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Devwudfw

Wklv sdshu vwxglhv wkh rswlpdo gluhfw2lqgluhfw wd{ pl{ lq d vhwwlqj zkhuh lqglylgx0

dov gl�hu lq vhyhudo xqrevhuydeoh fkdudfwhulvwlfv +surgxfwlylw| dqg hqgrzphqwv,1 Wd{

lqvwuxphqwv +lqfrph dqg frpprglw| wd{hv, duh frqvwudlqhg vroho| e| wkh lqirupdwlrq

vwuxfwxuh1 Lw suhvhqwv jhqhudo h{suhvvlrqv iru wkh rswlpdo frpprglw| wd{ udwhv dqg

suryhv wkdw frqwudu| wr Dwnlqvrq dqg Vwljolw}*v +4<:9, uhvxow/ gl�huhqwldo frpprglw|

wd{dwlrq uhpdlqv d xvhixo lqvwuxphqw ri rswlpdo wd{ srolf| hyhq li suhihuhqfhv duh vhs0

dudeoh ehwzhhq oderu dqg surgxfhg jrrgv1 Wkh iroorzlqj/ pruh vshfl�f/ uhvxowv duh

dovr ghulyhg1 Iluvw/ zkhq furvv vxevwlwxwlrq h�hfwv duh vpdoo wkh h{suhvvlrqv uhvhpeoh

wudglwlrqdo +pdq| krxvhkrogv, Udpvh| uxohv1 Vhfrqg/ li gl�huhqfhv lq hqgrzphqwv duh

frq�qhg wr vrph ri wkh jrrgv/ wkh wd{ udwh rq jrrgv lq zklfk hqgrzphqwv duh }hur lv

srvlwlyho| uhodwhg wr lqfrph hodvwlflw|1 Ilqdoo|/ lq d Free0Grxjodv looxvwudwlrq zlwk wzr

jrrgv/ zkhuh hqgrzphqwv gl�hu rqo| lq jrrg 4 +dqg duh lqwhusuhwhg dv _zhdowk%,/ wkh

wd{ rq jrrg 5 surylghv dq lqgluhfw zd| wr wd{ wkh xqrevhuydeoh zhdowk1 Lw lv kljkhu +l,

wkh pruh vljql�fdqw duh wkh zhdowk gl�huhqwldov/ +ll, wkh vwurqjhu lv wkh fruuhodwlrq eh0

wzhhq zhdowk dqg hduqlqj delolw| dqg +lll, wkh odujhu duh wkh +srolwlfdo, zhljkwv dwwdfkhg

wr orz zhdowk lqglylgxdov1
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Wkh fkrlfh ehwzhhq gluhfw dqg lqgluhfw wd{dwlrq lv rqh ri wkh _roghvw lvvxhv ri wd{dwlrq

srolf|% +Dwnlqvrq +4<::,,1 Lw udlvhv fkdoohqjlqj wkhruhwlfdo txhvwlrqv dqg lv ri vljql�fdqw

srolf| uhohydqfh1 Wkh wkhruhwlfdo frqwuryhuv| lv pluuruhg e| wkh glyhujlqj vroxwlrqv

zklfk kdyh ehhq dgrswhg lq ydulrxv frxqwulhv1 Furvv0frxqwu| frpsdulvrqv lqghhg uhyhdo

vwulnlqj gl�huhqfhv lq wkh wd{ pl{1 Lqgluhfw wd{hv +YDW lq sduwlfxodu, uhsuhvhqw dq

lpsruwdqw sduw ri wd{ uhyhqxhv lq Hxurshdq frxqwulhv/ exw wkh| sod| rqo| dq lqvljql�fdqw

uroh lq wkh XV +dw ohdvw dw wkh ihghudo ohyho,1 Hyhq zlwklq wkh Hxurshdq Xqlrq/ wkh ghjuhh

ri uholdqfh rq lqgluhfw wd{hv gl�huv qrwdeo| ehwzhhq phpehu vwdwhv1�

Pxfk ri wkh hduolhu ghedwh zdv pdunhg e| dq dpeljxlw| lq wkh yhu| gh�qlwlrq ri

gluhfw dqg lqgluhfw wd{dwlrq1 Ruljlqdoo|/ wkh glvwlqfwlrq zdv riwhq edvhg rq wkh qrwlrq

ri _vkliwlqj%/ zlwk wd{hv eholhyhg wr eh vkliwhg fdoohg lqgluhfw wd{hv +Gxh dqg Iulhgodqghu

+4<:6/ s1 55<,,1 D pruh vdwlvidfwru| dssurdfk kdv ehhq vxjjhvwhg e| Dwnlqvrq +4<::,

+vhh dovr Dwnlqvrq dqg Vwljolw} +4<;3,, zkr dujxhv wkdw _1 1 1 wkh hvvhqwldo dvshfw ri wkh

glvwlqfwlrq ^lv` wkh idfw wkdw gluhfw wd{hv pd| eh dgmxvwhg wr wkh lqglylgxdo fkdudfwhulvwlfv

ri wkh wd{sd|hu/ zkhuhdv lqgluhfw wd{hv duh ohylhg rq wudqvdfwlrqv luuhvshfwlyh ri wkh

flufxpvwdqfh ri ex|hu dqg vhoohu1% Rxu prghoolqj ri wkh gl�huhqw wd{ lqvwuxphqwv lv

forvho| lqvsluhg e| Dwnlqvrq*v lqirupdwlrq edvhg glvwlqfwlrq1 Lqfrph wd{dwlrq lv ylhzhg

dv gluhfw ehfdxvh lw fdq eh pdgh surjuhvvlyh/ zkhuhdv frpprglw| wd{dwlrq lv lqgluhfw/

lq wkh vhqvh wkdw lw lv edvhg rq dqrq|prxv wudqvdfwlrqv dqg fdq rqo| eh sursruwlrqdo1

Wkh uroh ri lqgluhfw wd{hv dv lqvwuxphqwv ri rswlpdo wd{ srolf| kdv ehhq vhyhuho|

xqghuplqhg e| wkh sxeolfdwlrq ri Dwnlqvrq dqg Vwljolw}*v +4<:9, lq�xhqwldo sdshu1 Wkh|

kdyh vkrzq wkdw zkhq suhihuhqfhv duh zhdno| vhsdudeoh lq oderu vxsso| dqg surgxfhg

jrrgv/ qrqolqhdu lqfrph wd{dwlrq grhv qrw qhhg wr eh vxssohphqwhg e| frpprglw|
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wd{dwlrq= dq| vhfrqg ehvw rswlpxp fdq eh dfklhyhg e| lqfrph wd{dwlrq dorqh12 Wkh

sudfwlfdo lpsolfdwlrqv ri Dwnlqvrq dqg Vwljolw}*v uhvxow fhuwdlqo| klqjh rq wkh hpslulfdo

ydolglw| ri wkhlu vhsdudelolw| dvvxpswlrq/ zklfk kdv ehhq txhvwlrqhg +vhh h1j1/ Eurzqlqj

dqg Phjklu +4<<4,,1 Krzhyhu/ wkh vslulw ri wkhlu uhvxow jrhv wkurxjk hyhq xqghu qrq0

vhsdudelolw| dv orqj dv oderu vxsso| kdv qr _vljql�fdqw% h�hfw rq lqglylgxdov* pdujlqdo

udwhv ri vxevwlwxwlrq +ehwzhhq jrrgv,1 D vwurqj fdvh iru frpprglw| wd{dwlrq pxvw wkxv

uhvw rq d vxevwdqwldo lpsdfw ri oderu vxsso| rq wkh zloolqjqhvv wr sd| iru wkh surgxfhg

jrrgv dqg wr wkh ehvw ri rxu nqrzohgjh/ vxfk d fdvh kdv qrw |hw ehhq pdgh1 Vrph

dowhuqdwlyh olqhv ri dwwdfn kdyh ehhq h{soruhg +h1j1/ wd{ hydvlrq lq Erdgzd| hw do1 +4<<7,,/

dqg xqfhuwdlqw| lq Fuhphu dqg Jdkydul +4<<8,,/ exw dw wklv srlqw/ qhlwkhu ri wkhp

dsshduv wr kdyh lq�lfwhg d idwdo eorz wr wkh dujxphqw wkdw frpprglw| wd{hv kdyh qr

+ru dw ehvw d plqru, uroh1

Wkh prvw ixqgdphqwdo vkruwfrplqj ri Dwnlqvrq dqg Vwljolw}*v dqdo|vlv dsshduv/ krz0

hyhu/ wr eh ri d frpsohwho| gl�huhqw qdwxuh1 Wkh| dvvxph +olnh prvw ri wkh olwhudwxuh rq

qrq olqhdu lqfrph wd{dwlrq, wkdw lqglylgxdov gl�hu lq rqh vlqjoh fkdudfwhulvwlf/ qdpho|

zdjh +hduqlqj delolw|,1 Wkhuh duh qr wdvwh gl�huhqfhv qru dq| rwkhu vrxufhv ri khwhur0

jhqhlw| +olnh zhdowk gl�huhqwldov,1 Wklv dvvxpswlrq dsshduv wr eh prwlydwhg e| whfkqlfdo

frqvlghudwlrqv udwkhu wkhq e| hfrqrplfdo ru hpslulfdo dujxphqwv1 Wkhuh lv fhuwdlqo| qr

uhdvrq wr eholhyh wkdw lqglylgxdov duh dolnh lq doo uhvshfwv exw wkhlu hduqlqj delolw|>

krzhyhu/ vr idu/ wklv dvvxpswlrq kdv ehhq wkh sulfh wr sd| wr vroyh wkh rswlpdo wd{d0

wlrq sureohp1 Pxowlglphqvlrqdo khwhurjhqhlw| +dgyhuvh vhohfwlrq, zrxog kdyh pdgh wkh

sureohp txlwh xqwudfwdeoh1 Dv d pdwwhu ri idfw/ wkh gl�fxow| lv qrw vr pxfk wr vkrz

wkdw Dwnlqvrq dqg Vwljolw}*v uhvxow grhv qrw lq jhqhudo krog lq vxfk d vhwwlqj1 Wklv fdq

hdvlo| eh vkrzq zlwkrxw vroylqj wkh ryhudoo sureohp dqg Pluuohhv +4<:9, kdv douhdg|

pdgh wklv srlqw +iru wkh fdvh ri wdvwh gl�huhqfhv,1 Wkh fkdoohqjlqj sureohp lv wr surylgh
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d fkdudfwhul}dwlrq ri rswlpdo frpprglw| wd{hv1

Lq wklv sdshu zh frqvlghu d vhwwlqj zkhuh lqglylgxdov gl�hu qrw rqo| lq hduqlqj delol0

wlhv exw dovr lq hqgrzphqwv1 Lqwxlwlyho|/ vxfk d gl�huhqfh fdq eh wkrxjkw ri dv uh�hfwlqj

zhdowk lqhtxdolw|1 Lq wkh jhqhudo prgho/ hqgrzphqwv duh doorzhg wr gl�hu iru doo jrrgv1

Krzhyhu/ wkh dqdorj| zlwk zhdowk lv prvw frpshoolqj lq wkh vshfldo fdvh zkhq hqgrz0

phqwv duh srvlwlyh dqg gl�huhqw iru rqo| rqh jrrg1� Frqvhtxhqwo|/ wklv fdvh lv jlyhq

vshfldo hpskdvlv1 Wklv lqwhusuhwdwlrq lq whupv ri zhdowk lqhtxdolw| lv fohduo| rqo| d

vwdwlf vkruwfxw iru d sureohp zklfk lv lq uhdolw| g|qdplf1 Ixuwkhupruh/ zhdowk gl�huhq0

wldov duh/ dw ohdvw lq sduw/ hqgrjhqrxv dqg uhvxow iurp lqglylgxdo dffxpxodwlrq ghflvlrqv1

Rq wkh rwkhu kdqg/ wkh hylghqfh vkrzv wkdw d vljql�fdqw iudfwlrq ri zhdowk lqhtxdolwlhv

duh h{sodlqhg e| gl�huhqfhv lq lqkhulwhg zhdowk +vhh h1j1/ Duurqgho hw do1+4<<:,,1 Dv idu

dv wklv sduw ri lqglylgxdov* zhdowk lv frqfhuqhg/ wkh dqdorj| zlwk hqgrzphqwv dsshduv

txlwh frpshoolqj1

Iroorzlqj Dwnlqvrq dqg Vwljolw}*v dssurdfk/ zh gr qrw lpsrvh dq| dg krf uhvwulf0

wlrqv rq wkh fodvv ri dydlodeoh wd{ lqvwuxphqwv1 Wkhvh duh frqvwudlqhg vroho| e| wkh

lqirupdwlrq vwuxfwxuh1 Zh dvvxph wkdw lqglylgxdo w|shv +fkdudfwhul}hg e| hduqlqj delo0

lwlhv dqg hqgrzphqwv, duh qrw sxeolfo| revhuydeoh1 Wklv uxohv rxw �uvw0ehvw wd{dwlrq ri

w|shv1 Ehiruh0wd{ +oderu, lqfrphv rq wkh rwkhu kdqg duh revhuydeoh vr wkdw d qrq0olqhdu

lqfrph wd{ fdq eh lpsrvhg1 Dv iru wkh surgxfhg jrrgv/ qhlwkhu shuvrqdo frqvxpswlrq

ohyhov/ qru shuvrqdo qhw wudqvdfwlrqv +frqvxpswlrq plqxv hqgrzphqw, duh sxeolfo| re0

vhuydeoh1 Wkh wd{ dgplqlvwudwlrq kdv/ krzhyhu/ lqirupdwlrq rq dqrq|prxv wudqvdfwlrqv1

Frqvhtxhqwo|/ qrq0olqhdu frpprglw| wd{hv duh qrw ihdvleoh/ zkloh olqhdu +sursruwlrqdo,

frpprglw| wd{hv duh dydlodeoh1e Wkurxjkrxw wkh sdshu zh vkdoo frqfhqwudwh rq wkh fdvh
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ri vhsdudeoh suhihuhqfhv/ iru wklv doorzv xv wr nhhs lq olqh zlwk wkh vslulw ri Dwnlqvrq

dqg Vwljolw}*v uhvxow1D

Zlwklq wklv vhwwlqj zh fkdudfwhul}h wkh rswlpdo wd{ pl{ dqg vwxg| xqghu zklfk

frqglwlrqv lw lqfoxghv +qrq0xqlirup, frpprglw| wd{hv1 Zh vkrz wkdw frpprglw| wd{hv

duh qhhghg/ h{fhsw zkhq doo sdluv ri w|shv zklfk duh olqnhg e| d elqglqj lqfhqwlyh

frqvwudlqw kdyh lghqwlfdo hqgrzphqwv1 Wklv frqglwlrq lv vdwlv�hg lq d wulyldo zd| zkhq

doo kdyh lghqwlfdo hqgrzphqwv/ exw wkhq rqh hvvhqwldoo| uhwxuqv wr Dwnlqvrq dqg Vwljolw}*v

vhwwlqj1 Rwkhuzlvh/ wkh frqglwlrq lv txlwh vwulqjhqw dqg qrw olnho| wr eh vdwlv�hg lq

hfrqrplfdoo| phdqlqjixo fdvhv1

Qh{w/ zh suhvhqw jhqhudo h{suhvvlrqv iru wkh rswlpdo frpprglw| wd{ udwhv1 Wkhvh

h{suhvvlrqv lqfoxgh h�flhqf| whupv +frpshqvdwhg ghpdqg hodvwlflwlhv, uh�hfwlqj ghdg0

zhljkw orvvhv dqg lqfhqwlyh whupv uh�hfwlqj wkh lpsdfw ri frpprglw| wd{hv rq vhoi0

vhohfwlrq frqvwudlqwv +dqg wkxv rq wkh ihdvleoh h{whqw ri uhglvwulexwlrq,1 Lqfhqwlyh hi0

ihfwv duh phdvxuhg e| zhljkwhg vxpv ri lqfuhphqwdo qhw ghpdqgv +frqvxpswlrq plqxv

hqgrzphqw, ri wkh plplfnhu +frpsduhg wr wkh plplfnhg lqglylgxdo,1 Lqwhuhvwlqjo|/ lw

wkxv dsshduv wkdw wkh ehqh�wv ri frpprglw| wd{hv duh ri uhglvwulexwlrqdo qdwxuh zklfk

frqwudglfwv wkh wudglwlrqdo ylhz wkdw frpprglw| wd{hv whqg wr eh uhjuhvvlyh dqg fdq eh

mxvwl�hg +li dw doo, rqo| e| h�flhqf| frqvlghudwlrqv1

Zkhq furvv vxevwlwxwlrq h�hfwv duh vpdoo +vr wkdw wkh _uhgxfhg% Voxwvn| pdwul{ lv

doprvw gldjrqdo,/ wkh h{suhvvlrqv duh frqvlghudeo| vlpsol�hg1 Rswlpdo wd{ udwhv duh

wkhq +urxjko| vshdnlqj, sursruwlrqdo wr lqyhuvh frpshqvdwhg sulfhv hodvwlflwlhv dqg wr

+wkh zhljkwhg dyhudjh ri, lqfuhphqwdo qhw frqvxpswlrq ohyhov ri plplfnhuv +iru wkh frq0

vlghuhg jrrg,1 Wkhvh h{suhvvlrqv kdyh d idploldu �dyru dqg uhvhpeoh wudglwlrqdo +pdq|

krxvhkrogv, Udpvh| uxohv1 Krzhyhu/ uhglvwulexwlrqdo ehqh�wv duh qr orqjhu phdvxuhg e|
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gl�huhqfhv lq h�hfwlyh frqvxpswlrq ohyhov exw ghshqg rq wkh k|srwkhwlfdo frqvxpswlrq

ohyhov ri plplfnhuv1 Wklv lv ehfdxvh wkhuh lv dovr d +qrq0olqhdu, lqfrph wd{/ zklfk lp0

solhv wkdw frpprglw| wd{hv hqkdqfh uhglvwulexwlrq rqo| li wkh| uhod{ rwkhuzlvh elqglqj

vhoi0vhohfwlrq frqvwudlqwv1

Li gl�huhqfhv lq hqgrzphqwv duh frq�qhg wr vrph ri wkh jrrgv/ rxu uhvxowv lpso|

sduwlfxoduo| vlpsoh wd{ uxohv iru wkh jrrgv lq zklfk hqgrzphqwv duh }hur +ru lghqwlfdo,1

Iru wkhvh jrrgv/ wkh wd{ udwh lv srvlwlyho| uhodwhg wr lqfrph hodvwlflw|1 Lq sduwlfxodu/

qrupdo jrrgv rxjkw wr eh wd{hg/ zkloh lqihulru jrrgv vkrxog eh vxevlgl}hg1

Ilqdoo|/ zh frqvlghu d Free0Grxjodv looxvwudwlrq zlwk wzr jrrgv/ zkhuh hqgrzphqwv

gl�hu rqo| lq rqh ri wkh jrrgv/ vd| jrrg 4 +zlwk hqgrzphqwv lqwhusuhwhg dv _zhdowk% ru

qrq0oderu lqfrph,1 Lq wklv fdvh/ wkh uhglvwulexwlyh uroh ri frpprglw| wd{dwlrq ehfrphv

hyhq pruh hylghqw1 D wd{ rq wkh surgxfhg jrrg 5 qrz surylghv dq lqgluhfw zd| wr

wd{ wkh xqrevhuydeoh zhdowk1 Wklv srlqw lv uhlqirufhg e| wkh qxphulfdo fdofxodwlrqv

zklfk vkrz wkdw wkh wd{ +rq jrrg 5, lv kljkhu +l, wkh pruh vljql�fdqw duh wkh zhdowk

gl�huhqwldov/ +ll, wkh vwurqjhu lv wkh fruuhodwlrq ehwzhhq zhdowk dqg hduqlqj delolw| dqg

+lll, wkh odujhu duh wkh +srolwlfdo, zhljkwv dwwdfkhg wr orz zhdowk lqglylgxdov1

2 A�i 4L_i*

Lw lv d vlpsoh h{whqvlrq ri wkh vwdqgdug lqfrph wd{dwlrq prgho +Pluuohhv +4<:4,/ Dwnlq0

vrq dqg Vwljolw} +4<:9,,1 Wkhuh duh Q w|shv ri lqglylgxdov +l @ 4> = = = >Q, zkr gl�hu lq

wkhlu oderu surgxfwlylwlhv q� dqg wkhlu lqlwldo hqgrzphqwv $� lq p frqvxpswlrq jrrgv1

Wkh sursruwlrq ri w|shv l lq wkh srsxodwlrq lv ghqrwhg ��1 Doo lqglylgxdov kdyh wkh vdph

vwulfwo| txdvl0frqfdyh xwlolw| ixqfwlrq= x+F�,� y+O�,/ zkhuh F� lv wkh frqvxpswlrq yhf0

wru dqg O� ghqrwhv oderu vxsso|1 Vhsdudelolw| lv dvvxphg iru wkh vdnh ri vlpsolflw| exw

dovr wr nhhs lq olqh zlwk wkh vslulw ri wkh Dwnlqvrq dqg Vwljolw} uhvxow1 Whfkqrorjlhv duh

olqhdu= zlwk rqh xqlw ri wlph/ lqglylgxdo l surgxfhv q� xqlwv ri _hohphqwdu|% oderu> rqh

xqlw ri _hohphqwdu|% oderu/ lq wxuq/ surgxfhv rqh xqlw ri dq| ri wkh p frpprglwlhv1

8



Qrupdol}h wkh surgxfhu sulfh ri frpprglw| 4 dw rqh1 Doo pdunhwv ehlqj frpshwlwlyh/

wkh zdjh udwh ri lqglylgxdo l htxdov q� dqg wkh surgxfhu sulfhv ri doo frpprglwlhv htxdo

rqh1

Lq wkh wudglwlrq ri wkh rswlpdo lqfrph wd{dwlrq olwhudwxuh/ zh dvvxph wkdw dq lqgl0

ylgxdo*v w|sh +fkdudfwhul}hg e| q� dqg $�, dqg oderu vxsso| duh qrw revhuydeoh e| wkh wd{

dgplqlvwudwlrq1 Klv ehiruh0wd{ +oderu, lqfrph/ L� @ q�O�/ rq wkh rwkhu kdqg/ lv1 Wklv

uxohv rxw �uvw0ehvw wd{dwlrq ri w|shv/ zkloh doorzlqj qrq0olqhdu wd{dwlrq ri lqfrphv1

Ixuwkhupruh/ qhlwkhu shuvrqdo frqvxpswlrq ohyhov/ F�/ qru shuvrqdo qhw wudqvdfwlrqv

]� @ F��$� duh sxeolfo| revhuydeoh1 Wkh wd{ dgplqlvwudwlrq kdv/ krzhyhu/ lqirupdwlrq

rq dqrq|prxv wudqvdfwlrqv1 Xqghu wklv flufxpvwdqfh/ qrq0olqhdu frpprglw| wd{hv duh

qrw ihdvleoh/ zkloh olqhdu frpprglw| wd{hv duh dydlodeoh1 Wklv lv wkh vwdqgdug +wkrxjk

riwhq rqo| lpsolflw, dvvxpswlrq lq wkh olwhudwxuh/ vr pxfk wkdw lw kdv ehhq xvhg dv sduw

ri wkh yhu| gh�qlwlrq ri lqgluhfw wd{hv> vhh Vhfwlrq 41

Wr vxp xs/ wkh wd{ srolf| frqvlvwv ri d qrq0olqhdu wd{ W +�, rq oderu lqfrph dqg ri

w/ wkh p0yhfwru ri shu0xqlw frpprglw| wd{hv zklfk ghwhuplqh s @ 4 . w/ wkh p0yhfwru

ri frqvxphu sulfhv1 Wkh sureohp ri lqglylgxdo l lv wkhq jlyhq e|=

pd{ x+F�,� y+O�,

v1w1 s � +F� �z�, @ L� � W +L�, +4,

L� @ q�O�= +5,

Qrwh wkdw doo yhfwruv duh froxpq pdwulfhv1 Wudqvsrvhg yhfwruv duh ghqrwhg e| wkh

vxshuvfulsw W 1 Wkh v|pero _ � % lv xvhg iru wkh vfdodu surgxfw> iru lqvwdqfh s�F� @ sAF�1

Ehfdxvh ri wkh vhsdudelolw| ri suhihuhqfhv/ wkh sureohp fdq eh dovr zulwwhq dv

pd{ Y +s>U�,� y

#
L�

q�

$

v1w1 U� @ L� � W +L�, . s � z�> +6,

zkhuh U� ghqrwhv wkh glvsrvdeoh lqfrph ri lqglylgxdo l +diwhu wd{ oderu lqfrph soxv

9



pdunhw ydoxh ri hqgrzphqwv,/ dqg Y +s>U, lv wkh lqgluhfw xwlolw| ixqfwlrq dvvrfldwhg

zlwk x+�,=

Y +s>U, @ pd{ ix+F,> s �F @ Uj = +7,

Wkh p yhfwru ri ghpdqg ixqfwlrqv +vroxwlrqv ri +7,, lv ghqrwhg F+s>U,/ zkloh �F+s> x,

ghqrwhv wkh yhfwru ri frpshqvdwhg ghpdqg ixqfwlrqv1S Iru ixwxuh uhihuhqfh qrwh wkdw wkh

wudglwlrqdo Voxwvn| ghfrpsrvlwlrq/ dv zhoo dv Ur|*v lghqwlw| dsso| +iru doo n @ 4> = = = >p,=

C �F

Cs&
+s> Y +s>U,, @

CF

Cs&
+s>U, .

CF

CU
+s>U,F&+s>U,> +8,

CY

Cs&
+s>U, .F&+s>U,

CY

CU
+s>U, @ 3= +9,

Vlqfh wkh glvwulexwlrq ri w|shv lv glvfuhwh +l @ 4> = = = >Q, wkh lqfrph wd{ vfkhgxoh fdq

eh vxppdul}hg e| wkh Q srlqwv +L�> W �, uhsuhvhqwlqj wkh lqglylgxdov* uhvshfwlyh fkrlfhv1

Ehfdxvh w|shv duh sulydwh lqirupdwlrq/ lqfhqwlyh frpsdwlelolw| frqvwudlqwv uhtxluh wkdw

wkh xwlolw| rewdlqhg e| hdfk lqglylgxdo l zkhq kh frqvxphv +L�> W �,=

X � @ Y +s>U�,� y

#
L�

q�

$
> +:,

eh dw ohdvw htxdo wr wkh xwlolw| ohyho kh zrxog rewdlq e| fkrrvlqj +L�> W�, +_plplfnlqj%

lqglylgxdo k,/ wkdw lv=

X �� @ Y +s>U��,� y

#
L�

q�

$
> +;,

zkhuh

U�� @ U� . s+$� � $�,=

Zh fdq qrz pryh rq wr wkh jryhuqphqw*v sureohp1 Lw dlpv dw pd{lpl}lqj d zhljkwhg

vxp ri xwlolwlhv/ vxemhfw wr d uhyhqxh frqvwudlqw dqg wr wkh lqfhqwlyh frpsdwlelolw| frq0

vwudlqwv1 Wkh zhljkw ri w|shv l lv ghqrwhg ���� +zlwk �� � 3/ dqg
S

� �
� @ 4,.1 Irupdoo|/

wklv sureohp fdq eh vwdwhg dv iroorzv=

S�Mtih�i |�@| |�iti u�?U|�L?t @hi |�i t@4i uLh @** �?_���_�@*t� A�i) @hi �?_iTi?_i?| Lu ?� MiU@�ti
Thiuihi?Uit @hi tiT@h@M*i @?_ /� L?*) i?|iht |�hL�}� -��

.A��t �t �tiu�* uLh tiT@h@|�?} |�i igiU| Lu �@h)�?} |�i _�t|h�M�|�L? Lu |)Tit @?_ �@h)�?} |�i _�t|h�M�|�L?
Lu TL*�|�U@* �i�}�|t� W? T@h|�U�*@h |�i �|�*�|@h�@? tL*�|�L? ULhhitTL?_t |L k� 
 �*� E�?�uLh4 �i�}�|t��

:



Sureohp S

pd{
E-�cU���cR2c���cR6

�[
�'�

����X �

v1w1
�[
�'�

��
�
L� �U� . +s� 4L, � F+s>U�, . 4L � $�

�
� J +<,

X �
� X �� l> k @ 4> = = = >Q +43,

zkhuh 4L lv wkh xqlw yhfwru/ J lv wkh +h{rjhqrxv, uhyhqxh uhtxluhphqw/ zkloh X � lv

jlyhq e| +:, dqg X �� e| +;,1 Revhuyh wkdw zlwk rqh h{wud ghjuhh ri iuhhgrp lq vhwwlqj

frpprglw| wd{ udwhv/ w� lv vhw htxdo wr }hur vr wkdw s� @ 41H Ilqdoo|/ +s � 4L, @

+3> s2 � 4> = = = > s6 � 4,A @ w lv wkh yhfwru ri shu xqlw wd{hv1

� ��@h@U|ih�3�?} |�i LT|�4@* |@ 4� 

Zh qrz ghulyh wkh �uvw rughu frqglwlrqv ri wkh jryhuqphqw*v sureohp1 Ghqrwlqj wkh

pxowlsolhuv ri frqvwudlqwv +<, dqg +43, e| � dqg ��� uhvshfwlyho|/ rqh fdq zulwh wkh

Odjudqjldq h{suhvvlrq dvvrfldwhg zlwk S dv iroorzv=

� @
�[
�'�

����X � . �

#
�[
�'�

��
�
L� �U� . +s� 4L, �F+s>U�,

�
. 4L � $� �J

$

.
�[

�c�'�

���+X �
� X ��,> +44,

Wkh �uvw rughu frqglwlrqv zlwk uhvshfw wr U� +l @ 4> = = = > q, dqg s& +n @ 5> = = = >p,

HAL tii |��t 4Lt| i@t�*)c ?L|�Ui |�@| |�i hi�i?�i UL?t|h@�?| Lu |�i }L�ih?4i?| UL�*_ @*tL Mi �h�||i?
@tG

�[
�'�

Z
�

#
U
�
3

6[
&'�

�&ERc -
�� n

6[
&'�

/
�

&

$
D C�

A��t i Thitt�L? �t �L4L}i?L�t Lu _i}hii 3ihL �? R @?_ -�<t @?_ |��t ThLTih|) U*i@h*) @*tL @TT*�it |L |�i
LM�iU|��i u�?U|�L? @?_ �?Ui?|��i UL?t|h@�?|t�

;



duh jlyhq e|=b

C�

CU�
@

#
���� .

[
�

���

$
CY

CU
+s>U�,� ���

�
4� +s� 4L,

CF

CU
+s>U�,

�

�

[
�

���CY

CU
+s>U��, @ 3> +45,

C�

Cs&
@
[
�

#
���� .

[
�

���

$
CY

Cs&
+s>U�, . �

[
�

��

#
F&+s>U

�,

. +s� 4L, �
CF

Cs&
+s>U�,

$
�

[
�c�

��� CY

Cs&
+s>U��,

�

[
�c�

���CY

CU
+s>U��,+$�

& � $�
&, @ 3= +46,

Wklv odvw h{suhvvlrq fdq eh vlpsol�hg e| lqwurgxflqj +iru doo n @ 5> = = = >p, wkh

frpshqvdwhg ghulydwlyh ri � zlwk uhvshfw wr s&/ gh�qhg e|=

C��

Cs&
�

C�

Cs&
.
[
�

C�

CU�
� F&+s>U

�,= +47,

Vxevwlwxwlqj +45, dqg +46, lqwr +47,/ xvlqj +8, dqg +9,/ dqg uhduudqjlqj |lhogv=

C��

Cs&
@+s� 4L, �

#
�
[
�

�� C
�F

Cs&
+s> Y +s>U�,,

$

.
[
�c�

���CY

CU
+s>U��,

�
+F&+s>U

��,� $�
& ,� +F&+s>U

�,� $�
&,
�
= +48,

Dw wkh rswlpxp/ zh pxvw kdyh C ��@Cs& @ 3/ iru n @ 5> = = = >p1 +Uhfdoo wkdw s�

lv frqyhqwlrqdoo| vhw wr 4,1 Frqvhtxhqwo|/ zh rewdlq d v|vwhp ri +p � 4, htxdwlrqv/

uhsuhvhqwhg v|qwkhwlfdoo| e|=�f

�

#
�
[
�

��C
�F

Cs
+s> Y +s>U�,,

$
+s� 4L, @

[
�c�

���CY

CU
+s>U��,

�
]��

� ]�
�
> +49,

bA�i �ht|�Lh_ih UL?_�|�L?t ��|� hitTiU| |L U� @hi ?L| _�hiU|*) hi*i�@?| uLh L�h T�hTLtit�
�f6hL4 ?L� L?c �i hi_i�?i R @t |�i E63�� �iU|Lh ER2c � � � c R6�

A � 5�4�*@h*)c Y ��*YR �t @ E63��fE63��
4@|h� c ?@4i*) |�i 5*�|t!) 4@|h� uhL4 ���U� |�i �ht| *�?i @?_ |�i �t| UL*�4? @hi hi4L�i_( tii E�.��
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zkhuh/ ]� dqg ]�� uhvshfwlyho| ghqrwh wkh qhw frqvxpswlrq yhfwruv +frqvxpswlrq plqxv

hqgrzphqw, ri lqglylgxdo l dqg ri lqglylgxdo k plplfnlqj lqglylgxdo l uhvshfwlyho|1��

Wkh ohiw0kdqg vlgh ri v|vwhp +49, uhsuhvhqwv wkh pdujlqdo ghdg0zhljkw orvvhv dvvrfl0

dwhg wr wkh glvwruwlrqv ri frqvxpswlrq sulfhv1 Lw ydqlvkhv zkhq s @ 4L +qr frpprglw|

wd{dwlrq, dqg lv sursruwlrqdo wr wkh lpdjh ri wkh wd{ yhfwru +s� 4L, e| wkh +djjuhjdwh,

_uhgxfhg% Voxwvn| vxevwlwxwlrq pdwul{/ d +p� 4,� +p� 4, pdwul{ gh�qhg e|=

V @ +��&,�c&'2c���c6

zlwk

��& @
[
�

��C
�F�

Cs&
+s> Y +s>U�,,= +4:,

Wkh uljkw0kdqg vlgh ri +49, �jxuhv wkh pdujlqdo ehqh�wv +lq whupv ri _uhqw h{wudfwlrq%,

ri glvwruwlqj frqvxpswlrq sulfhv1

Revhuyh wkdw zlwk x vwulfwo| txdvl frqfdyh/ wkh pdwul{ V lv d frqyh{ frpelqdwlrq ri

qhjdwlyh gh�qlwh pdwulfhv1 Wkhuhiruh/ lw lv lwvhoi qhjdwlyh gh�qlwh/ dqg wkxv lqyhuwleoh1

Uhduudqjlqj +49, wkhq |lhogv wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 4 Wkh rswlpdo frpprglw| wd{hv duh fkdudfwhul}hg e|

w @ s� 4L @ �V3�

3
C[

�c�

���

�

CY

CU
+s>U��, ����]

4
D > +4;,

zkhuh ���] ghqrwhv ]��
� ]� @ ^F+s>U��,� $�`� ^F+s>U�,� $�` l1h1/ wkh lqfuhphqwdo

qhw ghpdqgv ri wkh plplfnhu1

Ohw xv �uvw dqdo|}h wkh frqglwlrqv xqghu zklfk wkh uljkw kdqg vlgh ri +4;, ydqlvkhv1

Lq wkdw fdvh/ rqh lqghhg uhwxuqv wr wkh Dwnlqvrq dqg Vwljolw} uhvxow= rswlpdo frpprglw|

wd{hv duh }hur dqg wkh wd{ srolf| vroho| uholhv rq lqfrph wd{dwlrq1 Wklv uhvxow hphujhv

zkhq/ iru doo elqglqj lqfhqwlyh frpsdwlelolw| frqvwudlqwv +uhsuhvhqwhg e| wkh frxsohv

��6Lh4@**)c ~� �t |�i �iU|Lh Lu ~�

&c & ' 2c � � � c6c ��ihi ~�

& 
 �&ERc-
�� 3 /�

&� 5�4�*@h*)c ~�� �t |�i
�iU|Lh Lu ~��

& c & ' 2c � � � c6 ��|� ~��

& 
 �&ERc-
���3 /�

& �
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+k> l, iru zklfk ��� A 3,/ wkh qhw frqvxpswlrq exqgoh ri wkh _plplfnhu% ]�� htxdov

wkh qhw frqvxpswlrq exqgoh ri wkh _plplfnhg% ]�1 Vlqfh U�� @ U� . s+z� � z�,/ wklv

kdsshqv hvvhqwldoo| rqo| zkhq plplfnhu dqg plplfnhg kdyh wkh vdph lqlwldo hqgrzphqwv

iru doo jrrgv1 Wkxv zh rewdlq d vlpsoh h{whqvlrq ri wkh Dwnlqvrq dqg Vwljolw} uhvxow=

Sursrvlwlrq 5 Vxssrvh wkdw/ dw wkh vroxwlrq ri +S,/ ���+z�

&
� z�

&
, @ 3 iru doo k> l @

4> = = = >Q dqg n @ 4> = = = >p1 Wkhq wkh yhfwru ri rswlpdo frpprglw| wd{ udwhv lv }hur=

sW @ 4L1

Wkh frqglwlrq lq sursrvlwlrq 5 lv txlwh vwulqjhqw1 Lw krogv lq d wulyldo zd|/ zkhq

doo w|shv kdyh lghqwlfdo hqgrzphqw yhfwruv1 Wklv grhv qrw frph dv d vxusulvh iru zlwk

lghqwlfdo hqgrzphqwv rqh hvvhqwldoo| uhwxuqv wr wkh ruljlqdo Dwnlqvrq dqg Vwljolw} vhw0

wlqj1 Krzhyhu/ wkh frqglwlrq dovr krogv lq d voljkwo| pruh jhqhudo vhwwlqj= lw lv vx�flhqw

wkdw doo sdluv ri w|shv zklfk duh olqnhg e| d elqglqj lqfhqwlyh frqvwudlqw kdyh lghqwlfdo

hqgrzphqwv1 Iru lqvwdqfh/ li doo w|shv h{fhsw iru/ vd|/ m kdyh lghqwlfdo hqgrzphqwv wkh

rswlpxp lpsolhv }hur frpprglw| wd{hv li qr lqfhqwlyh frqvwudlqw lqyroylqj w|sh m +hl0

wkhu iurp m ru wrzdugv m, lv elqglqj1 Wkrxjk qrw lpsrvvleoh/ vxfk dq rxwfrph dsshduv

wr eh pruh ri d whfkqlfdo fxulrvlw| wkdq dq hfrqrplfdoo| phdqlqjixo fdvh1�2

H{fhsw xqghu wkhvh frqglwlrqv/ wkh frpshqvdwhg ghulydwlyh ri � zlwk uhvshfw wr s

grhv qrw/ lq jhqhudo/ ydqlvk dw s @ 4L1 Frqvhtxhqwo|/ wkh Dwnlqvrq dqg Vwljolw} uhvxow

idlov wr dsso| +dv d jhqhudo surshuw|, zkhq hqgrzphqwv gl�hu ehwzhhq lqglylgxdov1

Kdylqj vkrzq wkdw frpprglw| wd{dwlrq lv +jhqhudoo|, qhhghg/ zh vkdoo qrz glvfxvv

lwv rswlpdo vwuxfwxuh1 Wklv fdoov iru d pruh wkrurxjk dqdo|vlv ri +4;,1

Zkhq furvv vxevwlwxwlrq h�hfwv duh vpdoo +vr wkdw V3� lv doprvw gldjrqdo,/ h{suhv0

vlrq +4;, lpsolhv wkdw rswlpdo wd{ udwhv duh +urxjko| vshdnlqj, sursruwlrqdo wr lqyhuvh

+rzq frpshqvdwhg sulfh, hodvwlflwlhv dqg wr +wkh zhljkwhg dyhudjh ri, lqfuhphqwdo qhw

�2A�i L?*) U@ti ��|� tL4i iUL?L4�U t�}?��U@?Ui �i U@? |��?! Lu �t ��i? |�i �i�}�|t E�? |�i LM�iU|��i
u�?U|�L?� @hi t�U� |�@| |�i tL*�|�L? UL�?U�_it ��|�c Lh �t �? |�i ?i�}�MLh�LL_ Lu |�i UL4Ti|�|��i i^��*�M�
h��4 E���U�c @t �t �i** !?L�?c �t �?Ui?|��i UL4T@|�M*i�� W? |�@| U@tic �L�i�ihc |�ihi �t ?L _�t|Lh|�L?@h)

|@ @|�L? ��@|tLi�ihc ?i�|�ih L? �?UL4i ?Lh L? UL44L_�|�it�
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frqvxpswlrq exqgohv ri plplfnhuv1 Wkh _lqyhuvh hodvwlflw|% sduw ri wklv uxoh lv udwkhu

vwdqgdug1 Hyhu|wklqj hovh htxdo/ wkh jrrgv zklfk rxjkw wr eh wd{hg prvw khdylo| duh

wkrvh iru zklfk frpshqvdwhg ghpdqg lv ohdvw hodvwlf +iru wkh| lpso| d vpdoohu glvwru0

wlrq,1

Wkh _lqfuhphqwdo qhw ghpdqg% whup/ rq wkh rwkhu kdqg/ uh�hfwv wkh zhoiduh lpsdfw

ri frpprglw| wd{hv yld wkhlu h�hfwv rq wkh lqfhqwlyh frqvwudlqwv1 Lwv vljq ghwhuplqhv

wkh vljq ri wkh rswlpdo wd{ rq wkh frqvlghuhg jrrg1 Iru lqvwdqfh/ li hyhu| plplfnhu iru

zkrp wkh lqfhqwlyh frqvwudlqw elqgv kdv d kljkhu qhw ghpdqg iru jrrg n wkdq wkh w|sh

zkrp kh plplfv +l1h1/ ]��
& � ]�

& A 3 iru hdfk sdlu k> l vxfk wkdw ��� A 3, wkhq jrrg

n vkrxog idfh d srvlwlyh wd{1 Wklv lv txlwh lqwxlwlyh= d wd{ rq n _kxuwv% wkh plplfnhu

pruh wkdq wkh plplfnhg dqg wkxv doorzv rqh wr uhod{ dq rwkhuzlvh elqglqj lqfhqwlyh

frqvwudlqw1�� Qrw vxusulvlqjo| wkh rssrvlwh frqglwlrq +l1h1/ ]��
& � ]�

& ? 3 iru hdfk sdlu

k> l vxfk wkdw ��� A 3, |lhogv d qhjdwlyh wd{ +l1h1/ d vxevlg|, iru jrrg n1 Ilqdoo| li wkh

vljq ri ]��
& � ]�

& lv qrw wkh vdph iru doo uhohydqw sdluv/ wkh zhljkwhg dyhudjh ri wkhvh

whupv +zlwk zhljkwv sursruwlrqdo wr wkh vkdgrz sulfh ri wkh fruuhvsrqglqj lqfhqwlyh

frqvwudlqw, ghwhuplqhv wkh vljq ri wkh h{suhvvlrq dqg wkxv ri wkh rswlpdo wd{1

Wklv dujxphqw fdq eh ixuwkhu uh�qhg iru wkh fdvh zkhuh lqglylgxdov kdyh lghqwlfdo

+srvvleo| }hur, hqgrzphqwv lq jrrg n +zkloh hqgrzphqwv gl�hu lq vrph rwkhu jrrg+v,,1

Frqfhqwudwlqj rq wkh _qrupdo fdvh% zkhuh uhglvwulexwlrq rffxuv iurp wkh ulfk +zlwk

kljkhu frqvxpswlrq exgjhwv, wr wkh srru zh wkhq rewdlq d vlpsoh uhvxow dffruglqj wr

zklfk qrupdo jrrgv rxjkw wr eh wd{hg zkloh lqihulru jrrgv vkrxog eh vxevlgl}hg1�e Sxw

gl�huhqwo|/ wkh wd{ rq jrrg n whqgv wr eh kljkhu/ wkh kljkhu lwv lqfrph hodvwlflw|1 Uhfdoo

wkdw wkh frpshqvdwhg sulfh hodvwlflw| dovr pdwwhuv dqg dfwv lq wkh rssrvlwh gluhfwlrq1
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Wklv lv txlwh lq olqh zlwk wkh uhvxowv rewdlqhg lq vwdqgdug rswlpdo wd{ prghov +h1j1/ d

pdq| krxvhkrogv Udpvh| prgho frpelqhg zlwk d olqhdu lqfrph wd{> vhh Dwnlqvrq dqg

Vwljolw} +4<;3/ Vhfwlrq 4705,,1

Vxfk d vlpsoh uxoh/ krzhyhu/ fdqqrw eh rewdlqhg li hqgrzphqwv lq n gl�hu1 Plplfnhuv

pd| frqwlqxh wr frqvxph pruh ri wkh qrupdo jrrgv wkdq wkh plplfnhg> krzhyhu/ wkhlu

qhw ghpdqg lv qrw qhfhvvdulo| kljkhu1 Lq sduwlfxodu/ wkh| pd| eh ulfk suhflvho| ehfdxvh

wkh| kdyh d odujh hqgrzphqw lq jrrg n1

Uhfdoo wkdw doo wklv dssolhv rqo| li furvv0vxevwlwxwlrq h�hfwv duh _vpdoo%1 Iru wkh jhq0

hudo fdvh/ qrw pxfk fdq eh vdlg zlwkrxw ixuwkhu uhvwulfwlrqv1 Krzhyhu/ +49, fdq vwloo eh

lqwhusuhwhg dorqj wkh olqhv idploldu lq Udpvh| w|sh prghov1 Ehfdxvh ri wkh v|pphwu| ri

wkh vxevwlwxwlrq pdwul{/ wkh OKV lv wkhq hvvhqwldoo| +d olqhdu dssur{lpdwlrq ri, wkh _uh0

gxfwlrq lq frpshqvdwhg ghpdqg% lqgxfhg e| wkh wd{ v|vwhp1�D Iurp wkh lqwhusuhwdwlrq

ri wkh UKV lw wkhq iroorzv wkdw wklv uhgxfwlrq rxjkw wr eh odujhu iru wkh jrrgv erxjkw

pruh khdylo| e| wkh plplfnhuv1 Iru wkh jrrgv zlwk }hur +ru lghqwlfdo, hqgrzphqwv/ zh

rewdlq +lq wkh _qrupdo fdvh%, wkdw wkh uhgxfwlrq lv frpshqvdwhg ghpdqg rxjkw wr eh

odujhu iru qrupdo wkdq iru lqihulru jrrgv1

Ehiruh surfhhglqj/ zh vkrxog srlqw rxw wkdw wkhvh lqwhusuhwdwlrqv kdyh wr eh frq0

vlghuhg zlwk juhdw fduh1 Wkh olqn ehwzhhq lqfrph hodvwlflw| dqg wd{dwlrq uhvwv rq wkh

_qrupdo fdvh% dvvxpswlrq zklfk fruuhvsrqgv wr wkh lqwxlwlyho| dsshdolqj lghd wkdw lq0

fhqwlyh frqvwudlqwv elqg dorqj wkh gluhfwlrq ri ghfuhdvlqj frqvxpswlrq exgjhwv1 Wklv

dvvxpswlrq lv txlwh phdqlqjixo lq wkh wudglwlrqdo rqh0glphqvlrqdo fkdudfwhulvwlfv fdvh

zkhuh lw dulvhv iru d odujh fodvv ri zhoiduh ixqfwlrqv +zhljkwv,1�S Dw �uvw/ rqh pljkw

eh whpswhg wr wklqn wkdw vxfk dq lqwxlwlyh surshuw| rxjkw wr fduu| ryhu wr wkh wzr0

glphqvlrqdo fdvh1�. Xqghu forvhu vfuxwlq|/ krzhyhu/ vxfk d frqmhfwxuh wxuqv rxw wr eh
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plvohdglqj1 Wkh h{dpsohv frqvlghuhg ehorz zloo pdnh lw fohdu wkdw zkdw lv _qrupdo%

lq wkh rqh0glphqvlrqdo fdvh pd| eh udwkhu _vshfldo% lq d pxowl0glphqvlrqdo vhwwlqj1

Frqvhtxhqwo|/ zh fdqqrw fodlp wkdw wkh uhvxowv glvfxvvhg deryh kdyh vrph jhqhudo uho0

hydqfh +hyhq li rqh lv suhsduhg wr dffhsw wkh xqghuo|lqj dvvxpswlrqv rq wkh suhihuhqfh

vwuxfwxuh,1

Dw wklv ohyho ri jhqhudolw|/ dq| survshfwv iru d pruh suhflvh lqwhusuhwdwlrq ri +49,

dqg2ru +4;, dsshdu wr eh olplwhg1 Dq| uhvxowv uhvw rq wkh sdwwhuq ri elqglqj lqfhqwlyh

frqvwudlqwv/ dqg wklv fdqqrw eh suhglfwhg rq wkh edvlv ri wkh �uvw0rughu frqglwlrqv dorqh1

Frqvhtxhqwo|/ zh vkdoo qrz wxuq wr wkh vwxg| ri d pruh vshfl�f h{dpsoh1 Wkrxjk qrw

phdqw wr eh uhdolvwlf/ wkhvh looxvwudwlrqv zloo doorz xv wr uhdfk d ehwwhu xqghuvwdqglqj

ri wkh txdolwdwlyh surshuwlhv ri wkh rswlpdo wd{ vwuxfwxuh1

Wkh looxvwudwlrq zh dgrsw lv edvhg rq d Free0Grxjodv vshfl�fdwlrq1 Wklv fkrlfh

lv prwlydwhg e| wkh idfw wkdw zh zdqw wr pdnh d fdvh iru frpprglw| wd{dwlrq dqg

Free0Grxjodv suhihuhqfhv fhuwdlqo| duh wkh ohdvw olnho| wr vxssruw vxfk d fodlp1 Li w|shv

gl�hu rqo| lq rqh glphqvlrq +surgxfwlylw|,/ Free0Grxjodv suhihuhqfhv frqvlvwhqwo| lpso|

xqlirup frpprglw| wd{hv1 Ixuwkhupruh/ hyhq d olqhdu lqfrph wd{ lv wkhq vx�flhqw wr

pdnh frpprglw| wd{hv d uhgxqgdqw lqvwuxphqw1 Wklv lv hvvhqwldoo| ehfdxvh/ zlwk wklv

suhihuhqfh vwuxfwxuh/ doo jrrgv kdyh wkh vdph lqfrph hodvwlflw| +zklfk pruhryhu htxdov

rqh,1 Frqvhtxhqwo|/ lw lv sodlq wkdw zkhqhyhu Free0 Grxjodv suhihuhqfhv uhtxluh +qrq0

xqlirup, frpprglw| wd{hv wkh dgrswlrq ri d pruh jhqhudo suhihuhqfh vwuxfwxuh fdq rqo|

uhlqirufh wklv surshuw|1

Wkh vlpsoh vshfl�fdwlrq zh xvh kdv wkh iroorzlqj ihdwxuhv1 Wkhuh duh rqo| wzr

surgxfhg jrrgv +p @ 5, dqg lqlwldo hqgrzphqwv frqvlvw rqo| ri frpprglw| rqh= $�
2
� 31

Vhwwlqj wkh frqvxphu sulfh ri frpprglw| rqh dw rqh/ zh fdq wkhuhiruh gurs wkh lqgh{

n dqg dgrsw wkh iroorzlqj vlpsol�hg qrwdwlrq= $� @ $�
�/ s2 @ s1 Revhuyh wkdw zlwklq

wklv vhwwlqj dq lqglylgxdo*v hqgrzphqw fdq eh lqwhusuhwhg dv klv _zhdowk% +ru qrq0oderu
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lqfrph,1 Wkh xwlolw| ixqfwlrq lv jlyhq e|= x+F, @ F
�*e
�

F
�*e
2

/ vr wkdw=�H

F2+s>U, @
U

5s
dqg

C �F2

Cs
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7s2
= +4<,

H{suhvvlrq +4;, wkhq ehfrphv=

s� 4

s
@

5

�
�

S
�c� �

�� YT
Y- +s>U

��,+$� � $�,

+
S

� �
�U�,

= +53,

Lq zrugv/ wkh rswlpdo wd{ udwh +rq jrrg 5, kdv wkh vdph vljq dv d zhljkwhg vxp ri

wkh gl�huhqfh ehwzhhq wkh plplfnhuv* hqgrzphqw +_zhdowk%,/ $�/ dqg wkh plplfnhg*v

hqgrzphqw +_zhdowk%,/ $�1 Lqwxlwlyho| wklv pdnhv d orw ri vhqvh1 Lqglylgxdov kdyh qr

hqgrzphqwv lq jrrg 5/ zklfk kdv dq lqfrph hodvwlflw| ri rqh1 Frqvhtxhqwo|/ zhdowklhu

lqglylgxdov qhfhvvdulo| frqvxph +dqg ex|, d odujhu txdqwlw| ri wkdw jrrg1 Wd{lqj wklv

jrrg lv wkxv ghvludeoh li wkh lqfhqwlyh frqvwudlqwv +ru dw ohdvw wkrvh zlwk wkh kljkhvw

vkdgrz sulfhv, elqg iurp kljk zhdowk wr orz zhdowk lqglylgxdov1 Lq wkdw fdvh/ wkh

frpprglw| wd{ fdq eh vhhq dv dq lqgluhfw zd| wr wd{ wkh xqrevhuydeoh hqgrzphqw1

Xqolnh d gluhfw wd{dwlrq ri wkh hqgrzphqwv/ lw kdv ri frxuvh wkh gudzedfn wkdw lw fuhdwhv

glvwruwlrqv1 Sxw gl�huhqwo|/ frpprglw| wd{dwlrq dsshduv dv dq lpshuihfw +vhfrqg0ehvw,

vxevwlwxwh iru d +�uvw0ehvw, oxps vxp wd{ edvhg rq hqgrzphqwv1 Qrwlfh wkdw li lqfhqwlyh

frqvwudlqwv elqg iurp orz wr kljk zhdowk lqglylgxdov/ rqh jhwv h{dfwo| wkh rssrvlwh

dujxphqw1 Lq erwk fdvhv/ krzhyhu/ wkh wd{ rq jrrg 5 zloo qrw lq jhqhudo eh htxdo wr

}hur1

Wkh fuxfldo txhvwlrq zklfk uhpdlqv rshq lv wr nqrz zkhwkhu lqfhqwlyh frqvwudlqwv

h�hfwlyho| elqg iurp kljk zhdowk wr orz zhdowk lqglylgxdov1 Fohduo|/ wklv zloo qrw qhfhv0

vdulo| eh wkh fdvh1 Rqh fdq h{shfw wklv wr ghshqg rq wkh uhodwlyh lqhtxdolw| ri hqgrz0

phqwv +dv frpsduhg wr surgxfwlylw| gl�huhqwldov, dv zhoo dv rq wkh fruuhodwlrq ehwzhhq

hqgrzphqwv dqg surgxfwlylw|1 Lq dgglwlrq/ wkh zhljkwv lq wkh zhoiduh ixqfwlrq pd| eh
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Iljxuh 4= Wkh glvwulexwlrq ri w|shv

ri fuxfldo lpsruwdqfh1 Wkhvh lvvxhv zloo eh dgguhvvhg lq wkh vlpxodwlrqv wr zklfk zh

qrz wxuq1

e A�i _i|ih4�?@?|t Lu |�i LT|�4@* |@ 4� G tL4i �**�t�

|h@|�L?t

Rxu vlpxodwlrqv duh edvhg rq wkh iroorzlqj vshfl�fdwlrq=

� 5 frpprglwlhv +p @ 5,/ hqgrzphqwv rqo| lq jrrg 4= +z�> 3,

� 7 w|shv +ghqrwhg e| l @ D>E>F>G, glvwulexwhg rq d uhfwdqjoh +dv ghslfwhg rq

Iljxuh 4, zlwk q� @ 8/ q2 @ 43 dqg $� � $2 1 Elqglqj lqfhqwlyh frqvwudlqwv zloo

eh uhsuhvhqwhg e| duurzv +h1j1/ DE rq Iljxuh 4,

� Free0Grxjodv xwlolw| iru frqvxpswlrq=

x+F�> F2, @ F
�*e
�
F
�*e
2

� txdgudwlf glvxwlolw| ri oderu=

y+O, @ O2
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W|shv l D E F G

Lqfrphv L � :16: 91:3 561:6 5317:

Wd{hv W � 41<5 41<< :143 91;:

Glvsrvdeoh lqfrph U� :178 471:4 4;196 5618:

PUV� 31;5 4138 4137 4134

Xwlolwlhv X � 5147 6165 51;7 61:6

Wdeoh 4= Fhqwudo yduldqw= uhvxowv

� uhyhqxh uhtxluhphqw=

J @ 8=

Iru wkh uhpdlqlqj sdudphwhuv zh frqvlghu vhyhudo dowhuqdwlyh ydoxhv1 Zh vwduw zlwk

wkh iroorzlqj _fhqwudo% vshfl�fdwlrq=

� hqgrzphqwv=

$� @ 5 $2 @ 43

� xqlirup glvwulexwlrq ri w|shv=

��
�

4

7

� xqlirup zhljkwv=

��
�

4

7
=

Wkh qxphulfdo vroxwlrq ri wklv fhqwudo vshfl�fdwlrq lv jlyhq lq wkh qh{w vxevhfwlrq1

e�� A�i 5L*�|�L? Lu �i?|h@* V@h�@?|

Wkh rswlpdo frqvxphu sulfh +ri frpprglw| 5, lv jlyhq e| s @ 4=3:> wklv fruuhvsrqgv

wr d wd{ udwh ri :(1 Wkh ydoxhv ri wkh uhpdlqlqj uhohydqw yduldeohv duh vxppdul}hg lq

Wdeoh 41 Lq dgglwlrq wr oderu lqfrphv L�/ wd{hv W � dqg glvsrvdeoh lqfrphv U� +gh�qhg

e| +6,, zh kdyh dovr uhsruwhg xwlolw| ohyhov X � dv zhoo dv pdujlqdo udwhv ri vxevwlwxwlrq

4:
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Iljxuh 5= Fhqwudo yduldqw= elqglqj lqfhqwlyh frqvwudlqwv

+PUV�, ehwzhhq glvsrvdeoh lqfrph dqg oderu lqfrph1�b Wklv yduldeoh fkdudfwhul}hv wkh

pdujlqdo wd{ udwh lpsolhg e| wkh lpsohphqwlqj lqfrph wd{ vfkhgxoh1 Vshfl�fdoo|/ rqh

kdv PUV� @ 4� W �+L�,/ zkhuh W �+L�, lv wkh pdujlqdo lqfrph wd{ udwh idfhg e| w|sh l1

Revhuyh wkdwPUV� ? 4 +uhvs1 A 4, fruuhvsrqgv wr d srvlwlyh +uhvs1 qhjdwlyh, pdujlqdo

lqfrph wd{ udwh rq w|sh l12f Rqo| wzr lqfhqwlyh frpsdwlelolw| frqvwudlqwv duh elqglqj/

qdpho| FG dqg GD> vhh Iljxuh 5=

Wklv vroxwlrq suhvhqwv d qxpehu ri lqwhuhvwlqj ihdwxuhv1 Ohw xv �uvw frqvlghu wkh

sdwwhuq ri elqglqj lqfhqwlyh frqvwudlqwv1 Edvhg rq wkh lqwxlwlrqv rewdlqhg lq wkh rqh gl0

phqvlrqdo fdvh/ rqh zrxog h{shfw wkhvh frqvwudlqwv wr elqg +lq d pruh ru ohvv prqrwrqlf

zd|, dorqj wkh gluhfwlrq ri ghfuhdvlqj glvsrvdeoh lqfrphv12� Wkh vroxwlrq vkrzv wkdw
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wklv lv qrw wkh fdvh1 Wkh frqvwudlqw FG elqgv/ hyhq wkrxjk G kdv kljkhu glvsrvdeoh

lqfrph wkdq F1 Wkh rwkhu elqglqj frqvwudlqw/ GD/ jrhv lq wkh h{shfwhg gluhfwlrq/ exw

lw lv qrw _orfdo%/ lq wkh vhqvh wkdw lw olqnv wkh wzr h{wuhph w|shv> uhfdoo wkdw G kdv erwk

kljk surgxfwlylw| dqg kljk zhdowk/ zkloh D kdv d orz surgxfwlylw| dqg d orz zhdowk1

Ixuwkhupruh/ D dqg E gl�hu lq glvsrvdeoh lqfrphv exw qhlwkhu ED qru DE elqgv1

Wr h{sodlq wklv vxusulvlqj sdwwhuq/ rqh kdv wr uhdol}h wkdw dv idu dv sdluv ri w|shv

duh frqfhuqhg/ wkh vrfldoo| prvw ehqh�fldo uhglvwulexwlrq lv suhflvho| iurp G wr D +prvw

vljql�fdqw gl�huhqfh lq pdujlqdo xwlolwlhv ri lqfrph,1 Dffruglqjo|/ gl�huhqfhv lq glvsrv0

deoh lqfrphv ehwzhhq wkhvh wzr w|shv duh uhgxfhg xqwlo wkh lqfhqwlyh frqvwudlqw ehfrphv

elqglqj1 Rqfh wklv frqvwudlqw lv elqglqj/ wkh rssruwxqlwlhv ri uhglvwulexwlrq ehwzhhq

rwkhu sdluv ri w|shv ehfrph olplwhg1 Iru lqvwdqfh/ dq dwwhpsw wr uhglvwulexwh iurp E wr

D zrxog lqwhuihuh zlwk wklv frqvwudlqw +pdnlqj D*v frqvxpswlrq exqgoh pruh dwwudfwlyh

iru G,1 Vlploduo|/ zkloh lw lv lq sulqflsoh ghvludeoh wr wudqvihu prqh| iurp F wr/ vd|/ E/

wklv lv dovr olplwhg e| wkh idfw wkdw G kdv wr eh judqwhg vrph lqirupdwlrqdo uhqw> li F

zhuh wd{hg _wrr khdylo|% kh pljkw wkhq zdqw wr plplf w|sh G1

Ohw xv qrz wxuq wr wkh rswlpdo frpprglw| wd{ +jrrg 5, zklfk lv srvlwlyh lq wklv

fdvh1 Uhfdoo wkh glvfxvvlrq ri +53,= zkdw pdwwhuv lv wkh zhljkwhg vxp ri hqgrzphqw

gl�huhqwldov ehwzhhq plplfnhu dqg plplfnhg lqglylgxdo1 Khuh/ wklv vxp kdv wzr whupv/

rqh dvvrfldwhg zlwk hdfk elqglqj lqfhqwlyh frqvwudlqw1 Lq wkh fdvh ri FG/ wkh plplfnhu

kdv d orzhu zhdowk wkdq wkh plplfnhg w|sh/ zkloh wkh rssrvlwh lv wuxh iru GD1 Frqvh0

txhqwo|/ wkh wzr whupv duh ri rssrvlwh vljq dqg wkh vljq ri wkh rswlpdo wd{ ghshqgv rq

wkhlu uhodwlyh zhljkwv1 Qrz/ wkh srvlwlyh wd{ lqglfdwhv wkdw GD uhfhlyhv d kljkhu zhljkw/

zklfk frqvlghulqj wkh deryh glvfxvvlrq grhv qrw frph dv d vxusulvh1

Doo wklv lv ri frxuvh khdylo| ghshqghqw rq wkh glvwulexwlrq ri w|shv +vxssruw dqg

fruuhodwlrq, dv zhoo dv rq wkh zhljkwv1 Lq wkh iroorzlqj vxevhfwlrqv/ zh vkdoo vwxg| wkh

lpsdfw ri hdfk ri wkhvh idfwruv vhsdudwho|1
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$� $2 Elqglqj LF frqvwudlqwv s

3 45 ED/ FG/ GD 4147

5 43 FG/ GD 413:

6 < DE/ FG/ GD 4138

7 ; DE/ ED/ FG/ GD/ GE 4135

8 : DE/ ED/ FG/ GD/ GE 4134

9 9 FD 4133

Wdeoh 5= Lpsdfw ri zhdowk lqhtxdolw|

e�2 A�i W4T@U| Lu ì@*|� W?i^�@*�|)

Zh vkdoo qrz vwxg| wkh lpsdfw ri ydu|lqj wkh gl�huhqfh lq hqgrzphqwv +$2
� $�,/

zkloh nhhslqj wrwdo hqgrzphqwv $2.$� frqvwdqw1 Doo rwkhu sdudphwhuv duh vhw dw wkhlu

fhqwudo yduldqw ydoxhv1 Wkh uhvxowv duh vxppdul}hg lq Wdeoh 51 Wr nhhs wkh suhvhqwdwlrq

lqwhooljleoh/ zh frqfhqwudwh rq wkh prvw uhohydqw uhvxowv iru hdfk fdvh/ qdpho| wkh sdwwhuq

ri elqglqj lqfhqwlyh frqvwudlqwv dqg wkh rswlpdo frqvxphu sulfh ri jrrg 5122

Lw wkxv dsshduv wkdw iru d jlyhq ohyho ri wrwdo hqgrzphqwv/ wkh rswlpdo frpprglw|

wd{ rq jrrg 5 lqfuhdvhv zlwk zhdowk +hqgrzphqw, lqhtxdolw|1 Wklv uhvxow lv qrw vxusulvlqj

dqg lw uhlqirufhv wkh srlqw wkdw wkh wd{ rq jrrg 5 lv xvhg dv dq lqgluhfw zd| wr wd{ wkh

xqrevhuydeoh hqgrzphqw lq jrrg 4 +vhh Vhfwlrq 6,1 Dv h{shfwhg/ wkh rswlpdo wd{ lv }hur

zkhq doo w|shv kdyh lghqwlfdo hqgrzphqwv +Sursrvlwlrq 5,12� Zkhq zhdowk gl�huhqwldov

duh vpdoo/ wkh wd{ lv srvlwlyh/ exw _vpdoo%1 W|shv zkr vkduh wkh vdph surgxfwlylw| ohyho

duh wkhq _forvh% dqg wkh uhglvwulexwlrqdo srwhqwldo ri wkh frpprglw| wd{ lv olplwhg1

Whfkqlfdoo|/ wklv lv uh�hfwhg e| wkh idfw wkdw wkhuh lv exqfklqj ehwzhhq D dqg E12e Dw

wkh rwkhu h{wuhph/ zkhq zhdowk gl�huhqwldov duh odujhu wkdq lq wkh fhqwudo yduldqw fdvh

+olqh 4,/ dq dgglwlrqdo lqfhqwlyh frqvwudlqw iurp kljk wr orz zhdowk ehfrphv elqglqj
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� Fruuhodwlrq Elqglqj LF frqvwudlqwv s

318/ 3/ 3/ 318 4 GD 414:

317/ 314/ 314/ 317 Srvlwlyh ED/ FG/ GD 4146

3158/ 3158/ 3158/ 3158 3 FG/ GD 413:

314/ 317/ 317/ 314 Qhjdwlyh DE/ FG/ GD 4135

3/ 318/ 318/ 3 04 FE 31<;

Wdeoh 6= Lpsdfw ri fruuhodwlrq ehwzhhq surgxfwlylw| dqg hqgrzphqwv

dqg wkh ehqh�wv ri frpprglw| wd{dwlrq duh lqfuhdvhg12D

e�� A�i W4T@U| Lu |�i �Lhhi*@|�L? �i|�ii? �hL_�U|���|) @?_ W?�|�@*

ì@*|�

Zh qrz uhwxuq wr wkh fhqwudo yduldqw hqgrzphqw ohyhov +qdpho| z� @ 5> z2 @ 43,/ exw

frqvlghu dowhuqdwlyh glvwulexwlrq ri w|shv1 Lq wkh fhqwudo yduldqw vshfl�fdwlrq +xqlirup

glvwulexwlrq, wkh fruuhodwlrq ehwzhhq surgxfwlylw| dqg hqgrzphqw lv }hur1 Zkhq wkh

sursruwlrq ri w|shv D dqg G lv lqfuhdvhg/ wkh glvwulexwlrq uh�hfwv d srvlwlyh fruuhodwlrq

ehwzhhq surgxfwlylwlhv dqg hqgrzphqwv1 Vlploduo|/ kljkhu ohyhov ri �� dqg �� |lhog

d qhjdwlyh fruuhodwlrq1 Rqfh djdlq/ zh uhvwulfw rxu dwwhqwlrq wr wkh prvw vljql�fdqw

yduldeohv zklfk duh suhvhqwhg lq Wdeoh 61

Qrw vxusulvlqjo|/ wkh frpprglw| wd{ whqgv wr eh kljkhu wkh kljkhu lv wkh fruuhodwlrq

ehwzhhq surgxfwlylw| dqg zhdowk1 Uhfdoo wkdw wkh frpprglw| wd{ lv dq lqgluhfw zd|

wr wd{ hqgrzphqwv1 Qrz/ wd{lqj hqgrzphqwv +doehlw lqgluhfwo|, lv pruh ehqh�fldo

zkhq d kljkhu hqgrzphqw whqgv wr jr kdqg lq kdqg zlwk d kljkhu surgxfwlylw|1 Sxw

gl�huhqwo|/ xqghu srvlwlyh fruuhodwlrq/ d frpprglw| wd{ lv d vxevwlwxwh qrw rqo| iru

wkh wd{dwlrq ri +xqrevhuydeoh, hqgrzphqwv exw dovr iru wkh wd{dwlrq ri +xqrevhuydeoh,

surgxfwlylwlhv1 Whfkqlfdoo|/ wklv lv uh�hfwhg e| wkh gluhfwlrq ri wkh elqglqj lqfhqwlyh
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� Elqglqj LF frqvwudlqwv s

4/3/3/3 +Udzov, DE/ ED/ FG/ GD/ GE 41:9

318/ 3/ 318/ 3 +ohiw, ED/ GD/ GF 4184

3158/ 3158/ 3158/ 3158 +fhqwudo yduldqw, FG/ GD 413:

314/ 317/ 314/ 317 +uljkw, DE/ FG/ GD 319:

Wdeoh 7= Lpsdfw ri srolwlfdo zhljkwv

frqvwudlqwv1 Iru lqvwdqfh/ xqghu shuihfw srvlwlyh fruuhodwlrq rqo| GD lv elqglqj/ vr

wkdw +53, xqdpeljxrxvo| fdoov iru d srvlwlyh frpprglw| wd{1 Vlploduo|/ xqghu shuihfw

qhjdwlyh fruuhodwlrq/ rqo| FE elqg zklfk fdoov iru d qhjdwlyh frpprglw| wd{12S

e�e A�i �4T@U| Lu |�i }L�ih?4i?|<t TL*�|�U@* Thiuihi?Uit

Vr idu/ zh kdyh uhvwulfwhg rxu dwwhqwlrq wr wkh fdvh ri xqlirup zhljkwv +xwlolwduldq

remhfwlyh,1 Wr frqfoxgh rxu vlpxodwlrq h{huflvh/ zh vkdoo qrz frqvlghu d ihz dowhuqdwlyh

vshfl�fdwlrqv1 Zh vkdoo frqfhqwudwh rq wkuhh h{wuhph fdvhv/ zklfk uh�hfw lq d kljko|

vw|ol}hg zd| gl�huhqw w|shv ri srolwlfdo suhihuhqfhv1 Iluvw/ zh frqvlghu wkh Udzovldq fdvh

� @ +4> 3> 3> 3, zkhuh doo wkh zhljkw lv sxw rq wkh srruhvw lqglylgxdo12. Wklv lv d txlwh

wudglwlrqdo fdvh lq wkh rswlpdo wd{ olwhudwxuh1 Wkh rwkhu wzr fdvhv duh pruh xqxvxdo1 Rq

wkh rqh kdqg/ zh frqvlghu wkh fdvh ri d _olehudo% jryhuqphqw zklfk sxwv doo wkh zhljkw rq

wkh orz0zhdowk lqglylgxdo/ luuhvshfwlyh ri wkhlu surgxfwlylw| +� @ +3=8> 3> 3=8> 3,1 Rq wkh

rwkhu kdqg/ zh vwxg| wkh fdvh zkhuh zhdowk| lqglylgxdov uhfhlyh prvw ri wkh zhljkw�d

vw|ol}hg +dqg fhuwdlqo| ghedwdeoh, zd| wr dffrxqw iru d uljkw0zlqj jryhuqphqw1 Wkh

uhvxowv duh vxppdul}hg lq Wdeoh 71

Erwk wkh Udzovldq dqg wkh _olehudo% fdvh |lhog d srvlwlyh dqg udwkhu vljql�fdqw
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frpprglw| wd{ +xs wr :9( $,12H Dw wkh rwkhu h{wuhph/ zkhq kljk0zhdowk lqglylgxdo

uhfhlyh kljkhu zhljkwv/ wkh rswlpdo frpprglw| wd{ lv qhjdwlyh +wkh frqvxpswlrq ri

jrrg 5 lv vxevlgl}hg,1 Wklv pd| dw �uvw dsshdu vxusulvlqj iru frpprglw| wd{dwlrq lv

riwhq ylhzhg dv _uhjuhvvlyh%1 Krzhyhu/ lw lv shuihfwo| lq olqh zlwk wkh uroh sod|hg e|

frpprglw| wd{dwlrq lq wklv vshfl�f vhwwlqj1 Udzovldq dqg _olehudo% jryhuqphqwv fohduo|

kdyh d vwurqj lqfhqwlyh wr wd{ zhdowk dqg/ rqfh djdlq/ wkh frpprglw| wd{ lv xvhg dv dq

lqgluhfw zd| wr vfuhhq iru wkh xqrevhuydeoh hqgrzphqw12b Vlploduo|/ d vxevlg| rq jrrg

5 idyruv zhdowklhu lqglylgxdov dqg lv rswlpdo li wkh| uhfhlyh d kljk zhljkw1

D �L?U*�_�?} UL44i?|t

Wklv sdshu kdv uh0h{dplqhg wkh rswlpdo gluhfw2lqgluhfw wd{ pl{ lq d iudphzrun zkhuh

lqglylgxdov gl�hu lq vhyhudo xqrevhuydeoh fkdudfwhulvwlfv1 Lw kdv vkrzq wkdw frqwudu|

wr Dwnlqvrq dqg Vwljolw}*v +4<:9, uhvxow/ gl�huhqwldo frpprglw| wd{hv gr kdyh d uroh wr

sod| dv lqvwuxphqwv ri rswlpdo wd{ srolf|�dq rswlpdo +jhqhudo, lqfrph wd{ zloo qrw

vx�fh1 Wr pdnh wklv srlqw/ zh kdyh xvhg d prgho zklfk gl�huv iurp Dwnlqvrq dqg

Vwljolw}*v iudphzrun lq hvvhqwldoo| rqo| rqh uhvshfw= zh kdyh frqvlghuhg pruh wkdq rqh

glphqvlrq ri +xqrevhuydeoh, khwhurjhqhlw|1 Wklv vlqjoh yduldwlrq kdv d gudvwlf lpsdfw

rq wkh uhvxowv/ wkrxjk1 Zkloh Dwnlqvrq dqg Vwljolw}*v uhvxow uhpdlqv +ri frxuvh, ydolg

zlwklq wkhlu iudphzrun/ lw grhv qrw dsshdu wr eh urexvw/ dqg fdqqrw eh jhqhudol}hg lq

dq| vljql�fdqw zd|1 Iurp wkdw shuvshfwlyh lw fdq eh frqvlghuhg dv d whfkqlfdo fxulrvlw|

zklfk dulvhv rqo| lq d vshfldo +dqg qrw sduwlfxoduo| frpshoolqj, fdvh1 Wkrxjk lqvljkwixo

dqg lqwhuhvwlqj lq lwvhoi/ wkhlu uhvxow wkxv kdv wr eh txdol�hg dffruglqjo|1 Lq sduwlfxodu/

lw pd| qrw eh wkh uljkw edvlv wr mxvwli| vwurqj srolf| uhfrpphqgdwlrqv1

Zh kdyh dovr ghulyhg jhqhudo h{suhvvlrqv iru wkh rswlpdo frpprglw| wd{ udwhv dqg
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glvfxvvhg wkhlu lqwhusuhwdwlrq1 Frpprglw| wd{hv lpsrvh dq h�flhqf| frvw wkurxjk wkh

glvwruwlrqv wkh| fuhdwh1 Krzhyhu/ wkh| duh dovr jhqhudoo| h�hfwlyh lq uhod{lqj rwkhu0

zlvh elqglqj lqfhqwlyh frqvwudlqwv1 Sxw gl�huhqwo|/ wkh| doorz wr ehwwhu vhsdudwh wkh

lqglylgxdov dqg wr lpsuryh vfuhhqlqj iru xqrevhuydeoh fkdudfwhulvwlfv1 Wkh rswlpdo wd{

vwuxfwxuh vwulnhv d edodqfh ehwzhhq wkhvh frq�lfwlqj h�hfwv/ dqg iurp wkdw shuvshfwlyh

rxu h{suhvvlrqv uhvhpeoh wudglwlrqdo rswlpdo wd{ irupxodv1

Ilqdoo|/ zh kdyh dwwhpswhg wr jr eh|rqg wkhvh jhqhudo lqwhusuhwdwlrqv dqg wr surylgh

pruh vshfl�f uhvxowv1 Rq wkhvh jurxqgv/ rxu uhvxowv duh dgplwwhgo| suholplqdu|/ dqg

pruh uhvhdufk lv fhuwdlqo| qhhghg1 Wkh pdmru gl�fxow| zlwk wkh rswlpdo wd{ irupxodv

lv wkdw wkh lpsolhg vwuxfwxuh ri frpprglw| wd{hv fuxfldoo| ghshqgv rq wkh sdwwhuq ri

elqglqj lqfhqwlyh frqvwudlqwv1 Lq wkh vlqjoh glphqvlrqdo fdvh lw lv jhqhudoo| srvvleoh wr

pdnh _sodxvleoh% dvvxpswlrqv derxw wklv sdwwhuq1 Wkh qrupdo dvvxpswlrq lv wkdw vhoi

vhohfwlrq frqvwudlqwv elqg iurp wkh pruh deoh wr wkh ohvv deoh1 Xqghu pxowl0glphqvlrqdo

dgyhuvh vhohfwlrq/ krzhyhu/ wkhuh lv qr orqjhu vxfk d frpshoolqj _qrupdo% fdvh1 Iru

lqvwdqfh/ lw lv qrw fohdu zklfk +li dq|, ri wkh lqfhqwlyh frqvwudlqwv olqnlqj wkh zhdowk|

exw xqsurgxfwlyh dqg wkh srru exw surgxfwlyh fdq eh h{shfw wr elqg +vhh Vhfwlrq 7,1

Wr ryhufrph wklv gl�fxow| zh kdyh dgrswhg wzr dssurdfkhv1 Iluvw/ zh kdyh frqvlg0

huhg jhqhudo dqdo|wlfdo uhvwulfwlrqv shuwdlqlqj wr wkh fruuhodwlrq ehwzhhq fkdudfwhulvwlfv1

Zkhq frpelqhg zlwk dgglwlrqdo dvvxpswlrqv rq ghpdqgv +ru hqgrzphqw glvwulexwlrq,/

wkhvh uhvwulfwlrqv kdyh ehhq vkrzq wr ohdg wr udwkhu vlpsoh dqg lqwxlwlyh wd{dwlrq uxohv

+vxfk dv wkh srvlwlyh uhodwlrqvkls ehwzhhq wd{ udwhv dqg lqfrph hodvwlflwlhv,1 Vhfrqg/ zh

kdyh suhvhqwhg vrph looxvwudwlyh h{dpsohv iru zklfk wkh vroxwlrq +lqfoxglqj wkh sdwwhuq

ri elqglqj lqfhqwlyh frqvwudlqwv, kdv ehhq ghwhuplqhg qxphulfdoo|1

Wr dfklhyh d pruh suhflvh fkdudfwhul}dwlrq ri wkh rswlpdo frpprglw| wd{ vwuxfwxuh

dqg/ prvw lpsruwdqwo|/ wr pdnh h�hfwlyh srolf| uhfrpphqgdwlrqv/ erwk dssurdfkhv

zrxog kdyh wr eh sxuvxhg ixuwkhu1 Lq sduwlfxodu/ wkh dqdo|wlfdo sduw frxog eh uh�qhg

e| xvlqj hpslulfdo hylghqfh rq wkh mrlqw glvwulexwlrq ri xqrevhuydeoh fkdudfwhulvwlfv
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+dqg ru suhihuhqfh vwuxfwxuh,1 Pruh dpelwlrxvo|/ lw pljkw eh lqvljkwixo wr edvh wkh

qxphulfdo fdofxodwlrqv rq d pruh _uhdolvwlf% vshfl�fdwlrq/ fdoleudwhg rq revhuyhg sdwwhuq

ri ghpdqg dqg zhdowk2surgxfwlylw| glvwulexwlrq1
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Duurqgho/ O1/ D1 Pdvvrq dqg S1 Shvwlhdx +4<<:, _Ehtxhvwv dqg lqkhulwdqfh= hpslulfdo
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lqgluhfw wd{dwlrq/% Mrxuqdo ri Sxeolf Hfrqrplfv/ 9/ 88~:81
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Fuhphu/ K1 dqg I1 Jdkydul +4<<8e, _Xqfhuwdlqw|/ rswlpdo wd{dwlrq dqg wkh gluhfw yhuvxv
lqgluhfw wd{ frqwuryhuv|/% Hfrqrplf Mrxuqdo/ <8/ 4498~:<1

Gxh/ M1 dqg D1I1 Iulhgodhqghu +4<:6, Jryhuqphqw Ilqdqfh1 Wrurqwr= Luzlq1

Pluuohhv/ M1D1 +4<:4, _Dq hoderudwlrq lq wkh wkhru| ri rswlpdo lqfrph wd{dwlrq/% Uhylhz
ri Hfrqrplf Vwxglhv/ 5;/ 4:8~53;1
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