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Sudqde Edugkdq2 dqg Glols Prrnkhumhh�

Iluvw Gudiw> Qryhpehu 63/ 4<<<

Devwudfw

D frpprq suhvxpswlrq lv wkdw ghfhqwudol}dwlrq lv surqh wr d srwhqwldo slwidoo rz0

lqj wr wkh juhdwhu yxoqhudelolw| ri orfdo jryhuqphqwv wr fdswxuh e| orfdo holwhv1 Zh

lqyhvwljdwh wkh ghwhuplqdqwv ri uhodwlyh fdswxuh ri orfdo dqg qdwlrqdo jryhuqphqwv wkhr0

uhwlfdoo|/ lq wkh frqwh{w ri dq h{whqghg yhuvlrq ri wkh Edurq0Jurvvpdq0Khospdq prgho

ri hohfwrudo frpshwlwlrq zlwk oree|lqj e| vshfldo lqwhuhvw jurxsv1 D qxpehu ri idf0

wruv gr surylgh vxssruw wr wkh wudglwlrqdo suhvxpswlrq/ vxfk dv uhgxfhg frkhvlyhqhvv

ri lqwhuhvw jurxsv/ kljkhu ohyhov ri yrwhu dzduhqhvv/ dqg juhdwhu hohfwrudo frpshwlwlrq

dw wkh qdwlrqdo ohyho1 D qxpehu ri rwkhu idfwruv pd|/ krzhyhu/ fuhdwh dq rssrvlwh whq0

ghqf| iru orzhu fdswxuh dw wkh orfdo ohyho1 Wkhvh lqfoxgh ohvv hohfwrudo xqfhuwdlqw| dw

wkh qdwlrqdo ohyho/ dqg d kljkhu ydoxh ri fdpsdljq ixqgv lq qdwlrqdo hohfwlrqv rzlqj wr

wkhlu ixqjlelolw| dfurvv gl�huhqw glvwulfwv1 Uhodwlyh fdswxuh dovr ghshqgv rq khwhurjhqh0

lw| dfurvv glvwulfwv zlwk uhvshfw wr ohyhov ri orfdo lqhtxdolw| dqg sryhuw|= dffruglqjo|

ghfhqwudol}dwlrq zloo whqg wr lqfuhdvh fdswxuh lq kljk lqhtxdolw| glvwulfwv dqg orzhu lw lq

orz lqhtxdolw| glvwulfwv1 Srzhu0vkdulqj ehwzhhq sduwlhv dw wkh qdwlrqdo ohyho/ gxh hlwkhu

wr frdolwlrq jryhuqphqwv ru sursruwlrqdo uhsuhvhqwdwlrq/ olplwv wkh h{whqw ri qdwlrqdo

fdswxuh1 Zh frqfoxgh wkdw hpslulfdo uhvhdufk lv qhfhvvdu| wr lqyhvwljdwh wkh h{whqw dqg

ghwhuplqdqwv ri uhodwlyh fdswxuh1
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Wkh olwhudwxuh rq sxeolf fkrlfh dqg srolwlfdo hfrqrp| lv fkdudfwhulvhg e| qxphurxv wkhruhwl0

fdo dqdo|vhv ri fdswxuh ri wkh ghprfudwlf surfhvv e| vshfldo lqwhuhvw jurxsv1 Lw lv vxusulvlqj/

wkhuhiruh/ wkdw wklv olwhudwxuh uduho| dgguhvvhv wkh wkh txhvwlrq ri uhodwlyh fdswxuh dw fhqwudo

dqg orfdo ohyhov ri jryhuqphqw1 \hw wkhuh duh vrph frpprq suhvxpswlrqv rq wklv pdwwhu

lq wkh jhqhudo uhdop ri sxeolf glvfxvvlrq1 Rqh lv wkdw wkh orzhu wkh ohyho ri jryhuqphqw/ wkh

juhdwhu lv wkh h{whqw ri fdswxuh e| yhvwhg lqwhuhvwv/ dqg wkh ohvv surwhfwhg plqrulwlhv dqg

wkh srru whqg wr eh1 Wklv kdv ehhq txlwh frpprq lq wkh glvfxvvlrq ri wkh qhhg iru ihghudo

lqwhuyhqwlrq lq wkh surwhfwlrq ri plqrulwlhv lq wkh Flylo Uljkwv |hduv lq wkh Xqlwhg Vwdwhv/

ru ri wkh sxwdwlyh uhjuhvvlyh frqvhtxhqfhv ri wkh pryhphqw lq idyru ri *vwdwh uljkwv* lq XV

klvwru|1 Lw lv dovr fhqwudo wr glvfxvvlrqv ri ghfhqwudol}hg phfkdqlvpv ri cfrppxqlw| wdujhw0

lqj* lq ghyhorslqj frxqwulhv/ lq zklfk uhvsrqvlelolw| iru frpsrvlwlrq dqg gholyhu| ri sxeolf

vhuylfhv dqg lghqwl�fdwlrq ri orfdo ehqh�fldulhv lv wudqvihuuhg wr orfdo jryhuqphqwv1 Li wkh

frqyhqwlrqdo suhvxpswlrq lv fruuhfw/ wkh dgydqwdjh ri ghfhqwudol}lqj gholyhu| phfkdqlvpv

wr orfdo jryhuqphqwv zlwk dffhvv wr vxshulru orfdo lqirupdwlrq zrxog eh frpsurplvhg e|

juhdwhu fdswxuh ri wkhvh surjudpv e| orfdo holwhv1 Wkh fdvh iru vxfk irupv ri ghfhqwudol}dwlrq

zrxog wkhq ghshqg rq wkh uhvxowlqj wudghr� ehwzhhq wkhvh wzr h�hfwv1e

Pruh wkdq wzr fhqwxulhv edfn/ lq wkh Ihghudolvw Sdshuv +qr1 43,/ Mdphv Pdglvrq h{0

suhvvhg wkh ylhz wkdw orfdo jryhuqphqwv duh pruh surqh wr fdswxuh=

%Wkh vpdoohu wkh vrflhw|/ wkh ihzhu suredeo| zloo eh wkh glvwlqfw sduwlhv dqg

lqwhuhvwv frpsrvlqj lw> wkh ihzhu wkh glvwlqfw sduwlhv dqg lqwhuhvwv/ wkh pruh

iuhtxhqwo| zloo d pdmrulw| eh irxqg ri wkh vdph sduw|> dqg wkh vpdoohu wkh

qxpehu ri lqglylgxdov frpsrvlqj d pdmrulw|/ dqg wkh vpdoohu wkh frpsdvv zlwklq

zklfk wkh| duh sodfhg/ wkh pruh hdvlo| zloo wkh| frqfhuw dqg h{hfxwh wkhlu sodqv

ri rssuhvvlrq1 H{whqg wkh vskhuh dqg |rx wdnh lq d juhdwhu ydulhw| ri sduwlhv
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dqg lqwhuhvwv> |rx pdnh lw ohvv suredeoh wkdw d pdmrulw| ri wkh zkroh zloo kdyh

d frpprq prwlyh wr lqydgh wkh uljkwv ri rwkhu flwl}hqv> ru li vxfk d frpprq

prwlyh h{lvwv/ lw zloo eh pruh gl�fxow iru doo zkr ihho lw wr glvfryhu wkhlu rzq

vwuhqjwk dqg wr dfw lq xqlvrq zlwk hdfk rwkhu%1

Vlplodu ylhzv kdyh ehhq h{suhvvhg lq pruh uhfhqw wlphv/ lq ghyhorshg dqg ghyhorslqj

frxqwulhv dolnh1 Iru lqvwdqfh/ PfFrqqhoo +4<99/ s167;, hfkrhv Pdglvrq*v dujxphqwv zkloh

srlqwlqj wr wkh vhulrxv glvfulplqdwru| h�hfwv ri ghfhqwudol}hg ghprfudwlf srolwlfv lq wkh XV1

Uhvhuydwlrqv derxw wkh h�hfwv ri ghyroylqj dxwkrulw| wr hohfwhg yloodjh jryhuqphqwv lq Lqgld

kdyh ehhq h{suhvvhg lq whupv ri wkh rssuhvvlyh srzhu vwuxfwxuh lq pdq| yloodjhv1 Olhwhq

+4<<9, dqg Pdwkhz dqg Qd|dn +4<<9,/ iru lqvwdqfh/ ghvfuleh wkh uhfhqw h{shulhqfh ri fhuwdlq

orfdo yloodjh jryhuqphqwv lq fhqwudo Lqgld wkdw kdyh ehhq vxeyhuwhg e| orfdo holwhv1 Lq wkhlu

ylhz wklv h{shulhqfh ylqglfdwhv wkh hduolhu shvvlplvp ri Ededvdkhe Dpehgndu/ rqh ri wkh

nh| ghvljqhuv ri wkh Lqgldq Frqvwlwxwlrq/ frqfhuqlqj wkh survshfwv iru orfdo ghprfudf| lq

Lqgld1

Ghvslwh wkh lpsruwdqfh ri wklv lvvxh/ qrw pxfk v|vwhpdwlf hpslulfdo uhvhdufk h�ruw

dsshduv wr kdyh ehhq ghyrwhg wr dvvhvvlqj wkh uhodwlyh vxvfhswlelolw| ri qdwlrqdo dqg orfdo

jryhuqphqwv wr lqwhuhvw jurxs fdswxuh1 Exw zkdw olwwoh hylghqfh lv dydlodeoh grhv qrw surylgh

xqtxdol�hg vxssruw wr wkh suhvxpswlrq ri juhdwhu fdswxuh ri orfdo jryhuqphqwv1 Jdodvvr

dqg Udydoolrq +4<<<, vwxg| wdujhwlqj eldvhv lq vfkrrolqj surjudpv lq Edqjodghvk/ dqg �qg

wkdw lqwudglvwulfw wdujhwlqj idloxuhv zhuh ohvv vhyhuh wkdq lqwhuglvwulfw wdujhwlqj idloxuhv/

vxjjhvwlqj wkdw orfdo jryhuqphqwv h{klelwhg vwurqjhu uhglvwulexwlyh suhihuhqfhv wkdq glg

wkh fhqwudo jryhuqphqw1 Wkh 4<<9 Qdwlrqdo Hohfwlrq Vxuyh| lq Lqgld/ lqyroylqj qhduo|

43/333 flwl}hqv lq 437 sduoldphqwdu| frqvwlwxhqflhv lq Lqgld/ dvnhg uhvsrqghqwv zkhwkhu

wkh| wuxvwhg qdwlrqdo/ vwdwh dqg orfdo jryhuqphqwv d juhdw ghdo/ vrphzkdw/ ru qrw dw doo1

Wdeoh 4 +wdnhq iurp Plwud +4<<9,, uhsruwv wkh uhvxowv dw wkh doo Lqgld ohyho1 Wkh gdwd duh

vrphzkdw gl�fxow wr lqwhusuhw/ vlqfh h{suhvvhg ohyhov ri wuxvw +ru odfn ri lw, frxog eh edvhg

rq ljqrudqfh ru wudglwlrqdo or|dowlhv dsduw iurp shufhswlrqv ri fdswxuh1 Iru lqvwdqfh/ yrwhuv

pd| kdyh d qdwxudo lqfolqdwlrq wr h{suhvv juhdwhu wuxvw lq orfdo jryhuqphqwv rzlqj wr uhjlrqdo

or|dowlhv dqg orzhu ohyhov ri ljqrudqfh frqfhuqlqj d�dluv dw wkh orfdo ohyho1 Wr khos lqwhusuhw

wkh gdwd vxlwdeo|/ frqvlghu Wdeoh 5 zklfk ghvfulehv shufhqw ri uhvsrqghqwv lq gl�huhqw Lqgldq
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vwdwhv h{suhvvlqj kljk ohyhov ri wuxvw lq orfdo/ vwdwh dqg qdwlrqdo jryhuqphqwv1 Wkh vwdwhv

duh rujdql}hg lq rughu ri lqfuhdvlqj sryhuw| udwhv1D Uhodwlyh dqg devroxwh ohyhov ri wuxvw lq

orfdo jryhuqphqw dsshdu wr eh qhjdwlyho| uhodwhg wr sryhuw|1 Vlqfh ljqrudqfh dqg uhjlrqdo

or|dowlhv duh olnho| wr sod| d juhdwhu uroh lq iruplqj wkh dwwlwxghv ri wkh srru/ wklv ohqgv

fuhghqfh wr wkh qrwlrq wkdw wkh h{suhvvhg ohyhov ri wuxvw lq wkh vxuyh| zhuh gulyhq sulpdulo|

e| shufhswlrqv ri fdswxuh1 Wr wkh h{whqw wklv lv wkh dssursuldwh lqwhusuhwdwlrq/ wkh gdwd

grhv qrw surylgh hylghqfh lq idyru ri wkh k|srwkhvlv wkdw orfdo jryhuqphqwv duh jhqhudoo|

ylhzhg dv pruh vxvfhswleoh wr fdswxuh wkdq jryhuqphqwv dw kljkhu ohyhov1

WDEOH 4= Shufhqw Yrwhuv H{suhvvlqj Gl�hulqj Ohyhov ri Wuxvw lq Lqgld

Ohyho ri Wuxvw Lq Fhqwudo Jryw1 Lq Vwdwh Jryw1 Lq Orfdo Jryw1

Juhdw Ghdo 68 6: 6<

Vrphzkdw 76 76 6:

Qrw dw Doo 55 4< 56

WDEOH 5= Shufhqw Yrwhuv lq Gl�huhqw Lqgldq Vwdwhv H{suhvvlqj Kljk Wuxvw

Fhqwudo Vwdwh Orfdo Uxudo Sryhuw| Udwh

Elkdu 63 63 63 96

Pdkdudvkwud 64 67 74 84

Wdplo Qdgx 5< 6: 73 75

Jxmdudw 56 55 73 75

Zhvw Ehqjdo 69 74 84 65

Wkh sxusrvh ri wklv sdshu lv wr ghyhors dq dqdo|wlfdo iudphzrun wkdw khosv lghqwli|

ghwhuplqdqwv ri uhodwlyh fdswxuh dw gl�huhqw ohyhov ri jryhuqphqw1 Zh dgdsw wkh prgho ri

Edurq +4<<7, dqg Jurvvpdq dqg Khospdq +4<<9, ri hohfwrudo frpshwlwlrq vxemhfw wr wkh

lq�xhqfh ri vshfldo lqwhuhvw jurxsv1 Wkh prgho lv fkdudfwhulvhg e| Grzqvldq frpshwlwlrq

ehwzhhq wzr sduwlhv zkrvh srolf| sodwirupv duh lq�xhqfhg e| fdpsdljq frqwulexwlrqv iurp

d oree| uhsuhvhqwlqj wkh lqwhuhvwv ri dq holwh1 Wkh ehkdylru ri yrwhuv lv csuredelolvwlf*/ rzlqj

D+�h@* �L�ih|) +@|i �t |�i @�ih@}i TL�ih|) �i@_UL�?| h@|i uhL4 �bbf�b� |L �bb��bec |@!i? uhL4 �@h�!�
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wr glyhuvlw| ri wkhlu sduw| or|dowlhv/ dqg srvvleoh xqsuhglfwdeoh cvzlqjv* lq wkhvh or|dowlhv iru

h{rjhqrxv uhdvrqv1S Yrwhuv lq dq| glvwulfw duh glylghg lqwr gl�huhqw vrflr0hfrqrplf fodvvhv

fkdudfwhul}hg e| gl�hulqj srolf| suhihuhqfhv dqg ohyhov ri srolwlfdo dzduhqhvv1 cDzduh* ru

clqiruphg* yrwhuv vhohfw zklfk sduw| wr yrwh iru/ wudglqj r� sduw| or|dowlhv zlwk dq dvvhvvphqw

ri wkhlu uhvshfwlyh srolf| sodwirupv1 Wkh vxssruw ri cxqdzduh* ru cxqlqiruphg* yrwhuv rq wkh

rwkhu kdqg lv edvhg rq uhodwlyh fdpsdljq vshqglqj ri wkh wzr sduwlhv/ ehvlghv wkhlu sduw|

or|dowlhv1 Dzduhqhvv lv srvlwlyho| uhodwhg wr vrflr0hfrqrplf vwdwxv/ vr d vpdoohu iudfwlrq ri

orz lqfrph plqrulw| jurxsv duh zhoo lqiruphg/ frqvlvwhqw zlwk wkh hpslulfdo hylghqfh ri

Ghool Fdsulql dqg Nhhwhu +4<<9, lq wkh frqwh{w ri wkh XV1 Wkh srolflhv ri wkh frpshwlqj

sduwlhv wudgh r� wkh qhhg wr vhfxuh wkh yrwhv ri wkh lqiruphg yrwhuv/ zlwk wkh qhhg wr udlvh

ixqgv wkdw khos prelol}h xqlqiruphg yrwhuv1 Wkh| vhfxuh fdpsdljq frqwulexwlrqv iurp

lqwhuhvw jurxs oreelhv/ dvvxphg wr uhsuhvhqw rqo| wkh lqwhuhvwv ri wkh ulfk/ wkxv uh�hfwlqj

wkh surqrxqfhg dv|pphwu| lq srolwlfdo sduwlflsdwlrq dfurvv gl�huhqw fodvvhv wkdw kdv ehhq

grfxphqwhg lq pdq| frxqwulhv +h1j1/ lq wkh frqwh{w ri wkh XV vhh Urvhqvwrqh dqg Kdqvhq

+4<<6,,1

D frqyhqlhqw ihdwxuh ri wklv prgho lv wkdw lw hqdeohv d suhflvh dqg vlpsoh lghqwl�fdwlrq

ri wkh ghjuhh ri fdswxuh ri dq| ohyho ri jryhuqphqw/ wkxv doorzlqj lwv ghwhuplqdqwv wr eh

dqdo|vhg1 D eldv ri +dyhudjh, yrwhu or|dow| lq idyru ri d jlyhq sduw| whqgv wr pdnh wkh

hohfwrudo frqwhvw xqhyhq/ dqg uhgxfhv wkh qhhg iru wkh idyruhg sduw| wr vhohfw srolflhv wkdw

frppdqg vxssruw dprqj lqiruphg yrwhuv1 Wklv fdxvhv srolf| sodwirupv wr glyhujh/ dqg

iru wkh idyruhg sduw| wr eh pruh zloolqj wr dffrpprgdwh wkh suhihuhqfhv ri vshfldo lqwhuhvw

jurxsv1 Lqfuhdvhg dv|pphwu| ri sduw| or|dowlhv wkxv whqgv wr uhgxfh wkh lqwhqvlw| ri hohfwrudo

frpshwlwlrq/ dqg lqfuhdvh wkh ohyho ri fdswxuh ri wkh sduw| prvw olnho| wr zlq1 Frqvlvwhqw

zlwk wkh gdwd lq Wdeoh 5/ wkh ohyho ri fdswxuh zloo dovr eh srvlwlyho| uhodwhg wr wkh sryhuw|

udwh/ jlyhq wkh dvvxpswlrq wkdw wkh srru whqg wr eh ohvv lqiruphg wkdq wkh uhvw ri wkh

srsxodwlrq1 Lq dgglwlrq/ wkh prgho lv frqvlvwhqw zlwk wkh ylhz wkdw lqfuhdvhg lqhtxdolw| zloo

eh dvvrfldwhg zlwk orzhu ohyhov ri srolwlfdo dzduhqhvv lq wkh srsxodwlrq / dqg khqfh zlwk
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kljkhu ohyhov ri fdswxuh1

Dsso|lqj wkh prgho wr wkh txhvwlrq ri uhodwlyh fdswxuh/ zh lghqwli| d udqjh ri srvvleoh

ghwhuplqdqwv/ vrph ri zklfk surylgh vxssruw wr wkh Pdglvrqldq suhvxpswlrq lq idyru ri

juhdwhu fdswxuh dw wkh orfdo ohyho1 Iru lqvwdqfh/ vshfldo lqwhuhvw jurxsv pd| idfh pruh gdxqw0

lqj sureohpv ri frruglqdwlqj dqg prwlydwlqj wkhlu phpehuv wr frqwulexwh wr wkhlu uhvshfwlyh

oreelhv/ rzlqj erwk wr odujhu qxpehuv dqg juhdwhu khwhurjhqhlw| ri wkhlu phpehuvkls dw wkh

qdwlrqdo ohyho1 Wklv udlvhv wkh h�hfwlyh frvw ri ex|lqj lq�xhqfh dw wkh qdwlrqdo ohyho1 Wklv

lv uhlqirufhg li yrwhu dzduhqhvv whqgv wr eh kljkhu lq qdwlrqdo hohfwlrqv/ rzlqj wr juhdwhu

phgld dwwhqwlrq= e| uhgxflqj wkh vl}h ri wkh xqlqiruphg yrwhu srsxodwlrq lw whqgv wr orzhu

wkh ydoxh sodfhg e| srolwlfdo sduwlhv rq fdpsdljq ixqgv1

Rwkhu ghwhuplqdqwv ri fdswxuh pd|/ krzhyhu/ sxoo lq wkh rssrvlwh gluhfwlrq1 Frqvlghu

iru lqvwdqfh/ wkh uhodwlyh ghjuhh ri hohfwrudo frpshwlwlrq dw wkh wzr ohyhov/ lq d pdmrulwdu0

ldq hohfwrudo v|vwhp1 Wklv wxuqv rxw wr ghshqg rq wkh ghjuhh ri h{ dqwh krprjhqhlw| ri

sduw| or|dowlhv lq gl�huhqw glvwulfwv1 Li wkhvh duh vxemhfw wr lqghshqghqw +exw lqghqwlfdoo|

glvwulexwhg, vzlqjv lq gl�huhqw glvwulfwv/ hohfwrudo frpshwlwlrq zloo eh ohvv xqhyhq dw wkh

orfdo ohyho1 Wkhuh lv d juhdwhu suredelolw| ri dq xsvhw ylfwru| ri wkh ohvv0idyruhg sduw| dw

wkh orfdo ohyho/ uhgxflqj wkh lqfolqdwlrq ri wkh lqwhuhvw jurxs wr frqwulexwh wr wkh ixqgv

ri wkh idyruhg sduw|/ dqg khqfh wkh ohyho ri fdswxuh1 Wklv fdq krzhyhu jhw uhyhuvhg zlwk

vx�flhqw khwhurjhqhlw| dfurvv glvwulfwv lq sduw| or|dowlhv= iru lqvwdqfh/ li wkh| vhuyh wr pdnh

wkh rxwfrphv ri orfdo hohfwlrqv pruh suhglfwdeoh wkdq qdwlrqdo hohfwlrqv1 Wklv lv ixuwkhu

uhlqirufhg li wkhuh duh pruh sduwlhv frpshwlqj dw wkh qdwlrqdo wkdq orfdo ohyho1

Dq dgglwlrqdo ghwhuplqdqw ri uhodwlyh fdswxuh lv wkh h{whqw ri khwhurjhqhlw| dprqj orfdo

glvwulfwv zlwk uhvshfw wr lqwud0glvwulfw lqhtxdolw| ru ohyhov ri srolwlfdo dzduhqhvv1 Wkhq orfdo

jryhuqphqwv zloo gl�hu lq wkh h{whqw ri fdswxuh1 Vlqfh wkh qdwlrqdo ohyho ri lqhtxdolw| dqg ri

yrwhu dzduhqhvv lv dq dyhudjh ri wkhvh dw wkh orfdo ohyhov/ wkh h{whqw ri fdswxuh dw wkh qdwlrqdo

ohyho zloo whqg wr eh lqwhuphgldwh ehwzhhq wkh h{wuhphv dw wkh orfdo ohyho1 Rq dyhudjh/

krzhyhu/ wkh qdwlrqdo jryhuqphqw frxog eh pruh surqh wr fdswxuh/ vlqfh wkh ixqjlelolw|

ri fdpsdljq vshqglqj dfurvv glvwulfwv lpsolhv wkdw fdpsdljq ixqgv fdq eh ghsor|hg pruh

h�hfwlyho| lq d qdwlrqdo fdpsdljq1

9



Rq wkh rwkhu kdqg/ wkh whqghqf| wrzdugv juhdwhu fdswxuh dw wkh qdwlrqdo ohyho lv dw0

whqxdwhg lq v|vwhpv zkhuh wkh hohfwrudo surfhvv lv prgl�hg iurp d pdmrulwduldq v|vwhp wr

hqvxuh uhsuhvhqwdwlrq ri erwk sduwlhv lq qdwlrqdo srolf|0pdnlqj1 Vxfk irupv ri plqrulw| uhs0

uhvhqwdwlrq frxog dulvh hlwkhu iurp d v|vwhp ri sursruwlrqdo uhsuhvhqwdwlrq/ d srzhu0vkdulqj

frdolwlrq jryhuqphqw/ ru lqghshqghqfh ri wkh qdwlrqdo ohjlvodwxuh iurp wkh h{hfxwlyh1 Xqghu

vrph dgglwlrqdo dvvxpswlrqv rq wkh vwuxfwxuh ri wkh srolf| vsdfh dqg wkh qdwxuh ri srolf|

suhihuhqfhv ri gl�huhqw fodvvhv/ wkh prgho suhglfwv wkdw srolf| dw wkh qdwlrqdo ohyho zloo eh

ohvv vxemhfw wr fdswxuh wkdq lq wkh pdmrulw| ri orfdo jryhuqphqwv zkhuh wkh grplqdqw sduw|

zlqv1

Lq oljkw ri wkh frqwudvwlqj urohv ri wkh glyhuvh idfwruv lghqwl�hg e| rxu dqdo|vlv/ wkhuhiruh/

rqh zrxog qrw h{shfw d xqlyhuvdo whqghqf| wrzdugv juhdwhu fdswxuh ri orfdo jryhuqphqwv1

Wkh ryhudoo frpsdulvrq zrxog ghshqg rq wkh lqwhusod| ehwzhhq d odujh qxpehu ri xqghuo|lqj

lqvwlwxwlrqdo idfwruv/ vxfk dv uhodwlyh ghjuhhv ri yrwhu dzduhqhvv dqg frkhvlyhqhvv ri vshfldo

lqwhuhvw jurxsv/ wkh h{whqw ri khwhurjhqhlw| dfurvv glvwulfwv/ dqg wkh qdwxuh ri wkh qdwlrqdo

hohfwrudo v|vwhp1 Zkhwkhu ru qrw orfdo ghprfudf| lv vxemhfw wr juhdwhu fdswxuh pd| zhoo

wxuq rxw wr eh frqwh{w0 dqg v|vwhp0vshfl�f1 Wklv fuhdwhv wkh qhhg iru hpslulfdo uhvhdufk wr

lghqwli| wkh qdwxuh ri uhodwlyh fdswxuh lq dq| jlyhq vhwwlqj/ lq rughu wr dssudlvh wkh srwhqwldo

slwidoov ri ghfhqwudol}dwlrq1 Zh krsh wkdw wkh prgho dqdo|vhg lq wklv sdshu zloo surylgh d

xvhixo iudphzrun iru vxfk hpslulfdo zrun1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh prgho lv suhvhqwhg lq Vhfwlrq 51 Vhf0

wlrq 6 glvfxvvhv d ehqfkpdun fdvh zkhuh wkh rxwfrphv ri qdwlrqdo dqg orfdo hohfwlrqv h{dfwo|

frlqflgh1 Wkh dqdo|vlv wkhuhdiwhu glvfxvvhv ghyldwlrqv iurp wklv xquhdolvwlf ehqfkpdun fdvh

zklfk fdxvh orfdo fdswxuh wr ghyldwh iurp fdswxuh ri qdwlrqdo jryhuqphqwv1 Wkhvh lqfoxgh

gl�huhqfhv lq lqwhuhvw jurxs frkhvlyhqhvv dqg yrwhu dzduhqhvv/ zklfk dsshdu wr xqghuolh wkh

dujxphqwv ri Pdglvrq dqg rwkhuv lq idyru ri juhdwhu orfdo fdswxuh1 Vhfwlrq 7 frqvlghuv gli0

ihuhqfhv lq wkh qdwxuh ri hohfwrudo frpshwlwlrq dw wkh qdwlrqdo dqg orfdo ohyhov/ dqg ghvfulehv

krz wkh frpsdulvrq frxog jr hlwkhu zd|1 Vhfwlrq 8 vwxglhv wkh h�hfwv ri khwhurjhqrxv ohyhov

ri sryhuw|/ lqhtxdolw| ru yrwhu dzduhqhvv dfurvv glvwulfwv1 Vhfwlrq 9 frqvlghuv wkh h�hfwv

ri frdolwlrq qdwlrqdo jryhuqphqwv1 Ilqdoo| Vhfwlrq : frqfoxghv e| glvfxvvlqj d udqjh ri

uhohydqw idfwruv wkdw rxu sdshu devwudfwv iurp/ dqg srvvleoh dyhqxhv iru hpslulfdo uhvhdufk1

:
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Wkhuh duh q glvwulfwv hdfk zlwk dq lghqwlfdo qxpehu ri yrwhuv/ glylghg lqwr wkuhh fodvvhv=

srru +s,/ plggoh lqfrph +p, dqg ulfk +u,1 Glvwulfwv gl�hu lq ghprjudsklf frpsrvlwlrq

dfurvv wkh wkuhh fodvvhv= wkh sursruwlrq ri wkh srsxodwlrq ri glvwulfw l duh ghqrwhg e| ��R> �
�
6

dqg ��o @ 4� ��R � ��6 uhvshfwlyho|1

Wkh srolf| vsdfh lv d vhw S ri srvvleoh srolflhv �1 Wkh zhoiduh ohyho ri dq| phpehu ri

fodvv f @ s>p> u lv d ixqfwlrq XS+�, ri wkh srolf| fkrlfh �1

D iudfwlrq ri flwl}hqv ri hdfk fodvv lv lqiruphg ru srolwlfdoo| dzduh/ dqg wxuq rxw wr yrwh

iru gl�huhqw sduwlhv sduwo| rq wkh edvlv ri wkh ohyhov ri zhoiduh wkh| h{shfw wr dfklhyh xqghu

wkhlu uhvshfwlyh srolflhv1 Wkh iudfwlrq ri lqiruphg yrwhuv ri hdfk w|sh duh �R> �6 dqg �o/

dvvxphg wkh vdph lq doo glvwulfwv1 Srolwlfdo dzduhqhvv lv forvho| uhodwhg wr vrflrhfrqrplf

srvlwlrq dqg hgxfdwlrq ohyho/ vr �o � �6 A �R1 Ghool Fduslql dqg Nhhwhu +4<<9/ Fk17,

suhvhqw vljql�fdqw hpslulfdo hylghqfh lq vxssruw ri wklv dvvxpswlrq iru wkh Xqlwhg Vwdwhv1.

Dq lqfuhdvh lq wkh iudfwlrq ri wkh srsxodwlrq wkdw lv srru zloo dffruglqjo| lpso| d orzhu

iudfwlrq ri lqiruphg yrwhuv lq wkh srsxodwlrq dv d zkroh1 Wklv zloo dovr eh wkh uhvxow ri

lqfuhdvhg lqhtxdolw| lq jhqhudo li srolwlfdo dzduhqhvv lv d cfrqfdyh* ixqfwlrq ri hfrqrplf

srvlwlrq/ lq wkh vhqvh wkdw �o � �6 � �6 � �R1
H Lq rwkhu zrugv/ xszdug prelolw| dw
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wkh orzhu hqg ri wkh vfdoh wudqvodwhv lqwr d pruh vljql�fdqw hqkdqfhphqw ri olwhudf| dqg

srolwlfdo sduwlflsdwlrq wkdq dw kljkhu ohyhov1 Zkloh wkh frqfdylw| frqglwlrq lv vx�flhqw/ lw

lv qrw qhfhvvdu| iru lqfuhdvhv lq lqhtxdolw| wr uhgxfh wkh iudfwlrq ri lqiruphg yrwhuv1b

Wkhuh duh wzr sduwlhv/ ghqrwhg D dqg E1 Lqiruphg flwl}hqv hqjdjh lq csuredelolvwlf yrw0

lqj*/ zhljklqj srolf| suhihuhqfhv zlwk dq h{wulqvlf +qrq0srolf|0edvhg, suhihuhqfh ru or|dow|

iru rqh sduw| ryhu dqrwkhu1 Lqiruphg yrwhu m lq glvwulfw l kdv wkh iroorzlqj xwlolw| ryhu wkh

sduw|0srolf| vsdfh=

XSE��+�, . d��L+D, +4,

zkhuh f+m, ghqrwhv wkh fodvv wkdw yrwhu m ehorqjv wr/ L+D, lv dq lqglfdwru ixqfwlrq wdnlqj

wkh ydoxh 4 iru sduw| D dqg 3 rwkhuzlvh/ dqg d�� uhsuhvhqwv wkh yrwhu*v suhihuhqfh iru sduw|

D ryhu sduw| E1 Wkh xqghuo|lqj dvvxpswlrq khuh lv wkdw sduw| or|dowlhv gr qrw ghshqg rq

zklfk fodvv wkh yrwhu ehorqjv wr= dv glvfxvvhg lq wkh Frqfoxvlrq wklv lv rqh ri d qxpehu

ri vlpsoli|lqj dvvxpswlrqv zklfk zrxog qrw pdwhuldoo| d�hfw wkh pdlq txdolwdwlyh uhvxowv1

Wkh sduw| suhihuhqfh fdq eh ghfrpsrvhg lqwr wkh vxp ri d qdwlrqzlgh suhihuhqfh d/ d

glvwulfw0vshfl�f suhihuhqfh d� dqg d yrwhu0vshfl�f suhihuhqfh ��� =

d�� @ d. d� . ��� +5,

Zh dvvxph wkdw wkhvh wkuhh frpsrqhqwv ri sduw| suhihuhqfhv duh pxwxdoo| lqghshqghqw/ dqg

wkdw wkh qxpehu ri yrwhuv lq dq| jlyhq glvwulfw lv odujh hqrxjk wr shuplw dssolfdwlrq ri wkh

odz ri odujh qxpehuv1 Zlwkrxw orvv ri jhqhudolw|/ erwk glvwulfw dqg yrwhu0vshfl�f frpsrqhqwv

kdyh }hur phdqv/ uhhsuhvhqwlqj ghyldwlrqv iurp wkh qdwlrqzlgh dyhudjh1 Pruhryhu/ wkh

glvwulexwlrq ri yrwhu0vshfl�f suhihuhqfhv ��� zlwklq hdfk glvwulfw lv xqlirup rq wkh udqjh

^� �
2s >

�
2s `1 Wklv dvvxpswlrq zloo lpso| wkdw yrwh vkduhv duh olqhdu ixqfwlrqv ri srolf|0edvhg

xwlolw| gl�huhqfhv/ zklfk juhdwo| vlpsol�hv djjuhjdwlrq dfurvv glvwulfwv1

Yrwh vkduhv zlwklq wkh glvwulfw zloo dovr ghshqg rq wkh uhdol}dwlrq ri d. d�/ wkh xqsuh0

glfwdeoh vzlqj lq yrwhu or|dowlhv1 Wkh phgldq ri wkh glvwulexwlrq ri d.d� wkxv uhsuhvhqwv wkh
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sduw| idyruhg e| wkh yrwhuv lq glvwulfw l/ lq wkh iroorzlqj vhqvh +pdgh pruh suhflvh ehorz,1

Lq wkh devhqfh ri dq| lqwhu0sduw| gl�huhqfhv lq srolf| sodwirupv ru fdpsdljq vshqglqj/ wkh

h{ dqwh suredelolw| wkdw sduw| D zlqv wkh hohfwlrq lq glvwulfw l lv juhdwhu wkdq rqh kdoi li

wkh phgldq ri d. d� lv srvlwlyh/ dqg ohvv wkdq rqh kdoi rwkhuzlvh1

Iru wkh wlph ehlqj zh vkdoo pdnh qr rwkhu glvwulexwlrqdo dvvxpswlrqv/ h{fhsw wkdw wkh

vxssruwv ri d dqg d� duh erxqghg vxlwdeo| uhodwlyh wr wkh vxssruw ri wkh shuvrq0vshfl�f

vkrfnv/ wr hqdeoh xv wr dyrlg cfruqhu vroxwlrqv* iru yrwh vkduhv1 Wr wklv hqg lw vkdoo eh

dvvxphg wkdw wkh shuvrq vshfl�f vkrfnv duh zlgho| hqrxjk glvshuvhg/ l1h1/ i lv forvh wr }hur1

Wkhq iru wkh udqjh ri uhohydqw hohfwrudo vwudwhjlhv ri wkh wzr sduwlhv/ wkhuh zloo dozd|v eh

shrsoh lq hdfk glvwulfw zkr zloo yrwh iru dq| jlyhq sduw|/ wkxv hqvxulqj clqwhulru* yrwh vkduhv1

Wkh sduw| suhihuhqfhv ri yrwhuv pd| dulvh iurp lqfxpehqf| +h1j1/ li sduw| D lv fxuuhqwo|

lq srzhu/ yrwhuv pd| eh xqzloolqj wr h{shulphqw zlwk dq xqnqrzq sduw|/ ru wkh h{lvwlqj

jryhuqphqw pd| eh deoh wr pdqlsxodwh wkh hohfwrudo surfhvv wr vhfxuh dq xqidlu dgydqwdjh,/

shuvrqdo fkdudfwhulvwlfv ri fdqglgdwhv qrplqdwhg e| gl�huhqw sduwlhv/ ru udqgrp hyhqwv wkdw

fdxvh yrwhuv wr hydoxdwh sdvw srolf| srvlwlrqv gl�huhqwo| +h1j1/ hyhqwv lq iruhljq frxqwulhv

ru lq �qdqfldo pdunhwv,1 Wkhvh hyhqwv rffxu ehwzhhq wkh wlph wkdw sduwlhv irupxodwh wkhlu

hohfwrudo sodwirupv/ dqg wkh wlph wkdw hohfwlrqv wdnh sodfh1 Khqfh wkh yrwhu vzlqjv fdqqrw eh

suhglfwhg hlwkhu e| sduwlhv ru oreelhv zkhq ghflglqj rq wkhlu srolf| sodwirupv dqg fdpsdljq

frqwulexwlrqv1 Pruhryhu/ wkh| uhqghu hohfwlrq rxwfrphv lqkhuhqwo| xqfhuwdlq/ hyhq diwhu

sduwlhv kdyh ghfhlghg rq wkhlu hohfwrudo vwudwhjlhv1

Lq wkh Grzqvldq wudglwlrq/ sduwlhv dqqrxqfh srolflhv sulru wr wkh hohfwlrq/ dqg duh dv0

vxphg wr fuhgleo| frpplw wr wkhvh rqfh hohfwhg1 Dq lqiruphg yrwhu m lq fodvv f zlwk suhihu0

hqfh d�� iru sduw| E yrwhv iru sduw| D li XS+�
�,�XS+�

�,.d.d�.��� � 31 Khqfh +frqglwlrqdo

rq d> d�, wkh iudfwlrq ri fodvv f lqiruphg yrwhuv lq glvwulfw l wkdw yrwh iru sduw| D htxdov

�

2
. i ^d . d� . iXS+�

�, � XS+�
�,j`1 Ohwwlqj Z �

U+�
&, ghqrwh ��o�oXo+�

&, . ��6�6X6+�
&, .

��R�RXR+�
&,> n @ D>E/ wkh wrwdo qxpehu ri lqiruphg yrwhuv lq glvwulfw l wkdw yrwh iru sduw|

D uhgxfhv wr �

2
. i ^d. d� .Z �

U+�
�,�Z �

U+�
�,`1

Xqlqiruphg yrwhuv duh vzd|hg e| uhodwlyh fdpsdljq vshqglqj ri wkh wzr sduwlhv1 Wkhvh

pd| uh�hfw wkh lq�xhqfh ri hohfwlrq dgyhuwlvhphqwv/ ru rwkhu h�ruwv pdgh wr prelol}h vxs0

43



sruw +vxfk dv hohfwlrq udoolhv/ grru0wr0grru ylvlwv e| fdpsdljq zrunhuv/ dqg ydulrxv fduurwv

dqg vwlfnv r�huhg wr yrwhuv wr wxuq rxw dqg yrwh cvxlwdeo|*,1 Zh dvvxph wkdw dq xqlqiruphg

yrwhu m zloo yrwh iru sduw| D dv orqj dv

k^F�
� � F�

� ` . d. d� . ��� � 3= +6,

Wkhq wkh iudfwlrq ri xqlqiruphg yrwhuv lq glvwulfw l yrwlqj iru D zloo htxdo �

2
. i ^d . d� .

k+F�
� �F�

� ,`/ zkhuh k A 3 lv d sdudphwhu uh�hfwlqj wkh pdujlqdo h�hfwlyhqhvv ri fdpsdljq

vshqglqj lq vhfxulqj yrwhv iurp wklv jurxs ri wkh srsxodwlrq1�f

Frqglwlrqdo rq d> d�/ wkh djjuhjdwh yrwh vkduh ri sduw| D lq glvwulfw l lv rewdlqhg e|

djjuhjdwlqj dfurvv lqiruphg dqg xqlqiruphg yrwhuv

v�� @
4

5
. i ^d. d� .Z �

U+�
�,�Z �

U+�
�, . ki4� ��o�o � ��6�6 � ��R�RjiF

�
� � F�

� j`

@
4

5
. i ^d. d� . Y �+��> F�

� ,� Y �+��> F�
� ,`

zkhuh Y �+�&> F&
� , �Z �

U+�
&,."^4���o�o���6�6���R�R`F

&
� ghqrwhv wkh qhw h�hfwlyhqhvv ri

sduw| n*v hohfwrudo vwudwhj|/ uhsuhvhqwhg e| wkh yhfwru +�&> F&
� lq glvwulfw l1 Khuh " ghqrwhv

ki4� ��o�o � ��6�6 � ��R�Rj/ wkh zhljkw rq fdpsdljq vshqglqj uhodwlyh wr wkh vxssruw ri

lqiruphg yrwhuv1 Dq lqfuhdvh lq wkh iudfwlrq ri xqlqiruphg yrwhuv lq wkh glvwulfw wkxv udlvhv

wkh suhplxp rq fdpsdljq �qdqfh1

Jlyhq wkh hohfwrudo vwudwhjlhv ri wkh wzr sduwlhv/ wkh h{ dqwh suredelolw| wkdw sduw| D

zlqv d pdmrulw| lq glvwulfw l lv jlyhq e|

J�+Y �+��> F�
� ,� Y �+��> F�

� ,, � Sure^d. d� . Y �+��> F�
� ,� Y �+��> F�

� , � 3`> +7,

zkhuh J� lv wkh glvwulexwlrq ixqfwlrq ri �d � d�/ lv d vwulfwo| lqfuhdvlqj ixqfwlrq ri wkh

gl�huhqfh lq h�hfwlyhqhvv ri wkh uhvshfwlyh hohfwrudo vwudwhjlhv ri wkh wzr sduwlhv1

2�2 ,*iU|Lh@* �L4Ti|�|�L? @?_ wLMM)�?} �? wLU@* ,*iU|�L?t

Frqvlghu �uvw dq hohfwlrq wr d orfdo jryhuqphqw lq wkh glvwulfw l1 Wkh vxevfulsw l fdq

eh vxssuhvvhg lq wkh qrwdwlrq ri wklv vhfwlrq1 Hdfk sduw|*v remhfwlyh lv dvvxphg wr eh

�fW? 5iU|�L? D �i t�@** @**L� t�TTLh| Lu �?�?uLh4i_ �L|iht |L hitTL?_ �? @ ?L?*�?i@h u@t��L? |L U@4T@�}?

tTi?_�?} *i�i*t�
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wr pd{lpl}h wkh suredelolw| ri zlqqlqj wkh orfdo hohfwlrq1 Sduwlhv duh wkxv suhvxphg wr

eh sxuho| rssruwxqlvwlf/ dqg wkh uhqwv iurp r�fh duh h{rjhqrxvo| jlyhq1 Htxdwlrq +7,

lpsolhv wkdw hdfk sduw| kdv d grplqdqw vwudwhj|= sduw| n zloo vhohfw dq hohfwrudo vwudwhj|

+�&> F&, wr pd{lpl}h lwv rzq hohfwrudo h�hfwlyhqhvv Y �+�&> F&,/ qr pdwwhu zkdw wkh rwkhu

sduw| grhv1 Wklv vlpsol�hv wkh dqdo|vlv frqvlghudeo|/ dv wkh dfwlrqv ri hdfk sduw| fdq eh

dqdo|vhg lqghshqghqwo| ri wkh rwkhu1 Sduw| n*v ehkdylru fdq eh uhsuhvhqwhg vlpso| e| wkh

pd{lpl}dwlrq ri d zhljkwhg vxp ri lqiruphg yrwhu zhoiduh dqg fdpsdljq vshqglqj=

ZU+�
&, . "F& +8,

Lq wkh devhqfh ri dq| oree|lqj/ wkhuh lv d xqltxh htxloleulxp fkdudfwhul}hg e| cGrzqvldq*

frqyhujhqfh= hdfk sduw| zloo fkrrvh wkh srolf| sodwirup �W wkdw pd{lpl}hv wkh zhoiduh ZU

ri lqiruphg yrwhuv1 Zklfk sduw| zloo zlq zloo ghshqg hqwluho| rq wkh xqsuhglfwdeoh vzlqj

idfwru d. d�1 Sduw| D zloo eh idyruhg wr zlq wkh hohfwlrq/ lq wkh vhqvh wkdw wkh suredelolw|

ri D zlqqlqj wkh hohfwlrq �J� � Sure^d. d� � 3`/ juhdwhu wkdq rqh kdoi e| dvvxpswlrq1 Xvh

�J� � 4� �J� wr ghqrwh wkh fruuhvsrqglqj suredelolw| ri sduw| E zlqqlqj1

Wkh �qdo dvvxpswlrq ri wkh prgho lv wkdw wkhuh lv d vlqjoh rujdql}hg oree|/ frpsulvhg

rqo| ri wkh ulfk1�� Dq h{rjhqrxv iudfwlrq o ri wkh vhw ri ulfk flwl}hqv lq wkh glvwulfw dfwlyho|

frqwulexwh �qdqfldoo| wr wkh oree|/ zkloh wkh uhpdlqlqj phpehuv ri wklv fodvv iuhh0ulgh rq

wkh frqwulexwruv1 Vr o lv d sdudphwhu uhsuhvhqwlqj wkh h{whqw wr zklfk wkh ulfk duh zhoo

rujdql}hg dv d vshfldo lqwhuhvw jurxs1

Wkh oree| frqwulexwhv wr wkh fdpsdljq �qdqfhv ri wkh wzr sduwlhv> wkhvh frqwulex0

wlrqv duh frqglwlrqhg rq wkhlu srolf| sodwirupv= F�+��,> F�+��,1 Wkh oree|lqj jdph

lv dv iroorzv= lq wkh �uvw vwdjh/ wkh oree| r�huv +qrqqhjdwlyh, frqglwlrqdo frqwulexwlrqv

��+Lti?t|L?i @?_ O@?ti? E�bb�c A@M*i H�2� Thiti?| i��_i?Ui |�@| |�i ThLTi?t�|) |L UL?|h�M�|i 4L?i)c

@||i?_ 4ii|�?}t @?_ �Lh! L? U@4T@�}?t �?Uhi@tit t�@hT*) ��|� u@4�*) �?UL4i �? |�i N5 Mi|�ii? �bD2�HH�

A�i T�hTLti Lu |��t @tt�4T|�L? �t |L U@T|�hi |�i igiU|t Lu |��t @t)44i|h)� A�i ti| Lu *LMM�it �t i L}i?L�t

�? |�i BhLtt4@?�Oi*T4@? uh@4i�Lh!( �? |�i�h 4L_i* |�ihi U@? Mi 4Lhi |�@? L?i *LMM)� 5TiU�@* �?|ihit|

U@T|�hi hit�*|t L?*) Lu tL4i �L|iht @hi ?L| hiThiti?|i_ M) tL4i *LMM)� 5L |�i �?|ihit|�?} U@ti �t ��ihi

@| *i@t| L?i U*@tt Lu �L|iht �t ?L| hiThiti?|i_ M) @?) *LMM)� �**L��?} @? @__�|�L?@* *LMM) |L hiThiti?| |�i

�?|ihit|t Lu |�i 4�__*i U*@tt �L�*_ UL4T*�U@|i |�i @?@*)t�t ��|�L�| @*|ih�?} 4Lt| Lu |�i ^�@*�|@|��i hit�*|t�
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F�+��,> F�+��,1 Wkhq dw wkh vhfrqg vwdjh/ hdfk sduw| vhohfwv d srolf| wr pd{lpl}h lwv

yrwh vkduh/ l1h1/ sduw| n @ D>E vhohfwv srolf| �& wr pd{lpl}h ZU+�
&, . "F&+�&,1

Uhfdoo wkdw lq wkh devhqfh ri dq| oreelhv/ erwk sduwlhv zrxog vhohfw wkh vdph srolf| �W

dqg sduw| D zrxog zlq zlwk suredelolw| �J�1 Li wkh oree| zlvkhv wr eldv wkh srolf| fkrlfh ri

sduw| n iurp �W wr �&/ lw zrxog kdyh wr frqwulexwh dw ohdvw �F&+�&, zklfk pdnhv wkh sduw|

lqgl�huhqw ehwzhhq wkh wzr rswlrqv/ l1h1/ vxfk wkdw

ZU+�
&, . " �F& @ZU+�

W,>

vr wklv plqlpxp frqwulexwlrq lv jlyhq e|

�F&+�&, @
4

"
^ZU+�

W,�ZU+�
&,` +9,

Li wkh sduwlflsdwlrq frqvwudlqwv elqg/ wkh oree| frqwulexwhv rqo| wr lq�xhqfh srolf|

fkrlfhv ri hdfk sduw|/ exw qrw wkh uhodwlyh suredelolwlhv ri hlwkhu sduw| zlqqlqj1 Wkhq

sduw| D frqwlqxhv wr zlq zlwk suredelolw| �J�/ lqghshqghqw ri wkh suhflvh srolflhv fkrvhq/

vlqfh wkh orvv ri lqiruphg yrwhuv lv h{dfwo| frpshqvdwhg e| jdlq ri xqlqiruphg yrwhuv1 Lq

wklv fdvh/ wkh oree| h�hfwlyho| sxufkdvhv wkh srolf| sodwirup ri hdfk sduw| dw d sulfh jlyhq

e| +9, deryh1 Lq htxloleulxp/ lw zloo lqgxfh srolf| fkrlfh �& e| sduw| n zklfk pd{lpl}hv

wkh qhw h{shfwhg xwlolw| ri d frqwulexwlqj phpehu ri wkh ulfk fodvv �J&Xo+�
&, � �

,qo
�F&+�&,1

Lq wklv fdvh/ wkhuhiruh/ wkh srolf| fkrlfh �& ri sduw| n @ D> E lv vhohfwhg wr pd{lpl}h

o"�o �J
&Xo+�

&, .ZU+�
&, � �R�RXR+�

&, . �6�6X6+�&, . �oi�o . o" �J&jXo+�
&,> +:,

d olqhdu txdvl0xwlolwduldq zhoiduh ixqfwlrq zlwk d frqvwdqw vhw ri zhoiduh zhljkwv1 Lw wxuqv rxw

wkdw d vlplodu fkdudfwhul}dwlrq ri htxloleulxp srolf| fkrlfhv krogv hyhq li wkh sduwlflsdwlrq

frqvwudlqwv gr qrw elqg=
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Sursrvlwlrq 4 Lq htxloleulxp wkh srolf| fkrlfh �& ri sduw| n @ D>E pd{lpl}hv

�R�RXR+�
&, . �6�6X6+�

&, . �oi�o . o"J&jXo+�
&, +;,

jlyhq J&/ wkh htxloleulxp suredelolw| ri sduw| n zlqqlqj1 Wkh suredelolw| s� wkdw sduw| D

zlqv wkh hohfwlrq htxdov J�+3, lq wkh fdvh wkdw wkh sduwlflsdwlrq frqvwudlqwv iru erwk sduwlhv

elqg> rwkhuzlvh lw vdwlv�hv wkh �uvw0rughu frqglwlrq +xvlqj j wr jhqrwh wkh ghqvlw| ri J�/

dqg �&+s&, wkh rswlpdo srolf| fkrlfh ri sduw| n jlyhq wkh zlq suredelolw| s& dv ghvfulehg e|

+;,,=

Xo+�
�+s�,,� Xo+�

�+4� s�,, �
4

"o�oj+J�3�+s�,,
+<,

zlwk htxdolw| li s� ? 41

Wkh surri lv suhvhqwhg lq wkh Dsshqgl{1 Lq wkh fdvh wkdw wkh sduwlflsdwlrq frqvwudlqwv

gr elqg/ wkh suredelolw| ri wkh sduw| D zlqqlqj lv jlyhq e| �J� @ J�+3,1 Zlwkrxw orvv ri

jhqhudolw|/ vxssrvh wkdw yrwhuv duh pruh or|do rq dyhudjh wr sduw| D/ vr lw lv pruh olnho| wr

zlq= �J� h{fhhgv rqh kdoi1 Dv orqj dv �J� vwulfwo| h{fhhgv rqh kdoi/ wkh htxloleulxp srolf|

sodwirupv ri wkh wzr sduwlhv pxvw glyhujh1 Sduw| D zlqv pruh riwhq/ rewdlqv odujhu fdpsdljq

frqwulexwlrqv +vlqfh wkh oree| lv pruh zloolqj wr frqwulexwh wr lq�xhqfh wkh sodwirup ri sduw|

D dv lw lv pruh olnho| wr irup wkh jryhuqphqw, dqg vhohfwv srolflhv wkdw fdwhu pruh wr vshfldo

lqwhuhvw jurxsv1 Wkh eldv ehwzhhq wkh wzr sduwlhv ghshqgv hqwluho| rq wkh dv|pphwu| ri

yrwhuv* sduw| suhihuhqfhv lq wklv fdvh1

Wkh glyhujhqfh ri srolf| sodwirupv lv ixuwkhu dffhqwxdwhg lq wkh fdvh zkhuh wkh sduwlf0

lsdwlrq frqvwudlqwv gr qrw elqg1 Lw lv hdv| wr fkhfn wkdw wkh sduwlflsdwlrq frqvwudlqw pxvw

elqg iru wkh ohvv idyruhg sduw| E1 Lw zloo qrw elqg iru sduw| D li lw sd|v wkh ulfk wr frqwulexwh

dgglwlrqdoo| wr hqkdqfh lwv hohfwrudo survshfw/ l1h1/ li

j+3,"^Xo+�
�W,� Xo+�

�W,` A
4

o�o
= +43,

zkhuh �&W ghqrwhv wkh rswlpdo sodwirup ri sduw| n zkhq wkh sduwlflsdwlrq frqvwudlqw iru D

elqgv1 Lq wklv fdvh/ sduw| D zloo zlq zlwk dq hyhq kljkhu suredelolw|/ ghvfulehg e| +<,1 Wkh

dv|pphwu| ehwzhhq wkh wzr sduwlhv lv wkhq khljkwhqhg ixuwkhu= sduw| D ohdqv ixuwkhu lq
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idyru ri wkh lqwhuhvwv ri wkh oree| jurxs/ uhfhlyhv odujhu fdpsdljq frqwulexwlrqv/ dqg zlqv

pruh riwhq/ zkloh wkh frqyhuvh lv wuxh iru sduw| E1

Wkh lpsolflw zhoiduh zhljkwv lq h{suhvvlrq +;, qhdwo| vxppdul}h wkh h�hfwv ri wkh srolwlfdo

v|vwhp1 Frqvlghu �uvw wkh fdvh zkhuh doo yrwhuv duh lqiruphg= �S @ 4/ doo f1 Wkhq +;,

uhgxfhv wr wkh h{suhvvlrq iru dyhudjh +xwlolwduldq, zhoiduh/ zlwk yrwhuv lq gl�huhqw fodvvhv

uhfhlylqj zhoiduh zhljkwv wkdw duh sursruwlrqdo wr wkh ghprjudsklf zhljkw ri wklv fodvv lq

wkh srsxodwlrq1 Lq wklv vhwwlqj wkh zhoiduh ri wkh dyhudjh flwl}hq lv pd{lpl}hg e| wkh fkrvhq

srolflhv ri hlwkhu sduw|1 Wklv lv wkh uhvxow ri wkh cvprrwklqj* lpsolhg e| suredelolvwlf yrwlqj/

zklfk holplqdwhv wkh fodvvlf glvwruwlrq dvvrfldwhg zlwk ghyldwlrqv ri wkh suhihuhqfhv ri wkh

phgldq yrwhu iurp xwlolwduldq zhoiduh1 Lqfrph glvwulexwlrq zloo qhyhuwkhohvv kdyh dq h�hfw

rq srolf| rxwfrphv/ e| d�hfwlqj wkh ghprjudsklf zhljkw rq gl�huhqw fodvvhv1 Iru lqvwdqfh/

dq lqfuhdvh lq wkh iudfwlrq ri wkh srsxodwlrq wkdw lv srru zloo lqgxfh pruh sur0srru srolflhv1

Qrz frqvlghu wkh cglvwruwlrqv* dulvlqj iurp wkh h{lvwhqfh ri xqlqiruphg yrwhuv1 Lq wkh

devhqfh ri oree|lqj wkh lpsolflw zhoiduh zhljkwv ri gl�huhqw fodvvhv duh glvfrxqwhg e| wkh

iudfwlrq ri hdfk fodvv wkdw lv clqiruphg*1 Wkh glvsdulw| lq srolwlfdo dzduhqhvv ehwzhhq wkh

fodvvhv fuhdwhv d eldv djdlqvw wkh lqwhuhvwv ri wkh srru1 Dq dgglwlrqdo glvwruwlrq dulvhv iurp

oree|lqj/ zklfk surylghv dq dgglwlrqdo errvw wr wkh lpsolflw zhoiduh zhljkw rq wkh lqwhuhvwv

ri wkh ulfk1 Zh vkdoo xvh wkh whup cfdswxuh* wr ghqrwh wkh srolf| eldvhv uhvxowlqj iurp erwk

vrxufhv1

Wkh prgho wkxv lghqwl�hv d qxpehu ri ghwhuplqdqwv ri wkh h{whqw ri fdswxuh1

+l, Odfn ri H�hfwlyh Hohfwrudo Frpshwlwlrq= uhvxowlqj iurp or|dow| eldvhv lq idyru ri rqh

sduw|/ uhsuhvhqwhg e| d kljkhu ydoxh ri J& iru wkh idyruhg sduw|1 Wklv udlvhv wkh

fdswxuh ri wkh idyruhg sduw|/ zkloh uhgxflqj lw iru wkh rwkhu sduw|/ vr wkhlu sodwirupv

ehfrph pruh glyhujhqw1 Vlqfh wkh rxwfrph ri wkh hohfwlrq lv suredelolvwlf/ wkh h{whqw

ri fdswxuh ri wkh orfdo jryhuqphqw lv xqfhuwdlq/ dqg ghshqgv rq zklfk sduw| zlqv1

Qhyhuwkhohvv/ fdswxuh lqfuhdvhv lq wkh vhqvh wkdw lw lv kljkhu iru wkh sduw| wkdw lv

h{shfwhg wr zlq1

+ll, Lqwhuhvw Jurxs Frkhvlyhqhvv= uhsuhvhqwhg e| o/ wkh iudfwlrq ri wkh fodvv ri ulfk flwl}hqv
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wkdw frqwulexwh wr wkhlu oree|1

+lll, Dyhudjh Ohyho ri Srolwlfdo Dzduhqhvv= uhsuhvhqwhg e| wkh sdudphwhu "/ zklfk lv dq

lqfuhdvlqj ixqfwlrq ri wkh iudfwlrq ri xqlqiruphg yrwhuv lq wkh srsxodwlrq1

+ly, Glvsdulw| lq Dzduhqhvv Ohyhov Dfurvv Fodvvhv= uhsuhvhqwhg e| wkh glvsdulw| ehwzhhq

iudfwlrqv ri yrwhuv �S lq gl�huhqw fodvvhv wkdw duh lqiruphg1

D idfwru ri dgglwlrqdo lqwhuhvw lv wkh h�hfw ri lqfuhdvhg srolwlfdo xqfhuwdlqw|/ dv zloo

ehfrph hylghqw lq odwhu vhfwlrqv1 Vxssrvh wkhuh lv d phdq0suhvhuylqj lqfuhdvh lq wkh vsuhdg

ri wkh vzlqj idfwru d . d� lq idyru ri sduw| D1 Zloo wklv lqfuhdvh ru ghfuhdvh wkh h{whqw

wr zklfk wklv sduw|*v srolflhv duh yxoqhudeoh wr fdswxuhB Wkhuh duh wzr frqwudvwlqj h�hfwv1

Rqh pdnhv lw ohvv olnho| wkdw D zloo zlq wkh hohfwlrq/ h1j1/ zkhq erwk sduwlhv vhohfw wkh

vdph hohfwrudo vwudwhj|1 Wklv zloo uhgxfh wkh zloolqjqhvv ri wkh oree| wr frqwulexwh wr D*v

fdpsdljq ixqgv/ wkxv whqglqj wr uhgxfh wkh h{whqw wr zklfk lw lv surqh wr fdswxuh1 Rq wkh

rwkhu kdqg/ wkh lqfuhdvhg xqfhuwdlqw| pd| lqfuhdvh wkh ydoxh ri fdpsdljq ixqgv iurp wkh

vwdqgsrlqw ri sduw| D/ vlqfh lw fdq qr orqjhu frxqw rq zlqqlqj dv hdvlo| dv ehiruh1 Wkh

odwwhu h�hfw zloo orzhu wkh h�hfwlyh csulfh* dw zklfk lw lv zloolqj wr ehqg lwv srolf| sodwirup

lq rughu wr vrolflw fdpsdljq ixqgv1 Wkh ryhudoo h�hfw grhv wxuq rxw wr eh dpeljxrxv lq

jhqhudo1 Krzhyhu/ wkhuh lv d whqghqf| iru wkh iruphu h�hfw wr suhgrplqdwh/ dv ghvfulehg e|

wkh qh{w sursrvlwlrq1

Sursrvlwlrq 5 Vxssrvh wkhuh lv juhdwhu srolwlfdo xqfhuwdlqw|/ uhsuhvhqwhg e| d phdq0suhvhuylqj

lqfuhdvh lq wkh vsuhdg +lq wkh vhqvh ri Urwkvfklog0Vwljolw} +4<:3,, ri wkh vzlqj lq idyru ri

sduw| D1 Wkhq wkh htxloleulxp suredelolw| wkdw sduw| D zlqv wkh hohfwlrq jrhv grzq/ dqg

khqfh dovr wkh h{whqw wr zklfk lw lv vxemhfw wr fdswxuh/ li hlwkhu=

+l, wkh sduwlflsdwlrq frqvwudlqwv elqg lq wkh htxloleulxp iroorzlqj wkh lqfuhdvh lq xqfhu0

wdlqw|/ ru

+ll, wkh glvwulexwlrq ixqfwlrqv J�
,
> J�

�
ri wkh vzlqj �d� d� djdlqvw sduw| D fruuhvsrqglqj

wr orz dqg kljk xqfhuwdlqw| uhvshfwlyho| vdwlvi| wkh surshuw| wkdw

J�
, +|,, @ J�

� +|�, 5 +
4

5
> 4, lpsolhv j,+|,, � j�+|�, +44,
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zkhuh j,> j� ghqrwh wkh fruuhvsrqglqj ghqvlw| ixqfwlrqv1

Wkh glvwulexwlrqdo frqglwlrq +44, lv qrw dozd|v lpsolhg e| d phdq0suhvhuylqj lqfuhdvh

lq vsuhdg1 Exw lw lv d surshuw| wkdw lv vdwlv�hg e| d qxpehu ri frpprq glvwulexwlrqv/

vxfk dv wkh xqlirup ru qrupdo glvwulexwlrq1 Iru vxfk glvwulexwlrqv/ wkh h�hfw ri lqfuhdvhg

xqfhuwdlqw| lv wr uhgxfh fdswxuh/ luuhvshfwlyh ri zkhwkhu ru qrw wkh sduwlflsdwlrq frqvwudlqwv

elqg1 Zkloh wkh irupdo surri lv lq wkh Dsshqgl{/ wkh uhdvrqlqj ehklqg wkh uhvxow lv txlwh

vlpsoh/ dv ghslfwhg lq Iljxuh 41 Zh nqrz iurp Sursrvlwlrq 4 wkdw wkh h{whqw wr zklfk sduw|

D lv surqh wr fdswxuh zloo ghfuhdvh li dqg rqo| li wkh htxloleulxp suredelolw| wkdw lw zlqv wkh

hohfwlrq ghfuhdvhv1 Li wkh sduwlflsdwlrq frqvwudlqwv elqg diwhu xqfhuwdlqw| lqfuhdvhv/ Iljxuh

4 pdnhv lw hylghqw wkdw wkh suredelolw| wkdw D zlqv pxvw jr grzq1�2 Lq jhqhudo/ wkh vdph

lv wuxh iru glvwulexwlrqv vdwlvi|lqj frqglwlrq +44,1 Wklv lv ehfdxvh wkh frqglwlrq lpsolhv wkdw

dw d frppprq zlq suredelolw| iru sduw| D h{fhhglqj rqh kdoi/ wkh h�hfwlyhqhvv ri lqfuhdvhg

fdpsdljq vshqglqj rq lwv zlq suredelolw| lv juhdwhu zkhq wkhuh lv ohvv xqfhuwdlqw|1 Wklv

errvwv lqfhqwlyhv iru wkh oree| wr frqwulexwh dgglwlrqdoo| wr errvw wkh suredelolw| ri sduw|

D zlqqlqj/ hqvxulqj d kljkhu htxloleulxp zlq suredelolw|1

Ghwhuplqdqwv +lll, dqg +ly, h{sodlq zk| olwhudf|/ sryhuw| dqg lqhtxdolw| d�hfw srolf|

eldvhv1 Lqfuhdvhg loolwhudf| dqg sryhuw| fdxvhv wkh dyhudjh iudfwlrq ri xqlqiruphg yrwhuv lq

wkh srsxodwlrq wr ulvh1 Dq lqfuhdvh lq lqfrphv ri wkh ulfk dw wkh h{shqvh ri wkh srru fdq

fdxvh ohyhov ri hgxfdwlrq dqg srolwlfdo sduwlflsdwlrq ri wkh odwwhu wr idoo/ fdxvlqj d juhdwhu

glvsdulw| lq dzduhqhvv ohyhov1 Pruhryhu/ dv glvfxvvhg suhylrxvo|/ lqfuhdvhg lqhtxdolw| fdq

lqfuhdvh wkh iudfwlrq ri xqlqiruphg yrwhuv lq wkh srsxodwlrq1

Wklv vxjjhvwv wkdw uhglvwulexwlyh srolf| uhirupv fdq iroorz d g|qdplf surfhvv zklfk lv

vhqvlwlyh wr klvwrulfdo ohyhov ri lqhtxdolw|1 Li lqlwldo lqhtxdolw| lv vx�flhqwo| odujh/ wkhq wkh

ulfk zloo kdyh hqrxjk srolwlfdo forxw wr eorfn dq| uhglvwulexwlrq/ zklfk fdxvhv d kljk ohyho ri

lqhtxdolw| wr eh shushwxdwhg wkhuhdiwhu1 Exw li dq h{whuqdo vkrfn kdsshqv wr uhgxfh lqlwldo

�2Wu |�i) M�?_ ML|� MiuLhi @?_ @u|ih |�i U�@?}ic |�i? |�i i^��*�Mh��4 ��? ThLM@M�*�|) ���U� ULhhitTL?_t |L
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lqhtxdolw|/ lw uhgxfhv wkh srolwlfdo srzhu ri wkh ulfk/ lqgxflqj wkh dgrswlrq ri uhglvwulexwlyh

srolflhv1 Wklv uhgxfhv wkh ohyho ri lqhtxdolw|/ zklfk wkhuhdiwhu dggv ixuwkhu prphqwxp wr wkh

surfhvv1 Wklv revhuydwlrq vxjjhvwv d uhdvrq zk| wkh ohyho ri lqhtxdolw| dqg ri vshfldo lqwhuhvw

fdswxuh pd| eh vxemhfw wr k|vwhuhvlv/ dqg lq sduwlfxodu zk| gl�huhqw uhjlrqv lq wkh orqj uxq

fdq eh fkdudfwhulvhg e| vxevwdqwldo furvv0vhfwlrqdo gl�huhqfhv lq wkh ohyho ri lqhtxdolw| dqg

fdswxuh ri orfdo jryhuqphqwv1 Lq wxuq wklv prwlydwhv rxu prghoolqj ri khwhurjhqhlw| dfurvv

glvwulfwv lq whupv ri xqghuo|lqj gl�huhqfhv lq lqhtxdolw| lq vxevhtxhqw vhfwlrqv1

2�� �@|�L?@* ,*iU|�L?t

Wxuq qrz wr hohfwrudo frpshwlwlrq dw wkh ohyho ri wkh qdwlrqdo jryhuqphqw1 Zh vxssrvh wkdw

wkh srolf| vsdfh lv wkh vdph dv dw wkh orfdo ohyho1 Wklv pd| uh�hfw wkh wudqvihu ri dxwkrulw|

ryhu d jlyhq vhw ri srolflhv iurp orfdo wr fhqwudo jryhuqphqwv1 Zh vkdoo dvvxph wkdw rzlqj

wr uhdvrqv ri krul}rqwdo htxlw|/ ru wr wkh odfn ri vxlwdeoh lqirupdwlrq uhjduglqj gl�huhqfhv

dfurvv glvwulfwv/ qdwlrqdo jryhuqphqwv duh frqvwudlqhg wr vhohfw wkh vdph srolf| dfurvv doo

glvwulfwv/ l1h1/ �
&
�
@ �

&/ doo l1 Zlwk ghfhqwudol}dwlrq wr orfdo jryhuqphqwv/ wklv frqvwudlqw
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qr orqjhu rshudwhv/ doorzlqj juhdwhu c�h{lelolw|* zlwk uhvshfw wr orfdo frqglwlrqv1�� Wklv

srwhqwldo ehqh�w kdv wr eh r�vhw djdlqvw wkh srvvlelolw| ri juhdwhu fdswxuh dw wkh orfdo

ohyho1 Lq rughu wr dssudlvh wkh odwwhu/ zh qhhg wr dvvhvv wkh h{whqw ri fdswxuh wkdw qdwlrqdo

jryhuqphqwv duh surqh wr1

51614 Pdmrulwduldq Qdwlrqdo Hohfwlrqv

Wkh vlpsohvw fdvh lv rqh zkhuh wkh qdwlrqdo hohfwlrq fuhdwhv d vlqjoh yrwlqj glvwulfw iru wkh

hqwluh frxqwu|/ vr wkh sduw| wkdw zlqv d pdmrulw| ri wkh qdwlrqdo yrwh zlqv wkh hohfwlrq1

Zkloh wklv pd| eh xvhg lq fhuwdlq vpdoo frxqwulhv +vxfk dv wkh Qhwkhuodqgv,/ lw lv uduh lq

odujhu frxqwulhv1 Odujh frxqwulhv zlwk d sduoldphqwdu| wzr sduw| v|vwhp w|slfdoo| hohfw

uhsuhvhqwdwlyhv iurp hdfk glvwulfw rq d c�uvw0sdvw0wkh0srvw* v|vwhp wr d qdwlrqdo dvvhpeo|/

dqg wkh sduw| zlwk d pdmrulw| lq wkh dvvhpeo| irupv wkh qdwlrqdo jryhuqphqw1 Wklv fruuh0

vsrqgv dovr wr d Suhvlghqwldo v|vwhp lq zklfk Suhvlghqwldo fdqglgdwhv ri wkh wzr sduwlhv zlq

glvwulfwv rq d �uvw0sdvw0wkh0srvw v|vwhp/ zlwk wkh fdqglgdwh zlqqlqj d pdmrulw| ri glvwulfwv

ehfrplqj wkh Suhvlghqw/ zkr lv vxevhtxhqwo| qrw vxemhfw wr vljql�fdqw uhvwudlqwv iurp dq

lqghshqghqwo| hohfwhg ohjlvodwxuh1

Wkh yrwh vkduh ri sduw| D qdwlrqzlgh dfurvv doo glvwulfwv zloo eh

4

5
. i ^d.

4

q
	�d� .

4

q
	�iY

��
� Y ��j` +45,

zkhuhdv lq glvwulfw l zloo eh
4

5
. i ^d. d� . Y �� � Y ��` +46,

Khqfh zlwk d vlqjoh yrwlqj glvwulfw/ wkh suredelolw| wkdw sduw| D zlqv wkh qdwlrqdo hohfwlrq

lv jlyhq e|

j�+ �Y � � �Y �, � Sure^d.
4

q
	�d� . �Y � � �Y � � 3` +47,

zkhuh �Y & � �

?
	�Y

�& ghqrwhv wkh dyhudjh h�hfwlyhqhvv ri sduw| n*v vwudwhj| dw wkh qdwlrqdo

ohyho1 Vr dw wklv ohyho sduw| n*v remhfwlyh zloo eh wr pd{lpl}h �Y &1
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Zlwk d wzr vwdjh pdmrulwduldq v|vwhp/ wkh remhfwlyh ixqfwlrq zloo eh wkh vdph xqghu wkh

iroorzlqj dgglwlrqdo dvvxpswlrqv1 Vxssrvh wkhuh duh d �qlwh qxpehu ri w|shv ri glvwulfwv/

zlwk d odujh hqrxjk qxpehu ri glvwulfwv zlwklq hdfk w|sh wr shuplw dssolfdwlrq ri wkh odz ri

odujh qxpehuv1 Qrz xvh l wr ghqrwh wkh w|sh ri wkh glvwulfw/ dqg ohw �� ghqrwh wkh iudfwlrq

ri doo glvwulfwv wkdw ehorqj wr w|sh l1 Dvvxph wkdw doo glvwulfwv ri wkh vdph w|sh duh h{ dqwh

krprjhqrxv zlwk uhvshfw wr sduw| or|dowlhv/ lq wkh vhqvh wkdw wkh vzlqj lq idyru ri sduw|

D lq glvwulfw g ri w|sh l lv jlyhq e| d . d� . d_/ zkhuh d_ lv lqghshqghqw dqg lghqwlfdoo|

glvwulexwhg dfurvv g/ zlwk }hur phdq1 Pruhryhu/ wkh glvwulexwlrq ri d_ lv xqlirup rq d zlgh

hqrxjk udqjh ^� �

26
> �

26
`1

Wkhq wkh suredelolw| wkdw sduw| D*v fdqglgdwh lv hohfwhg iurp d glvwulfw g ri w|sh l wr

wkh qdwlrqdo dvvhpeo| lv Sure^d. d� . d_ . Y ��
� Y �� � 3`/ dqg wkh iudfwlrq ri glvwulfwv ri

w|sh l wkdw sduw| D zloo zlq htxdov �

2
.p^d. d� . Y �� � Y ��`1 Wkh ryhudoo iudfwlrq ri doo

dvvhpeo| vhdwv zrq e| sduw| D htxdov �

2
.p^d.	���d�.	���iY

���Y ��j`/ vr wkh remhfwlyh

ri sduw| n zloo eh wr pd{lpl}h �Y &
� 	���Y

�&/ wkh vdph dv lq wkh fdvh ri d vlqjoh qdwlrqzlgh

yrwlqj glvwulfw1

51615 Srzhu Vkdulqj ru Sursruwlrqdo Uhsuhvhqwdwlrq

Dq dowhuqdwlyh wr wkh wzr v|vwhpv ghvfulehg deryh lv rqh zkhuh erwk sduwlhv vkduh srzhu lq

wkh hohfwhg jryhuqphqw lq sursruwlrq wr wkhlu uhvshfwlyh yrwh vkduhv lq wkh ryhudoo srsxod0

wlrq1 Wklv frxog uhvxow iurp sursruwlrqdo uhsuhvhqwdwlrq ri hohfwhg phpehuv ri wkh qdwlrqdo

dvvhpeo| lq wkh qdwlrqdo jryhuqphqw1 Vlqfh uhsuhvhqwdwlyhv ri erwk sduwlhv zloo zlq vrph

vhdwv lq wkh qdwlrqdo dvvhpeo|/ wklv zloo hqvxuh erwk sduwlhv duh uhsuhvhqwhg lq wkh srolf|0

pdnlqj surfhvv1 Wklv pd| fruuhvsrqg dowhuqdwlyho| wr d v|vwhp zkhuh wkh ohjlvodwxuh lv

hohfwhg lqghshqghqwo| ri wkh h{hfxwlyh/ dqg h{huflvhv vwurqj fkhfnv dqg edodqfhv rq wkh

odwwhu1 Wklv fdvh lv frqvlghuhg lq pruh ghwdlo lq Vhfwlrq 9 ehorz1
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Lq wklv vhfwlrq zh surylgh d ehqfkpdun fdvh xqghu zklfk wkh rxwfrphv ri qdwlrqdo dqg orfdo

hohfwlrqv h{dfwo| frlqflgh1

Sursrvlwlrq 6 Vxssrvh

+d, doo glvwulfwv duh h{ dqwh dv zhoo dv h{ srvw lghqwlfdo> lq sduwlfxodu/ wkh| kdyh wkh vdph

vrflr0hfrqrplf frpsrvlwlrq dqg wkh vzlqj lq gl�huhqw glvwulfwv duh shuihfwo| fruuhodwhg>

+e, qdwlrqdo hohfwlrqv duh pdmrulwduldq>

+f, sursruwlrqv ri flwl}hqv lq gl�huhqw fodvvhv duh htxdoo| clqiruphg* lq orfdo dqg qdwlrqdo

hohfwlrqv> dqg

+g, wkh ulfk duh htxdoo| zhoo0rujdql}hg dw wkh qdwlrqdo dqg orfdo ohyhov1

Wkhq wkh rxwfrph ri orfdo dqg qdwlrqdo hohfwlrqv zloo h{dfwo| frlqflgh/ lq whupv ri srolf|

sodwirupv/ fdpsdljq vshqglqj dqg zlqqlqj suredelolwlhv1

Wklv iroorzv gluhfwo| iurp wkh revhuydwlrq wkdw wkh remhfwlyhv ri wkh sduwlhv lq hohfwlrqv

dw wkh wzr ohyhov h{dfwo| frlqflgh/ dqg vr gr wkh lqfhqwlyhv ri wkh vshfldo lqwhuhvw jurxs1

Zlwk shuihfw krprjhqhlw| ri doo glvwulfwv/ wkh remhfwlyh ri sduw| n dw wkh qdwlrqdo ohyho lv

�Y & uhgxfhv wr ZU+�
&, . "F&/ zkhuh F& ghqrwhv shu glvwulfw fdpsdljq vshqglqj/ dqg ZU

wkh dyhudjh xwlolw| ri lqiruphg yrwhuv lq dq| jlyhq glvwulfw1 Lq sduwlfxodu/ wkh doorfdwlrq ri

fdpsdljq ixqgv dfurvv gl�huhqw glvwulfwv lv luuhohydqw1 Khqfh wkh sduw| remhfwlyh lq orfdo

dqg qdwlrqdo hohfwlrqv h{dfwo| frlqflgh1 Pruhryhu/ li sduw| D zlqv lq rqh glvwulfw/ lw pxvw

zlq doo rwkhuv � wklv lv wkh frqvhtxhqfh ri wkh dvvxpswlrq wkdw wkh vzlqj lv shuihfwo|

fruuhodwhg dfurvv doo glvwulfwv1 Jlyhq dvvxpswlrqv +f, dqg +g,/ wkh ixqfwlrq ghwhuplqlqj

zlqqlqj suredelolwlhv jlyhq wkh hohfwrudo vwudwhjlhv duh wkh vdph dw wkh wzr ohyhov/ dqg wkh

vshfldo lqwhuhvw jurxs kdv dq lghqwlfdo lqfhqwlyh wr grqdwh wr fdpsdljq ixqgv1 Khqfh wkh

rxwfrphv ri qdwlrqdo dqg orfdo hohfwlrqv pxvw eh wkh vdph1
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Fruroodu| wr Sursrvlwlrq 61 Vxssrvh wkh dvvxpswlrqv ri Sursrvlwlrq 6 krog/ h{fhsw wkdw

hlwkhu flwl}hqv duh ehwwhu lqiruphg dw wkh qdwlrqdo ohyho/ ru wkh ulfk duh ohvv zhoo rujdql}hg

dw wkh qdwlrqdo ohyho1 Wkhq wkhuh zloo eh ohvv fdswxuh dw wkh qdwlrqdo ohyho1

Wkh lpsolfdwlrqv ri uhod{lqj dvvxpswlrqv +f, ru +g, duh vwudljkwiruzdug1 Li srolwlfdo

dzduhqhvv lv juhdwhu lq d qdwlrqdo hohfwlrq wkdq lq orfdo hohfwlrqv/ uhvxowlqj lq d xqlirupo|

odujhu iudfwlrq ri lqiruphg flwl}hqv lq doo fodvvhv lq d qdwlrqdo hohfwlrq/ wkhuh zloo eh ohvv

fdswxuh dw wkh qdwlrqdo ohyho1 Wklv pd| eh wkh uhvxow/ iru lqvwdqfh/ ri juhdwhu phgld dwwhqwlrq

wr qdwlrqdo udwkhu wkdq orfdo srolwlfv/ uhvxowlqj iurp wkh h{lvwhqfh ri vfdoh hfrqrplhv lq wkh

phgld1 Wkh frvwv ri lqyhvwljdwlyh mrxuqdolvp duh lqghshqghqw ri wkh vfdoh ri wkh dxglhqfh/

zklfk fdq eh wkh vrxufh ri vxfk vfdoh hfrqrplhv1 Lq rwkhu frqwh{wv/ krzhyhu/ lq odujh

frxqwulhv ri vx�flhqw glyhuvlw|/ flwl}hqv pd| eh pruh lqyroyhg lq wkh srolwlfv ri wkhlu orfdo

uhjlrq wkdq ri wkh frxqwu| dv d zkroh/ lq zklfk fdvh wkh uhvxow zrxog jr lq wkh rssrvlwh

gluhfwlrq1

Vlploduo|/ li vshfldo lqwhuhvw jurxsv duh ehwwhu rujdql}hg dw wkh orfdo udwkhu wkdq wkh

qdwlrqdo ohyho/ wkh h{whqw ri iuhh0ulglqj zlwklq wkhlu fodvv rq wkh frpprq oree|lqj dfwlylwlhv

+o, lv orzhu dw wkh orfdo ohyho/ uhvxowlqj lq juhdwhu orfdo fdswxuh1 Wklv pd| uhvxow/ iru lqvwdqfh/

iurp wkh idfwruv wkdw Pdglvrq dooxghg wr= d vpdoohu qxpehu ri phpehuv ri wklv fodvv qhhg wr

eh prelol}hg dqg frruglqdwhg dw wkh orfdo ohyho> wkh qduurzhu jhrjudsklfdo glvshuvlrq ri wkh

jurxs uhgxfhv frvwv ri frppxqlfdwlrq/ srvvleoh vrxufhv ri khwhurjhqhlw| dqg dv|pphwulf

lqirupdwlrq ehwzhhq phpehuv1

Wkhvh wzr h�hfwv � ri gl�huhqw ohyhov ri srolwlfdo dzduhqhvv/ dqg ri wkh vxffhvv ri vshfldo

lqwhuhvw jurxsv lq ryhufrplqj iuhh0ulglqj � duh idluo| reylrxv/ dqg zloo dsso| wr doo rwkhu

prghov wkdw zh frqvlghu ehorz1 Iru wklv uhdvrq/ zh vkdoo devwudfw iurp wkhp lq zkdw iroorzv/

vr dv wr lvrodwh dqg lghqwli| rwkhu ghwhuplqdqwv ri uhodwlyh fdswxuh1 Dvvxpswlrqv +f, dqg

+g, zloo eh uhlpsrvhg iurp wklv srlqw vxevhtxhqwo|1
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Zh vwduw zlwk wkh fdvh zkhuh wzr sduwlhv frqwhvw erwk qdwlrqdo dqg orfdo hohfwlrqv/ dqg

lqghshqghqw glvwulfw0vshfl�f vzlqjv pd| h{lvw exw duh gudzq iurp wkh vdph glvwulexwlrq

dfurvv doo glvwulfwv1 Pruhryhu/ wkh glvwulfwv kdyh wkh vdph vrflr0hfrqrplf frpsrvlwlrq/ vr

wkh| duh h{ dqwh krprjhqrxv1 Wkh glvwulfwv gl�hu rqo| zlwk uhvshfw wr wkhlu dyhudjh h{ srvw

vzlqj lq idyru ri sduw| D1 Wkhvh lpso| wkdw wkh h{ srvw rxwfrphv ri hohfwlrqv lq gl�huhqw

glvwulfwv zloo qrw frlqflgh/ hyhq li wkh sduwlhv vhohfw lghqwlfdo hohfwrudo vwudwhjlhv1

Wkh h{lvwhqfh ri wkhvh glvwulfw0vshfl�f vzlqjv lpsolhv d frqwudvw ehwzhhq wkh yrwh vkduh

h{suhvvlrqv iru qdwlrqdo hohfwlrqv +45, dqg orfdo hohfwlrqv +46,= wkh iruphu ghshqgv rq wkh

dyhudjh qdwlrqzlgh vzlqj �

?
	�d�/ dqg wkh odwwhu rq d vlqjoh glvwulfw0vshfl�f vzlqj d�1 Wkh

iruphu kdv wkh vdph phdq/ exw d orzhu yduldqfh1 Wkh uhvxow ri wkh qdwlrqzlgh hohfwlrq zloo

wkxv eh pruh suhglfwdeoh wkdq dq| orfdo hohfwlrq1 Zkloh wkh irup ri wkh remhfwlyh ixqfwlrq

ri hdfk sduw| lv wkh vdph lq wkh wzr nlqgv ri hohfwlrqv/ wkh htxloleulxp srolf| sodwirupv

zloo wxuq rxw wr eh gl�huhqw1 Wkh idyruhg sduw| lv ohvv olnho| wr eh cxsvhw* dw wkh qdwlrqdo

ohyho1 Irupdoo|/ wkh hohfwrudo xqfhuwdlqw| lv juhdwhu dw wkh orfdo ohyho lq wkh vhqvh ri d phdq0

suhvhuylqj lqfuhdvh lq vsuhdg ri wkh vzlqj idfwru1 Lqyrnlqj rxu hduolhu uhvxow frqfhuqlqj wkh

h�hfw ri lqfuhdvhg xqfhuwdlqw|/ lw iroorzv wkdw lq wklv fdvh wkhuh zloo eh ohvv fdswxuh dw wkh

orfdo ohyho1

Sursrvlwlrq 7 Dvvxph doo wkh frqglwlrqv ri Sursrvlwlrq 6 krog/ h{fhsw wkdw l1l1g1 glvwulfw

vshfl�f vzlqjv h{lvw1 Dovr dvvxph wkdw wkh frqglwlrqv dvvxphg lq Sursrvlwlrq 5 krog/ l1h1/

hlwkhu sduwlflsdwlrq frqvwudlqwv elqg lq orfdo hohfwlrqv/ ru wkh glvwulexwlrqdo frqglwlrq +44,

lv vdwlv�hg1 Wkhq wkhuh zloo eh juhdwhu fdswxuh dw wkh qdwlrqdo ohyho1
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Wkh suhfhglqj uhvxowv gr uho| vhqvlwlyho| rq wkh dvvxpswlrq wkdw wkh glvwulfwv duh h{ dqwh

krprjhqrxv lq doo uhvshfwv1 Frqvlghu iru lqvwdqfh wkh h�hfw ri khwhurjhqhrxv sduw| or|dowlhv1

Wklv fdq fdxvh wkh uhvxow ri Sursrvlwlrq 7 wr eh uhyhuvhg1 Wklv lv looxvwudwhg e| wkh iroorzlqj

h{dpsoh1

Vxssrvh wkhuh duh wzr w|shv ri glvwulfwv/ zlwk vkduso| rssrvlqj sduw| or|dowlhv1 Yrwhuv

lq wkh �uvw w|sh ri glvwulfw h{klelw d pdunhg suhihuhqfh iru sduw| D/ zkloh wkrvh lq wkh

vhfrqg w|sh idyru E vwurqjo|1 Orfdo hohfwlrqv zlwklq wkhvh wzr w|shv ri glvwulfwv zloo uhvxow

lq yhu| xqhyhq frpshwlwlrq/ zlwk wkh frqwhvw ehlqj khdylo| zhljkwhg lq idyru ri wkh orfdoo|

idyruhg sduw|1 Wkh ohyho ri fdswxuh ri orfdo jryhuqphqw zloo eh kljk lq erwk glvwulfwv1 Li

dw wkh qdwlrqdo ohyho wkhuh duh htxdo qxpehuv ri wkh wzr w|shv ri glvwulfwv/ wkh hohfwrudo

frpshwlwlrq zloo eh vxevwdqwldoo| pruh hyhq/ dqg wkh rxwfrph ohvv fhuwdlq1 Wklv lv ghslfwhg

lq Iljxuh 51 Wkh uhvxow zloo eh ohvv fdswxuh dw wkh qdwlrqdo ohyho1
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Dqrwkhu vrxufh ri gl�huhqwldo fdswxuh pd| eh gl�huhqfhv lq wkh qxpehu ri frpshwlqj sduwlhv

dw wkh qdwlrqdo dqg orfdo ohyhov1 Wklv pd| uhvxow iurp wkh idfw wkdw qdwlrqdo hohfwlrqv

uhsuhvhqw kljkhu vwdnhv/ vr wkh lqfhqwlyhv iru d sduw| wr sduwlflsdwh lq d qdwlrqdo hohfwlrq duh

kljkhu wkdq lq dq| jlyhq orfdo hohfwlrq1 Lw pd| uhvxow iurp lqwhuglvwulfw glvsdulwlhv lq wkh

vwuhqjwkv ri gl�huhqw sduwlhv1 Iru lqvwdqfh/ hohfwlrqv lq hyhu| glvwulfw lqyroyh wzr frqwhvwlqj

sduwlhv/ exw wkh frqwhvwlqj sduwlhv gl�hu dfurvv glvwulfwv1 Dw wkh qdwlrqdo ohyho wkhuh fdq eh

wkuhh ru pruh sduwlhv1�e

Juhdwhu lqwhusduw| frpshwlwlrq lv olnho| wr lpso| ohvv fdswxuh dw wkh qdwlrqdo ohyho1 Vlqfh

dq| jlyhq sduw| lv ohvv olnho| wr irup d pdmrulw| dw wkh qdwlrqdo ohyho/ wkh lqfhqwlyh ri wkh

vshfldo lqwhuhvw jurxs wr frqwulexwh wr lwv fdpsdljq �qdqfh zloo eh uhgxfhg1 Frqvlghu wkh

iroorzlqj vw|ol}hg h{dpsoh1 Vxssrvh wkhuh duh wkuhh w|shv ri glvwulfwv/ dqg wkuhh sduwlhv

D>E dqg F1 Hdfk sduw| frqwhvwv orfdo hohfwlrqv lq rqo| wzr w|shv ri glvwulfwv= lq rqh w|sh

lw lv wkh h{ dqwh grplqdqw sduw|> lq wkh rwkhu lw lv wkh plqrulw| sduw|1 Ohw J A �

2
uhsuhvhqw

wkh suredelolw| wkdw wkh grplqdqw sduw| lq dq| jlyhq glvwulfw zlqv wkh orfdo hohfwlrq/ dqg

vxssrvh wkdw wklv lv lghqwlfdo dfurvv doo glvwulfwv1 Wkhq wkh srolf| sodwirup ri d grplqdqw

sduw| dw wkh orfdo ohyho zloo pd{lpl}h ZU+�, . o"�oJXo+�,/ dqg d plqrulw| sduw| zloo

pd{lpl}h ZU+�, . o"�o+4�J,Xo+�,1

Dvvxph wkdw wkh wkuhh w|shv ri glvwulfwv duh htxdoo| uhsuhvhqwhg lq wkh frxqwu|/ dqg

wkdw doo wkuhh sduwlhv frqwhvw wkh qdwlrqdo hohfwlrq1 Wkhq lw lv xqolnho| wkdw dq| jlyhq sduw|

zloo zlq d pdmrulw| ri vhdwv lq wkh qdwlrqdo dvvhpeo|/ dqg d frdolwlrq qdwlrqdo jryhuqphqw

zloo hphujh1 Rq dyhudjh hdfk sduw| zloo zlq rqh wklug ri wkh dvvhpeo| vhdwv1 Dvvxph

dovr wkdw wzr sduwlhv zloo hyhqwxdoo| irup d zlqqlqj frdolwlrq rq wkh edvlv ri srvw0hohfwlrq

qhjrwldwlrqv/ exw zklfk wzr sduwlhv zloo frqvwlwxwh wkh zlqqlqj frdolwlrq fdqqrw eh suhglfwhg

lq dgydqfh1 Vxssrvh doo wkuhh srvvleoh frdolwlrqv duh frqvlghuhg htxdoo| olnho| e| wkh vshfldo

lqwhuhvw jurxs1 Wkh jryhuqphqw srolf| zloo eh d frpsurplvh ehwzhhq wkh sodwirupv ri

lwv frqvwlwxhqw sduwlhv1 Iru frqfuhwhqhvv vxssrvh wkdw wkh srolf| vsdfh lv Hxfolghdq/ dqg

�eW? W?_�@? i*iU|�L?tc |�i ?�4Mih Lu �igiU|��i< UL?|it|�?} T@h|�it @| |�i ?@|�L?@* *i�i* �@t UL?t�t|i?|*)
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wkdw wkh dfwxdo srolf| zloo uhsuhvhqw d frqyh{ frpelqdwlrq ri wkh sodwirupv/ zlwk zhljkwv

sursruwlrqdo wr wkh vkduhv ri dvvhpeo| vhdwv1 Li D dqg E irup d frdolwlrq jryhuqphqw/ iru

lqvwdqfh/ wkh jryhuqphqw srolf| zloo eh �

2
+s� . s�,1 Ilqdoo|/ vxssrvh wkdw ulfk yrwhuv duh

lqgl�huhqw wr ulvn1

Wkhq htxloleulxp srolf| sodwirupv dw wkh qdwlrqdo ohyho zloo eh fkrvhq wr pd{lpl}h

ZU+�, . o"�o
�

�
Xo+�,1 Lw iroorzv wkdw wkh ohyho ri fdswxuh dw wkh qdwlrqdo ohyho zloo eh ohvv

wkdq wkdw ri dq| orfdo jryhuqphqw zkhuh wkh orfdoo| idyruhg sduw| zlqv1 Lqwhuhvwlqjo|/ li wkh

orfdo frqwhvwv duh qrw wrr dv|pphwulf/ lq wkh vhqvh wkdw wkh h{ dqwh suredelolw| J wkdw wkh

idyruhg sduw| zlqv lv ohvv wkdq 2

�
/ wkh ohyho ri fdswxuh dw wkh qdwlrqdo ohyho zloo eh ohvv wkdq

hyhu| orfdo jryhuqphqw/ lqfoxglqj wkrvh zkhuh wkh plqrulw| sduw| zlqv djdlqvw wkh rggv1

Wkh vdph zloo eh wuxh lq jhqhudo li wkh ghjuhh ri lqwhusduw| frpshwlwlrq dw wkh qdwlrqdo ohyho

lv vx�flhqwo| juhdwhu wkdq dw wkh orfdo ohyho1�D

D +i*@|��i �@T|�hi ��|� Oi|ihL}i?L�t �L44�?�|�it

Zh qrz frqvlghu wkh h�hfwv ri khwhurjhqrxv vrflr0hfrqrplf frpsrvlwlrq dfurvv glvwulfwv1 Iru

vlpsolflw| frqvlghu wkh fdvh zkhuh wkhuh duh wkuhh w|shv ri glvwulfwv= K/P dqg O1 Glvwulfwv ri

w|sh K kdyh wkh kljkhvw ohyho ri lqhtxdolw|/ frpsrvhg sulpdulo| ri d ihz ulfk shrsoh dqg d

odujh qxpehu ri srru shrsoh/ zlwk d qhjoljleoh plggoh fodvv1 D glvwulfw ri w|sh O lq frqwudvw

lv sulpdulo| frqvwlwxwhg ri wkh plggoh fodvv/ zkloh glvwulfwv P olh lq0ehwzhhq1 Wkh ohyhov ri

lqhtxdolw| duh Oruhq}0rughuhg dfurvv wkh wkuhh w|shv ri glvwulfwv= glvwulfwv ri w|sh P +uhvs1

O, hphujh iurp glvwulfwv ri w|sh K +uhvs1 L, iroorzlqj d vhw ri uhglvwulexwlyh dvvhw wudqvihuv

iurp wkh ulfk wr wkh srru/ zklfk uhgxfh erwk wkh vl}h ri wkh ulfk dqg wkh srru fodvvhv/ dqg

lqfuhdvh wkh vwuhqjwk ri wkh plggoh fodvv1 Lq wklv frqwh{w/ glvwulfwv zlwk juhdwhu lqhtxdolw|

duh fkdudfwhul}hg e| d kljkhu iudfwlrq ri srru yrwhuv/ dv zhoo dv xqlqiruphg yrwhuv1 Orfdo

jryhuqphqwv lq kljk lqhtxdolw| glvwulfwv zloo wkhuhiruh whqg wr eh pruh vxemhfw wr fdswxuh/

frqvlvwhqw zlwk wkh uhvxowv ri wkh Lqgldq hohfwlrq vxuyh| suhvhqwhg lq Wdeoh 51
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Dvvxph wkdw hohfwlrqv wr wkh qdwlrqdo jryhuqphqw duh pdmrulwduldq1 Dv dujxhg deryh/

wkh vdph h{suhvvlrq

j� @ Sure^d.	���d� .	���iY
�� � Y ��j � 3` +48,

iru wkh Sduw| D*v zlq suredelolw| dssolhv/ luuhvshfwlyh ri zkhwkhu wkhuh lv d vlqjoh qdwlrqzlgh

yrwlqj glvwulfw/ ru d wzr vwdjh pdmrulwduldq surfhvv1 Khqfh sduw| n zloo vhhn wr pd{lpl}h

	���Y
�& � 	���^Z

�
U
+�&, . "�F

&
� `/ zkhuh "M A "� A "u1

Zlwk gl�huhqfhv lq wkh h�hfwlyhqhvv ri fdpsdljq ixqgv dfurvv glvwulfwv/ sduwlhv zloo qrz

eldv wkh doorfdwlrq ri fdpsdljq vshqglqj lq idyru ri kljk lqhtxdolw| glvwulfwv1 Jlyhq d shu

glvwulfw fdpsdljq exgjhw ri F& lq wkh qdwlrqdo hohfwlrq/ sduw| n*v hohfwrudo vwudwhj| frqvlvwv

ri d sodwirup �& dqg dq doorfdwlrq ri fdpsdljq vshqglqj dfurvv glvwulfwv F&
�
> l @ K>P>O

wr pd{lpl}h 	���^Z
�
U
+�&, . "�F

&
�
`/ vxemhfw wr wkh exgjhw frqvwudlqw 	���F

&
�
� F&1 Lw lv

hylghqw wkdw sduwlhv zloo frqfhqwudwh wkhlu hqwluh vshqglqj rq wkh kljk lqhtxdolw| glvwulfwv=

F&
u
@ F&

U
@ 3> F&

M
@ �

�M
F&1 Vxfk d cfruqhu* vroxwlrq reylrxvo| uhvwv rq wkh dvvxpswlrq ri

frqvwdqw pdujlqdo uhwxuqv +lq whupv ri yrwhu vxssruw, zlwk uhvshfw wr fdpsdljq vshqglqj

zlwklq dq| glvwulfw1 Odwhu lq wklv vhfwlrq zh glvfxvv krz wkh uhvxowv zrxog eh prgl�hg lq d

pruh uhdolvwlf gluhfwlrq lq wkh suhvhqfh ri glplqlvklqj uhwxuqv1

Wkh remhfwlyh ri sduw| n dw wkh qdwlrqdo ohyho wkhq uhgxfhv wr 	���Z
�
U+�

&, . "MF
&1 Lq

frqwudvw lwv remhfwlyh dw wkh orfdo ohyho l lv Z �
U+�

&,."�F
&1 Wkh uhvxow lv wkdw fdswxuh dw wkh

qdwlrqdo ohyho ulvhv wr wkh kljkhvw ohyho ri fdswxuh dfurvv doo orfdo jryhuqphqwv1 Wkh uhdvrq

lv wkdw lq d qdwlrqdo fdpsdljq/ wkh ixqjlelolw| ri hohfwlrq ixqgv lpsolhv wkdw wkh| fdq eh

ghsor|hg pruh h�hfwlyho| wkdq lq orfdo hohfwlrqv1 Wklv udlvhv wkh ydoxh ri fdpsdljq �qdqfh

lq d qdwlrqdo hohfwlrq/ doorzlqj oreelhv wr sxufkdvh lq�xhqfh dw d cfkhdshu* sulfh1

Lw lv lqwhuhvwlqj wr qrwh wkdw wklv suhglfwlrq lv h{dfwo| lq olqh zlwk wkh sdwwhuqv lq wkh

Lqgldq yrwhu vxuyh| ghvfulehg lq Wdeoh 41 Yrwhuv lq Elkdu/ rqh ri wkh srruhvw vwdwhv lq Lqgld/

h{suhvv htxdoo| orz ohyhov ri wuxvw lq orfdo dqg fhqwudo jryhuqphqwv1 Lq rwkhu vwdwhv yrwhuv

h{suhvv juhdwhu wuxvw lq orfdo jryhuqphqw> erwk devroxwh dqg uhodwlyh frq�ghqfh lq orfdo

jryhuqphqw jurzv dv wkh sryhuw| udwh idoov1

Vlqfh yrwhu vxuyh|v pd| qrw surylgh wkh prvw uholdeoh hylghqfh/ ixuwkhu hpslulfdo yhul�0

fdwlrq frxog eh edvhg rq revhuyhg srolf| eldvhv/ dv lq wkh dqdo|vlv ri Jdodvvr dqg Udydoolrq

5:



+4<<<,1 Lw lv wkhuhiruh wr xvhixo wr ghulyh wkh ghwdlohg lpsolfdwlrqv iru uhodwlyh eldvhv lq

srolf| fkrlfhv dw wkh wzr ohyhov1 Wkh zhoiduh ixqfwlrq pd{lpl}hg e| wkh vhohfwhg srolf| ri

sduw| D dw wkh qdwlrqdo ohyho lv

+	����
�

R,�RXR . +	����
�
6,�6X6 . +	����

�
o,^�o . o"Mj

�`Xo +49,

frpsduhg zlwk

��R�RXR . ��6�6X6 . ��o^�6 . o"�J
�`Xo +4:,

dw wkh orfdo ohyho1 Lq kljk lqhtxdolw| glvwulfwv/ wkh ohyho ri fdswxuh lv wkh vdph/ vr rqo| wkh

ghprjudsklf h�hfw frphv lqwr sod|1 Vlqfh wkh frxqwu| dv d zkroh kdv ihzhu srru shrsoh

frpsduhg zlwk wkhvh glvwulfwv/ wkh qdwlrqdo jryhuqphqw zloo h{klelw d vwurqjhu dqwl0srru

eldv ylv0d0ylv wkh plggoh fodvv1 Wkh vdph lv wuxh iru wkh ulfk dv zhoo1 Vr qdwlrqdo srolf|

zloo kdyh d sur0plggoh fodvv eldv uhodwlyh wr orfdo jryhuqphqwv lq kljk lqhtxdolw| glvwulfwv1

Wkh frpsdulvrq ehwzhhq wkh zhoiduh zhljkwv rq wkh srru ylv0d0ylv wkh ulfk dw wkh wzr

ohyhov ghshqgv hqwluho| rq wkh fruuhvsrqglqj frpsdulvrq ehwzhhq wkhlu uhodwlyh ghprjudsklf

zhljkwv dw wkh wzr ohyhov1 Vlqfh lw lv sodxvleoh wkdw wkh ghprjudsklf zhljkw lv vnhzhg lq

idyru ri wkh srru dw wkh orfdo ohyho/ zh frqfoxgh wkdw ghfhqwudol}dwlrq zloo idyru wkh srru

uhodwlyh wr wkh ulfk +wkrxjk wkh rssrvlwh lv wuxh uhodwlyh wr wkh plggoh fodvv,/ rzlqj vroho|

wr ghprjudsklf uhdvrqv1�S1

Lq wkh rwkhu wzr w|shv ri glvwulfwv/ erwk ghprjudsklf dqg fdswxuh h�hfwv frph lqwr sod|/

pdnlqj wkh frpsdulvrq pruh frpsolfdwhg1 Exw wkh iroorzlqj fdq eh vdlg iru orz lqhtxdolw|

glvwulfwv= wkh sdwwhuq ri eldvhv zloo eh uhyhuvhg> srolflhv ri orfdo jryhuqphqwv zloo eh pruh

eldvhg lq idyru ri wkh plggoh fodvv1 Erwk wkh ghprjudsklf h�hfw dqg wkh lqfuhdvhg fdswxuh

zrun wr fuhdwh wklv h�hfw1 Dqg wkh| zloo eh ohvv eldvhg lq idyru ri wkh ulfk/ iru wkh rssrvlwh

uhdvrq1 Khqfh ghfhqwudol}dwlrq zloo uhvxow lq d vkliw lq idyru ri wkh plggoh fodvv ylv0d0ylv wkh

ulfk1 Wkh h�hfw rq wkh srru lv lqghwhuplqdwh/ vlqfh wkh ghprjudsklf dqg fdswxuh h�hfwv

rssrvh hdfk rwkhu1

Ilqdoo|/ iru plggoh lqhtxdolw| glvwulfwv wkh frpsdulvrq lv uhqghuhg pruh gl�fxow ehfdxvh
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wkh ghprjudsklf h�hfw lv dpeljxrxv/ ghshqglqj rq wkh uhodwlyh zhljkw ri wkh wkuhh nlqgv

ri glvwulfwv lq wkh frxqwu|1 Li lw lv wkh fdvh wkdw wkhuh duh htxdo qxpehu ri glvwulfwv ri

gl�huhqw w|shv/ wkh ghprjudsklf h�hfw ydqlvkhv iru wkh plggoh lqhtxdolw| glvwulfwv/ dqg rqo|

wkh fdswxuh h�hfw rshudwhv1 Lq wkdw fdvh ghfhqwudol}dwlrq zloo idyru wkh srru dqg wkh plggoh

fodvv lq wkh lqwhuphgldwh lqhtxdolw| glvwulfwv1

Ehiruh frqfoxglqj wklv vhfwlrq/ zh qrwh krz wkh uhvxowv zrxog eh prgl�hg lq wkh suhv0

hqfh ri glplqlvklqj uhwxuqv lq whupv ri yrwhu vxssruw zlwk uhvshfw wr lqfuhdvhg fdpsdljq

vshqglqj1 Vxssrvh rxu wkhru| ri ehkdylru ri xqlqiruphg yrwhuv lv prgl�hg dv iroorzv1 Dq

xqlqiruphg yrwhu m zlwk lqwulqvlf suhihuhqfh d�� iru sduw| D yrwhv iru wklv sduw| li

k+F�
� ,� k+F�

� , . d�� � 3> +4;,

zkhuh k+=, lv dq lqfuhdvlqj dqg frqfdyh ixqfwlrq1 Wkhq wkh remhfwlyh ri sduw| n lq wkh orfdo

glvwulfw l hohfwlrq lv prgl�hg wr

Y &
� +�

&
� > F

&
� , @ Z �

U+�
&
� , . "�k+F

g
� , +4<,

zkhuhdv lq wkh fdvh ri wkh qdwlrqdo hohfwlrq lv

�Y &+�&> iF&
� j, @ 	���Z

�
U+�

&, . 	���"�k+F
&
� ,= +53,

Wkh lpsolflw zhoiduh zhljkwv zloo qr orqjhu eh frqvwdqw lq wklv vhwwlqj1 Wr vlpsoli| qrwdwlrq/

ohw xv �{ d sduw| n dqg gurs n iurp wkh qrwdwlrq1 Wkh vhohfwhg srolf| dw wkh orfdo ohyho �u�

zloo pd{lpl}h

Z �
U+�, . ��ooJ"�k

�+Fu
� ,Xo+�, +54,

dvvxplqj wkdw k lv hyhu|zkhuh gl�huhqwldeoh/ zlwk Fu
� ghqrwlqj wkh rswlpdo fdpsdljq vshqg0

lqj lq wkh orfdo hohfwlrq1 Vlploduo|/ li F�
� ghqrwhv wkh fdpsdljq vshqglqj lq d glvwulfw ri

w|sh l lq d qdwlrqdo hohfwlrq/ wkh sduw|*v qdwlrqdo srolf| sodwirup zloo pd{lpl}h

	���Z
�
U+�, . 	����

�
ooj"�k

�+F�
� ,Xo+�, +55,

Dq lqwhulru rswlpdo fdpsdljq vshqglqj doorfdwlrq dfurvv khwhurjhqrxv glvwulfwv zloo uhvxow

lq htxdo pdujlqdo h�hfwlyhqhvv ri fdpsdljq ixqgv=

"�k
�+F�

� , @ "^k
�+F�

^ , +56,
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dfurvv dq| sdlu ri glvwulfw w|shv l> t1 Zlwk vx�flhqw glplqlvklqj uhwxuqv wr fdpsdljq vshqg0

lqj/ wkh sduw| zloo doorfdwh vrph fdpsdljq ixqgv wr doo glvwulfwv/ exw eldv wkh doorfdwlrq lq

idyru ri kljk lqhtxdolw| glvwulfwv1

Devwudfwlqj iurp gl�huhqfhv lq zlq suredelolwlhv dfurvv wkh wzr ohyhov +vr j @ J, dv

zhoo dv wkh ghprjudsklf gl�huhqfhv/ d frpsdulvrq ri +54, dqg +55, uhyhdov wkdw wkh fdswxuh

frh�flhqw lv kljkhu lq orfdo jryhuqphqw lq glvwulfw l frpsduhg zlwk wkdw ri wkh qdwlrqdo

jryhuqphqw li dqg rqo| li wkh sduw| vshqgv ohvv fdpsdljq ixqgv lq wkh glvwulfw lq d orfdo

+udwkhu wkdq qdwlrqdo, hohfwlrq1 Lq kljk lqhtxdolw| glvwulfwv rqh zrxog h{shfw juhdwhu fdp0

sdljq vshqglqj lq d qdwlrqdo hohfwlrq= wklv zrxog eh wkh uhvxow iru lqvwdqfh li shu glvwulfw

fdpsdljq ixqgv udlvhg zhuh wkh vdph lq wkh wzr hohfwlrqv/ vlqfh d odujhu iudfwlrq ri wkhvh

duh doorfdwhg wr wkh kljk lqhtxdolw| glvwulfwv1 Wklv zrxog eh ixuwkhu dffhqwxdwhg li pruh

fdpsdljq ixqgv zhuh udlvhg +shu glvwulfw, lq d qdwlrqdo hohfwlrq/ zklfk dsshduv olnho| rzlqj

wr wkh juhdwhu dyhudjh h�hfwlyhqhvv ri fdpsdljq �qdqfh lq d qdwlrqdo hohfwlrq gxh wr wkhlu

juhdwhu ixqjlelolw|1 Khqfh zh zrxog h{shfw wkdw rxu suhylrxv frqfoxvlrqv zloo eh prgl�hg=

wkhuh zrxog eh ohvv qdwlrqdo fdswxuh/ frpsduhg zlwk orfdo jryhuqphqwv lq wkh kljk lqhtxdo0

lw| glvwulfwv1 Wkh rssrvlwh lv olnho| wr eh wuxh lq orz lqhtxdolw| glvwulfwv1 Lq rwkhu zrugv/

zh h{shfw wkdw qdwlrqdo fdswxuh zloo eh lqwhuphgldwh ehwzhhq wkh udqjh ri fdswxuh wkdw orfdo

jryhuqphqwv duh vxemhfw wr dfurvv glvwulfwv ri ydu|lqj lqhtxdolw|1

Wklv frqmhfwxuh fdq eh yhul�hg lq wkh iroorzlqj vlpsoh fdvh ri glplqlvklqj uhwxuqv ri dq

h{wuhph ydulhw|= zkhuh wkh pdujlqdo uhwxuqv wr fdpsdljq vshqglqj duh frqvwdqw xswr vrph

ohyho FW lq hyhu| glvwulfw/ dqg }hur wkhuhdiwhu1 Vshfl�fdoo|/ dvvxph wkdw

k+F, @ kplqiF>FWj +57,

dqg wkdw lw lv rswlpdo iru wkh sduw| wr vshqg h{dfwo| FW lq doo glvwulfwv lq hohfwlrqv dw doo

ohyhov1 Lq wklv fdvh wkh srolf| fkrlfh dw wkh orfdo ohyho zloo pd{lpl}h wkh xwlolw| ri d ulfk

yrwhu/ vxemhfw wr wkh frqvwudlqw wkdw

Z �

U+�, @ Z �

U+�
W

� ,� "�F
W +58,

zkhuhdv dw wkh qdwlrqdo ohyho wkh fruuhvsrqglqj frqvwudlqw zloo eh

	���Z
�

U
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�

U
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zlwk �W
�
dqg �W ghqrwlqj wkh srolf| fkrlfhv lq wkh devhqfh ri dq| oree|lqj1 Ljqrulqj gl�hu0

hqfhv lq ghprjudsklf frpsrvlwlrq/ wkh ohyho ri fdswxuh lq wklv vhwwlqj lv uhsuhvhqwhg e| wkh

h{whqw wr zklfk wkh zhoiduh ri lqiruphg yrwhuv lv uhgxfhg dv d uhvxow ri wkh vshfldo lqwhuhvw

oree|1 Dw wkh qdwlrqdo ohyho wkh h{whqw ri fdswxuh 	���"�F
W olhv ehwzhhq wkh h{wuhphv ri

wkh udqjh ri ohyhov ri fdswxuh "�F
W dfurvv glyhuvh orfdo jryhuqphqwv= lqghhg wkh dyhudjh

ohyhov ri fdswxuh duh h{dfwo| wkh vdph lq wklv fdvh1 Wklv frq�upv rxu eholhi wkdw jhqhudoo|

ghfhqwudol}dwlrq zloo whqg wr udlvh fdswxuh lq kljk lqhtxdolw| glvwulfwv/ dqg orzhu lw lq orz

lqhtxdolw| glvwulfwv1

S �L@*�|�L? �@|�L?@* BL�ih?4i?|t �@ti_ L? �L�ih 5�@h�?}

Lh �hLTLh|�L?@* +iThiti?|@|�L?

Zh qrz glvfxvv wkh lpsolfdwlrqv ri qrq0pdmrulwduldq qdwlrqdo hohfwlrqv1 Vxssrvh wkh wzr

sduwlhv vkduh srzhu lq wkh qdwlrqdo jryhuqphqw edvhg rq wkhlu uhodwlyh vwuhqjwkv lq wkh

qdwlrqdo dvvhpeo|/ zlwk hyhu| glvwulfw hohfwlqj rqh uhsuhvhqwdwlyh wr wkh ohjlvodwxuh rq wkh

edvlv ri pdmrulw| yrwlqj1 Txdolwdwlyho| vlplodu uhvxowv zloo rewdlq zkhq srzhu lv vkduhg rq

wkh edvlv ri uhodwlyh yrwh vkduhv lq wkh qdwlrqdo srsxodwlrq1 Xqghu hlwkhu v|vwhp phpehuv ri

wkh plqrulw| sduw| duh ehwwhu uhsuhvhqwhg lq wkh h{hfxwlyh dup ri wkh jryhuqphqw1 Zlwk gli0

ihuhqw sduwlhv vhohfwlqj glvfuhsdqw srolf| sodwirupv/ dqg wkh qdwlrqdo jryhuqphqw d frdolwlrq

ri wkhvh sduwlhv/ wkh srolf| wkdw zloo dfwxdoo| eh iroorzhg e| wkh jryhuqphqw zloo uhsuhvhqw

d frpsurplvh ehwzhhq wkhvh sodwirupv/ ghshqglqj rq wkh uhodwlyh qxpehuv ri wkhvh wzr

sduwlhv lq wkh jryhuqphqw1 Dv zh vkdoo vhh ehorz/ rqh dgydqwdjh ri wklv v|vwhp zloo eh wr

olplw wkh h{whqw wr zklfk wkh qdwlrqdo jryhuqphqw lv surqh wr fdswxuh1�.

Zh vkdoo qrw prgho wkh surfhvv e| zklfk wkh srolflhv dfwxdoo| iroorzhg e| wkh jryhuqphqw

hphujh dv d uhvxow ri edujdlqlqj ehwzhhq hohfwhg phpehuv ri wkh wzr sduwlhv1 Lqvwhdg zh vkdoo

eodfn0er{ wkh rxwfrph ri wklv lq wkh iroorzlqj dg krf pdqqhu1 Dvvxph wkdw wkh srolf| vsdfh

�."�@*�|@|��i*) t�4�*@h ThLTih|�it @hi @*tL *�!i*) |L i4ih}i �? tLU�i|�it ��ihi |�i *i}�t*@|�hi �t i*iU|i_

�?_iTi?_i?|*) uhL4 |�i i iU�|��ic @?_ i ihU�tit t|hL?} hit|h@�?�?} TL�iht L? |�i *@||ih� A�ihi @}@�? 4i4Miht

Lu |�i 4�?Lh�|) T@h|) ��** }@�? tL4i UL?|hL* L�ih |�i TL*�U) uLh4@|�L? ThLUittc |L @ i |i?| _iTi?_�?} L?

|�i�h ?�4ih�U@* t|hi?}|� hi*@|��i |L |�i 4@�Lh�|) T@h|) �? |�i *i}�t*@|�hi�
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lv dq lqwhuydo ri wkh uhdo olqh/ dqg wkh dfwxdo srolf| wkdw hphujhv lv d frqyh{ frpelqdwlrq ri

wkh srolf| sodwirupv ri wkh wzr sduwlhv/ zlwk zhljkwv htxdo wr uhodwlyh vwuhqjwkv j�> 4� j�

ri wkh wzr sduwlhv lq wkh ohjlvodwxuh=

�? @ j
�
�
� . +4� j

�,�� +5:,

Lq dgglwlrq vxssrvh wkdw hdfk fodvv kdv d vlqjoh0shdnhg/ vwulfwo| frqfdyh xwlolw| ixqfwlrq

ryhu wkh srolf| vsdfh/ dqg wkh lghdo srlqwv sS ri wkh wkuhh fodvvhv f @ s>p> u duh rughuhg dv

iroorzv +Vhh Iljxuh 6,=

so ? s6 ? sR +5;,

Iru lqvwdqfh/ wkh srolf| lq txhvwlrq pd| lqyroyh wkh vl}h ri d zhoiduh surjudp �qdqfhg e|

surshuw| wd{hv1

Iru jlyhq srolf| sodwirupv ��> �� lw lv hylghqw wkdw wklv v|vwhp zloo pryh wkh jryhuq0

phqw*v srolflhv dzd| iurp wkdw ri wkh grplqdqw sduw| wr wkh plqrulw| sduw|= wklv lwvhoi lv

olnho| wr uhgxfh wkh ohyho ri fdswxuh1 Krzhyhu/ wkh v|vwhp frxog dowhu wkh htxloleulxp srolf|
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sodwirupv1 Wr h{dplqh wklv lvvxh/ ohw xv dvvxph wkdw sduwlhv* remhfwlyh lq wklv v|vwhp lv wr

pd{lpl}h wkh iudfwlrq ri vhdwv wkh| zlq lq wkh qdwlrqdo ohjlvodwxuh1

Hdfk glvwulfw vwloo hohfwv d uhsuhvhqwdwlyh rq wkh edvlv ri pdmrulw| yrwh zlwklq wkh glvwulfw1

Dvvxph wkdw yrwhuv frqwlqxh wr yrwh lq wkh vdph zd| dv lq wkh pdmrulwduldq v|vwhp1 Dvvxph

dovr wkdw wkh glvwulfwv duh h{ dqwh lghqwlfdo1 Wkhq lw lv fohdu iurp rxu suhylrxv dqdo|vlv wkdw

wkh iudfwlrq ri dvvhpeo| vhdwv zrq e| dq| jlyhq sduw| n lv dq lqfuhdvlqj ixqfwlrq ri wkh

gl�huhqfh ehwzhhq dyhudjh h�hfwlyhqhvv ri lwv hohfwrudo vwudwhj| �Y &/ dqg wkdw ri wkh rwkhu

sduw|1 Wkh remhfwlyhv ri wkh sduwlhv duh wkxv h{dfwo| wkh vdph dv lq wkh pdmrulwduldq v|vwhp=

sduw| n zloo vhhn wr pd{lpl}h �Y &/ qr pdwwhu zkdw wkh rwkhu sduw| grhv1 Lq wkh devhqfh ri

oree|lqj/ wkhq/ srzhu vkdulqj zloo kdyh qr h�hfw dw doo= hdfk sduw| zloo frqwlqxh wr vhohfw

wkh vdph srolf| sodwirup/ wkdw zklfk pd{lpl}hv wkh zhoiduh ri lqiruphg yrwhuv/ dqg wklv lq

wxuq zloo frqvwlwxwh wkh uhvxowlqj jryhuqphqw srolf|1

Zlwk oree|lqj/ krzhyhu/ srzhu0vkdulqj zloo ohdg wr gl�huhqw srolf| rxwfrphv/ vlqfh lw

jlyhv ulvh wr gl�huhqw lqfhqwlyhv iru wkh vshfldo lqwhuhvw jurxs wr frqwulexwh wr fdpsdljq

ixqgv1 Wkh h{shfwhg sd|r� ri d frqwulexwlqj phpehu ri wkh oree| lv Xo+j
��� . +4 �

j�,��,� �

,qo
^F�.F�`1 Wklv lv gl�huhqw iurp wkhlu remhfwlyh lq d orfdo hohfwlrq ehfdxvh wkh

suhglfwdelolw| ri wkh rxwfrph frxog gl�hu/ dqg Xo lv d vwulfwo| frqfdyh ixqfwlrq1 Wkh h�hfw

ri frqwulexwlqj wr sduw| D lv pruh suhglfwdeoh/ rq wkh rqh kdqg/ exw wklv hqgv xs kdylqj

ohvv ri dq lpsdfw rq wkh xowlpdwh srolf| vlqfh sduw| D kdv wr vkduh srzhu zlwk sduw| E1

Vlqfh hdfk sduw|*v remhfwlyh lv vwloo wkh vdph/ wkh plqlpxp frqwulexwlrq qhfhvvdu| wr

vzlwfk dq| sduw|*v srolf| lv vwloo jlyhq e| +9,1 Dvvxplqj wkdw wkh sduwlflsdwlrq frqvwudlqwv

elqg/ sduw| D zlqv hdfk glvwulfw zlwk suredelolw| �J�/ dqg wklv lv dovr wkh iudfwlrq ri vhdwv

lq wkh qdwlrqdo dvvhpeo| lw zlqv +l1h1/ j� @ �J�,1 Wkhq �J� lv dq h{rjhqrxv sdudphwhu

wkdw wkh oree| grhv qrw wu| wr lq�xhqfh1 Lw vhohfwv srolf| sodwirupv ��> �� wr pd{lpl}h

Xo+ �J
��� . +4� �J�,��, . �

,�qo
^ZU+�

�, .ZU+�
�,`/ zklfk uhgxfhv wr wkh pd{lpl}dwlrq ri

ZU+�
�, .ZU+�

�, . o"�oXo+ �J
��� . +4� �J�,��, +5<,

Lq frqwudvw srolflhv dw wkh orfdo ohyho zloo eh fkrvhq wr pd{lpl}h

ZU+�
�, .ZU+�

�, . o"�o �J
�Xo+�

�, . +4� �J�,Xo+�
�, +63,
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Sursrvlwlrq 8 Vxssrvh wkdw wkh dvvxpswlrqv ri Sursrvlwlrq 6 krog/ h{fhsw wkdw wkh qdwlrqdo

jryhuqphqw lv edvhg rq sursruwlrqdo uhsuhvhqwdwlrq ri gl�huhqw sduwlhv lq wkh qdwlrqdo ohj0

lvodwxuh/ zlwk hdfk glvwulfw hohfwlqj rqh phpehu wr wkh ohjlvodwxuh rq wkh edvlv ri pdmrulw|

yrwh1 Vxssrvh dovr wkdw wkh srolf| vsdfh lv wkh uhdo olqh/ hdfk fodvv kdv vwulfwo| frqfdyh

dqg vlqjoh shdnhg xwlolw| ixqfwlrqv ryhu wkh srolf| fkrlfh/ zlwk lghdo srlqwv vdwlvi|lqj +5;,1

Wkhq li wkh srolf| frpsurplvh ehwzhhq wkh sodwirupv ri wkh wzr sduwlhv ri wkh jryhuqphqw lv

jlyhq e| +5:,/ dqg sduwlflsdwlrq frqvwudlqwv ri wkh sduwlhv gr qrw elqg/ wkh htxloleulxp srolf|

sodwirupv �&? dw wkh qdwlrqdo ohyho uhodwh wr wkrvh dw wkh orfdo ohyho lq wkh iroorzlqj pdqqhu=

�
�
? ? �

�
, ? �? �

�J�
�
�
? . +4� �J�,��? ? �

�
, ? �

�
? +64,

l1h1/ srolf| sodwirupv glyhujh pruh dw wkh qdwlrqdo wkdq orfdo ohyho/ exw wkh uhvxowlqj srolf|

ri wkh qdwlrqdo jryhuqphqw lv ohvv vxemhfw wr fdswxuh e| wkh ulfk wkdq wkh pdmrulw| ri orfdo

jryhuqphqwv zkhuh wkh grplqdqw sduw| D zlqv1

Iljxuh 6 looxvwudwhv wkh fruuhvsrqglqj duud| ri hohfwrudo sodwirupv dqg srolflhv dw wkh

wzr ohyhov1 Wkh ohyho ri fdswxuh ri wkh qdwlrqdo ohyho zloo eh lqwhuphgldwh ehwzhhq wkh udqjh

ri ohyhov ri fdswxuh ri gl�huhqw orfdo jryhuqphqwv/ dqg zloo eh vpdoohu wkdq wkh pdmrulw| ri

orfdo jryhuqphqwv1 Zkloh wkh uhvxow lv hplqhqwo| sodxvleoh/ lw vkrxog eh hpskdvl}hg wkdw

wkh dujxphqw xqghuo|lqj lw grhv uhvw rq wkh ghwdlohg dvvxpswlrqv frqfhuqlqj wkh vwuxfwxuh

ri yrwhu suhihuhqfhv1

. �L?U*�_�?} �L44i?|t

Lq vxppdu|/ wkh uhodwlyh surqhqhvv wr fdswxuh ri orfdo jryhuqphqwv ghshqgv rq d pxowlwxgh

ri glyhuvh idfwruv1 Wkhvh lqfoxgh wkh h{whqw dqg qdwxuh ri khwhurjhqhlw| dfurvv glvwulfwv dqg

yrwhuv/ dqg wkh qdwxuh ri wkh qdwlrqdo hohfwrudo v|vwhp1 Gl�huhqw vrxufhv ri khwhurjhqhlw|

kdyh frqwudvwlqj lpsolfdwlrqv iru uhodwlyh fdswxuh1 Wkh vl}h ri wkh frxqwu| frxog dovr eh

uhohydqw/ dv wklv pd| d�hfw uhodwlyh ohyhov ri srolwlfdo dzduhqhvv/ wkh frkhvlyhqhvv ri lqwhuhvw

jurxsv/ dqg wkh uhodwlyh lqwhqvlw| ri hohfwrudo frpshwlwlrq dw qdwlrqdo dqg orfdo ohyhov1 Exw

wkh qhw h�hfw ri vl}h rq uhodwlyh fdswxuh lv gl�fxow wr suhglfw= lq odujhu frxqwulhv ohyhov ri
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srolwlfdo dzduhqhvv dw wkh qdwlrqdo ohyho pd| eh orz/ dqg vr pd| wkh frkhvlyhqhvv ri vshfldo

lqwhuhvw jurxsv1 Vlpsoh jhqhudol}dwlrqv derxw uhodwlyh fdswxuh duh wkhuhiruh kd}dugrxv rq

wkh edvlv ri wkhru| dorqh> hpslulfdo uhvhdufk lv qhfhvvdu| wr lghqwli| wkh qdwxuh dqg gh0

juhh ri orfdo fdswxuh1 Lq sduwlfxodu/ lw lv xqolnho| wkdw orfdo jryhuqphqwv duh xqlyhuvdoo|

surqh wr juhdwhu fdswxuh/ dv pdq| lq�xhqwldo wklqnhuv kdyh frpprqo| suhvxssrvhg1 Uh0

fhqw hpslulfdo vwxglhv dovr fdvw grxew rq wkh wudglwlrqdo suhvxpswlrq1 Wr wkh h{whqw wkdw

wklv suhvxpswlrq lv plvwdnhq/ ghfhqwudol}dwlrq ri dxwkrulw| wr orzhu ohyhov ri jryhuqphqw

fdq srwhqwldoo| frpelqh wkh dgydqwdjhv ri juhdwhu xwlol}dwlrq ri orfdo lqirupdwlrq zlwkrxw

vdful�flqj dffrxqwdelolw|1

Pruhryhu/ wkh ghjuhh wr zklfk yrwhuv duh srolwlfdoo| dzduh lq orfdo hohfwlrqv pd| lwvhoi

ghshqg rq wkh h{whqw ri ghfhqwudol}dwlrq1 Li orfdo jryhuqphqwv duh qrw ghohjdwhg pxfk

srzhu/ udwlrqdo yrwhuv zloo qrw �qg lw zruwkzkloh wr vshqg wlph dqg uhvrxufhv glvfxvvlqj

ru dftxlulqj lqirupdwlrq derxw orfdo srolwlfv1 Wkh h�hfw ri juhdwhu ghyroxwlrq ri dxwkrulw|

lq vwlpxodwlqj srolwlfdo sduwlflsdwlrq lv grfxphqwhg lq qxphurxv Lqgldq vwdwhv1�H Lq d

fhqwudol}hg vwdwh wkh suhglfwlrq wkdw orfdo jryhuqphqwv duh fulssohg e| fdswxuh e| orfdo

holwhv pd| zhoo ehfrph d vhoi0ixo�oolqj surskhf|1

Zh qrz glvfxvv d udqjh ri lvvxhv ljqruhg lq rxu dqdo|vlv1 Wkh frpprq suhvxpswlrq

lq idyru ri juhdwhu fdswxuh dw wkh orfdo ohyho pd| kdyh ehhq froruhg e| vdolhqw klvwrulfdo

lqvwdqfhv ri qrq0ghprfudwlf rssuhvvlrq +ri plqrulwlhv lq Vrxwkhuq XVD ru wkh srru lq Lqgldq

yloodjhv,1 Lq frqwudvw/ rxu prgho suhvxphv d ixqfwlrqlqj ghprfudf| dw wkh orfdo ohyho/ zkhuh

phpehuv ri doo fodvvhv duh holjleoh wr yrwh/ d frqglwlrq surjuhvvlyho| pruh uhohydqw lq erwk

ghyhorshg dqg ghyhorslqj frxqwulhv1

Rxu prgho dovr ljqruhg srvvleoh glvsdulwlhv lq suhihuhqfhv ri lqglylgxdo yrwhuv ehwzhhq

orfdo dqg qdwlrqdo hohfwlrqv> wkh irfxv zdv lqvwhdg rq wkh djjuhjdwlrq eldvhv ri d jlyhq vhw ri

srolf| suhihuhqfhv ri lqglylgxdo yrwhuv dw gl�huhqw ohyhov ri jryhuqphqw1 Lw lv sodxvleoh/ iru

lqvwdqfh/ wkdw yrwhuv h{klelw vwurqjhu uhglvwulexwlyh suhihuhqfhv zlwklq wkhlu rzq qhljkeru0

krrgv/ rzlqj hlwkhu wr wkh rshudwlrq ri orfdo dowuxlvp/ ru wkh sxeolf ehqh�wv ri orzhu ohyhov

�H5iic i�}�c Wt@@U @?_ O@h�*@* E�bb.� @?_ Wt@@U E�bbH� �? |�i UL?|i | Lu kih@*@ @?_ ìMt|ih E�bb2� �? |�i

UL?|i | Lu ìt| �i?}@*� �hLL! @?_ �@?Lh E�bbH� t|�_) |�i t@4i �tt�i �? @ ?�4Mih Lu �t�@? @?_ �uh�U@?

UL�?|h�it @?_ i4ih}i ��|� 4� i_ UL?U*�t�L?t�
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ri orfdo sryhuw|1 Wklv idfwru/ krzhyhu/ zrxog fdxvh d juhdwhu eldv lq idyru ri uhglvwulexwlrq

dw wkh orfdo ohyho1 Dqrwkhu idfwru ljqruhg frqfhuqv wkh srvvlelolw| ri lqwhu0glvwulfw prelolw|

ri uhvlghqwv/ dqg wkh uhvxowlqj frpshwlwlrq dprqj glvwulfwv wr d�hfw vxfk prelolw| sdwwhuqv1

Wklv idfwru lv vwuhvvhg lq wkh Wlherxw +4<89, k|srwkhvlv frqfhuqlqj orfdo sxeolf jrrgv/ dqg

lq dffrxqwv ri wkh cudfh wr wkh erwwrp* dprqj glvwulfwv lq orzhulqj wd{ udwhv dqg zhoiduh

ehqh�wv lq rughu wr dwwudfw wkh ulfk dqg uhsho wkh srru1 Vxfk irupv ri frpshwlwlrq pd|

fdxvh wkh cuhgxfhg irup* suhihuhqfhv dw wkh orfdo ohyho wr eh pruh eldvhg djdlqvw uhglvwul0

exwlrq/ frpsduhg zlwk wkh qdwlrqdo jryhuqphqw1 Wkh hylghqfh lq idyru ri vxfk prelolw|

sdwwhuqv lv/ krzhyhu/ qrw �upo| hvwdeolvkhg> pruhryhu lw lv ohvv olnho| wr eh uhohydqw lq gh0

yhorslqj frxqwulhv1�b Lq dq| fdvh wkh idfwruv wkdw zh irfxv rq/ frqfhuqlqj gl�huhqfhv lq

cvwuxfwxudo* suhihuhqfhv iru uhglvwulexwlrq dw wkh wzr ohyhov duh olnho| wr eh mxvw dv lpsruwdqw

lq ghwhuplqlqj wkh h�hfwv ri ydulrxv irupv ri ghfhqwudol}dwlrq1

Rxu prgho pdgh d qxpehu ri vlpsoli|lqj dvvxpswlrqv frqfhuqlqj wkh qdwxuh ri lqwulqvlf

sduw| suhihuhqfhv= iru lqvwdqfh/ wkh| gr qrw gl�hu dfurvv lqiruphg dqg xqlqiruphg yrwhuv/

ru dfurvv gl�huhqw vrflr0hfrqrplf fodvvhv1 Hpslulfdo hylghqfh rq XV yrwhu ehkdylru lq Suhv0

lghqwldo hohfwlrqv kdv wudglwlrqdoo| vxssrvhg xqlqiruphg yrwhuv wr eh pruh xqvwdeoh zlwk

uhvshfw wr wkhlu sduw| suhihuhqfhv1 ]doohu +4<<<, vkrzv wkdw wkh suhihuhqfhv ri xqlqiruphg

yrwhuv whqg wr uhvsrqg v|vwhpdwlfdoo| wr hyhqwv lq wkh uhfhqw sdvw/ vxfk dv wkh rffxuuhqfh

ri zduv ru hfrqrplf frqglwlrqv lq suhylrxv dgplqlvwudwlrqv/ zkloh wkh suhihuhqfhv ri lq0

iruphg yrwhuv duh pruh vkduso| gh�qhg e| lghrorj| dqg duh wkxv ohvv pxwdeoh1 Rxu dqdo|vlv

lv frqvlvwhqw zlwk wkh h{lvwhqfh ri cuhwurvshfwlyh yrwlqj* e| wkh xqlqiruphg/ vlqfh sduw|

suhihuhqfhv fdq eh lq�xhqfhg e| sdvw hyhqwv12f Krzhyhu/ wkh hpslulfdo uhvxowv gr vxjjhvw

juhdwhu lqvwdelolw| lq sduw| suhihuhqfhv dprqj wkh xqlqiruphg1 Wklv fdq frqfhlydeo| prgli|
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rxu suhglfwlrq wkdw d kljkhu ohyho ri lqhtxdolw| zloo whqg wr lqfuhdvh fdswxuh/ vlqfh d odujhu

iudfwlrq ri xqlqiruphg yrwhuv zrxog lqfuhdvh hohfwrudo xqfhuwdlqw| dqg wkxv uhgxfh wkh h{

dqwh fkdqfhv wkdw wkh idyruhg sduw| zloo zlq1 Krzhyhu/ prvw ri rxu dqdo|vlv ri uhodwlyh

fdswxuh dw orfdo ylv0d0ylv qdwlrqdo ohyhov zrxog frqwlqxh wr eh ydolg1

Wkh suhvhqfh ri udfldo ru hwkqlf khwhurjhqhlw| pd| vlploduo| d�hfw sduw| or|dowlhv/ dqg

fdxvh wkhp wr gl�hu dfurvv vrflr0hfrqrplf fodvvhv1 Vxssrvh/ iru lqvwdqfh/ wkdw d udfldo

plqrulw| lv glvsursruwlrqdwho| uhsuhvhqwhg dprqj wkh srru1 Iru klvwrulfdo uhdvrqv/ wklv

plqrulw| pd| eh eldvhg lq idyru ri sduw| E ehfdxvh lw kdv wudglwlrqdoo| ehhq ohvv vxemhfw

wr fdswxuh e| wkh ulfk/ zkhuh wkh plqrulw| lv ohvv zhoo0uhsuhvhqwhg1 Iru wkh rsssrvlwh

uhdvrq/ ulfk dqg plggoh fodvv yrwhuv pd| h{klelw d vwurqjhu suhihuhqfh iru sduw| D1 Wkh

uhvxowlqj sduw| sodwirupv zloo whqg wr glyhujh rq erwk hfrqrplf dqg udfldo lvvxhv= sduw|

E zloo hvsrxvh pruh sur0srru dqg sur0plqrulw| srolflhv/ wkxv uhlqiruflqj wkh srodul}dwlrq

ri yrwhu suhihuhqfhv ehwzhhq wkh wzr sduwlhv lq wkh orqj uxq1 Rq wkh rwkhu kdqg/ sduw|

D pd| eh wkh klvwrulfdoo| grplqdqw sduw|/ suhihuuhg e| d pdmrulw| ri yrwhuv rzlqj wr

lwv lqfxpehqf| dgydqwdjh1 Wkh h{lvwhqfh ri udfldo glyhuvlw| zrxog uhgxfh wkh h{whqw ri

fdswxuh1 Frpsdulqj d udfldoo| krprjhqrxv vrflhw| zlwk d khwhurjhqrxv rqh/ wkh lqfxpehqf|

dgydqwdjh ri sduw| D zrxog eh iudjphqwhg e| wkh orvv ri vxssruw ri srru udfldo plqrulwlhv

lq wkh pruh khwhurjhqrxv vrflhw|1 Wklv fdq prgli| wkh h�hfw ri lqhtxdolw| rq fdswxuh= iru

lqvwdqfh/ glvwulfwv zlwk kljkhu lqhtxdolw| pd| frqwdlq d odujhu iudfwlrq ri wkh udfldo plqrulw|

frpsduhg zlwk wkh uhvw ri wkh frxqwu|/ dqg orfdo jryhuqphqwv lq vxfk glvwulfwv pd| eh ohvv

vxemhfw wr fdswxuh rzlqj wr wkh gloxwlrq ri sduw| D*v lqfxpehqf| dgydqwdjh1 Qhyhuwkhohvv/

prvw ri rxu dqdo|vlv frqfhuqlqj uhodwlyh fdswxuh zloo frqwlqxh wr eh ydolg1

Rxu dqdo|vlv dovr dvvxphg wkdw wkh srolf| vsdfh lv wkh vdph ehwzhhq qdwlrqdo dqg orfdo

ohyhov1 Lq sudfwlfh wklv lv uduho| wkh fdvh= wkh glphqvlrqdolw| ri srolf| dw wkh qdwlrqdo

ohyho idu h{fhhgv wkdw dw wkh orfdo ohyho1 Ghflvlrqv frqfhuqlqj iruhljq srolf|/ frqvwlwxwlrqdo

dphqgphqwv/ ru prqhwdu| srolf| zloo uduho| eh pdgh dw wkh orfdo ohyho1 Wkh kljkhu glphqvlrq

ri srolflhv dw kljkhu ohyhov ri jryhuqphqw fuhdwh wkh srvvlelolw| ri frpsurplvhv dfurvv srolflhv

lq gl�huhqw glphqvlrqv= iru lqvwdqfh/ d sur0srru sduw| pd| vxffxpe wr d frpsurplvh dw wkh

qdwlrqdo ohyho zkhuh lw djuhhv wr zhoiduh fxwv lq h{fkdqjh iru d ohvv djjuhvvlyh iruhljq srolf|1

Vxfk d frpsurplvh lv qrw srvvleoh li zhoiduh srolflhv duh ghohjdwhg wr orfdo jryhuqphqwv1 Lq
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vxfk fdvhv/ qdwlrqdo srolf| pd| eh vxemhfw wr juhdwhu fdswxuh1 Wklv idfwru pd|/ krzhyhu/ fxw

wkh rwkhu zd| wrr= d sur0ulfk sduw| pd| djuhh wr d eljjhu zhoiduh surjudp dw wkh qdwlrqdo

ohyho lq h{fkdqjh iru d pruh kdznlvk iruhljq srolf|/ d frpsurplvh qrw srvvleoh dw wkh orfdo

ohyho1 Lw wkhuhiruh vhhpv gl�fxow wr jhqhudol}h derxw wkh lpsolfdwlrqv iru uhodwlyh fdswxuh1

Zh frqfoxgh e| vwuhvvlqj wkh qhhg iru hpslulfdo uhvhdufk1 Duh orfdo jryhuqphqwv pruh

vxemhfw wr fdswxuhB Zkdw duh wkh ghwhuplqdqwv ri devroxwh dqg uhodwlyh fdswxuhB Duh

dvvxpswlrqv dqg lpsolfdwlrqv ri rxu prgho ydolgdwhg e| gdwdB Shufhswlrqv ri fdswxuh e|

yrwhuv pd| shukdsv eh holflwhg iurp fduhixo ghvljq ri yrwhu vxuyh|v1 Dowhuqdwlyho|/ wkh

ghjuhh ri fdswxuh fdq eh lqihuuhg iurp sdvw srolflhv dqg wkhlu lpsohphqwdwlrq/ wkh dssurdfk

iroorzhg e| Jdodvvr dqg Udydoolrq +4<<<,1 Hylghqfh frqfhuqlqj wkh ghjuhh ri wdujhwlqj

dfklhyhg/ ru wkh doorfdwlrq ri sxeolf vshqglqj ehwzhhq h{shqglwxuhv idyruhg e| gl�huhqw

fodvvhv frxog eh uhyhdolqj lq wklv uhvshfw1 Wkhvh pd| shuplw dvvhvvphqwv ri wkh ghjuhh ri

fdswxuh dw dq| jlyhq ohyho1 Hvwlpdwlqj uhodwlyh fdswxuh dw gl�huhqw ohyhov lv pruh fkdoohqjlqj/

vlqfh qdwlrqdo dqg orfdo jryhuqphqwv w|slfdoo| pdnh ghflvlrqv derxw gl�huhqw glphqvlrqv

ri srolf|1 Lq prvw ghyhorslqj frxqwulhv/ wkh exon ri wd{ uhyhqxhv duh froohfwhg fhqwudoo|

dqg glvwulexwhg ehwzhhq gl�huhqw orfdo jryhuqphqwv/ zkloh wkh odwwhu duh hpsrzhuhg wr

doorfdwh wkhvh ixqgv dfurvv gl�huhqw surmhfwv dqg ehqh�fldu| jurxsv zlwklq wkhlu uhvshfwlyh

mxulvglfwlrqv1 Lq vxfk d v|vwhp ghflvlrqv pdgh e| gl�huhqw ohyhov ri jryhuqphqw duh pxwxdoo|

lqwhudfwlqj/ uhqghulqj kd}dugrxv lqihuhqfhv frqfhuqlqj uhodwlyh fdswxuh1 Iru lqvwdqfh/ wkh

fhqwudo jryhuqphqw pd| dfwxdoo| h{klelw vwurqjhu uhglvwulexwlyh suhihuhqfhv wkdq wkh dyhudjh

orfdo jryhuqphqw/ dqg |hw dsshdu wr eh ohvv vhqvlwlyh wr wkh lqwhuhvwv ri wkh srru e| doorfdwlqj

ohvv ixqgv wr glvwulfwv zlwk kljk ohyhov ri sryhuw|/ rzlqj wr lwv h{shfwdwlrq ri kljk wdujhwlqj

idloxuhv lq wkhvh glvwulfwv1

Rqfh phdvxuhv ri fdswxuh duh dydlodeoh/ lw zrxog eh lqwhuhvwlqj wr whvw suhglfwlrqv ri

rxu prgho frqfhuqlqj wkhlu ghwhuplqdqwv/ vxfk dv olwhudf|/ lqhtxdolw|/ rwkhu glphqvlrqv ri

yrwhu khwhurjhqhlw|/ dydlodeoh phdvxuhv ri srolwlfdo dzduhqhvv ri yrwhuv/ ghjuhh ri lqwhusduw|

frpshwlwlrq/ glphqvlrqv ri sduw| suhihuhqfhv ri yrwhuv +h1j1/ wkh uroh ri lqfxpehqf| ru sdvw

uhfrugv ri frqwhvwlqj sduwlhv,/ dqg wkh qdwxuh ri wkh hohfwrudo v|vwhp +pdmrulwduldq yhuvxv

sursruwlrqdo/ idluqhvv dqg wudqvsduhqf| ri hohfwlrqv,1 Rwkhu dvvxpswlrqv +h1j1/ frqfhuqlqj

wkh yduldwlrq ri sdwwhuqv ri srolwlfdo dzduhqhvv zlwk vrflr0hfrqrplf vwdwxv, dqg suhglfwlrqv
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+h1j1/ vxfk dv wkh doorfdwlrq ri fdpsdljq vshqglqj dfurvv gl�huhqw glvwulfwv ydu|lqj zlwk

uhvshfw wr olwhudf| dqg lqhtxdolw|, frxog dovr eh whvwhg zlwk vxlwdeoh gdwd1 Suhglfwlqj wkh

lpsdfw ri ghfhqwudol}dwlrq pxvw xowlpdwho| uhvw rq vxfk hpslulfdo dvvhvvphqwv1

+iuihi?Uit

Sudqde Edugkdq/ _Ghfhqwudolvhg Ghyhorsphqw/% Lqgldq Hfrqrplf Uhylhz/ 64+5,/ 4<<9/ 46<0

4891

Sudqde Edugkdq dqg Glols Prrnkhumhh/ _H{shqglwxuh Ghfhqwudol}dwlrq dqg wkh Gholyhu|

ri Sxeolf Vhuylfhv lq Ghyhorslqj Frxqwulhv/% Zrunlqj Sdshu/ Ghsduwphqw ri Hfrqrplfv/

Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|/ 4<<;1

Gdylg Edurq/ _Hohfwrudo Frpshwlwlrq zlwk Lqiruphg dqg Xqlqiruphg Yrwhuv/% Dphulfdq

Srolwlfdo Vflhqfh Uhylhz/ ;;/ 4<<7/ 6607:1

Mrqdwkdq Frqqlqj dqg Plfkdho Nhydqh/ _Frppxqlw| Edvhg Wdujhwlqj Phfkdqlvpv iru

Vrfldo Vdihw| Qhwv/% plphr/ Ghsduwphqw ri Hfrqrplfv/ Zlooldpv Froohjh/ 4<<<1

Ulfkdug Furrn dqg Mdphv Pdqru/ Ghprfudf| dqg Ghfhqwudolvdwlrq lq Vrxwk Dvld dqg Zhvw

Diulfd/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<;1

Plfkdho Ghool Fduslql dqg Vfrww Nhhwhu/ Zkdw Dphulfdqv Nqrz Derxw Srolwlfv Dqg Zk| Lw

Pdwwhuv/ Qhz Kdyhq= \doh Xqlyhuvlw| Suhvv/ 4<<91

Hpdqxhod Jdodvvr dqg Pduwlq Udydoolrq/ _Glvwulexwlrqdo Rxwfrphv ri d Ghfhqwudol}hg Zho0

iduh Surjudp/% Zrunlqj Sdshu/ Zruog Edqn/ Zdvklqjwrq G1F1/ Rfwrehu 4<<<1

Jhqh Jurvvpdq dqg Hokdqdq Khospdq/ _Hohfwrudo Frpshwlwlrq dqg Vshfldo Lqwhuhvw Srol0

wlfv/% Uhylhz ri Hfrqrplf Vwxglhv/ 96/ 59805;9/ 4<<91

Uxvvhoo O1 Kdqvrq dqg Mrkq W1 Kduwpdq/ %Gr Zhoiduh Pdjqhwv DwwudfwB%/ Lqvwlwxwh iru

Uhvhdufk rq Sryhuw|/ Xqlyhuvlw| ri Zlvfrqvlq dw Pdglvrq/ 4<<71
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W1P1 Wkrpdv Lvddf/ _Ghfhqwudolvdwlrq/ Ghprfudf| dqg Ghyhorsphqw= Shrsoh*v Fdpsdljq

iru Ghfhqwudolvhg Sodqqlqj lq Nhudod/% sdshu suhvhqwhg dw Lqwhuqdwlrqdo Frqihuhqfh rq Gh0

fhqwudolvdwlrq= Ghyroxwlrq dqg Sduwlflsdwlrq/ Vwdwh Sodqqlqj Erdug/ Jryhuqphqw ri Zhvw

Ehqjdo/ Fdofxwwd/ Ghfhpehu 4<<;1

���� dqg N1Q1 Kdulodo/ _Sodqqlqj iru Hpsrzhuphqw/% Hfrqrplf dqg Srolwlfdo Zhhno|/

8608;/ Mdqxdu| 7044 4<<:1

J1N1 Olhwhq/ _Sdqfkd|dwv lq Zhvwhuq Xwwdu Sudghvk/% Hfrqrplf dqg Srolwlfdo Zhhno|/

Vhswhpehu 5; 4<<9/ 5:3305:381

Jhrujh Pdwkhz dqg Udphvk Qd|dn/ _Sdqfkd|dwv dw Zrun/% Hfrqrplf dqg Srolwlfdo Zhhno|/

Mxo| 9 4<<9/ 4:9804::41

Judqw PfFrqqhoo/ Sulydwh Srzhu dqg Dphulfdq Ghprfudf|/ Ylqwdjh Errnv/ 4<991

Vxeudwd N1 Plwud/ %Pdnlqj Orfdo Srolwlfv *Zrun* = Uxudo Holwhv/ Srolwlfdo Frq�lfw dqg

Ohjlwlpdf| lq Lqgld%/ xqsxeolvkhg sdshu/ Vrxwk Dvld Lqvwlwxwh/ Xqlyhuvlw| ri Khlghoehuj/

4<<:1

Wruvwhq Shuvvrq dqg Jxlgr Wdehoolql/ Srolwlfdo Hfrqrplfv= H{sodlqlqj Hfrqrplf Srolf|/

iruwkfrplqj/ PLW Suhvv/ 53331

������0/ _Wkh Vl}h dqg Vfrsh ri Jryhuqphqw= Frpsdudwlyh Srolwlfv zlwk Udwlrqdo

Srolwlfldqv/% Zrunlqj Sdshu Qr1 9;7;/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Fdpeulgjh/

PD1/ 4<<;

Vwhyhq Urvhqvwrqh dqg Mrkq Kdqvhq/ Prelol}dwlrq/ Sduwlflsdwlrq dqg ghprfudf| lq Dphu0

lfd/ Qhz \run= Pdfploodq/ 4<<61

Plfkdho Urwkvfklog dqg Mrvhsk Vwljolw}/ _Lqfuhdvlqj Ulvn L= D Gh�qlwlrq/% Mrxuqdo ri Hfr0

qrplf Wkhru|/ 5/ 4<:3/ 55805761

Sdxo Vhdeuljkw/ _Dffrxqwdelolw| dqg Ghfhqwudolvdwlrq lq Jryhuqphqw= Dq Lqfrpsohwh Frq0

wudfwv Prgho/% Hxurshdq Hfrqrplf Uhylhz/ yro1 731
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Fkduohv Wlherxw/ _D Sxuh Wkhru| ri Sxeolf H{shqglwxuh/% Mrxuqdo ri Srolwlfdo Hfrqrp|/

97/ 4<891

Qhlo Zhevwhu/ _Sdqfkd|dwl Udm dqg wkh Ghfhqwudolvdwlrq ri Ghyhorsphqw Sodqqlqj lq Zhvw

Ehqjdo/ Fdofxwwd= N1S1 Edjfkl dqg Fr1/ 4<<51

\rjhqgud \dgdy/ _Hohfwrudo Srolwlfv lq wkh Wlph ri Fkdqjh= Lqgld*v Wklug Hohfwrudo V|vwhp

4<;<0<</% Hfrqrplf dqg Srolwlfdo Zhhno|/ 56<6056<</ Dxjxvw 5405;/ 4<<<1

74



DSSHQGL[

Surri ri Sursrvlwlrq 4 Wkh sureohp idfhg e| wkh ulfk oree| dw wkh �uvw vwdjh ri wkh

jdph fdq eh uhsuhvhqwhg dv iroorzv= vhohfw srolf| sodwirupv ��> �� wr eh lqgxfhg e| wkh

wzr sduwlhv/ dqg fdpsdljq frqwulexwlrqv F�> F� wr pd{lpl}h wkh h{shfwhg zhoiduh ri d

frqwulexwlqj phpehu ri wkh oree|

J�Xo+�
�, . +4�J�,Xo+�

�,�
4

o�o
^F� .F�` +65,

zkhuh wkh suredelolw| ri D zlqqlqj lv jlyhq e|

J�+Y �
� Y �, @ Sure^d. d� . Y �

� Y �
� 3` +66,

dqg wkh sduwlflsdwlrq frqvwudlqwv iru hlwkhu sduw| duh

Y &
�ZU+�

&, . "F&
�ZU+�

W,> n @ D>E= +67,

Zh fodlp wkdw wkh htxloleulxp srolf| sodwirup ri hdfk sduw| zloo pd{lpl}h +:,/ zlwk

J�> J� uhsodflqj �J�> �J� dv wkh uhvshfwlyh suredelolwlhv ri zlqqlqj wkh hohfwlrq +zklfk duh

ehlqj wdnhq dv jlyhq,1 Vxssrvh wklv fodlp lv idovh/ dqg wkhuh h{lvwv vrph rwkhu srolf| a�� iru

sduw| D/ vd|/ zklfk uhdol}hv d kljkhu ydoxh ri wkh remhfwlyh ixqfwlrqZU+�
�,.o"�oJ

�Xo+�
�,1

Iluvw frqvlghu wkh fdvh zkhuh wklv srolf| vzlwfk fdxvhv wkh zhoiduh ri lqiruphg yrwhuv

wr jr grzq ru uhpdlq xqfkdqjhg1 Wkhq wkh oree| fdq vzlwfk lwv hohfwrudo vwudwhj| wr wkh

srolf| a��/ dqg fruuhvsrqglqjo| prgli| lwv fdpsdljq frqwulexwlrq vr wkdw wkh olqhdu vxp

ZU."F& lv xqd�hfwhg1 Wklv lqyroyhv d fdpsdljq frqwulexwlrq dw ohdvw dv odujh dv iruphuo|/

vr wkh qrqqhjdwlylw| frqvwudlqw lv suhvhuyhg1 Pruhryhu/ frqvwudlqwv +67, iru erwk sduwlhv duh

suhvhuyhg1 Vr wkh yduldwlrq lv ihdvleoh/ dqg fdq eh yhul�hg wr udlvh wkh h{shfwhg xwlolw| ri d

uhsuhvhqwdwlyh oree| phpehu/ frqwudglfwlqj wkh suhplvh wkdw wkh vwdwxv txr uhsuhvhqwhg dq

htxloleulxp1

Wkh vdph dujxphqw dssolhv zkhq wkh srolf| vzlwfk fdxvhv wkh zhoiduh ri lqiruphg yrwhuv

wr lqfuhdvh/ exw qrw e| vr pxfk dv wr fdxvh wkh uhvxowlqj qhz fdpsdljq frqwulexwlrq wr

ylrodwh wkh qrqqhjdwlylw| frqvwudlqw1 Lq wkh fdvh zkhuh wkh lqfuhdvh lv vx�flhqwo| juhdw wr
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fdxvh wklv frqvwudlqw wr eh ylrodwhg/ vhohfw d qhz fdpsdljq frqwulexwlrq h{dfwo| htxdo wr

}hur/ dqg wkhq fkhfn wkdw wkh vdph dujxphqw dssolhv1

Wkh sureohp idfhg e| wkh oree| wkhq uhgxfhv wr vhohfwlrq ri srolf| sodwirupv ��> ��

dqg fdpsdljq frqwulexwlrqv F�> F� wr pd{lpl}h

s�Xo+�
�, . +4� s�,Xo+�

�,�
4

o�o
^F� . F�` +68,

vxemhfw wr

s� @ J�+ZU+�
�,�ZU+�

�, . "^F�
� F�`, +69,

dqg wkh sduwlflsdwlrq frqvwudlqwvZU+�
�,."F� �ZU+�

W,> l @ D>E1 Lw lv hylghqw wkdw dv orqj

dv J�+3, A �

2
/ wkh sduwlflsdwlrq frqvwudlqw iru sduw| E pxvw elqg1 Wkhq wkh pd{lpl}dwlrq

sureohp fdq eh uhgxfhg wr wkh iroorzlqj wzr vwdjh sureohp= �uvw vhohfw s� � J�+3,/ dqg

wkhq jlyhq wklv zlq suredelolw| vhohfw wkh srolf| sodwirupv dqg fdpsdljq vshqglqj ohyhov ri

wkh wzr sduwlhv1 Vroylqj edfnzdugv/ wkh vroxwlrq lv dv iroorzv iru jlyhq s�1 Iru sduw| E

vhohfw ��> F� wr pd{lpl}h +4 � s�,Xo+�
�, � �

,qo
F� vxemhfw wr ZU+�

�, . "F� @ ZU+�
W,/

dqg ohw wkh uhvxowlqj vroxwlrq eh ghqrwhg ��+s�,> F�+s�,/ dqg wkh pd{lpl}hg ydoxh ri wkh

remhfwlyh ixqfwlrq ghqrwhgZ�+s�,1 Iru sduw| D wkh fruuhvsrqglqj sureohp lv wr pd{lpl}h

s�Xo+�
@,� �

,qo
F� vxemhfw wr s� @ J�+ZU+�

�,."F�
�ZU+�

W,,1 Ohw wkh uhvxowlqj vroxwlrq

eh ghqrwhg ��+s�,> F�+s�,/ dqg wkh pd{lpl}hg ydoxh ri wkh remhfwlyh ixqfwlrq e| Z�+s�,1

Wkhq dw wkh �uvw vwdjh wkh oree| zloo vhohfw s� wr pd{lpl}h Z�+s�, .Z�+s�, vxemhfw wr

wkh sduwlflsdwlrq frqvwudlqw iru sduw| D/ zklfk uhgxfhv wr s� � J�+3,1 Qrz qrwh wkdw

CZ�

Cs�
.
CZ�

Cs�
@ ^Xo+�

�+s�,,� Xo+�
�+s�,,`�

4

o�oj+J�3�+s�,,
+6:,

wkxv frpsohwlqj wkh surri ri Sursrvlwlrq 41

Surri ri Sursrvlwlrq 5 Xvlqj wkh uhvxow ri Sursrvlwlrq 4/ wkh glvwulexwlrqdo frqglwlrq

+44, lpsolhv wkdw dq lqfuhdvh lq xqfhuwdlqw| fruuhvsrqgv wr d xqlirupo| orzhu j+J�3�+s�,,

ixqfwlrq1 Vlqfh e| Sursrvlwlrq 4 wkh srolf| ixqfwlrqv ��+s�, gr qrw ghshqg rq wkh qdwxuh ri

xqfhuwdlqw|/ lw iroorzv wkdw lqfuhdvhg xqfhuwdlqw| uhgxfhv wkh pdujlqdo ydoxh wr wkh oree| ri

lqfuhdvlqj wkh zlq suredelolw| s�1 E| d vwdqgdug prqrwrqh frpsdudwlyh vwdwlf dujxphqw/
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lw iroorzv wkdw wkh htxloleulxp zlq suredelolw| s� iru wkh idyruhg sduw| D pxvw idoo zlwk dq

lqfuhdvh lq xqfhuwdlqw|1

Surri ri Sursrvlwlrq 8 Htxloleulxp srolf| fkrlfhv ri wkh wzr sduwlhv dw wkh qdwlrqdo ohyho

vdwlvi| wkh �uvw rughu frqglwlrqv

o"�o �J
�X �

o+ �J
���? . +4� �J�,��? , @ �Z �

U+�
�
? ,

o"�o+4� �J�,X �

o+ �J
���? . +4� j�,�

�
? , @ �Z �

U+�
�
? , +6;,

zkhuhdv srolf| fkrlfhv dw wkh orfdo ohyho vdwlvi|

o"�o �J
�X �

o+�
�
, , @ �Z �

U+�
�
, ,

o"�o+4� �J�,X �

o+�
�
, , @ �Z �

U+�
�
, , +6<,

Wkhvh lpso| wkdw
Z �

U
+��

,
,

Z �

U
+��

,
,
@

�J�

4� �J�

X �

o+�
�
,
,

X �

o+�
�
,
,
> +73,

Z �

U
+��? ,

Z �

U
+��? ,

@
�J�

4� �J�
+74,

Pruhryhu/ ��
,
A ��

,
vlqfh �J� A 4� �J�/ dqg erwk ��

,
dqg ��

,
pxvw olh wr wkh uljkw ri wkh

lghdo srlqw ri wkh ulfk1 Vr e| frqfdylw| ri Xo lw iroorzv wkdw Xo
�+��

,
, ? Xo

�+��
,
, ? 3/ l1h1/

L �

o
EZ�
,
�

L �

oEZ
�

,
�
5 +3> 4,1 Wkhuhiruh

Z �

U
+��

,
,

Z �

U
+��

,
,
?

�J�

4� �J�
@
Z �

U
+��? ,

Z �

U
+��? ,

+75,

Iluvw zh fodlp wkdw ��? ? ��
,
1 Rwkhuzlvh ��? � ��

,
/ dqg +75, lpsolhv wkdw ��? A ��

,
1

Frqfdylw| ri ZU lpsolhv wkdw ZU
�+��? , � ZU

�+��
,
,/ vr wkh �uvw rughu frqglwlrqv +6;/ 6<,

lpso| wkdw �Xo

�+�?, ? �Xo
�+��

,
,1 Wkhq frqfdylw| ri Xo lpsolhv �? ? ��

,
1 Rq wkh rwkhu

kdqg �? olhv lq ehwzhhq ��? dqg ��? / erwk ri zklfk olh wr wkh uljkw ri ��
,
/ dqg zh rewdlq d

frqwudglfwlrq1

D vlplodu dujxphqw hvwdeolvkhv ��? A �
�
,
1

Ilqdoo|/ ��? ? �
�
,
lpsolhvZU

�+��? , A ZU
�+��

,
,/ dqg wkh �uvw rughu frqglwlrqv +6;/ 6<, wkhq

lpso| wkdw �Xo
�+�?, A �Xo

�+��
,
,/ vr �? A ��

,
1 D vlplodu dujxphqw hvwdeolvkhv �? ? ��

,
/

frqfoxglqj wkh surri ri Sursrvlwlrq 81
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