwh frqwulexwlrq lv jlyhq e|
S

�Mx v�= Rwkhuzlvh wkh djjuhjdwh frqwulexwlrq

lv jlyhq e| 31

5:



Lq fdvh ri ghod| +jdphv zkhuh qrghv fruuhvsrqglqj wr Vwdjh 615 duh uhdfkhg,/ doo phpehuv ri �

lqfxu d frvw ri ghod| lq wkh irup ri d glvfrxqw � ? 4 rq wkhlu �qdo zhdowk ohyho1

Dfwlrqv uhohydqw wr vwdjh 6 frqvlvw ri pryhv ri qdwxuh/ s� dqg s2 lq s +�, dqg r�huv dqg uhvsrqvhv

pdgh e| sod|huv=

�&� 5
+

Ux li s& +l, @ 4

iD>Uj rwkhuzlvh
iru n @ 4> 5=

431417 Olfhqvlqj dqg Sd|r�v

Lq wkh jdph zh ehjdq ghvfulelqj deryh/ wkh vhw ri sod|huv lv d vhw

 @ @ ^ iexuhdxfudwj ^ iQdwxuhj =

Wkh ghvfulswlrq ri wkh wlplqj dqg wkh dfwlrq vsdfhv ghwhuplqhv d vhwK ri vhtxhqfhv +ri klvwrulhv,

dqg d pdsslqj k wkdw dvvljqv wr hdfk qrq0whuplqdo klvwru| d sod|hu lq 1 Iru vlpsolflw|/ zh zloo

rplw h{solflwo| gh�qlwlrq ri wkh vhw K dqg wkh ixqfwlrq k1

Zh qrz gh�qh wkh �qlwh h{whqvlyh irup jdph wkdw zh duh dqdo|}lqj e|=

J @
�
>K> k> XK> +X�,�MV

�
>

zkhuh XK dqg +X�,�MV duh sd|r�v ri sod|huv dw wkh hqg ri wkh jdph dqg duh gh�qhg ehorz1

Wr ghwhuplqh whuplqdo klvwrulhv/ ohw xv ghqrwh e| �W @ +�W� ,�MV dqqrxqfhphqwv pdgh lq vwdjh 4 e|

hqwuhsuhqhxuv/ e| *W/ wkh exuhdxfudw*v ghflvlrq pdgh lq vwdjh 5/ dqg vW @ +vW� ,�MV wkh frqwulexwlrq

sur�oh rewdlqhg dw wkh hqg ri vwdjh 61 Ilqdoo|/ iru wkh edujdlqlqj jdph sod|hg ehwzhhq sod|huv lq

*W +uhvshfwlyho| �*W,/ zh zloo zulwh wW @ 4 +uhvshfwlyho| �wW @ 4, zkhq wkh qrgh fruuhvsrqglqj wr

Vwhs 615 ri wkh qhjrwldwlrq lv uhdfkhg dqg wW @ 3 +uhvshfwlyho| �wW @ 3, rwkhuzlvh 1 Lq wkh odwwhu

fdvh/ zh zloo vd| wkdw djuhhphqw kdv ehhq uhdfkhg zlwk qr ghod|1

431418 Exuhdxfudw*v sd|r�

Wkh exuhdxfudw fkrrvhv d frdolwlrq *W wr eh lqvlghuv/ dqg klv sd|r�v duh jlyhq e|=

XK +*
W> �W> vW> wW> �wW, @

;?
= pd{

qS
�M) v

W
� >
S

�M7) v
W
�

r
li *W iruphg vxevhtxhqwo| wr �W

3 rwkhuzlvh
=

Wkh exuhdxfudw ghulyhv xwlolw| iurp eulehv rqo| li kh slfnv d vxevhw lq wkh frdolwlrq vwuxfwxuh

zklfk hphujhg iurp wkh dqqrxqfhphqwv pdgh lq vwdjh 41
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431419 Hqwuhsuhqhxuv* sd|r�v

Hqwuhsuhqhxuv kdyh dffhvv wr vxsso| ri fdslwdo zkhq wkh| duh judqwhg d olfhqvh1 Xvlqj vwdqgdug

qrwdwlrq/ zh fdq zulwh wkhlu sd|r�v dv=

Li *W lv uhdol}hg vxevhtxhqwo| wr �W/ wkhq

;l 5 *W>

X� +*
W> �W> vW> wW> �wW, @

+
�|

W
�
��

�
�)

W
�� vW� . d�

�
li

S
�M) v

W
� �

S
�M7) v

W
�

�|
W

^�� +4, . d�` rwkhuzlvh
>

dqg ;l 5 �*W>

X� +*
W> �W> vW> wW> �wW, @

+
�
7|W ^d� .z` li

S
�M) v

W
� �

S
�M7) v

W
�

�
7|W ^�� +4,� vW� . d�` rwkhuzlvh

=

Rwkhuzlvh/ li *W lv qrw uhdol}hg vxevhtxhqwo| wr wkh dqqrxqfhphqw sur�oh �W> ;l 5 @>

X� +*
W> �W> vW> wW> �wW, @ �� +4, . d�=

4315 Vwudwhjlhv dqg Htxloleulxp frqfhsw

Lq wklv pxowl0vwdjh jdph zlwk revhuyhg dfwlrqv/ vwudwhjlhv duh vlpso| gh�qhg1 D vwudwhj| iru sod|hu

l zkhq lw lv khu wxuq wr sod| lv d pdsslqj iurp wkh vhw ri srvvleoh klvwrulhv wr wkh vhw ri dfwlrqv

dydlodeoh wr l1 Dexvlqj qrwdwlrq/ zh zloo dvvlplodwh vwudwhjlhv dqg dfwlrqv/ dqg zloo rplw uhihuhqfhv

wr klvwrulhv zkhq qr dpeljxlw| lv srvvleoh1

D qdwxudo htxloleulxp frqfhsw lv Vxejdph Shuihfwlrq1 Zh wkxv vroyh wkh htxloleulxp rxwfrph

ri wkh jdph J xvlqj d edfnzdug lqgxfwlrq dujxphqw1

431514 Vwdjh 6= Edujdlqlqj ryhu Frqwulexwlrqv

Lq wklv sdudjudsk/ zh wdnh dv jlyhq wkh exuhdxfudw*v ghflvlrq *W wkdw zh vxssrvh uhdol}hg vxevh0

txhqwo| wr wkh dqqrxqfhphqw sur�oh �W +li *W lv qrw uhdol}hg vxevhtxhqwo| wr wkh dqqrxqfhphqw

sur�oh �W/ dfwlrqv duh sd|r�0luuhohydqw,1

Wr vwduw zlwk/ zh duh pdnlqj dq dvvxpswlrq rq wkh vhw ri srvvleoh vwudwhjlhv dw wklv vwdjh1

+DE4, Phpehuv ri wkh vdph frdolwlrq fdq eruurz iurp rqh dqrwkhu dw dq lqwhuhvw udwh ri 41

Ohppd 4< Iru dq| vxevhw * 5 S +@,/ lqglylgxdov* zloolqjqhvv wr sd| lv jlyhq e|=

�)� @

+
�� +�),� �� +4, li l 5 *

�� +4,�z rwkhuzlvh
=

Surri1 Rplwwhg1
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Qrwdwlrq 53 Iru dq| vxevhw * 5 S +@, > zh ghqrwh e| �) wkh djjuhjdwh vxusoxv ri lqvlghuv lq wkh

dxfwlrq wkh| sod| djdlqvw rxwvlghuv=

�)
�?r � plq

5
7[
�M)

�)� >
[
�M)

d�

6
8 >

�)
J�| � plq

5
7[
�M7)

�)� >
[
�M7)

d�

6
8 >

�) ��)
�?r ��)

J�|=

Wkh vwuxfwxuh ri wkh jdph gholyhuv wkh iroorzlqj rxwfrph= lqvlghuv zlq li dqg rqo| li �) � 31

Li �) � 3/ wkhq hdfk phpehu ri zlqqlqj frdolwlrq frqwulexwh wkh vdph dprxqw htxdo wr �)
J�|@�

)=

Wkh iroorzlqj fodlp irupdol}hv wklv srlqw zlwkrxw d surri1

Fodlp 54 Lqvlghuv zlq wkh dxfwlrq li dqg rqo| li

+44, �) � 3=

Li +44, krogv wkhq ;l 5 *>

v� @
�)
J�|

�)
>

vr wkdw [
�M)

v� @ �)
J�|=

431515 Vwdjh 5= Exuhdxfudw*v ghflvlrq

Lq vwdjh 5/ wkh exuhdxfudw pd{lpl}hv wkh vxp ri wudqvihuv pdgh wr klp dw wkh hqg ri vwdjh 61 Lq

fdvh ri lqgl�huhqfh/ zh dvvxph wkdw wkh exuhdxfudw slfnv d frdolwlrq/ uhdol}hg vxevhtxhqwo| wr wkh

dqqrxqfhphqw sur�oh �W= Wkxv dv wudqvihuv duh qrqqhjdwlyh/ wkh exuhdxfudw dozd|v slfnv d frdolwlrq

*W/ uhdol}hg vxevhtxhqwo| wr �W1

Qrwlfh wkdw wkh vhw ri uhdol}hg frdolwlrqv gh�qhv d sduwlwlrq ri @1
Zh �uvw sxw vrph uhvwulfwlrqv rq sdudphwhuv ri wkh prgho=

+DE5,

�� +3,� �� +4, � �� +4,�z=

Ohppd 55 Xqghu dvvxpswlrq +DE5,/ dqg iru dq| dqqrxqfhphqw sur�oh �W/ wkhuh h{lvwv dw prvw

rqh frdolwlrq uhdol}hg vxevhtxhqwo| wr �W/ zkhuh lqvlghuv elg pruh wkdq rxwvlghuv gr1

Surri1 Vxssrvh wkhuh h{lvwv rqh vxfk frdolwlrq *W uhdol}hg vxevhtxhqwo| wr �W1 Wkh uhvxow

suhvhqwhg lq wkh suhylrxv sdudjudsk lpsolhv wkdw �)W � 3= Dv wkh vhw ri uhdol}hg frdolwlrqv gh�qhv d
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sduwlwlrq ri @> dq| rwkhu frdolwlrq gl�huhqw iurp *W lv lqfoxghg lq �*W= Dvvxpswlrq +DE4, lqgxfhv

wkh iroorzlqj lpsolfdwlrq= ;* 5 S +@,

+45, �) � 3 , �7) ? 3=

Ixuwkhupruh/ wkh rshudwru � lv fkdudfwhul}hg e| wkh iroorzlqj surshuw|= ;*>*� 5 S +@, >

+46, * � *� , �) � �)�

=

Lpsolfdwlrqv +45, dqg +46, lpso| wkdw wkhuh grhv qrw h{lvw wzr glvmrlqw zlqqlqj frdolwlrqv1

431516 Vwdjh 4= Frdolwlrq Dqqrxqfhphqwv

Zh vwduw wklv vhfwlrq e| dvvxplqj wkh iroorzlqj uhvwulfwlrq rq ihdvleoh dqqrxqfhphqwv=

+DE6, ;l 5 @>
��� � 3=

Dvvxpswlrq +DE6, ghohwhv zhdno| grplqdwhg vwudwhjlhv1 Lqvlghuv lq d orvlqj frdolwlrq gr qrw

ehqh�w qru orvh iurp wkh dxfwlrq dv orvlqj elgv duh uhixqghg1 Wkxv/ zh dvvxph wkdw hqwuhsuhqhxuv

suhihu wr qdph wkh judqg frdolwlrq @ udwkhu wkdq d frdolwlrq zklfk grhv qrw kdyh wkh delolw| wr

rxwelg rxwvlghuv1

Lq wklv vhfwlrq/ zh zloo ghwhuplqh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru h{lvwhqfh dqg xqltxhqhvv

ri dq htxloleulxp ri jdph J1 Wkh surri lv rujdql}hg dv iroorzv= zh zloo �uvw vxppdul}h wkh uhvxowv

suryhg vr idu lq rughu wr gh�qh d uhgxfhg0irup jdph sod|hg lq vwdjh 41 Zh zloo wkhq ghwhuplqh wkh

rxwfrph ri wkh jdph J1 Ilqdoo|/ zh zloo suryh wkdw wkh htxloleulxp rxwfrph lv fkdudfwhul}hg e|

Wkhruhp :1

431517 Vxppdu| ri uhvxowv

Frqvlghu wkh fkrlfh �� ri hqwuhsuhqhxu l 5 @1 Vxssrvh wkdw wkh exuhdxfudw*v ghflvlrq *W lv vxfk

wkdw �)W � 3= Wkhq zh kdyh wkh iroorzlqj=

X� +��, @

+
�� +���, . d� � �

��
� . �

#���
�� li *W @ ��

d� .z rwkhuzlvh
=

431518 Lqglylgxdo rswlpdo frdolwlrq

Zh �uvw fkdudfwhul}h wkh rswlpdo frdolwlrq iru hdfk hqwuhsuhqhxu l 5 @=
Hdfk hqwuhsuhqhxu*v �suhihuuhg frdolwlrq� lv jlyhq e|=

�6� @ dujpd{
�

�
�� +��,� ��� .

4

��
��

�
>
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vxemhfw wr +
l 5 �

�� � 3
=

Ohppd 56 +Frqyh{lw|, Iru doo l 5 @> �6� fdq eh zulwwhq

�6� @ ilj ^ �6�

zkhuh ;m> n 5 @

+47,
�
m 5 �6� dqg d� ? d& ? �� +4,�z

� , ^n 5 �6� `

Surri1 Vxssrvh wkdw <l> m> n 5 @

m 5 �6� dqg d� ? d& ? �� +4,�z dqg n @5 �6� =

Wkhq frqvlghu wkh frdolwlrq

a�6� @ �6� ^ inj q imj =

Zh wkxv kdyh

l 5 a�6� >

�	�6� A ��6� =

Dv

�	�
6
� @ ��

6
� >

zh kdyh

�
�6�
� @ �

	�6�
� =

Dqg wkxv

��
�
��

6
�

�
. d� � �

�6�
� .

4

��
6
�

��6� ? ��
�
�	�

6
�

�
. d� � �

	�6�
� .

4

�	�
6
�

�	�6� >

zklfk frqwudglfwv wkh rswlpdolw| frqglwlrq iru �6� =

431519 Htxloleulxp Rxwfrph

Ohw*v lqgh{ e| l @ 4 wkh ulfkhvw lqglylgxdo lq wkh hfrqrp|1 Frqvlghu wkh iroorzlqj dvvxpswlrq rq

wkh sulfh hodvwlflw| +suhylrxvo| pdgh lq DD4,=

+DD4, Wkh ixqfwlrq �� +=, lv frqfdyh

Sursrvlwlrq 57 Xqghu dvvxpswlrq +DD4,/ wkh xqltxh htxloleulxp frdolwlrq lv jlyhq e| �6�

�6� @ dujpd{
�

�
�� +��,� ��� .

4

��
��

�
>
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vxemhfw wr

�� � 3=

Surri1 Frqvlghu d gudz ri qdwxuh dqg phpehuv ri �6� 1 Doo phpehuv ri �6� dovr kdyh �6� dv

wkhlu suhihuuhg frdolwlrq1 Frqvlghu wkh vxejdph zlwk wkh iroorzlqj fkdudfwhulvwlfv=

� Wkh odvw phpehu ri �6� > l vd|/ lv pdnlqj dq dqqrxqfhphqw

� Doo suhylrxv phpehuv ri �6� kdyh dqqrxqfhg �6�

Wkhq dv

�6� @ dujpd{
�

�
�� +��,� ��� .

4

��
��

�
>

vxemhfw wr

�� � 3=

dqg xqghu dvvxpswlrq +DD4,/ wkh rswlpxp lv xqltxh1 Wkhq lqglylgxdo l lv dqqrxqflqj=

�� @ �6� @ �6� =

D edfnzdug lqgxfwlrq dujxphqw suryhv wkdw doo phpehuv ri �6� duh dqqrxqflqj �6� dv zhoo vr wkdw

�6� lv iruphg vxevhtxhqwo| wr wkh htxloleulxp dqqrxqfhphqw sur�oh +�W� ,�MV1 Xqghu dvvxpswlrq

+DE5,/ wkh exuhdxfudw*v htxloleulxp fkrlfh lv xqltxho| jlyhq e| �6� 1

Zh kdyh suryhg wkdw wkh rswlpdo frdolwlrq iru wkh ulfkhvw hqwuhsuhqhxu lv dozd|v fkrvhq lq

htxloleulxp/ uhjdugohvv ri wkh rughu ri pryhv lq wkh �uvw vwdjh1 Wklv uhvxow lv htxlydohqw wr d

Frdolwlrq0Surriqhvv surshuw| ghyhorshg e| Ehuqkhlp/ Shohj dqg Zklqvwrq ^4<;:`1

Uhihuhqfhv

^4` Dfhprjox/ Gdurq/ Sklolssh Djklrq/ dqg Ideul}lr ]lolerwwl/ �Dssursuldwh Lqvwlwxwlrqv dqg Hfr0

qrplf Jurzwk�/ plphr PLW +5335,1

^5` Dfhprjox/ Gdurq/ Vlprq Mrkqvrq/ dqg Mdphv Urelqvrq1 �Wkh Frorqldo Ruljlqv ri Frpsdudwlyh

Ghyhorsphqw= Dq Hpslulfdo Lqyhvwljdwlrq�/ Wkh Dphulfdq Hfrqrplf Uhylhz/ Yro1 <4/ qr1 81

+Ghfhpehu 5334,/ 469<047341

^6` Dfhprjox/ Gdurq dqg Mdphv Urelqvrq1 �Zk| Glg wkhZhvw H{whqg wkh IudqfklvhB Ghprfudf|/

Lqhtxdolw| dqg Jurzwk lq Klvwrulfdo Shuvshfwlyh�/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1

448/ qr1 71 +Qryhpehu 5333,/ 449:044<<1

^7` Dfhprjox/ Gdurq dqg Mdphv Urelqvrq1 �D Wkhru| ri Srolwlfdo Wudqvlwlrqv�/ Wkh Dphulfdq

Hfrqrplf Uhylhz/ Yro1 <4/ qr1 71 +Vhswhpehu 5334,/ <6;0<961

66



^8` Djklrq/ Sklolssh dqg Sdwulfn Erowrq1 �D Wkhru| ri Wulfnoh0Grzq Jurzwk dqg Ghyhorsphqw�/

Wkh Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 97/ qr1 51 +Iheuxdu| 4<<:,/ 48404:51

^9` Dohvlqd/ Doehuwr dqg Gdql Urguln1 �Glvwulexwlyh Srolwlfv dqg Hfrqrplf Jurzwk�/ Wkh Txdu0

whuo| Mrxuqdo ri Hfrqrplfv/ Yro1 43</ qr1 51 +Pd| 4<<7,/ 79807<31

^:` Edqhumhh/ Deklmlw1 �D Wkhru| ri Plvjryhuqdqfh�/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1

445/ qr1 71 +Qryhpehu 4<<:,/ 45;<046651

^;` Edqhumhh/ Deklmlw/ Jhuwohu/ Sdxo dqg Pdwuhhvk Jkdwdn1 �Hpsrzhuphqw dqg H!flhqf|= Whq0

dqf| Uhirup lq Zhvw Ehqjdo�/ Wkh Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 443/ qr1 51 +Dsulo 5335,/

56<05;31

^<` Edqhumhh/ Deklmlw dqg Dqguhz Qhzpdq1 �Rffxsdwlrqdo Fkrlfh dqg wkh Surfhvv ri Ghyhors0

phqw�/ Wkh Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 434/ qr1 51 +Dsulo 4<<6,/ 5:705<;1

^43` Ehfnhu/ Jdu|1 �D Wkhru| ri Frpshwlwlrq Dprqj Suhvvxuh Jurxsv iru Srolwlfdo Lq xhqfh�/ Wkh

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 <;/ qr1 61 +Dxjxvw 4<;6,/ 6:407331

^44` Ehuqkhlp/ Grxjodv/ Eh}doho Shohj/ dqg Plfkdho Zklqvwrq1 �Frdolwlrq0Surri Qdvk Htxloleuld 0

L1 Frqfhswv�/ Mrxuqdo ri Hfrqrplf Wkhru|/ Yro1 75/ qr1 41 +Mdqxdu| 4<;:,/ 40451

^45` Ehvoh|/ Wlprwk|1 �Surshuw| Uljkwv dqg Lqyhvwphqw Lqfhqwlyhv= Wkhru| dqg Hylghqfh iurp

Jkdqd�/ Wkh Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 436/ qr1 81 +Rfwrehu 4<<8,/ <360<6:1

^46` Fodhvvhqv/ Vwlmq/ Vlphrq Gmdqnry/ dqg Oduu| Odqj/ �Zkr Frqwurov Hdvw Dvldq FrusrudwlrqvB�

plphr Zruog Edqn +4<<;,1

^47` Gh Vrwr/ Khuqdqgr/ �Wkh Rwkhu Sdwk = wkh Lqylvleoh Uhyroxwlrq lq wkh Wklug Zruog� +Qhz

\run/ Q\= Kdushu dqg Urz/ 4<;<,1

^48` Gmdqnry/ Vlphrq/ Udidho Od Sruwd/ Ioruhqflr Orsh}0gh0Vlodqhv/ dqg Dqguhl Vkohlihu1 �Wkh

Uhjxodwlrq ri Hqwu|�/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 44:/ qr1 41 +Iheuxdu| 5335,/

406:1

^49` Gmdqnry/ Vlphrq/ Udidho Od Sruwd/ Ioruhqflr Orsh}0gh0Vlodqhv/ dqg Dqguhl Vkohlihu1 �Frxuwv=

wkh Oh{ Pxqgl Surmhfw�/ QEHU Zrunlqj Sdshu ;;<3/ +Dsulo 5335,1

^4:` Hnhoxqg/ Urehuw dqg Urehuw Wroolvrq/ �Phufdqwlolvp dv d Uhqw0Vhhnlqj Vrflhw|� +Froohjh Vwd0

wlrq/ W[= Wh{dv D)P Xqlyhuvlw| Suhvv/ 4<;4,1

^4;` Hqjhov/ Iulhgulfk dqg Nduo Pdu{/ �Pdqlihvwr ri wkh Frppxqlvw Sduw|� +4;7;,/ lqPdu{2Hqjhov

Vhohfwhg Zrunv/ +Prvfrz/ Uxvvld= Surjuhvv Sxeolvkhuv/ 4<9<,1
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^4<` Hqjhupdq/ Vwdqoh| dqg Nhqqhwk Vrnror�/ �Idfwru Hqgrzphqwv/ Lqvwlwxwlrqv/ dqg Gl�huhqwldo

Sdwkv ri Jurzwk Dprqj Qhz Zruog Hfrqrplhv= D Ylhz iurp Hfrqrplf Klvwruldq ri wkh

Xqlwhg Vwdwhv�/ lq Krz Odwlq Dphulfd Ihoo Ehklqg B/ Kdehu/ hg1 +Sdor Dowr/ FD= Vwdqirug

Xqlyhuvlw| Suhvv/ 4<<:,1

^53` Hqjhupdq/ Vwdqoh|/ Vwhskhq Kdehu/ dqg Nhqqhwk Vrnror�/ �Lqhtxdolw|/ lqvwlwxwlrqv dqg gl�hu0

hqwldo sdwkv ri jurzwk dprqj Qhz Zruog frorqlhv�/ lq Lqvwlwxwlrqv/ Frqwudfwv dqg Rujdql}d0

wlrqv/ Pìqdug/ hg1 +Fkhowhqkdp/ XN= F1 Hgzdug Hojdu Sxeolvklqj/ Lqf/ 5333,1

^54` Ihuqdqgh}/ Udtxho dqg Gdql Urguln1 �Uhvlvwdqfh wr Uhirup= Vwdwxv Txr Eldv lq wkh Suhvhqfh ri

Lqglylgxdo0Vshfl�f Xqfhuwdlqw|�/ Wkh Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;4/ qr1 81 +Ghfhpehu

4<<4,/ 4479044881

^55` Jdoru/ Rghg dqg Mrvhsk ]hlud1 �Lqfrph Glvwulexwlrq dqg Pdfurhfrqrplfv�/ Wkh Uhylhz ri

Hfrqrplf Vwxglhv/ Yro1 93/ qr1 41 +Mdqxdu| 4<<6,/ 680851

^56` Jodhvhu/ Hgzdug/ Mrvh Vfkhlqnpdq/ dqg Dqguhl Vkohlihu1 �Wkh Lqmxvwlfh ri Lqhtxdolw|�/ plphr

Kduydug Xqlyhuvlw| +5335,1

^57` Jodhvhu/ Hgzdug dqg Dqguhl Vkohlihu1 �Wkh Ulvh ri wkh Uhjxodwru| Vwdwh�/ plphr Kduydug

Xqlyhuvlw| +5334,1

^58` Jodhvhu/ Hgzdug dqg Dqguhl Vkohlihu1 �Ohjdo Ruljlqv�/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv

+5335,/ iruwkfrplqj1

^59` Jrogehuj/ Slqhorsl dqg Jlrydqql Pdjjl1 �Surwhfwlrq iru Vdoh= Dq Hpslulfdo Lqyhvwljdwlrq�/

Wkh Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;</ qr1 81 +Ghfhpehu 4<<<,/ 4449044671

^5:` Jurvvpdq/ Jhqh dqg Hokdqdq Khospdq1 �Surwhfwlrq iru Vdoh�/ Wkh Dphulfdq Hfrqrplf Uh0

ylhz/ Yro1 ;7/ qr1 71 +Vhswhpehu 4<<7,/ ;660;831

^5;` Kdehu/ Vwhskhq1 �Lqgxvwuldo Frqfhqwudwlrq dqg wkh Fdslwdo Pdunhwv= D Frpsdudwlyh Vwxg| ri

Eud}lo/ Ph{lfr/ dqg wkh Xqlwhg Vwdwhv/ 4;6304<63�/ Mrxuqdo ri Hfrqrplf Klvwru|/ Yro1 84/ qr1

61 +Mxqh 4<<4,/ 88<08;31

^5<` Kd}dul/ UN/ �Lqgxvwuldo Sodqqlqj dqg Olfhqvlqj Srolf| 0 Ilqdo Uhsruw� +Ghokl/ Lqgld= Jryhuq0

phqw ri Lqgld/ Sodqqlqj Frpplvlrq/ 4<9:,1

^63` Nur}qhu/ U1 dqg Sklools Vwudkdq1 �Zkdw Gulyhv GhuhjxodwlrqB Hfrqrplfv dqg Srolwlfv ri wkh

Uhod{dwlrq ri Edqn Eudqfklqj Uhvwulfwlrqv�/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 447/

qr1 71 +Qryhpehu 4<<<,/ 476:0479:
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^64` Nuxhjhu/ Dqqh1 �Wkh Srolwlfdo Hfrqrp| ri wkh Uhqw0Vhhnlqj Vrflhw|�/ Wkh Dphulfdq Hfrqrplf

Uhylhz/ Yro1 97/ qr1 61 +Mxqh 4<:7,/ 5<406361

^65` Od Sruwd/ Udidho/ Ioruhqflr Orsh}0gh0Vlodqhv/ Dqguhl Vkohlihu/ dqg Urehuw Ylvkq|1 �Odz dqg

Ilqdqfh�/ Wkh Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 439/ qr1 91 +Ghfhpehu 4<<;,/ 4446044881

^66` Od Sruwd/ Udidho/ Ioruhqflr Orsh}0gh0Vlodqhv/ Dqguhl Vkohlihu/ dqg Urehuw Ylvkq|1 �Wkh Txdo0

lw| ri Jryhuqphqw�/ Wkh Mrxuqdo ri Odz/ Hfrqrplfv dqg Rujdql}dwlrq/ Yro1 48/ qr1 41 +Dsulo

4<<<,/ 55505:<1

^67` Orxu|/ Johqq1 �Lqwhujhqhudwlrqdo Wudqvihuv dqg wkh Glvwulexwlrq ri Hduqlqjv�/ Hfrqrphwulfd/

Yro1 7</ qr1 71 +Mxo| 4<;4,/ ;760;9:1

^68` Qruwk/ Grxjodv/ �Lqvwlwxwlrqv/ Lqvwlwxwlrqdo Fkdqjh/ dqg Hfrqrplf Shuirupdqfh� +Fdpeulgjh/

Q\= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<3,1

^69` Rovrq/ Pdqfxu/ �Wkh Orjlf ri Froohfwlyh Dfwlrq> Sxeolf Jrrgv dqg wkh Wkhru| ri Jurxsv�

+Fdpeulgjh/ PD= Kduydug Xqlyhuvlw| Suhvv/ 4<98,1

^6:` Rovrq/ Pdqfxu/ �Wkh Ulvh dqg Ghfolqh ri Qdwlrqv� +Qhz Kdyhq/ FW= \doh Xqlyhuvlw| Suhvv/

4<;5,1

^6;` Sduhqwh/ Vwhskhq dqg Hgzdug Suhvfrww/ �Eduulhuv wr Ulfkhv� +Fdpeulgjh/ PD= PLW Suhvv/

5333,1

^6<` Shuvvrq/ Wruvwhq dqg Jxlgr Wdehoolql1 �Lv Lqhtxdolw| Kdupixo iru Jurzwk�/ Wkh Dphulfdq

Hfrqrplf Uhylhz/ Yro1 ;7/ qr1 61 +Mxqh 4<<7,/ 93309541

^73` Slnhww|/ Wkrpdv1 �Wkh G|qdplfv ri wkh Zhdowk Glvwulexwlrq dqg wkh Lqwhuhvw Udwh zlwk Fuhglw

Udwlrqlqj�/ Wkh Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 97/ qr1 51 +Dsulo 4<<:,/ 4:604;<1

^74` Udmdq/ Udjkx dqg Oxljl ]lqjdohv1 �Wkh Juhdw Uhyhuvdov= Wkh Srolwlfv ri Ilqdqfldo Ghyhorsphqw

lq wkh 53wk Fhqwxu|�/ plphr Xqlyhuvlw| ri Fklfdjr +5334,1

^75` Vkohlihu/ Dqguhl dqg Urehuw Ylvkq|1 �Srolwlfldqv dqg Ilupv�/ Wkh Txduwhuo| Mrxuqdo ri Hfr0

qrplfv/ Yro1 43</ qr1 71 +Qryhpehu 4<<7,/ <<8043581

^76` Vwljohu/ Jhrujh1 �Wkh Wkhru| ri Hfrqrplf Uhjxodwlrq�/ Wkh Ehoo Mrxuqdo ri Hfrqrplfv dqg

Pdqdjhphqw Vflhqfh/ Yro1 5/ qr1 41 +Vsulqj 4<:4,/ 60541

^77` Wluroh/ Mhdq1 �Wkh Wkhru| ri Lqgxvwuldo Rujdql}dwlrq�/ +Fdpeulgjh/ PD= PLW Suhvv/ 4<<8,1
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