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Devwudfw

Lq wklv sdshu/ csurfhgxudo udwlrqdolw|* lv lqwhusuhwhg wr eh wkh delolw| wr vwdwh rqh*v

rzq eholhiv/ dqg pdnh ghflvlrqv wkurxjk orjlfdo ghgxfwlrqv1 Zh vkrz wkdw li d eholhi0

v|vwhp lv frqvlvwhqw/ ghgxfwlyho| forvhg/ dqg frqwdlqv dulwkphwlf/ wkhq wkuhh irupv ri

vhoi0eholhi � wkh delolw| wr gh�qh rqh*v rzq eholhiv/ eholhi lq rqh*v rzq fruuhfwqhvv/ dqg

dzduhqhvv ri rqh*v rzq eholhiv/ ehfrph luuhfrqflodeoh1

Wklv vkrzv wkdw wkh qrwlrq ri d cxqlyhuvdo w|sh* lv xqwhqdeoh zkhq wklv irup ri

surfhgxudo udwlrqdolw| lv wdnhq lqwr dffrxqw1

4 Lqwurgxfwlrq

Wr sdudskudvh Khuehuw Vlprq +4<:9/ 4<:<,/ udwlrqdolw| lv wkh sxuvxlw ri d zhoo0frqfhlyhg

remhfwlyh e| d zhoo0frqfhlyhg surfhgxuh1 Vxfk d jhqhudo lghd lv reylrxvo| fdsdeoh ri pdq|

lqwhusuhwdwlrqv1

Lq wklv sdshu/ zh jlyh d sduwlfxodu dqg suhflvh phdqlqj wr wklv glfwxp1 Iru dq remhfwlyh

wr eh czhoo0frqfhlyhg*/ wkh ghflvlrq pdnhu pxvw eh deoh wr h{suhvv lw lq d vx!flhqwo| ulfk

odqjxdjh1 Dqg d czhoo0frqfhlyhg surfhgxuh* uhtxluhv wkh ghflvlrq pdnhu wr ghgxfh khu

dfwlrq orjlfdoo| iurp khu vwdwhg remhfwlyhv/ sulqflsohv/ nqrzohgjh dqg eholhiv1

Zh ihho wkdw wklv uhsuhvhqwv dw ohdvw rqh lpsruwdqw dvshfw ri zkdw lv frpprqo| shu0

fhlyhg wr eh cudwlrqdolw|*1 Vlplodu lghdv zhuh dgyrfdwhg lq Elqpruh +4<;:,/ zkr dqwlflsdwhg

WWklv lv d uhylvlrq ri dq hduolhu sdshu hqwlwohg �Eholhylqj wkh Xqeholhydeoh> wkh Glohppd ri Vhoi0Eholhi�

+Qryhpehu 4<<<,1 Zh duh judwhixo wr Nhq Elqpruh/ Hgglh Ghnho/ \rvvl Ihlqehuj/ Mh� Ho|/ Gheudm Ud|/

Ere Urvhqwkdo/ dqg Dogr Uxvwlfklql iru wkhlu lqwhuhvw dqg frpphqwv lq wklv sdshu1
_Ghsduwphqw ri Hfrqrplfv/ Ervwrq Xqlyhuvlw|/ 5:3 Ed| Vwdwh Urdg/ Ervwrq PD 355481 Hpdlo=

kokx|qkCex1hgx1
hGhsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fklfdjr/ 4459 Hdvw 8<wk Vwuhhw/ Fklfdjr/ LO 939691
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wkh qhz dqg lqwhuhvwlqj gl!fxowlhv wkdw zloo dulvh lq wkh lqwhusuhwdwlrq ri jdph wkhru|

zkhq wklv frqvwudlqw rq udwlrqdolw| lv wdnhq lqwr dffrxqw1 Wkhvh lghdv duh dovr h{soruhg lq

Edfkdudfk +4<;:,> lqghhg/ kh h{solflwo| prghohg wkh ghflvlrq surfhvv ri d udwlrqdo djhqw

e| �uvw0rughu orjlf/ dv zh gr khuh1 Krzhyhu/ qhlwkhu zrunv uhdfkhg wkh vkdus frqfoxvlrqv

uhsruwhg khuh1

Rxu glvfxvvlrq lv frqfhuqhg vroho| zlwk wkh eholhi*v ri d vlqjoh ghflvlrq pdnhu1 Dv zh

vkdoo vhh/ lw douhdg| uhyhdov vrph lqwhuhvwlqj lpsolfdwlrqv ri rxu lqwhusuhwdwlrq1

Iru xv/ d eholhi fdq eh d vwdwhphqw ri nqrzq idfw/ d k|srwkhvlv derxw qdwxuh ru vrfldo

lqvwlwxwlrqv/ d vwdwhphqw derxw rqh*v rzq remhfwlyhv dqg eholhiv/ d vwdwhphqw derxw dqrwkhu

ghflvlrq pdnhu*v remhfwlyhv dqg eholhiv/ ru dq d{lrp ri orjlf ru pdwkhpdwlfv1

D plqlpdo uhtxluhphqw ri udwlrqdolw| lv wkdw eholhiv vkrxog eh frqvlvwhqw/ vr wkdw wkh

ghflvlrq pdnhu grhv qrw eholhyh lq d orjlfdo frqwudglfwlrq1 Lq dgglwlrq/ lq rughu iru d

v|vwhp ri eholhiv wr eh h�hfwlyh dv d surfhgxuh iru pdnlqj ghflvlrqv/ wkh ghflvlrq pdnhu

pxvw kdyh wkh delolw| wr ghulyh orjlfdo frqvhtxhqfhv iurp khu eholhiv +dqg wkhq eholhyh lq

wkh frqvhtxhqfhv dv zhoo,1 Zh gr qrw/ krzhyhu/ dvvxph wkdw wkhuh lv dq dojrulwkp wr fduu|

wklv rxw1

Wkh ghflvlrq pdnhu*v delolw| wr gh�qh khu remhfwlyhv douhdg| hqwdlov fhuwdlq vhoi0eholhiv

+iru h{dpsoh/ lq nqrzlqj khu rzq suhihuhqfh,1 Eh|rqg wkdw/ krz ulfk vkrxog eh wkh vhw ri

eholhiv khog e| d ghflvlrq pdnhu derxw khuvhoi/ li vkh lv wr eh ghhphg cudwlrqdo*B

Wr pdnh dq dvvhvvphqw/ ohw xv uhfdoo iurp Ed|hvldq ghflvlrq wkhru| dqg jdph wkhru|

wkh qrwlrq ri d w|sh1 Wkh w|sh ri d udwlrqdo ghflvlrq pdnhu frqvlvwv ri khu eholhiv +wrjhwkhu

zlwk khu suhihuhqfhv/ zklfk pd| eh uhjdughg dv d nlqg ri vhoi0eholhi,/ uhohydqw wr fhuwdlq/

riwhq lqwhudfwlyh/ vlwxdwlrqv1 Khu w|sh zloo wkhq ghwhuplqh khu dfwlrqv lq wkhvh vlwxdwlrqv1

Exw wkhq wkh w|sh ri hdfk ghflvlrq pdnhu lv lwvhoi rshq wr xqfhuwdlqw|/ dqg irupv wkh

vxemhfw ri ixuwkhu eholhiv1 Wkxv wkh txhvwlrq durvh dv wr zkhwkhu lw lv srvvleoh wr frqvwuxfw

d cxqlyhuvdo w|sh vsdfh*/ zkrvh hohphqwv duh frpsohwh eholhiv derxw wkh w|shv ri doo rwkhu

ghflvlrq pdnhuv1 Iru lqvwdqfh/ Phuwhq dqg ]dplu +4<;8, vkrzhg wkdw wklv fdq eh grqh li

eholhiv duh lqwhusuhwhg wr eh fhuwdlq nlqgv ri suredelolw| phdvxuhv1 Wkhuhiruh lw zrxog vhhp

xqsureohpdwlf wr uhjdug d ghflvlrq pdnhu*v zkroh eholhi0v|vwhp ri dv d vlqjoh/ nqrzdeoh/

remhfw> dqg d ixoo| udwlrqdo ehlqj lv rqh zkrvh eholhi0v|vwhp fdq eh lghqwl�hg zlwk dq

hohphqw ri wkh xqlyhuvdo w|sh vsdfh1

Xqghu rxu lqwhusuhwdwlrq ri surfhgxudo udwlrqdolw|/ d frpsohwh nqrzohgjh ri dqrwkhu

ghflvlrq pdnhu*v eholhi0v|vwhp zrxog phdq wkh delolw| wr gh�qh wkh zkroh eholhi0v|vwhp
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h{solflwo| lq d vrph odqjxdjh1 Dqg vlqfh wkh rwkhu lv hqgrzhg zlwk wkh vdph delolw|/

wklv lpsolhv wkh delolw| wr gh�qh rqh*v rzq eholhi0v|vwhp1 Lq wklv sdshu/ zh h{soruh wkh

frqvhtxhqfhv ri wklv olqh ri wkrxjkw1

Zh suryh dq lpsrvvlelolw| wkhruhp/ zklfk vkrzv wkdw wklv delolw| iru vhoi0gh�qlwlrq lv

lqfrpsdwleoh zlwk rwkhu qdwxudo uhtxluhphqwv rq vhoi0eholhiv1 Wkhvh rwkhu uhtxluhphqwv

vwhp iurp pruh sv|fkrorjlfdo frqvlghudwlrqv1 Rqh vxfk uhtxluhphqw lv wkdw rqh eholhyhv

wkdw rqh*v rzq eholhiv duh fruuhfw1 Lqghhg vrph pd| dujxh wkdw wklv lv dq lqwhjudo sduw

ri wkh phdqlqj ri wkh zrug ceholhyh*1 Dqrwkhu lv wkdw rqh vkrxog eh dzduh ri rqh*v rzq

eholhiv/ zklfk vd|v= li wkh ghflvlrq pdnhu eholhyhv [/ wkhq vkh dovr eholhyhv wkh vwdwhphqw

�L eholhyh [�1 Wklv wzr srvwxodwhv duh frqvlghuhg wr eh vrxqg lq pdq| frqwh{wv/ hyhq zkhq

wkh ghflvlrq pdnhu lv qrw dvvxphg wr eh ixoo| dzduh ri dffhvvleoh idfwv/ ru wr eh dzduh ri

khu rzq ljqrudqfh ri wkhp> vhh/ iru h{dpsoh/ Jhdqdnrsorv +4<;</ 4<<5, dqg Prglfd dqg

Uxvwlfklql +4<<<,1

Zh vkdoo jlyh suhflvh irupxodwlrq ri wkhvh irupv ri vhoi0eholhi/ dqg ghprqvwudwh wkdw

wkh| duh lq idfw pxwxdoo| lqfrqvlvwhqw1 Wkh dujxphqw lv ghulyhg iurp wkh Jùgho*v lghdv

xvhg lq klv idprxv Lqfrpsohwhqhvv Wkhruhp1

Vrph edvlf nqrzohgjh ri pdwkhpdwlfdo orjlf zloo eh xvhg/ qdpho|/ suhglfdwh fdofxoxv

dqg wkh �uvw0rughu wkhru| ri dulwkphwlf1 Vhh/ iru h{dpsoh/ wkh errn e| K1 E1 Hqghuwrq1

Exw zh lqfoxgh d vnhwfk ri Jùgho*v �{hg0srlqw dujxphqw/ qrw rqo| wr uhqghu wkh sdshu

pruh vhoi0frqwdlqhg/ exw ehfdxvh lw lv looxplqdwlqj1

5 H{suhvvleoh Eholhiv

Zh frqvlghu d irupdo odqjxdjh/ zklfk lv vx!flhqwo| ulfk wr doorz lwv xvhu wr vwdwh sursrvl0

wlrqv lq dulwkphwlf1 Iru h{dpsoh= �iru doo q/ wkhuh h{lvwv dq p vxfk wkdw p � q�/ ru +pruh

v|perolfdoo|, �;q>{> |> }^+ q � 6 dqg { 9@ 3 dqg | 9@ 3 dqg } 9@ 3, $ + {? . |? 9@ }?,`�1

Lw dovr doorzv wkh xvhu wr pdnh vwdwhphqwv olnh �L eholhyh *�/ deeuhyldwhg E*/ zkhuh * lv

dqrwkhu vwdwhphqw lq wkh odqjxdjh1 Wkh odqjxdjh lv dovr forvhg xqghu �qlwh dssolfdwlrqv

ri wkh Errohdq rshudwlrqv= t/ b/ dqg a1 + Wkhvh rshudwlrqv duh wr eh lqwhusuhwhg dv cqrw*/

cru* dqg cdqg* uhvshfwlyho|/ dqg wkh Errohdq lpsolfdwlrqv$ dqg' duh gh�qhg lq whupv ri

wkhp lq wkh xvxdo zd|1, Ghqrwh e| 1 wkh froohfwlrq ri doo wkh vwdwhphqwv lq wklv odqjxdjh1

Wkh wrwdolw| ri d ghflvlrq pdnhu*v eholhiv/ ru khu eholhi0v|vwhp/ lv d vxevhw ' � 11

Zh lpsrvh wkh iroorzlqj srvwxodwhv rq ' 1

+D, ' lv frqvlvwhqw1
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Wklv vd|v wkdw zh fdqqrw ghgxfh d frqwudglfwlrq iurp wkh vwdwhphqwv lq '1 Lq sduwlf0

xodu/ ' fdqqrw frqwdlq erwk d vwdwhphqw * dqg lwv qhjdwlrq t*1

+E, ' lv ghgxfwlyho| forvhg1 Wklv phdqv wkdw li *�> ===> *? lv d +�qlwh, froohfwlrq ri vwdwh0

phqwv lq ' dqg * fdq eh lqihuuhg iurp *�> ===> *? e| wkh uxohv ri Suhglfdwh Fdofxoxv/ wkhq

* 5 '1 Lq sduwlfxodu/ ' frqwdlqv doo wkh orjlfdo wdxwrorjlhv1

Srvwxodwh +E, vd|v wkdw wkh ghflvlrq pdnhu lv deoh wr pdnh orjlfdo lqihuhqfhv/ dqg

eholhyhv lq wkhvh lqihuhqfhv1

Lqghhg/ lw dvvxphv wkdw vkh lv ixoo| dzduh ri doo wkh orjlfdo frqvhtxhqfhv ri khu eholhiv1

Wklv lv vrphwlphv fdoohg �orjlfdo rpqlvflhqfh�1 Iurp wkh sudfwlfdo vwdqgsrlqw/ wklv lv

d yhu| vwurqj dvvxpswlrq/ dqg qr uhdo0olih ghflvlrq pdnhu kdv wklv delolw| dw dq| jlyhq

prphqw lq wlph1 \hw lw lv qrw yhu| fohdu zkdw zrxog eh d vxlwdeoh zhdnhqlqj ri wklv

srvwxodwh/ iru fohduo| hyhu| udwlrqdo ehlqj kdv vrph delolw| wr pdnh orjlfdo lqihuhqfhv14 Rq

wkh rqh kdqg/ zh vkdoo vhh wkdw hyhq zlwk wklv lghdol}dwlrq wkh ghflvlrq0pdnhu*v vhoi0eholhiv

fdqqrw eh frpsohwh1 Rq wkh rwkhu kdqg/ lq wkh surri ri rxu pdlq uhvxow zh rqo| uhtxluh

wkh ghflvlrq pdnhu wr pdnh d kdqgixo ri ghgxfwlrqv> orjlfdo rpqlvflhqfh lv srvwxodwhg khuh

rqo| ehfdxvh lw dsshduv pruh qdwxudo wkdq wkh vshfl�f �qlwh froohfwlrq ri orjlfdo uxohv dqg

d{lrpv qhhghg iru wkh surri1

+F, ' frqwdlqv wkh d{lrpv ri Dulwkphwlf +h1j1 wkh Shdqr d{lrpv zlwk wkh vfkhpd iru

pdwkhpdwlfdo lqgxfwlrq,1

Srvwxodwh +F, ixuqlvkhv wkh ghflvlrq pdnhu zlwk wkh edvlf xvh ri pdwkhpdwlfdo uhdvrq0

lqj/ dv zhoo dv vrph vrflr0hfrqrplf prghoolqj +rqfh vkh lv doorzhg wkh xvh ri d ihz pruh

frqvwdqwv ghqrwlqj wkh eholhiv ri rwkhu djhqwv,1 Zh zrxog olnh wr srlqw rxw wkdw li wkh

ghflvlrq pdnhu vxevfulehv wr d pruh srzhuixo odqjxdjh ru wkhru|/ rxu uhvxow frqwlqxhv wr

eh ydolg1

6 Wkuhh Irupv ri Vhoi0Eholhi

Wkh �uvw irup ri vhoi0eholhi lv wkdw wkh ghflvlrq pdnhu vkrxog eholhyh lq wkh fruuhfwqhvv ri

khu rzq eholhiv1 Wkxv/ orjlfdoo| dw ohdvw/ vkh lv iuhh iurp vhoi0grxew1 Irupdoo|/ wklv fdq eh

vwdwhg dv wkh iroorzlqj srvwxodwh=

4Vdydjh +4<87,/ lq od|lqj rxw wkh irxqgdwlrqv ri Ed|hvldq ghflvlrq wkhru|/ kdv douhdg| hpskdvl}hg

wkdw orjlfdo rplqlvflhqfh lv d yhu| vhulrxv lghdol}dwlrq derxw wkh udwlrqdo ghflvlrq pdnhu1 Lq uhfhqw wlphv/

dwwhpswv kdyh ehhq pdgh wr frqvwuxfw d srvlwlyh wkhru| zkhuh orjlfdo rplqlvflhqfh lv qrw dvvxphg> vhh/

iru h{dpsoh/ Olspdq +4<<<,1
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+G, Iru hyhu| vhqwhqfh *> wkh vhqwhqfh E* $ * lv lq '=

Frpsduh wklv zlwk wkh ehwwhu0nqrzq glvfxvvlrqv ri cnqrzohgjh rshudwru* ru clqirupd0

wlrq fruuhvsrqghqfh*1 Wkhuh/ li dq hyhqw H lv nqrzq wr rffxu/ wkhq lw pxvw rffxu +l1h1

NH $ H,1 Khuh zh phuho| dvvxph wkdw wkh ghflvlrq0pdnhu eholhyhv wklv wr eh wkh fdvh1

Wkh vhfrqg irup ri vhoi0eholhi lv wkdw wkh ghflvlrq pdnhu vkrxog eh dzduh ri khu rzq

eholhiv/ vrphwlphv fdoohg wkh cSulqflsoh ri Srvlwlyh Lqwurvshfwlrq*1 Irupdoo|/ wklv dprxqwv

wr wkh iroorzlqj srvwxodwh=

+H, Iru hyhu| vwdwhphqw * 5 1/ li * 5 ' wkhq E* 5 ' 1

Qrwh wkdw e| srvwxodwlqj +G, dqg +H, zh kdyh qrw dvvxphg wkdw wkh ghflvlrq0pdnhu

vkrxog eh dzduh ri khu rzq ljqrudqfh/ ru wkh cSulqflsoh ri Qhjdwlyh Lqwurvshfwlrq*/ zklfk

lq rxu frqwh{w zrxog vd| wkdw li * @5 ' wkhq tE* 5 '1 5

Zh qrz wxuq wr wkh wklug irup ri vhoi0eholhi/ qdpho|/ wkh delolw| wr gh�qh rqh*v eholhi1

Ehiruh vwdwlqj wklv srvwxodwh zh pxvw irupdol}h wkh phdqlqj ri gh�qdelolw|1 Ohw 1y eh wkh

vhw ri doo irupxodv ri wkh irupdo odqjxdjh1 Lw frqwdlqv qrw rqo| wkh vhw ri vwdwhphqwv 1/

exw dovr suhglfdwhv lqyroylqj rqh/ wzr/ ru dq| �qlwh qxpehu ri iuhh yduldeohv1 Iru h{dpsoh/

S +{,
=
@ _{ lv d sulph qxpehu% lv dq hohphqw ri 1y1 Hdfk ri lwv hohphqw lv d �qlwh vwulqj

ri v|perov/ dqg lw lv fohdu wkdw zh fdq frqvwuxfw d rqh0wr0rqh ixqfwlrq 1y
$ Q +wkh vhw ri

qdwxudo qxpehuv,1 Ohw ^*` eh wkh ydoxh ri wklv ixqfwlrq dw *> dqg fdoo lw wkh frgh ri wkh

irupxod *= Ixuwkhupruh/ zh fdq gr vr lq vxfk d zd| wkdw doo wkh v|qwdfwlfdo dqg orjlfdo

uhodwlrqv ehwzhhq irupxodv duh dulwkphwlfdoo| gh�qhg uhodwlrqv ehwzhhq wkhlu frghv1 +H1j1

^*a !` @ i+^*`> ^!`,> zkhuh i lv vrph sulplwlyh uhfxuvlyh ixqfwlrq=, Zh rplw wkh whfkqlfdo

ghwdlov ri wkh frqvwuxfwlrq1 Iru Dulwkphwlf zlwkrxw wkh E rshudwru/ d zhoo0nqrzq frglqj

ixqfwlrq lv wkh �Jùgho Frgh�> dqg lw fdq eh h{whqghg wr rxu irupdo odqjxdjh1 Ohw xv �{/

rqfh dqg iru doo/ vxfk d frglqj ixqfwlrq1 Iru vlpsolflw|/ zh vkdoo frqwlqxh wr fdoo lw wkh

Jùgho Frgh1

Kdylqj �{hg d frglqj/ 1y>1> dqg ' fdq doo eh uhjdughg dv vxevhwv ri Q1 D vxevhw

& �Q lv vdlg wr eh gh�qdeoh li wkhuh lv dq dulwkphwlf irupxod lq rqh iuhh yduldeoh D+{,/

vxfk wkdw & @ i{ 5 Q m D+{,j1

Rqh irup ri vhoi0nqrzohgjh lv wkh delelow| wr gh�qh rqh*v rzq eholhiv1 Wklv fdq eh

irupdol}hg e| wkh iroorzlqj srvwxodwh1

+I, Wkhuh lv dq dulwkphwlf suhglfdwh lq rqh iuhh yduldeoh D+{, vxfk wkdw/ iru hyhu| vwdwh0

5Wkh Sulqflsoh ri Qhjdwlyh Lqwurvshfwlrq lv zhoo0nqrzq wr eh txlwh uhvwulfwlyh/ dqg wkh uhprydo ri wklv

sulqflsoh ohdgv wr wkh lqirupdwlrq v|vwhpv vwxglhg lq Jhdqdnrsorv +4<;</ 4<<5, dqg Prglfd dqg Uxvwlfklql

+4<<<,1
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phqw */ ' frqwdlqv wkh iroorzlqj sursrvlwlrq �E*#$ D+^*`,�1

Qrwh wkdw zh gr qrw dvvxph wkdw ' lv dfwxdoo| gh�qdeoh e| wkh suhglfdwh D +ru e| dq|

suhglfdwh dw doo,/ phuho| wkdw wkh ghflvlrq pdnhu eholhyhv wkdw khu rzq eholhi0v|vwhp fdq

eh wkxv gh�qhg1

7 Wkh Glohppd ri Vhoi0Eholhi

Wkhruhp1 Qr eholhi0v|vwhp ' � 1 fdq vdwlvi| doo wkh iroorzlqj srvwxodwhv=

+D, ' lv frqvlvwhqw1

+E, ' lv ghgxfwlyho| forvhg1

+F, ' frqwdlqv wkh d{lrpv ri Dulwkphwlf1

+G, ^Qr Vhoi0Grxew` Iru hyhu| vhqwhqfh *> wkh vhqwhqfh E*$ * lv lq '=

+H, ^Vhoi0Dzduhqhvv` Li * 5 '/ wkhq E* 5 '1

+I, ^Vhoi0Gh�qlwlrq` Wkhuh lv dq dulwkphwlf suhglfdwh lq rqh iuhh yduldeoh D+{, vxfk

wkdw E*#$ D+^*`, lv lq ' iru hyhu| *1

Zkloh wkh Wkhruhp lv suryhg e| d udwkhu vwudljkwiruzdug dssolfdwlrq ri lghdv iurp

Jùgho*v Lqfrpsohwhqhvv Wkhruhp/ lw lv qrw suryhg e| gluhfw dsshdo wr wkh odwwhu wkhruhp1

Lq wkh devhqfh ri dq| rqh ri wkh odvw �yh srvwxodwhv/ wkhuh zloo eh d ' vdwlvi|lqj wkhp/

dqg ' zrxog eh lqfrpsohwh1 +Qdpho|/ wkh ghflvlrq pdnhu lv doorzhg wr eh djqrvwlf derxw

fhuwdlq sursrvlwlrqv */ zkhuh qhlwkhu * qru t* duh lq '1,

Lqvwhdg/ zh qhhg wkh iroorzlqj ohppd1

Ohppd ^Jùgho*v Il{hg0Srlqw Ohppd`1 Ohw D+{, eh dq duelwudu| dulwkphwlf suhglfdwh lq

rqh iuhh yduldeoh1 Wkhq wkhuh lv d vwdwhphqw lq dulwkphwlf/ �/ vxfk wkdw iurp wkh d{lrpv

ri dulwkphwlf rqh fdq ghgxfh � #$tD+^�`,1

Surri1 Iru hyhu| qxpehu {/ ohw k{l eh wkh suhglfdwh zkrvh Jùgho frgh lv {1 Wkhq

k{l+{, lv d vwdwhphqw/ dqg lwv Jùgho frgh lv ^k{l+{,`1

Ohw S +{, eh wkh suhglfdwh tD+^k{l+{,`,/ dqg ohw s eh wkh Jùgho frgh ri S 1 Ilqdoo|/ ohw

� eh wkh vwdwhphqw S +s,1

Zh kdyh � #$ S +s, #$tD+^ksl+s,`, #$tD+^S +s,`, #$tD+^�`,/ dv ghvluhg1 Fohduo|/

wkh frqvwuxfwlrqv dqg ghgxfwlrqv fdq doo eh irupdol}hg lq dulwkphwlf1 +Wkh h{dfw dulwkphwlf

irupdol}dwlrq ri frxuvh uhtxluhv d juhdw ghdo pruh zrun1 Zh uhihu wkh uhdghu wr Jùgho*v

ruljlqdo zrun/ ru dq| vwdqgdug wh{w lq pdwkhpdwlfdo orjlf1 Krzhyhu/ zh zrxog hpskdvl}h

wkdw wr frqvwuxfw � dqg suryh wkh ohppd iru dq| rqh suhglfdwh D+{,>rqo| d �qlwh vhw ri

d{lrpv lv lqyroyhg1,

9



Dsso| wklv ohppd wr wkh suhglfdwh D zklfk dsshduv lq srvwxodwh +I,1 Lqwxlwlyho|/ wkh

vwdwhphqw � vd|v wkdw �L gr qrw eholhyh lq wklv vwdwhphqw�1 Khuh/ wkh ghprqvwudwlyh

dgmhfwlyh cwklv* uhihuv wr wkh yhu| vwdwhphqw � lwvhoi1 Wkh suhvhqfh ri vxfk d vhoi0uhihuhqwldo

vwdwhphqw lv wkh fdxvh ri wkh glohppd ri vhoi0eholhi1Zh fdq qrz jlyh wkh irupdo dujxphqw1

Surri ri wkh Wkhruhp1 Vxssrvh/ frqwudu| wr wkh frqfoxvlrq/ wkh vxevhw ' � 1

vdwlv�hv doo wkhvh srvwxodwhv1 E| wkh Jùgho Il{hg0Srlqw Ohppd/ wkhuh lv d vwdwhphqw �

vxfk wkdw � #$tD+^�`,1 Wkhq wkh iroorzlqj vwdwhphqwv duh lq '1

4, � 'tD+^�`,/ e| +E,/ +F, dqg wkh ohppd +vlqfh wkh ohppd lv ghgxfleoh iurp dulwk0

phwlf,1

5, E�' D+^�`,/ e| +I,1

6, � ' tE�/ e| +4,/ +5, dqg +E,1

7, E�$ �/ e| +G,1

8, E�$tE�/ e| +7,/ +6, dqg +E,1

9, E�b tE�/ e| +E, vlqfh E�b tE� lv d wdxwrorj|1

:, tE�/ e| +8,/ +9, dqg +E,1

;, �/ e| +6,/ +:, dqg +E,1

<, E�/ e| +;, dqg +H,1

Qrz +:, dqg +<, vkrzv wkdw ' lv lqfrqvlvwhqw/ frqwudglfwlqj +D,1

8 Ixuwkhu Glvfxvvlrq

Wr vxppdul}h/ rxu uhvxowv vkrzv wkdw wkh qrwlrq ri d xqlyhuvdo w|sh lv xqwhqdeoh zkhq

zh wdnh lqwr dffrxqw wkh uhtxluhphqwv ri surfhgxudo udwlrqdolw|/ dw ohdvw dv lqwhusuhwhg

khuh1 Wkh irupdo lpsolfdwlrq ri wkhvh lghdv lq jdph wkhru| vhhpv wr eh wkh vxemhfw ri d

uhfhqw sdshu ri Eudqghqexujhu dqg Nhlvohu +4<<<,/ zklfk pdnhv xvh ri wkh vdph qrwlrq ri

gh�qdelolw| dv khuh1

Vrph dxwkruv kdyh frqvlghuhg dqrwkhu lqwhusuhwdwlrq ri surfhgxudo udwlrqdolw|/ zkhuh

d ghflvlrq phwkrg lv frqvlghuhg wr eh d zhoo0frqfhlyhg surfhgxuh li lw lv frpsxwdeoh/ wkdw

lv/ li lw fdq eh lpsohphqwhg e| d vshfl�f w|sh ri dojrulwkp/ vd| d �qlwh dxwrpdwrq ru d

Wxulqj pdfklqh/ lq �qlwh wlph1 Wklv dssurdfk lv wdnhq/ iru h{dpsoh/ e| Dqghuolql +4<<3,/

Elqpruh dqg Vklq +4<<5,/ dqg Fdqqlqj +4<<5,1 Wkhlu dqdo|vlv dqg frqfoxvlrqv ghshqg rq

wkh idfw wkdw ghflvlrq pdnhu h�hfwlyh lq wklv vhqvh fdqqrw dw wkh vdph wlph eh ghflvlyh

dqg wdnhv dq rswlpdo dfwlrq dw doo wlphv16 Djdlq/ wkhlu uhvxowv vkrz wkdw wkh qrwlrq ri d

6D fohdu glvfxvvlrq dqg looxvwudwlrq ri wkhvh lghdv fdq dovr eh irxqg lq Uxelqvwhlq +4<<;,1

:



xqlyhuvdo w|sh lv xqwhqdeoh/ li lw lv lqwhusuhwhg wr phdq dq h�hfwlyh dojrulwkp zklfk pdnhv

dq rswlpdo ghflvlrq xqghu doo flufxpvwdqfhv1 Qrwdeo|/ wkhlu uhvxowv dsshdo wr vxevwdqwlyh/

dqg qrw rqo| surfhgxudo/ udwlrqdolw|1

E| frqwudvw/ wkh suhvhqw lqyhvwljdwlrq lv edvhg rq wkh pruh jhqhudo qrwlrq ri gh�q0

delolw|/ dqg irfxvhv doprvw hqwluho| rq wkh lpsolfdwlrqv ri surfhgxudo udwlrqdolw|1 Rxu

lpsrvvlelolw| wkhruhp lv ydolg hyhq zkhq wkh ghflvlrq pdnhu lv hqgrzhg zlwk srzhuv ri

ghgxfwlrq wkdw jr eh|rqg zkdw Elqpruh dqg Vklq zrxog fdoo cdojrulwkplf nqrzohgjh*1 Dv

iru wkh odwwhu dvshfw/ zh rqo| dvvxph wkdw d surfhgxudoo| udwlrqdo ghflvlrq pdnhu eholhyhv

wkdw vkh kdv dq h{solflw dqg frpsohwh gh�qlwlrq ri khu rzq eholhiv/ dqg srvvhvvhv d vxi0

�flhqwo| vrsklvwlfdwhg olqjxlvwlf dqg orjlfdo fdsdelolw| wr gr vr1 Ehvlghv wkh srvwxodwh ri

vhoi0dzduhqhvv/ zh gr qrw dvvxph wkh ghflvlrq pdnhu*v eholhiv wr eh wuxh/ qru khu ghflvlrqv

wr eh rswlpdo1

Uhihuhqfhv

^4` Dqghuolql/ O1 +4<<3,= cVrph Qrwhv rq Fkxufk*v Wkhvlv dqg wkh Wkhru| ri Jdphv/*

Wkhru| dqg Ghflvlrq/ 5</ 4<0851

^5` Dxpdqq/ U1 +4<:9,= cDjuhhlqj wr Glvdjuhh/* Dqqdov ri Vwdwlvwlfv/ 7/ 45690456<1

^6` Edfkdudfk/ P1 +4<;:,= cD Wkhru| ri Udwlrqdo Ghflvlrq lq Jdphv/* Hunhqqwqlv/ 5:/

4:0881

^7` Elqpruh/ N1 +4<;:,= cPrgholqj Udwlrqdo Sod|huv/ L ) LL/* Hfrqrplfv dqg Sklorvrsk|/

6 dqg 7= 4:<0547 dqg <0881

^8` Elqpruh/ N1 dqg K1 V1 Vklq +4<<5,= cDojrulwkplf Nqrzohgjh/* lq cNqrzohgjh/ Eh0

olhi/ dqg Vwudwhjlf Lqwhudfwlrq* +F1 Elffklhul dqg P10O1 Gdood Fkldud/ hgv1,/ 4740487/

Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz \run1

^9` Eudqghqexujhu/ D1 dqg K1 M1 Nhlvohu +4<<<,= cDq Lpsrvvlelolw| Wkhruhp rq Eholhiv lq

Jdphv/* Plphr/ Ghfhpehu 4</ 4<<<1

^:` Fdqqlqj/ G1 +4<<5,= cUdwlrqdolw|/ Frpsxwdelolw|/ dqg Qdvk Htxloleulxp/* Hfrqrphw0

ulfd/ 93+7,/ ;::0;;;1

^;` Hqghuwrq/ K1 E1 +4<:5,= cD Pdwkhpdwlfdo Lqwurgxfwlrq wr Orjlf/* Dfdghplf Suhvv/

Qhz \run1

;



^<` Jhdqdnrsorv/ M1 +4<;<,= cJdph Wkhru| zlwkrxw Sduwlwlrqv/ dqg Dssolfdwlrqv wr Vshf0

xodwlrq dqg Frqvhqvxv/* \doh Frzohv Irxqgdwlrq Glvfxvvlrq Sdshu/ <47/ 40781

^43` Jhdqdnrsorv/ M1 +4<<5,= cFrpprq Nqrzohgjh/* Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/

9+7,/ 860;51

^44` Jùgho/ N1 +4<63B,= cRq wkh Irupdo Lqfrpsohwhqhvv ri BBB*/ BBB

^45` Olspdq/ E1 +4<<<,= cGhflvlrq Wkhru| zlwkrxw Orjlfdo Rpqlvflhqfh= Wrzdug dq D{0

lrpdwlf Iudphzrun iru Erxqghg Udwlrqdolw|/* Uhylhz ri Hfrqrplf Vwxglhv/ 99+5,/

66<06941

^46` Phuwhqv/ M10I1 dqg V1 ]dplu +4<;8,= cIrupxodwlrq ri Ed|hvldq Dqdo|vlv iru Jdphv

zlwk Lqfrpsohwh Lqirupdwlrq/* Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru|/ 47/ 405<1

^47` Prglfd/ V1 dqg Uxvwlfklql/ D1 +4<<<,= cXqdzduhqhvv dqg Sduwlwlrqdo Lqirupdwlrq

Vwuxfwxuhv/* Jdphv dqg Hfrqrplf Ehkdylru/ 5:+5,/ 59805<;1

^48` Uxelqvwhlq/ D1 +4<<;,= cPrgholqj Erxqghg Udwlrqdolw|/*PLW Suhvv/ Fdpeulgjh/ Pdv0

vdfkxvhwwv dqg Orqgrq1

^49` Vdydjh/ O1 M1 +4<87,= �Irxqgdwlrqv ri Vwdwlvwlfv/� Zloh|/ Qhz \run1

^4:` Vlprq/ K1 D1 +4<:9,= cIurp Vxevwdqwlyh wr Surfhgxudo Udwlrqdolw|/* lq cPhwkrg dqg

Dssudlvdo lq Hfrqrplfv* +V1 M1 Odwlv/ hg1,/ 45<047;/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz

\run1

^4;` Vlprq/ K1 D1 +4<:<,= cPrghov ri Wkrxjkw/* \doh Xqlyhuvlw| Suhvv/ Qhz Kdyhq1

<


