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� W?|hL_�U|�L?Lw lv qrz zhoo nqrzq wkdw frpshwlwlrq dprqj �upv surgxflqj kljk whfk jrrgv lv vwurqjo| lq�xhqfhg e|wkhlu Uhvhdufk dqg Ghyhorsphqw +U)G, dfwlylwlhv1 Lqghhg/ d �up*v rswlpdo uhvrxufh doorfdwlrq lq U)G lvriwhq qhfhvvdu| iru lqwurgxflqj lqqrydwlrqv ehiruh ulydov ru rewdlqlqj sdwhqwv/ zlwk frqvhtxhqw frpshwlwlyhdgydqwdjhv dqg juhdwhu wkdq ulydov pdunhw vkduhv1 Wklv nlqg ri frpshwlwlrq kdv ehhq ghqrwhg dv _U)Gzlwk ulydou|% +vhh Uhlqjdqxp/ 4<;4/ 4<;5,1 Krzhyhu/ pdq| dxwkruv vwuhvv wkdw wkh h�hfwlyhqhvv ri U)Gh�ruwv lv dovr uhodwhg wr wkh _nqrzohgjh fdslwdo vwrfn%/ wkdw lv/ wkh judgxdoo| dffxpxodwhg nqrzohgjh yldU)G dfwlylwlhv ri wkh sdvw +vhh h1j1 Qhovrq/ 4<;5,1 Pruhryhu/ U)G dfwlylwlhv riwhq fuhdwh nqrzohgjhzklfk pd| vsloo iurp rqh �up wr lwv frpshwlwruv/ gxh wr wkh gl�fxow| ri surwhfwlqj lqwhoohfwxdo surshuwlhv+vhh h1j1 Vshqfh/ 4<;7/ G*Dvsuhprqw dqg Mdtxhplq/ 4<;;/ Nxowwl dqg Wdndor/ 4<<;/ Elvfkl dqg Odpdqwld/5335/ mxvw wr flwh d ihz,1 Wkh uhodwlrqv ehwzhhq _nqrzohgjh fdslwdo vwrfn% dqg U)G dfwlylw|/ dv zhoo dvwkh sureohp ri sxeolf dqg sulydwh qdwxuh ri wkh nqrzohgjh/ kdyh ehhq fohduo| rxwolqhg e| Qhovrq +4<;5,1Lq wklv sdshu/ zh sursrvh d g|qdplf uhsuhvhqwdwlrq ri frpshwlwlrq zlwk rswlpdo ghflvlrqv rq U)Gh�ruwv rffxuulqj ryhu wlph/ wrjhwkhu zlwk dq dvvrfldwhg surfhvv ri nqrzohgjh dffxpxodwlrq1 Wkh g|qdplfprgho lv edvhg rq d jdph wkhruhwlf dssurdfk/ lq wkh vslulw ri uhqw vhhnlqj frqwhvwv +Wxoorfn/ 4<;3> vhh dovrS�huh}0Fdvwuloor dqg Yhuglhu/ 4<<6/ Rnxjxfkl dqg V}lgduryv}n|/ 4<<</ Elvfkl hw do1/ 5334,/ zlwk frpshwlwlyh�upv hqjdjlqj U)G dfwlylwlhv uhshdwhgo| ryhu wlph dqg ghflglqj dw hdfk wlph shulrg rswlpdo U)G h�ruwvlq rughu wr pd{lpl}h wkhlu h{shfwhg sur�wv/ wkdw dovr ghshqg rq wkhlu dffxpxodwhg dprxqw ri nqrzohgjhfdslwdo vwrfn1
2 � _)?@4�U hiThiti?|@|�L? Lu @UU�4�*@|i_ !?L�*i_}i ��|�tT�**L�ihtDvvxph wkdw wkhuh duh q �upv/ lqgh{hg e| l @ 4> ===> q1 Ohw {l +w, eh d phdvxuh ri U)G dfwlylw| ri �up ldw wlph shulrg w1 Wkh nqrzohgjh jdlq iru �up l gxulqj wlph shulrg w lv dvvxphg wr eh[l+w, @ {l +w, .[

m 9@l &lm{m+w, +4,
zkhuh wkh sdudphwhuv &lm 5 ^3> 4` duh lqwhqghg wr fdswxuh nqrzohgjh vslooryhuv iurp �up m wr �up l1 Li&lm @ 4 wkhq nqrzohgjh jdlqhg e| �up m/ yld lwv U)G h�ruwv/ lv ixoo| vkduhg e| �up l +wkh fdvh ri &lm @ 4iru hdfk l 9@ m fruuhvsrqgv wr wkh dvvxpswlrq ri sxeolf nqrzohgjh,1 Dw wkh rwkhu olplwlqj vlwxdwlrq/&lm @ 3/ qr nqrzohgjh iurp �up m lv wudqvihuuhg wr �up l +wkh fdvh ri &lm @ 3 iru hdfk l> m fruuhvsrqgvwr wkh dvvxpswlrq ri sulydwh frpsdqlhv wkdw kdyh sursulhwdu| uljkwv wr dyrlg dq| nqrzohgjh gl�xvlrqdprqj frpshwlwruv,1 Wkh nqrzohgjh dffxpxodwhg/ xs wr shulrg w/ lv jlyhq e|

}l+w, @ w[
n@3 �w�n[l+n, +5,

zkhuh wkh sdudphwhu � 5 ^3> 4` uhsuhvhqwv d glvfrxqw idfwru zklfk _h{srqhqwldoo| glvfrxqwv roghu lqirupd0wlrq%1 Wklv fdswxuhv wkh lghd wkdw �up*v l dffxpxodwhg nqrzohgjh/ }l+w,/ lv dxjphqwhg e| suhvhqw U)Gh{shqglwxuhv ri h�ruw/ dqg wkh vwrfn ri nqrzohgjh pd| ghsuhfldwh dv zhoo +Qhovrq/ 4<;5,1 Wkh ydoxh ri �jlyhv d phdvxuh ri krz udslgo| lqirupdwlrq ehfrphv revrohwh= ydoxhv forvh wr 4 uhsuhvhqw d v|vwhp zkhuhhyhq wkh uhvxowv ri yhu| rog U)G h�ruwv duh lpsruwdqw dw wlph w/ zkhuhdv ydoxhv forvh wr 3 lpso| wkdwrqo| yhu| uhfhqw U)G h�ruwv jlyh vljql�fdqw frqwulexwlrqv wr wkh suhvhqw nqrzohgjh1Wkh nqrzohgjh fdslwdo vwrfn fdq eh rewdlqhg uhfxuvlyho| dv=
}l+w, @ [l+w, . � w�4[

n@3 �w�4�n[+n, @ [l+w, . �}l+w� 4, +6,
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l1h1 wkh dffxpxodwhg nqrzohgjh dw wlph w lv wkh vxp ri wkh nqrzohgjh [l+w,/ dftxluhg gxulqj odvw urxqg/dqg d glvfrxqwhg iudfwlrq ri wkh nqrzohgjh jdlqhg lq wkh sdvw1
� A�i hi?|�tii!�?} UL?|it|Pdq| vlwxdwlrqv ri frpshwlwlrq dprqj hfrqrplf djhqwv fdq eh prghoohg dv uhqw0vhhnlqj frqwhvwv/ lq zklfkwkh frqwhvwdqwv h{shqg h�ruw wr zlq d sul}h1 Iru h{dpsoh/ �upv frpshwh wr rewdlq d surfxuhphqw frqwudfwru wr zlq d sdwhqw e| lqyhvwlqj lq U)G +vhh h1j1 Qlw}dq/ 4<<7/ iru d vxuyh| ri ydulrxv dssolfdwlrqv,1 Lqwkh edvlf uhqw0vhhnlqj frqwhvw q sod|huv duh frqiurqwhg zlwk wkh rssruwxqlw| wr zlq sul}h/ xvxdoo| �{hgdw d frqvwdqw ohyho U1 Li zh ohw hl ghqrwh wkh h�ruw ri sod|hu l wr zlq wkh uhqw/ wkhq wkh suredelolw| wkdwsod|hu l zlqv wkh uhqw lv sl+h4> ===> hq,/ zkhuh Sql@4 sl @ 4 dqg sl lv qrqghfuhdvlqj lq {l dqg qrqlqfuhdvlqjlq {m > m 9@ l1 D frpprqo| xvhg irup ri wkh suredelolw| ixqfwlrqv lq uhqw0vhhnlqj jdphv lv wkh orjlw w|sh+vhh Edln/ 4<<7,/ zklfk vshfl�hv wkdw sod|hu l*v suredelolw| iru zlqqlqj wkh uhqw lv

sl @ il+hl,S im+hm, >zkhuh il+hl,> l @ 4> ===q pd| eh lqwhusuhwhg dv wkh olnholkrrg wkdw sod|hu l zlqv wkh frqwhvw zkhq vkhh{shqgv h�ruw hl1 Li doo wkh frqwhvwdqwv gr qrw h{shqg dq| h�ruw/ zh mxvw vlpso| gh�qh sl @ 4@q ;l1 Wkhsod|huv fkrrvh wkhlu h�ruwv hl wu|lqj wr pd{lpl}h wkhlu h{shfwhg xwlolw|1 Lq rxu prgho ri _U)G zlwkulydou|%/ zh frqvlghu d uhqw vhhnlqj jdph zkhuh wkh suredelolw| ri zlqqlqj wkh jdph iru wkh w.4 shulrglv sursruwlrqdo wr wkh U)G h�ruwv {l+w. 4,/ l1h1 iru �up l
sl+w. 4, @ dl{l+w. 4,dl{l+w. 4, .Sm 9@l dm{m+w. 4, = +7,

Krzhyhu/ gl�huhqwo| iurp vwdqgdug uhqw vhhnlqj jdphv/ zkhuh wkh frvw lv mxvw dvvxphg wr eh sursruwlrqdowr {l/ khuh zh dvvxph wkdw wkh frvw lv d ghfuhdvlqj ixqfwlrq ri wkh dffxpxodwhg nqrzohgjh
Fl+w. 4, @ {l+w. 4,4 . �l}l+w, +8,

Wkdw lv/ wkh frvw ri U)G dw wlph +w. 4, lv dvvxphg wr eh sursruwlrqdo wr wkh dprxqw ri U)G dfwlylwlhvdw wlph +w. 4, dqg lqyhuvho| sursruwlrqdo wr wkh nqrzohgjh vwrfn +l1h1 wkh nqrzohgjh dffxpxodwhg xswr shulrg w,1 Wklv dvvxpswlrq fdswxuhv wkh lghd wkdw U)G h�ruwv duh d nlqg ri lqyhvwphqw/ zlwk dqlpphgldwh h�hfw/ wkh dvvrfldwhg frvw iru lqqrydwlqj/ dqg wkh ghod|hg ehqh�fldo frqvhtxhqfh ri d vwurqjhunqrzohgjh edvh/ zklfk hqkdqfhv wkh delolw| wr uhvhdufk dqg pdnhv whfkqrorj| dgydqfh1 Khqfh/ rewdlqlqjU)G uhvxowv pruh h�flhqwo| orzhuv xqlwdu| frvwv1 Wkh sdudphwhuv �l � 3/ l @ 4> ==> q fdq eh lqwhusuhwhgdv d phdvxuh ri h�flhqf| ri wkh xvh ri wkh dftxluhg nqrzohgjh fdslwdo vwrfn1Li wkh sul}h U lv qrupdol}hg wr 4/ wkhq djhqw*v l h{shfwhg sur�w lv
�hl +w. 4, @ dl{l+w. 4,dl{l+w. 4, .Sm 9@l dm{hm+w. 4, � {l+w. 4,4 . �l}l+w, +9,

zkhuh {hm+w . 4, uhsuhvhqwv wkh h{shfwhg U)G h�ruw dw wlph +w. 4, ri wkh frpshwlwru m1 Qrwlfh wkdw/dffruglqj wr +4, dqg +5,/ wkh dffxpxodwhg nqrzohgjh }l ri �up l ghshqgv erwk rq U)G h�ruwv ri �upl lwvhoi dqg ri wkh frpshwlqj �upv wkurxjk wkh vslooryhu sdudphwhuv1 Vr/ ehvlghv wkh lqwhughshqghqfhfdxvhg e| +7,/ dv lq vwdqgdug uhqw vhhnlqj jdphv/ dqrwkhu vrxufh ri lqwhughshqghqfh lv suhvhqw/ gxh wrwkh srvlwlyh frvw h{whuqdolwlhv uhodwhg wr wkh uroh ri dffxpxodwhg nqrzohgjh zlwk vslooryhu h�hfwv1 Rifrxuvh/ li �l @ 3/ l @ 4> ===> q/ d vwdqgdug uhqw vhhnlqj jdph lv rewdlqhg1
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��� A�i U@ti Lu |�L �h4tLq rughu wr nhhs wklqjv dv vlpsoh dv srvvleoh/ ohw xv frqvlghu wkh fdvh ri wzr �upv/ l1h1 q @ 51 Lq wkhvslulw ri uhqw0vhhnlqj jdphv/ zh dvvxph wkdw dw hyhu| wlph w/ lq rughu wr ghflgh U)G h�ruw iru wkh qh{wwlph shulrg w. 4/ hdfk sod|hu vroyhv wkh rswlpl}dwlrq sureohp pd{{l+w.4,�hl +w. 4,/ l @ 4> 51 Vr/ �up l vroyhvlwv pd{lpl}dwlrq sureohp fdofxodwlqjC�hl +w. 4,C{l+w. 4, @ d4d5{hm+w. 4,+dl{l+w. 4, . dm{hm+w. 4,,5 � 44 . �l}l+w, @ 3 l> m @ 4> 5> m 9@ l
dqg vroylqj iru {l zh jhw wkh uhdfwlrq ixqfwlrq

{l @ ul+{hm > }l, @ 4dl ��dm{hm .td4d5{hm +4 . �l}l,� > l> m @ 4> 5> m 9@ l +:,
Lqghhg/ wkh sur�w ixqfwlrq uhdfkhv d pd{lpxp zkhq fdofxodwhg lq wkh srlqwv ri wkh uhdfwlrq ixqfwlrq +:,/dv lw iroorzv iurp d vlpsoh fkhfn rq wkh vhfrqg ghulydwlyh1 Xqghu wkh dvvxpswlrqv ri qdlyh h{shfwdwlrqv/l1h1 {hm+w . 4, @ {m+w,/ dqg wkdw d4 @ d5 @ d/ xvxdoo| pdgh lq uhqw0vhhnlqj jdphv/ zh jhw d g|qdplfdov|vwhp lq wkh irxu g|qdplf yduldeohv +{4> {5> }4> }5, 5 U7;AAAA?AAAA=

{4+w. 4, @ �{5+w, .s{5+w, +4 . �4}4+w,,{5+w. 4, @ �{4+w, .s{4+w, +4 . �5}5+w,,}4+w. 4, @ �{5+w, .s{5+w, +4 . �4}4+w,, . &45 ��{4+w, .s{4+w, +4 . �5}5+w,,�. �}4+w,}5+w. 4, @ �{4+w, .s{4+w, +4 . �5}5+w,, . &54 ��{5+w, .s{5+w, +4 . �4}4+w,,�. �}5+w,
+;,

zlwk lqlwldo frqglwlrqv wkdw/ dffruglqj wr wkh gh�qlwlrq +5, ri wkh yduldeohv }l/ duh jlyhq e|{4+3,> {5+3,> }4+3, @ {4+3, . &45{5+3,> }5+3, @ {5+3, . &54{4+3, +<,l1h1 wkh lqlwldo frqglwlrqv ri wkh irxu0glphqvlrqdo g|qdplfdo v|vwhp +;, pxvw eh wdnhq lq d wzr0glphqvlrqdovxepdqlirog +d sodqh, ri U7 lq rughu wr rewdlq wudmhfwrulhv ri wkh surfhvv zh duh prghoolqj1Dv xvxdo lq wkh vwxg| ri qrqolqhdu g|qdplfdo v|vwhpv/ wkh �uvw vwhs lv wkh orfdol}dwlrq ri wkh �{hgsrlqwv +ru vwhdg| vwdwhv, dqg wkh dqdo|vlv ri wkhlu vwdelolw|1 Wkh �{hg srlqwv ri +;, duh wkh vroxwlrqv riwkh dojheudlf v|vwhp rewdlqhg iurp +;, zlwk {l+w . 4, @ {l+w, dqg }l+w . 4, @ }l+w,/ l @ 4> 51 Ri frxuvh/zh duh rqo| lqwhuhvwhg lq wkh �{hg srlqwv zlwk srvlwlyh frruglqdwhv/ zklfk uhsuhvhqw wkh Qdvk htxloleuldri wkh jdph1 Diwhu vrph vlpsoh dojheudlf pdqlsxodwlrqv/ wkh htxdwlrqv zklfk jlyh wkh htxloleulxp ydoxhvri wkh wzr U)G h�ruwv ehfrph;?= {54 . �4� �4&454�� �{55 . �5� �44���{4{5 � {5 @ 3�4� �5&544�� �{54 . {55 . �5� �54���{4{5 � {4 @ 3 +43,
zlwk htxloleulxp ydoxhv iru wkh fruuhvsrqglqj nqrzohgjh fdslwdo vwrfnv jlyhq e| }4 @ +{4 . &45{5, @ +4� �,dqg }5 @ +{5 . &54{4, @ +4� �,1 Wkh htxdwlrqv +43, uhsuhvhqw wzr frqlf0vhfwlrqv +hoolsvhv/ sduderodv ruk|shuerohv/ dffruglqj wr wkh sdudphwhuv, dqg wkhlu qxphulfdo vroxwlrqv vxjjhvw wkdw wkh| kdyh dw prvwrqh srvlwlyh lqwhuvhfwlrq lq wkh srvlwlyh ruwkdqw ri wkh +{4> {5, sodqh1 Qxphulfdo vlpxodwlrqv ri wkh glv0fuhwh g|qdplfdo v|vwhp +;, fdq eh hdvlo| shuiruphg lq rughu wr h{soruh wkh lq�xhqfh ri wkh sdudphwhuvrq h{lvwhqfh dqg vwdelolw| ri htxloleuld/ lq sduwlfxodu wkh uroh ri khwhurjhqhlwlhv lq nqrzohgjh vslooryhuv/l1h1 &45 9@ &54/ dv zhoo dv wkh lq�xhqfh ri wkh phpru| sdudphwhu �1Krzhyhu/ lq rughu wr rewdlq vrph dqdo|wlfdo uhvxowv zh qrz dvvxph wkdw wkh wzr �upv duh lghqwlfdo+ru krprjhqrxv, lq wkh vhqvh wkdw duh fkdudfwhul}hg e| lghqwlfdo ydoxhv ri wkh sdudphwhuv�4 @ �5 @ �>&45 @ &54 @ &= +44,
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Wkh krprjhqhrxv fdvh fdq eh frqvlghuhg dv d ehqfkpdun/ vlqfh wkh dqdo|wlfdo uhvxowv wkdw zh rewdlqxqghu dvvxpswlrq +44, fdq ohdg xv wr shuirup qxphulfdo h{sorudwlrqv ri wkh pruh jhqhudo prgho +;, zlwkkhwhurjhqhrxv sod|huv1
��2 , �t|i?Ui @?_ t|@M�*�|) Lu |�i �@t� ,^��*�Mh��4 ��|� �L4L}i?iL�t �h4tXqghu wkh dvvxpswlrq +44, wkh v|vwhp +43, lv v|pphwulf/ dqg wkh dqdo|vlv fdq eh fduulhg rxw dqdo|wlfdoo|1Lq idfw lw vwudljkwiruzdug wr vhh wkdw d xqltxh Qdvk htxloleulxp H h{lvwv/ ri wkh irup

H @ +{> {> }> }, zlwk { @ �� 4�+4 . �, . 7 +�� 4, dqg } @ � 4 . ��+4 . �, . 7 +�� 4,zklfk lv srvlwlyh li wkh lqhtxdolw| �+4 . �, . 7�� 7 ? 3 +45,lv vdwlv�hg1 Frqglwlrq +45, vwdwhv wkdw d Qdvk htxloleulxp h{lvwv surylghg wkdw wkh sdudphwhuv �/ � dqg� duh vx�flhqwo| vpdoo/ l1h1 nqrzohgjh grhv qrw dffxpxodwh wrr pxfk ru lw grhv qrw ghfuhdvh wrr pxfkxqlwdu| frvw1 Qrwlfh wkdw li � $ 4/ wkhq frqglwlrq +45, lv qrw vdwlv�hg1 Wklv lv txlwh reylrxv/ ehfdxvh wkhsurfhvv zh duh ghvfulelqj fdq kdyh d vwhdg| vwdwh/ fkdudfwhul}hg e| frqvwdqw ydoxhv ri {l dqg }l/ rqo| liwkh udwh dw zklfk qhz nqrzohgjh lv jdlqhg yld U)G htxdov wkh udwh dw zklfk rog nqrzohgjh lv glvvlsdwhg/vr wkdw vwdwlrqdulhw| lv lpsrvvleoh zlwkrxw vx�flhqwo| kljk nqrzohgjh glvvlsdwlrq1Lq rughu wr vwxg| wkh vwdelolw| surshuwlhv ri wkh htxloleulxp H/ zh pxvw hydoxdwh wkh hljhqydoxhvri wkh Mdfreldq pdwul{ ri wkh pds +;, frpsxwhg dw wkh htxloleulxp1 Xqghu dvvxpswlrq +44, ri kr0prjhqhrxv sod|huv/ wkh frpsxwdwlrq ri wkh hljhqydoxhv jlyhv �4 @ 3> �5 @ 3> �6 @ 3=58 +4 . �,� . �>�7 @ 3=58 +4� �,� . �1 Lw lv vwudljkwiruzdug wr vhh wkdw li H h{lvwv/ l1h1 wkh frqglwlrq +45, krogv/ wkhq3 � �l ? 4 iru hdfk l @ 4> ===> 7/ dqg wkh iroorzlqj sursrvlwlrq fdq eh vwdwhg=Sursrvlwlrq1 Li +44, krogv dqg �+4 . �, . 7� � 7 ? 3 wkhq d xqltxh Qdvk htxloleulxp h{lvwv dqg lvdv|pswrwlfdoo| vwdeoh1Frqglwlrq +45, fohduo| vkrzv wkdw wkh h{lvwhqfh ri H lv idyruhg e| ghfuhdvlqj ydoxhv ri �/ � dqg �1Pruhryhu/ vpdoohu ydoxhv ri � dqg � lqfuhdvh wkh vshhg ri frqyhujhqfh wr wkh vwdeoh htxloleulxp/ vlqfherwk �6 dqg �7 ghfuhdvh li � dqg � duh ghfuhdvhg1 Qrwlfh dovr wkdw wkh frqyhujhqfh lv qrqrvfloodwru|durxqg H/ ehfdxvh wkh hljhqydoxhv duh uhdo dqg qrq qhjdwlyh1
��� �@t�? Lu @||h@U|�L? Lu |�i �@t� i^��*�Mh��4Iurp wkh glvfxvvlrq ri wkh suhylrxv vhfwlrq rqh pd| dujxh wkdw ghfuhdvlqj ydoxhv ri wkh sdudphwhuv �dqg � kdyh qrw rqo| wkh h�hfw ri khoslqj wkh h{lvwhqfh ri H/ exw dovr wr uhlqirufh lwv vwdelolw|1 Krzhyhu/ lizh frpsduh vwdelolw| lq whupv ri wkh h{whqvlrq ri wkh edvlq ri dwwudfwlrq/ l1h1 li zh frqvlghu pruh urexvwdq htxloleulxp zkhq lw kdv d odujhu edvlq ri dwwudfwlrq/ wkhq gl�huhqw frqfoxvlrqv pd| iroorz1 Zh kdyhshuiruphg wklv dqdo|vlv wkurxjk d vhulhv ri qxphulfdo vwxglhv ri wkh edvlq ri H1 Iru h{dpsoh/ lq �j1 4d/rewdlqhg zlwk sdudphwhuv � @ 3=6/ � @ 3=8 dqg � @ 3=8/ wkh zklwh uhjlrq uhsuhvhqwv wkh edvlq ri dwwudfwlrqri wkh htxloleulxp H/ l1h1 wkh vhw ri wkh lqlwldo frqglwlrqv +<, vwduwlqj iurp zklfk wudmhfwrulhv frqyhujlqj wrH duh jhqhudwhg/ zkhuhdv wkh juh| uhjlrq uhsuhvhqw wkh vhw ri lqlwldo frqglwlrqv zklfk jhqhudwh glyhujlqjwudmhfwrulhv +l1h1 wkh surfhvv grhv qrw vhwwoh wr dq| htxloleulxp dqg U)G h�ruwv jurz xs lqgh�qlwho|,1 Lqwkh vlwxdwlrq vkrzq lq �j1 5d/ rewdlqhg zlwk wkh vdph sdudphwhuv � dqg �/ exw zlwk � @ 3=4/ d vpdoohuedvlq ri H lv rewdlqhg1 Wklv lv frq�uphg e| pdq| rwkhu qxphulfdo h{sorudwlrqv/ iurp zklfk zh fdqvwdwh wkdw hyhq li ghfuhdvlqj ydoxhv ri � idyruv wkh h{lvwhqfh ri H dqg dovr wkh vshhg ri frqyhujhqfh/ dqrssrvlwh h�hfw lv rewdlqhg rq lwv urexvwqhvv phdvxuhg lq whupv ri wkh h{whqvlrq ri wkh edvlq1 D vlploduh�hfw lv revhuyhg iru wkh sdudphwhu �/ zkhuhdv fkdqjhv lq wkh sdudphwhu � vhhp wr kdyh qr uhpdundeohh�hfwv rq wkh edvlq1
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e 6�h|�ih t|�_�itQxphulfdo h{sorudwlrqv ri wkh prgho +;, fdq eh pdgh hyhq lq wkh fdvh ri khwhurjhqrxv sod|huv/ wkurxjkd frpsxwdwlrq ri wkh htxloleuld/ e| vroylqj wkh dojheudlf v|vwhp +43,/ iroorzhg e| d frpsxwdwlrq ri wkhhljhqydoxhv ri wkh Mdfreldq pdwul{ dqg d qxphulfdo hvwlpdwh ri wkh edvlq ri H1 E| surshuo| wxqlqjwkh vslooryhu sdudphwhuv &lm zh fdq vwxg| wkh h�hfwv ri gl�huhqw edodqfhv ehwzhhq sxeolf dqg sulydwhnqrzohgjh/ lqfoxglqj fdvhv ri dv|pphwulf vslooryhuv/ dqg/ e| wxqlqj wkh phpru| sdudphwhu �/ zh fdqvlpxodwh gl�huhqw ghjuhhv ri nqrzohgjh ghsuhfldwlrq1UhihuhqfhvEdln/ N1K1 4<<7/ H�ruw ohyhov lq frqwhvwv zlwk wzr dv|pphwulf sod|huv/ Vrxwkhuq Hfrqrplf Mrxuqdo/94/ 69:06:;1Elvfkl/ J1L1/ Nrsho/ P1 dqg Qdlp}dgd/ D1 53341 Rq d uhqw0vhhnlqj jdph ghvfulehg e| d qrq0lqyhuwleohlwhudwhg pds zlwk ghqrplqdwru/ Qrqolqhdu Dqdo|vlv/ Wkhru|/ Phwkrgv dqg Dssolfdwlrqv/ 7:/ 863<086571Elvfkl/ J1L1 dqg Odpdqwld/ I1 53351 Qrqolqhdu Gxrsro| Jdphv zlwk Srvlwlyh Frvw H{whuqdolwlhv gxhwr Vslooryhu H�hfwv/ Fkdrv/ Vrolwrqv ) Iudfwdov/ 46/ :340:541G*Dvsuhprqw/ F1 dqg Mdtxhplq/ D1 4<;;1 Frrshudwlyh dqg Qrqfrrshudwlyh U)G lq Gxrsro| zlwkVslooryhuv%/ Dphulfdq Hfrqrplf Uhylhz/ :;/ 44660446:1Nxoowl/ N1 dqg Wdndor/ W1 4<<;/ U)G vslooryhuv dqg lqirupdwlrq h{fkdqjh/ Hfrqrplf ohwwhuv/ 94/45404561Qlw}dq/ V1 4<<7/ Prghoolqj uhqw0vhhnlqj frqwhvw/ Hxurshdq Mrxuqdo ri Srolwlfdo Hfrqrp|/ 43/ 740931Rnxjxfkl/ N1 dqg V}lgduryv}n|/ I1 4<<<1 Wkh wkhru| ri roljrsro| zlwk pxowl0surgxfw �upv/ 5qg Hg1/Vsulqjhu1Qhovrq/ U1U1 4<;5/ Wkh uroh ri nqrzohgjh lq U)G h�flhqf|/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <:+6, 78607:31S�huh}0Fdvwuloor/ M1G1 dqg Yhuglhu/ W1 4<<61 D jhqhudo dqdo|vlv ri uhqw0vhhnlqj jdphv/ SxeolfFkrlfh/:6/ 66806831Uhlqjdqxp/ M1I1 4<;51 D g|qdplf jdph iru U dqg G= sdwhqw surwhfwlrq dqg frpshwlwlyh ehkdylru/Hfrqrphwulfd/ 83/ 9:409;;1Uhlqjdqxp/ M1I1 4<;41 G|qdplf Jdphv ri Lqqrydwlrq/ Mrxuqdo ri Hfrqrplf Wkhru|/ 58/ 540741Vshqfh/ P1 4<;7/ Frvw uhgxfwlrq/ frpshwlwlrq/ dqg lqgxvwu| shuirupdqfh/ Hfrqrphwulfd/ 85/ 43404541Wxoorfn/ J1 4<;31 H�flhqw Uhqw Vhhnlqj1 Lq Exfkdqdq/ M1P1/ Wroolvrq/ U1G1 dqg Wxoorfn/ J1 +Hgv1,Wrzdug d Uhqw0Vhhnlqj Vrflhw|1 Wh{dv D)P Suhvv/ Froohjh Vwdwlrq1
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