
DVVHW SULFH G\QDPLFV DQG GLYHUVLILFDWLRQZLWK KHWHURJHQHRXV DJHQWV
FDUO FKLDUHOODVfkrro ri Ilqdqfh dqg Hfrqrplfv/ Xqlyhuvlw| ri Whfkqrorj| V|gqh|S1R1 Er{ 456/ V|gqh|/ QVZ 533:/ DxvwudoldH0pdlo= fduo1fklduhoodCxwv1hgx1dx
UREHUWR GLHFLGlsduwlphqwr gl Pdwhpdwlfd shu oh Vflhq}h Hfrqrplfkh h Vrfldol/ Xqlyhuvlw| ri ErorjqdYldoh T1 Ilorsdqwl/ 8/ L073459 Erorjqd/ Lwdo|H0pdlo= uglhflCulplql1xqler1lw
ODXUD JDUGLQLLvwlwxwr gl Vflhq}h Hfrqrplfkh/ Xqlyhuvlw| ri XuelqrL09435< Xuelqr/ Lwdo|H0pdlo= jduglqlChfrq1xqlxue1lwDevwudfwD glvfuhwh wlph g|qdplf prgho ri d �qdqfldo pdunhw lv ghyhorshg/ zkhuh khwhurjhqhrxv jurxsv ridjhqwv lq hdfk shulrg doorfdwh wkhlu zhdowk ehwzhhq wzr ulvn| dvvhwv dqg d ulvnohvv dvvhw/ dffruglqjwr rqh0shulrg phdq0yduldqfh pd{lpl}d}lrq1 Wkh pdunhw lv dvvxphg wr frqvlvw ri wzr w|shv ri djhqwv=ixqgdphqwdolvwv/ zkr nqrz wkh ixqgdphqwdo ydoxhv ri wkh ulvn| dvvhwv dqg zkrvh ghpdqg iru hdfk dvvhwlv d ixqfwlrq ri wkh ghyldwlrq ri wkh fxuuhqw sulfh iurp wkh ixqgdphqwdo/ dqg fkduwlvwv/ zkr xvh sdvwsulfh fkdqjhv lq rughu wr hvwlpdwh ixwxuh h{shfwhg uhwxuqv dqg wkhlu yduldqfh2fryduldqfh vwuxfwxuh1 Dwwkh hqg ri hdfk wudglqj shulrg/ djhqwv* ghpdqgv duh djjuhjdwhg e| d pdunhw pdnhu/ zkr dqqrxqfhvwkh qh{w shulrg sulfhv dv ixqfwlrqv ri wkh h{fhvv ghpdqg iru hdfk dvvhw1 Wkh prgho uhvxowv lq d kljk0glphqvlrqdo qrqolqhdu glvfuhwh0wlph g|qdplfdo v|vwhp/ wkdw ghvfulehv wkh wlph hyroxwlrq ri sulfhv dqgdjhqwv* eholhiv derxw h{shfwhg uhwxuqv/ yduldqfhv dqg fruuhodwlrq1 Wkh xqltxh vwhdg| vwdwh ri wkh prgholv ghwhuplqhg dqg wkh orfdo dv|pswrwlf vwdelolw| ri wkh htxloleulxp lv dqdo|}hg/ dv d ixqfwlrq ri wkhnh| sdudphwhuv wkdw fkdudfwhul}h djhqwv* ehkdylru1 Lw lv vkrzq wkdw zkhq wkh vshhg ri dgmxvwphqwri fkduwlvwv h{shfwdwlrqv lv vx!flhqwo| kljk/ wkhq wkh orfdo vwdelolw| lv orvw wkurxjk d vxshufulwlfdoQhlpdun0Krsi elixufdwlrq/ wkdw ghwhuplqhv vhoi0vxvwdlqhg sulfh  xfwxdwlrqv dorqj dq dwwudfwlqj olplwf|foh1 Lq sduwlfxodu/ dv frq�uphg e| qxphulfdo lqvshfwlrqv dqg vwrfkdvwlf vlpxodwlrqv ri wkh g|qdplfdov|vwhp/ wkh wzr dvvhwv pd| h{klelw �frxsohg� orqj0uxq sulfh  xfwxdwlrqv dqg wlph0ydu|lqj fruuhodwlrqri uhdol}hg uhwxuqv1

4 LqwurgxfwlrqD nh| dvvxpswlrq lq prghuq sruwirolr wkhru| lv wkdw ri udwlrqdo/ krprjhqhrxv djhqwv zkr kdyh frp0sohwh nqrzohgjh ri wkh glvwulexwlrq ri ixwxuh dvvhw uhwxuqv1 Krzhyhu/ erwk wkh krprjhqhlw| dqg wkhudwlrqdolw| dvvxpswlrqv kdyh vwduwhg wr orrn whqxrxv/ dv vkrzq e| vhyhudo wkhruhwlfdo dqg hpslulfdovwxglhv +vhh h1j1 Wd|oru dqg Doohq +4<<5,/ Oxl dqg Proh +4<<;,/ Jdoohjdwl dqg Nlupdq +5333,,1 Iru
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wklv uhdvrq/ lqwhuhvw kdv jurzq lq uhfhqw |hduv lq prghov ri �qdqfldo pdunhw g|qdplfv edvhg rq wkhlqwhudfwlrq ri khwhurjhqhrxv jurxsv ri djhqwv/ zkr vhhn wr ohduq derxw wkh ixwxuh glvwulexwlrq ri dv0vhw uhwxuqv xvlqj gl�huhqw lqirupdwlrq vhwv1 Zh flwh lq sduwlfxodu wkh prghov ghyhorshg e| Gd| dqgKxdqj +4<<3,/ Fkhq dqg \hk +4<<:,/ Eurfn dqg Krpphv +4<<;,/ Ox{ +4<<;,/ Jdxqhuvgruihu +5333,/Fklduhood dqg Kh +5334/ 5335/ 5336,/ Fklduhood/ Glhfl dqg Jduglql +5335,1 Wkhvh prghov lq jhqhudofrqvlghu d �qdqfldo pdunhw zlwk rqh ulvn| dvvhw dqg rqh ulvnohvv dvvhw dqg dqdo|vh wkh h�hfw/ rq wkhwlph hyroxwlrq ri wkh sulfh ri wkh ulvn| dvvhw/ ri djhqwv* khwhurjhqhrxv eholhiv derxw h{shfwhg uhwxuqdqg yrodwlolw|41 Rqh ri wkh pdlq �qglqjv ri vxfk prghov lv wkdw wkh lqwhudfwlrq ri wkhvh idfwruv zlwkwkh pdunhw wudglqj phfkdqlvp fdq jhqhudwh vxvwdlqhg ghyldwlrqv ri wkh sulfh dzd| iurp wkh �ixq0gdphqwdo� htxloleulxp/ dv zhoo dv pruh frpsoh{ g|qdplf vfhqdulrv/ hyhq zlwkrxw wkh lqwhuyhqwlrq rih{whuqdo udqgrp hyhqwv1 Lq dgglwlrq/ wkh lqwhudfwlrq ri wkh xqghuo|lqj ghwhuplqlvwlf g|qdplfv ri wkhvhprghov zlwk vlpsoh qrlvh surfhvvhv lv deoh wr jhqhudwh wkh idw wdlov dqg yrodwlolw| foxvwhulqj wkdw duh dnh| ihdwxuh ri dvvhw uhwxuqv lq �qdqfldo pdunhwv1Rqh ri vlpsohvw zd|v wr prgho khwhurjhqhrxv djhqwv* lqwhudfwlrq lq �qdqfldo pdunhwv lv wr frqvlghuwzr jurxsv ri djhqwv*/ ixqgdphqwdolvwv dqg fkduwlvwv/ ru wuhqg fkdvhuv +vhh h1j1 Gd| dqg Kxdqj +4<<3,/Fklduhood +4<<5,/ Fklduhood/ Glhfl dqg Jduglql +5335,,1 Wkh prghov edvhg rq ixqgdphqwdolvw0fkduwlvwlqwhudfwlrq vkrz wkdw wkh iruphu kdyh lq jhqhudo d vwdelol}lqj uroh/ ehfdxvh wkhlu h{fhvv ghpdqg lvsrvlwlyh zkhq wkh dvvhw lv xqghuydoxhg dqg qhjdwlyh zkhq wkh dvvhw lv ryhuydoxhg +zlwk uhvshfw wrwkh ixqgdphqwdo ydoxh,/ zkloh wkh odwwhu pd| kdyh d ghvwdelol}lqj uroh ehfdxvh wkhlu h{fhvv ghpdqgsxvkhv wkh sulfh lq wkh gluhfwlrq ri wkh fxuuhqw wuhqg= fkduwlvwv fdq wkxv fdxvh zlgh sulfh  xfwxdwlrqv/hvshfldoo| zkhq wkhlu eholhiv duh vhqvlwlyh wr wkh prvw uhfhqw sulfh klvwru|1Wkh edvlf fdvh zlwk rqh ulvn| dqg rqh ulvn0iuhh dvvhw lv rqo| d �uvw vwhs wr xqghuvwdqglqj wkh h�hfwri khwhurjhqhrxv djhqwv lqwhudfwlrq rq dvvhw sulfh g|qdplfv1 Lq d pxowlsoh ulvn| dvvhw iudphzrun/ wkhzd| djhqwv irup dqg xsgdwh wkhlu eholhiv derxw fruuhodwlrq dovr ehfrphv dq lpsruwdqw idfwru lq wkhlqyhvwruv* ghflvlrq surfhvv1 D qdwxudo txhvwlrq wkdw dulvhv lq wklv frqwh{w lv zkhwkhu djhqwv* eholhivderxw fruuhodwlrq ri uhwxuqv pd| jhqhudwh �frxsohg�  xfwxdwlrqv ri wkh sulfhv ri wkh ulvn| dvvhwv/ dqgwr zkdw h{whqw wkh wzr dvvhwv pd| ehfrph lqwhughshqghqw gxh wr djhqwv* sruwirolr glyhuvl�fdwlrq1Lq wklv sdshu zh ghyhors d glvfuhwh wlph prgho ri �qdqfldo pdunhw g|qdplfv/ zklfk frpelqhv wkhhvvhqwldo hohphqwv ri wkh lqwhudfwlqj khwhurjhqhrxv djhqwv sdudgljp zlwk wkh fodvvlfdo prgho ri glyhu0vl�fdwlrq ehwzhhq wzr ulvn| dvvhwv dqg d ulvn0iuhh dvvhw1 Lq frpprq zlwk wkh hduolhu flwhg olwhudwxuh/zh dvvxph wkdw wkh pdunhw frqvlvwv ri wzr w|shv ri wudghuv= ixqgdphqwdolvwv/ zkr krog dq hvwlpdwhri wkh ixqgdphqwdo ydoxhv ri wkh ulvn| dvvhwv dqg zkrvh ghpdqg iru hdfk dvvhw lv d ixqfwlrq ri wkhghyldwlrq ri wkh fxuuhqw sulfh iurp wkh ixqgdphqwdo/ dqg fkduwlvwv/ zkrvh wudglqj vwudwhjlhv duh edvhgrq dq h{wudsrodwlrq ri wkh revhuyhg sulfh wuhqgv/ dv zhoo dv ri wkh sdvw yrodwlolw| dqg fruuhodwlrq riuhwxuqv1 Hdfk jurxs irupv h{shfwdwlrqv derxw dvvhw uhwxuqv dqg wkhlu yduldqfh0fryduldqfh vwuxfwxuhdqg doorfdwhv lwv zhdowk ehwzhhq wzr ulvn| dvvhwv dqg d ulvnohvv dvvhw1 Wkh wlph hyroxwlrq ri wkhsulfhv ri wkh ulvn| dvvhwv lv prghoohg e| dvvxplqj wkh h{lvwhqfh ri d pdunhw pdnhu/ zkr vhwv h{fhvvghpdqg wr }hur dw wkh hqg ri hdfk wudglqj shulrg e| wdnlqj dq r�0vhwwlqj orqj ru vkruw srvlwlrq/ dqgzkr dqqrxqfhv wkh qh{w shulrg sulfhv rq wkh edvlv ri wkh h{fhvv ghpdqg1 Wkh prgho lv uhgxfhg wrd :0glphqvlrqdo qrqolqhdu glvfuhwh0wlph g|qdplfdo v|vwhp wkdw ghvfulehv wkh wlph hyroxwlrq ri sulfhvdqg djhqwv* eholhiv derxw h{shfwhg uhwxuqv/ yduldqfhv dqg fruuhodwlrq1 Wkh orfdo dv|pswrwlf vwdelolw|frqglwlrqv ri wkh xqltxh htxloleulxp duh lqyhvwljdwhg xvlqj erwk dqdo|wlfdo dqg qxphulfdo whfkqltxhv=lq sduwlfxodu zh foduli| krz wkh orfdo vwdelolw| lv d�hfwhg e| wkh nh| sdudphwhuv/ qdpho| wkh vwuhqjwkri ixqgdphqwdolvw dqg fkduwlvw ghpdqgv dw wkh vwhdg| vwdwh +lqyhuvho| uhodwhg wr djhqwv* ulvn dyhuvlrq,/wkh vshhg ri uhdfwlrq ri pdunhw sulfhv dqg wkh fkduwlvw h{wudsrodwlrq sdudphwhu1 Wkh orfdo vwdelolw|dqdo|vlv/ wrjhwkhu zlwk wkh joredo dqdo|vlv shuiruphg wkurxjk qxphulfdo h{shulphqwv/ dovr khos xv wrxqghuvwdqg krz lqwhughshqghqw  xfwxdwlrqv ri sulfhv pd| dulvh/ gxh wr djhqwv* wlph ydu|lqj eholhiv
4Vhh krzhyhu Eùkp dqg Fklduhood +5337, iru d khwhurjhqhrxv djhqw iudphzrun wkdw doorzv iru pxowlsoh ulvn| dvvhwv1Zhvwhukr� +5336, dovr frqvlghuv d ixqgdphqwdolvw0fkduwlvw prgho zlwk pxowlsoh dvvhwv/ exw klv iudphzrun dqg txhvwlrqvdgguhvvhg duh txlwh gl�huhqw iurp wkrvh vwxglhg lq wklv sdshu1
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dqg ghpdqgv1Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 ghulyhv wkh dvvhw ghpdqg ixqfwlrqv iru hdfkdvvhw e| hdfk lqyhvwru w|sh1 Vhfwlrq 6 ghvfulehv wkh vfkhphv xvhg e| hdfk jurxs wr uhylvh h{shfwdwlrqv1Vhfwlrq 7 ghvfulehv wkh sulfh dgmxvwphqw uxohv dqg wkh uhvxowlqj g|qdplfdo v|vwhp iru wkh g|qdplfhyroxwlrq ri sulfhv/ h{shfwhg uhwxuqv/ yduldqfhv dqg fruuhodwlrq1 Vhfwlrq 8 rxwolqhv wkh pdlq dqdo|wlfdouhvxowv derxw wkh frqglwlrqv ri orfdo dv|pswrwlf vwdelolw| ri wkh xqltxh vwhdg| vwdwh ri wkh prghodqg wkhlu ghshqghqfh rq wkh nh| sdudphwhuv1 Vhfwlrq 9 h{soruhv wkh rxw0ri0htxloleulxp g|qdplfvzlwk wkh khos ri qxphulfdo h{shulphqwv dqg vkrzv krz �frxsohg� orqj0uxq  xfwxdwlrqv ri sulfhv pd|hphujh1 Vhfwlrq : shuirupv d vlpsoh vwrfkdvwlf vlpxodwlrq wkdw kljkoljkwv wkh uroh ri djhqwv* eholhivlq ghwhuplqlqj wlph ydu|lqj fruuhodwlrq ri uhwxuqv1 Vhfwlrq ; frqwdlqv vrph frqfoxvlrqv dqg �qdouhpdunv1
5 Dvvhw ghpdqgZh ghulyh wkh dvvhw ghpdqgv lq d vwdqgdug rqh shulrg phdq yduldqfh iudphzrun/ exw zh dvvxph wkdwdjhqwv kdyh khwhurjhqhrxv eholhiv derxw wkh glvwulexwlrq ri ixwxuh uhwxuqv dqg xsgdwh g|qdplfdoo|wkhlu eholhiv dv d ixqfwlrq ri revhuyhg uhwxuqv1 Rxu vwduwlqj srlqw lv wkh ixqgdphqwdolvw2fkduwlvwprgho vwxglhg lq Fklduhood/ Glhfl dqg Jduglql +5335,/ zkrvh dqwhfhghqwv duh Fklduhood +4<<5,/ Gd|dqg Kxdqj +4<<3,/ Ehmd dqg Jrogpdq +4<;3,/ dqg ]hhpdq +4<:7,1Zh ghqrwh e| S�c| wkh orjdulwkp ri wkh sulfh ri wkh lwk ulvn| dvvhw dw wlph w +l @ 4> 5,/ dqg xvh wkhvxevfulsw m 5 ii> fj wr ghqrwh ixqgdphqwdolvwv ru fkduwlvwv1 Lq hdfk wlph shulrg hdfk jurxs ri djhqwvlv dvvxphg wr lqyhvw vrph ri lwv zhdowk lq wkh ulvn| dvvhwv dqg vrph lq wkh ulvn0iuhh dvvhw1 Ghqrwh/uhvshfwlyho|/ e| E��| dqg ]E���c| wkh zhdowk ri djhqw m dw wlph w dqg wkh iudfwlrq wkdw djhqw m ghflghv wrlqyhvw lq wkh lwk ulvn| dvvhw1 Wkh hyroxwlrq ri wkh zhdowk ri djhqw m fdq wkhq eh zulwwhq
E��|n� @ E��| .E��| +4� ]E��| ,u .E��| ^]E���c| +S�c|n� � S�c| .G�c|n�, . ]E��2c| +S2c|n� � S2c| .G2c|n�,`

zkhuh ]E��| @ ]E���c| .]E��2c| lv wkh iudfwlrq lqyhvwhg lq wkh ulvn| dvvhwv/ u lv wkh +frqvwdqw, ulvn0iuhh udwh riuhwxuq/ G�c|n�/ +S�c|n� � S�c|, dqg +S�c|n� � S�c| .G�c|n�,/ duh wkh glylghqg |lhog/ wkh fdslwdo jdlq dqgwkh uhwxuq ri wkh lwk dvvhw lq shulrg +w> w. 4,/ uhvshfwlyho|1Zh ghqrwh e| HE��| / Y duE��| / FryE��| wkh �eholhiv� ri lqyhvwru w|sh m/ dw wlph w/ derxw frqglwlrqdo h{0shfwdwlrq/ yduldqfh/ dqg fryduldqfh/ uhvshfwlyho|1 Zh dvvxph wkdw lqyhvwru w|sh m kdv FDUD xwlolw| rizhdowk ixqfwlrq x+, @ � h{s+��E��,/ zkhuh �E�� lv djhqw m*v ulvn dyhuvlrq frh!flhqw1 Djhqw m vhhnvwkh iudfwlrqv ]E���c| / vr dv wr pd{lpl}h h{shfwhg xwlolw| ri zhdowk dw wlph w.4/ HE��| ^� h{s+��E��E��|n�,`1Dvvxplqj wkdw uhwxuqv duh frqglwlrqdoo| qrupdoo| glvwulexwhg lq djhqwv eholhiv/ wklv sureohp lv htxly0dohqw wr
pd{~E���c| c~E��2c|

+HE��| ^E��|n�`� �E��5 Y duE��| ^E��|n�`, 1
Wkh �uvw rughu frqglwlrqv ri wkh iruhjrlqj rswlplvdwlrq sureohp ohdg wr wkh ghpdqg ixqfwlrqv iru wkh
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ulvn| dvvhwv/ jlyhq e|
�E���c| � ]E���c|E��| @ 4+4� +�E��| ,2, +p

E���c| . gE���c| � u,�E��Y E���c| � �E��| tY E��2c|+4� +�E��| ,2,tY E���c|
+pE��2c| . gE��2c| � u,�E��Y E��2c| / +4,

�E��2c| � ]E��2c|E��| @ 4+4� +�E��| ,2, +p
E��2c| . gE��2c| � u,�E��Y E��2c| � �E��| tY E���c|+4� +�E��| ,2,tY E��2c|

+pE���c| . gE���c| � u,�E��Y E���c| / +5,
zkhuh pE���c| � HE��| ^S�c|n� � S�c|`/ gE���c| � HE��| ^G�c|n�`/ Y E���c| � Y duE��| ^S�c|n� � S�c| .G�c|n�`/
dqg �E��| lv djhqw m*v �eholhi�/ dw wlph w/ derxw wkh fruuhodwlrq ehwzhhq wkh ulvn| uhwxuqv ryhu wkh qh{wwudglqj shulrg l1h1

�E��| @ FryE��| ^+S�c|n� � S�c| .G�c|n�,> +S2c|n� � S2c| .G2c|n�,`tY E���c| Y E��2c| 1
Wkh ghpdqg iru hdfk ulvn| dvvhw lv d olqhdu frpelqdwlrq ri wkh h{shfwhg ulvn dgmxvwhg h{fhvv uhwxuq rqhdfk dvvhw/ zlwk frh!flhqwv ehlqj ghwhuplqhg e| wkh h{shfwhg fruuhodwlrq frh!flhqw/ dqg kdv d idluo|vwdqgdug lqwhusuhwdwlrq dv d gluhfw ghpdqg +wkh �uvw whup lq +4, dqg +5,, dqg d khgjlqj ghpdqg +wkhvhfrqg whup,1Lq wkh qh{w vhfwlrq zh ghvfuleh krz djhqwv xsgdwh wkhvh �eholhiv� derxw ixwxuh dvvhw uhwxuqv dqgvr jhqhudwh gl�huhqw ghpdqg ixqfwlrqv1
6 Djhqwv* khwhurjhqhrxv eholhivWkh wzr jurxsv ri djhqwv gl�hu lq wkh zd| wkh| xsgdwh wkhlu h{shfwdwlrqv ri wkh phdqv/ yduldqfhvdqg fruuhodwlrq ehwzhhq uhwxuqv ryhu vxffhvvlyh wlph lqwhuydov1 Iru vlpsolflw| lw lv dvvxphg wkdw wkhglylghqg |lhogv duh l1l1g1 dqg xqfruuhodwhg zlwk sulfh fkdqjhv lq djhqwv* eholhiv/ dqg wkdw djhqwvvkduh wkh vdph eholhiv derxw wkh glylghqg |lhogv/ zlwk H|+G�c|n�, � g�/ Y du|+G�c|n�, � �2� / l @ 4> 5/Fry|+G�c|n�>G2c|n�, � ����21 Wkh frpprq eholhiv derxw yduldqfhv +�2� / l @ 4> 5, dqg fruuhodwlrq+�, ri wkh glylghqg |lhogv ghwhuplqh wkh �orqj0uxq� ru �htxloleulxp� yduldqfh2fryduldqfh vwuxfwxuh riuhwxuqv lq wklv prgho1Djhqwv* khwhurjhqhlw| lv lqwurgxfhg e| dvvxplqj wkdw wkh gl�huhqw djhqw0w|shv xvh gl�huhqw zd|vwr irup h{shfwdwlrqv derxw wkh �sulfh� frpsrqhqw ri wkh uhwxuq +S�c|n� � S�c|,/ l1h1 ixqgdphqwdolvwvdqg fkduwlvwv duh dvvxphg wr kdyh khwhurjhqhrxv eholhiv derxw h{shfwhg sulfhv fkdqjhv/ dv zhoo dv wkhluyrodwlolw| dqg fruuhodwlrq1
614 Ixqgdphqwdolvw eholhivZh dvvxph wkh ixqgdphqwdo ydoxhv ri wkh ulvn| dvvhwv dv h{rjhqrxvo| jlyhq/ frqvwdqw ryhu wlph rujurzlqj dw frqvwdqw udwhv/ vr wkdw orj ixqgdphqwdo ydoxhv hyroyh dffruglqj wrZ�c|n� @ Z�c| . j� / +6,
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zkhuh j� +j� � 3, uhsuhvhqwv wkh xqghuo|lqj jurzwk udwh5 ri wkh �htxloleulxp� sulfh ri dvvhw l/ l @ 4> 51Ixqgdphqwdolvwv duh dvvxphg wr nqrz wkh ixqgdphqwdo sulfh Z�c| dqg wkh ixqgdphqwdo jurzwk udwhj�1 Wkh| eholhyh wkdw wkh h{shfwhg fdslwdo jdlq ri dvvhw l frqwdlqv d �orqj0uxq� ru �htxloleulxp�frpsrqhqw dqg d �vkruw0uxq� frpsrqhqw/ wkh odwwhu ehlqj sursruwlrqdo wr wkh gl�huhqfh ehwzhhq wkhorj ixqgdphqwdo ydoxh Z�c| dqg wkh orj dvvhw sulfh S�c|1 Khqfh wkh| fdofxodwh wkh h{shfwhg fkdqjh riorj0sulfh dffruglqj wr pEs��c| � HEs�| ^S�c|n� � S�c|` @ ��+Z�c| � S�c|, . j� /zkhuh �� A 3 uhsuhvhqwv wkh ixqgdphqwdolvw hvwlpdwh ri wkh vshhg ri uhyhuvlrq wr wkh ixqgdphqwdosulfh1 Zh dovr dvvxph wkdw ixqgdphqwdolvw eholhiv derxw yduldqfhv dqg fruuhodwlrq gr qrw ydu| ryhuwlph/ ehlqj jlyhq e| wkh orqj0uxq yduldqfh2fryduldqfh vwuxfwxuh wkdw lv ghwhuplqhg e| wkdw ri wkhglylghqg |lhog surfhvv1 Wkxv zh vhw Y Es��c| @ �2� / �Es�| @ �/ vr wkdw FryEs�| @ ����21 Wkh ixqgdphqwdolvwghpdqg ixqfwlrqv wkxv ehfrph�Es��c| @ d�+Z�c| � S�c|,� e2+Z2c| � S2c|, . k� / +7,�Es�2c| @ d2+Z2c| � S2c|,� e�+Z�c| � S�c|, . k2 / +8,zkhuh d� @ ��@^�Es�+4� �2,�2� `/ e� @ ���@^�Es�+4� �2,���2`/ l @ 4> 5/ dqg
k� � 4+4� �2, ���Es��2� � ��2+4� �2,�� �2�Es��22 / +9,
k2 � 4+4� �2, �2�Es��22 � ���+4� �2,�2 ���Es��2� 1 +:,

Wkh v|pero �� � +j� . g� � u,/ ghqrwhv wkh orqj0uxq h{shfwhg h{fhvv uhwxuq +ulvn suhplxp, ri dvvhwl/ ghwhuplqhg e| wkh jurzwk ri ixqgdphqwdo dqg wkh glylghqg |lhog1 Qrwlfh dovr wkdw k� � �Es�� dqgk2 � �Es�2 fdq eh lqwhusuhwhg dv frqvwdqw �orqj0uxq� ru �htxloleulxp� frpsrqhqwv ri ixqgdphqwdolvwghpdqgv1
615 Fkduwlvw eholhivZh dvvxph wkdw fkduwlvwv frpsxwh h{shfwhg sulfh fkdqjhv iru hdfk dvvhw e| orrnlqj dw wkh sdvw sulfhwuhqgv> lq d vlplodu zd| fkduwlvwv irup wkhlu eholhiv derxw yduldqfhv dqg fruuhodwlrq ri ixwxuh sulfhfkdqjhv e| orrnlqj dw sdvw ghyldwlrqv iurp h{shfwhg wuhqgv1 Lq fkduwlvwv* frpsxwdwlrqv/ wkh sdvw gdwdduh h{wudsrodwhg dffruglqj wr wlph dyhudjhv zlwk h{srqhqwldoo| ghfuhdvlqj zhljkwv1 Fkduwlvwv* eholhivderxw h{shfwhg ydoxhv/ yduldqfhv dqg fryduldqfh ri wkh orj0sulfh fkdqjhv iru wkh qh{w shulrg duh wkxvjlyhq e|=

pES��c| � HES�| ^S�c|n� � S�c|` @ "[
r'f f+4� f,r+S�c|3r � S�c|3r3�, / +;,

y�c| � Y duES�| ^S�c|n� � S�c|` @ "[
r'f f+4� f,r+S�c|3r � S�c|3r3� �pES��c| ,2 / +<,

5Wkh dvvxpswlrq ri d wlph0ydu|lqj ixqgdphqwdo jurzlqj dw d frqvwdqw udwh fdq eh mxvwl�hg e| frqvlghulqj wklv prghodv wkh ghwhuplqlvwlf vnhohwrq ri d vwrfkdvwlf prgho zlwk d glylghqg surfhvv fkdudfwhul}hg e| d frqvwdqw h{shfwhg glylghqgjurzwk udwh1
8



N| � FryES�| ^+S�c|n� � S�c|,> +S2c|n� � S2c|,` @@ "[
r'f f+4� f,r+S�c|3r � S�c|3r3� �pES��c|,+S2c|3r � S2c|3r3� �pES�2c|,/ +43,

zklfk uhvxow lq wkh iroorzlqj dgdswlyh xsgdwlqj uxohv +vhh Fklduhood/ Glhfl dqg Jduglql +5336, irughwdlov, pES��c| @ +4� f,pES��c|3� . f+S�c| � S�c|3�, / +44,
y�c| @ +4� f,y�c|3� . f+4� f,+S�c| � S�c|3� �pES��c|3�,2 / +45,

N| @ +4� f,N|3� . f+4� f,+S�c| � S�c|3� �pES��c|3�,+S2c| � S2c|3� �pES�2c|3�, 1 +46,Wkh fkduwlvw h{wudsrodwlrq sdudphwhu f +3 ? f ? 4, uhsuhvhqwv wkh zhljkw jlyhq wr wkh prvw uhfhqwsulfh fkdqjh lq wkh frpsxwdwlrq ri wkh wlph dyhudjh= wkh kljkhu lv f/ wkh pruh vhqvlwlyh duh fkduwlvwvwr uhfhqw gdwd lq xsgdwlqj wkhlu eholhiv61Ilqdoo|/ wkh fkduwlvwv* frqglwlrqdo yduldqfhv dqg fruuhodwlrq ri dvvhw uhwxuqv zloo eh jlyhq e|
Y ES��c| @ y�c| . �2� > �ES�| @ N| . ����2s+y�c| . �2�,+y2c| . �22, / +47,

zkhuh �2� dqg ����2 duh wkh frqvwdqw/ orqj0uxq frpsrqhqwv ri wkh frqglwlrqdo yduldqfhv dqg fryduldqfh/uhvshfwlyho|/ ghwhuplqhg e| wkh dvvxphg frpprq eholhiv derxw wkh glylghqg |lhog surfhvvhv/ zkloh y�c|dqg N| duh wlph ydu|lqj frpsrqhqwv wkdw duh xsgdwhg lq hdfk shulrg dffruglqj wr wkh revhuyhgyrodwlolw| dqg fruuhodwlrq ri sulfh fkdqjhv1Lq whupv ri wkhvh xsgdwlqj uxohv wkh fkduwlvw ghpdqg ixqfwlrqv iru wkh ulvn| dvvhwv wkxv ehfrph
�ES��c| @ 4+4� +�ES�| ,2, +p

ES��c| . g� � u,�ES�+y�c| . �2�, � �ES�| s+y2c| . �22,+4� +�ES�| ,2,s+y�c| . �2�, +p
ES�2c| . g2 � u,�ES�+y2c| . �22, / +48,

�ES�2c| @ 4+4� +�ES�| ,2, +p
ES�2c| . g2 � u,�ES�+y2c| . �22, � �ES�| s+y�c| . �2�,+4� +�ES�| ,2,s+y2c| . �22, +p

ES��c| . g� � u,�ES�+y�c| . �2�, / +49,
Vlploduo| wr wkh fdvh ri ixqgdphqwdolvw ghpdqg/ wkh txdqwlwlhv

�ES�� � 4+4� �2, ���ES��2� � ��2+4� �2,�� �2�ES��22 / +4:,
�ES�2 � 4+4� �2, �2�ES��22 � ���+4� �2,�2 ���ES��2� / +4;,

zkhuh �� � +j� . g� � u,/ l @ 4> 5/ fdq eh lqwhusuhwhg dv frqvwdqw �orqj0uxq� ru �htxloleulxp�frpsrqhqwv ri fkduwlvw ghpdqgv1 Wkh lqyhvwruv* ghpdqg ixqfwlrqv +7,/ +8,/ +48, dqg +49, jhqhudolvhlq d vwudljkwiruzdug zd| wr wkh fdvh ri wzr ulvn| dvvhwv wkh rqhv ghulyhg iru wkh rqh ulvn| dvvhw fdvh lqFklduhood/ Glhfl dqg Jduglql +5335,/ wkh gl�huhqfh ehlqj wkh khgjlqj ghpdqg frpsrqhqwv wkdw ghshqgrq djhqwv* eholhiv derxw fruuhodwlrq ri uhwxuqv1
6 Lq d pruh jhqhudo prgho/ gl�huhqw h{wudsrodwlrq sdudphwhuv frxog eh dvvxphg lq wkh frpsxwdwlrqv ri h{shfwdwlrqv/yduldqfhv dqg fryduldqfh1 Wklv zrxog ohdg wr d prgho zlwk d kljkhu qxpehu ri g|qdplf htxdwlrqv/ vhh Fklduhood/ Glhfldqg Jduglql +5336,1

9



7 Wkh g|qdplfdo v|vwhpZh dvvxph wkdw wkh pdunhw fohdulqj ixqfwlrq lv shuiruphg e| d pdunhw pdnhu/ zkr nqrzv wkh ixq0gdphqwdo sulfh surfhvv lq hdfk pdunhw1 Iru wkh vdnh ri vlpsolflw| lw lv dvvxphg wkdw wkh +qrplqdo,vxsso| ri vkduhv ri dvvhw l/ l @ 4> 5/ lv frqvwdqw dw wkh ohyho Q�/ htxdo wr lqyhvwruv* �orqj0uxq� ghpdqg/l1h1 Q� @ �Es�� . �ES�� / zkhuh �Es�� � k� dqg �ES�� duh gh�qhg e| +9,/ +:,/ +4:,/ dqg +4;,1 Wkh pdunhwpdnhu dgmxvwv wkh sulfhv lq hdfk pdunhw dffruglqj wr wkh sulfh vhwwlqj uxohv
S�c|n� @ S�c| . j� . ��^�Es��c| . �ES��c| �Q�` /

zkhuh �Es��c| . �ES��c| �Q� uhsuhvhqwv wkh h{fhvv ghpdqg iru dvvhw l dw wlph w/ dqg �� +�� A 3, lv wkh vshhgri uhdfwlrq ri wkh sulfh ri dvvhw l1 Wklv phdqv wkdw wkh +uhodwlyh, sulfh fkdqjh rshudwhg e| wkh pdunhwpdnhu lv kljkhu +orzhu, wkdq wkh fkdqjh lq wkh xqghuo|lqj ixqgdphqwdo lq fdvh ri srvlwlyh +qhjdwlyh,h{fhvv ghpdqg71 Iru hdfk dvvhw lw lv frqyhqlhqw wr gh�qh wkh qhz yduldeohvt�c| @ S�c| �Z�c| / ��c| @ pES��c| � j� /wkh ghyldwlrq ri +orj, sulfh iurp +orj, ixqgdphqwdo ydoxh +l1h1 wkh orj sulfh2ixqgdphqwdo udwlr,/ dqgwkh ghyldwlrq ri wkh fkduwlvw h{shfwhg fdslwdo jdlq iurp wkh xqghuo|lqj wuhqg/ uhvshfwlyho|1 Lq whupv riwkhvh qhz yduldeohv/ wkh wlph hyroxwlrq ri sulfhv dqg djhqwv* eholhiv derxw h{shfwhg uhwxuqv/ yduldqfhvdqg fruuhodwlrq lv ghvfulehg e| wkh lwhudwlrq ri wkh iroorzlqj :0glphqvlrqdo qrqolqhdu pds8

W =
;AAAAAAAAA?AAAAAAAAA=

t�� @ t� . ��^�d�t� . e2t2 . +�ES�� � �ES�� ,` /��� @ +4� f,�� . f+t�� � t�, /t�2 @ t2 . �2^�d2t2 . e�t� . +�ES�2 � �ES�2 ,` /��2 @ +4� f,�2 . f+t�2 � t2, /y�� @ +4� f,y� . f+4� f,+t�� � t� � ��,2 /y�2 @ +4� f,y2 . f+4� f,+t�2 � t2 � �2,2 /N� @ +4� f,N . f+4� f,+t�� � t� � ��,+t�2 � t2 � �2, /
+4<,

zkhuh wkh fkduwlvw ghpdqg ixqfwlrqv �ES�� / �ES�2 duh uhzulwwhq lq whupv ri wkh vwdwh yduldeohv dv
�ES�� @ +y2 . �22,+�� . ��,� +N . ����2,+�2 . �2,�ES�^+y� . �2�,+y2 . �22,� �2�2��22 �N2 � 5N����2` / +53,
�ES�2 @ +y� . �2�,+�2 . �2,� +N . ����2,+�� . ��,�ES�^+y� . �2�,+y2 . �22,� �2�2��22 �N2 � 5N����2` / +54,

dqg �ES�� dqg �ES�2 duh jlyhq e| +4:, dqg +4;,/ uhvshfwlyho|1 Wkh pds +4<, lv qrqolqhdu gxh wr wkh yduldqfh0fryduldqfh xsgdwlqj uxohv dqg wkh ixqfwlrqdo irup ri fkduwlvwv ghpdqgv1 Wkh g|qdplf htxdwlrqv rit� dqg t2 lq +4<, vkrz wkh sulfh ghyldwlrqv iurp ixqgdphqwdo ri hdfk dvvhw lq dq| shulrg dv ehlqjghwhuplqhg e| wkh sulfh ghyldwlrqv ri erwk dvvhwv lq wkh suhylrxv shulrg/ dqg wkh ghyldwlrq ri fkduwlvwghpdqg iurp �orqj0uxq� ghpdqg1 Zlwk wkhvh fkdqjhv ri yduldeohv wkh +xqltxh, �ixqgdphqwdo� vwhdg|vwdwh ri wkh prgho/ wkdw zh ghqrwh e| R/ lv fkdudfwhul}hg e| }hur htxloleulxp ohyhov ri wkh vwdwh
7Lq wkh sduwlfxodu fdvh ri frqvwdqw ixqgdphqwdo sulfh E}� ' f� wkh pdunhw pdnhu lqfuhdvhv +ghfuhdvhv, wkh sulfh zkhqwkh h{fhvv ghpdqg lv srvlwlyh +qhjdwlyh,18Wkh v|pero � ghqrwhv wkh xqlw wlph dgydqfhphqw rshudwru/ l1h1 li % lv wkh ydoxh ri d vwdwh yduldeoh dw wlph |/ wkhq %�ghqrwhv wkh ydoxh ri wkh vdph vwdwh yduldeoh dw wlph E|n ��1

:



yduldeohv/ �t� @ ��� @ y� @ 3> l @ 4> 5> N @ 3/ zklfk phdqv wkdw lq htxloleulxp sulfhv duh htxdo wrixqgdphqwdov dqg jurz dw wkh h{rjhqrxvo| ghwhuplqhg ixqgdphqwdo udwhv1Wkurxjkrxw wkh uhvw ri wklv sdshu zh zloo irfxv rxu dqdo|vlv rq wkh vlpsol�hg fdvh ri }hur �orqj0uxq� fruuhodwlrq ehwzhhq uhwxuqv +� @ 3, zkhuh/ dv zh zloo vhh lq wkh qh{w vhfwlrq/ dqdo|wlfdo uhvxowvfdq eh hdvlo| rewdlqhg derxw wkh orfdo dv|pswrwlf vwdelolw| dqg wkh elixufdwlrqv ri wkh vwhdg| vwdwh1Rq wkh rwkhu kdqg/ dv vkrzq lq Fklduhood/ Glhfl dqg Jduglql +5336,/ wkh ehkdylru ri wkh v|vwhp lqwklv vlpsol�hg fdvh lv d jrrg dssur{lpdwlrq ri wkh g|qdplfv lq wkh jhqhudo fdvh1 Lq wkh fdvh � @ 3 wkhglylghqg |lhogv ri wkh wzr ulvn| dvvhwv duh qrw fruuhodwhg lq djhqwv* eholhiv/ l1h1 qr fruuhodwlrq ehwzhhquhwxuqv lv h{shfwhg dw wkh vwhdg| vwdwh/ dqg wkh g|qdplf htxdwlrqv iru t� dqg t2 lq +4<, ehfrph
t�� @ t� . ��^�d�t� . +�ES�� � �ES�� ,`/ t�2 @ t2 . �2^�d2t2 . +�ES�2 � �ES�2 ,`/ +55,zkhuh d� @ ��@+�Es��2� , uhsuhvhqwv wkh vwuhqjwk ri ixqgdphqwdolvw ghpdqg iru dvvhw l/ l @ 4> 51Fkduwlvw ghpdqgv ehfrph

�ES�� @ +y2 . �22,+�� . ��,�N+�2 . �2,�ES�^+y� . �2�,+y2 . �22,�N2` / �ES�2 @ +y� . �2�,+�2 . �2,�N+�� . ��,�ES�^+y� . �2�,+y2 . �22,�N2` / +56,
zlwk htxloleulxp ohyhov �ES�� @ ��@+�ES��2� ,/ l @ 4> 51 Dv rqh fdq dovr dujxh iurp htv1 +9,/ +:,/ +4:,dqg +4;,/ lq wkh fdvh � @ 3 wkh vwhdg| vwdwh ghpdqg ri hdfk dvvhw e| hdfk djhqw w|sh lv lqghshqghqwiurp wkh djhqw*v eholhiv derxw wkh rwkhu dvvhw1 Rq wkh frqwudu|/ htv1 +56, vd| wkdw zkhq N 9@ 3/ dqgwkxv wkh v|vwhp lv qrw lq htxloleulxp/ fkduwlvw ghpdqg iru hdfk dvvhw grhv ghshqg rq eholhiv derxwwkh rwkhu dvvhw1 Lq wkh fdvh � @ 3/ zkdw ghwhuplqhv wkh �frxsolqj� ri wkh wzr pdunhwv lv suhflvho|wkh g|qdplf xsgdwlqj ri wkh fryduldqfh= lq idfw/ zlwkrxw wkh g|qdplf htxdwlrq iru N lq +4<, +dqgdvvxplqj N| @ 3 iru doo w, wkh uhvxowlqj 90G g|qdplfdo v|vwhp zrxog eh pdgh xs ri wzr xqfrxsohg6�G v|vwhpv lq wkh vwdwh yduldeohv +t�> ��> y�,/ l @ 4> 5/ hdfk ghvfulelqj wkh lqghshqghqw g|qdplfv rid vlqjoh dvvhw1
8 Orfdo vwdelolw| dqdo|vlvLw fdq eh hdvlo| fkhfnhg wkdw wkh Mdfreldq pdwul{ ri wkh pds W frpsxwhg dw wkh vwhdg| vwdwh R kdvwkh iroorzlqj �xsshu eorfn wuldqjxodu� vwuxfwxuh

GW +R, @ � D E3 +4� f,L � /
zkhuh 3 lv wkh qxoo +6�7,pdwul{/ L lv wkh wkuhh0glphqvlrqdo lghqwlw| pdwul{ dqgD lv d irxu0glphqvlrqdopdwul{1 Wklv lpsolhv wkdw wkuhh hljhqydoxhv ri GW +R, duh ri prgxoxv vpdoohu wkdw rqh +ehlqj doo htxdowr +4� f,,/ zkloh wkh uhpdlqlqj hljhqydoxhv duh wkh fkdudfwhulvwlf urrwv ri wkh vxepdwul{ D1 Lw iroorzvwkdw d vx!flhqw frqglwlrq iru wkh orfdo dv|pswrwlf vwdelolw| lv wkdw wkh irxu hljhqydoxhv ri D olh lqvlghwkh xqlw flufoh lq wkh frpsoh{ sodqh1 Ohw xv qrz irfxv rq wkh sduwlfxodu fdvh ri }hur �orqj0uxq�fruuhodwlrq/ l1h1 � @ 3= lq wklv fdvh wkh pdwul{ D kdv wkh iroorzlqj eorfn gldjrqdo vwuxfwxuh

D @ � D� 33 D2
� /

zkhuh wkh wzr0glphqvlrqdo pdwulfhv D�/ l @ 4> 5/ kdyh lghqwlfdo vwuxfwxuh/ jlyhq e|
D� @ � 4� d��� �����f��d� 4� f. f����

� /
;



zkhuh wkh djjuhjdwh sdudphwhu �� � C�ES�� +R,@C�� @ 4@+�ES��2� , fdq eh lqwhusuhwhg dv wkh vwuhqjwk rifkduwlvw ghpdqg lq wkh l0wk pdunhw +dw wkh vwhdg| vwdwh,1 Lw iroorzv wkdw wkh irxu hljhqydoxhv ri Dfdq eh rewdlqhg vhsdudwho| dv fkdudfwhulvwlf urrwv ri D� dqg D21 Qrwlfh wkdw D� grhv qrw ghshqg rqwkh sdudphwhuv ri pdunhw 5/ dqg ylfh yhuvd1 Wklv phdqv wkdw dw wkh vwhdg| vwdwh wkh wzr pdunhwv duhxqfrxsohg iurp hdfk rwkhu/ dqg zh frxog vd| wkdw d sdlu ri hljhqydoxhv lv dvvrfldwhg zlwk hdfk dvvhw1Wkh uhjlrq ri wkh vsdfh ri sdudphwhuv +��> ��> f> d�, zkhuh erwk hljhqydoxhv dvvrfldwhg zlwk dvvhw lduh lq devroxwh ydoxh ohvv wkdq xqlw| fdq eh rewdlqhg iurp wkh iroorzlqj v|vwhp ri lqhtxdolwlhv9;?= S�+4, @ 4� Wu+D�, .Ghw+D�, A 3 /S�+�4, @ 4 . Wu+D�, .Ghw+D�, A 3 /S�+3, @ Ghw+D�, ? 4 /
zkhuh S�+�, @ �2 � Wu+D�, � . Ghw+D�, lv wkh fkdudfwhulvwlf sro|qrpldo ri D�1 Lq whupv ri wkh+srvlwlyh, sdudphwhuv ��/ ��/ f/ d� wkh deryh frqglwlrqv duh uhgxfhg wrd���+5� f, ? 5+5� f, . 5f����/ d���+4� f, A f ^���� � 4` 1 +57,Lw iroorzv wkdw d vx!flhqw frqglwlrq iru wkh orfdo dv|pswrwlf vwdelolw| ri wkh vwhdg| vwdwh R lv wkdw wkhvhw ri lqhtxdolwlhv +57, krogv iru erwk l @ 4 dqg l @ 51
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Iljxuh 4= Fdvh � @ 3= uhjlrq lq wkh +f> d�, sdudphwhu sodqh zkhuh wkh sdlu ri hljhqydoxhv dvvrfldwhg zlwk dvvhwl duh ohvv wkdq xqlw| lq devroxwh ydoxh
Wkh frqglwlrqv +57, duh yhu| vlplodu wr wkh rqhv rewdlqhg iru wkh vlpsohu wzr0glphqvlrqdo/ vlqjohulvn| dvvhw prgho dqdo|}hg lq Fklduhood/ Glhfl dqg Jduglql +5335,1 Ilj1 4 lv d txdolwdwlyh slfwxuh/ lqwkh vsdfh ri wkh sdudphwhuv +f> d�,/ 3 ? f ? 4/ d� A 3/ ri wkh uhjlrq V� zkhuh wkh sdlu ri hljhqydoxhvdvvrfldwhg zlwk dvvhw l duh ri prgxoxv vpdoohu wkdq rqh1 Wkh uhjlrq V� ri Ilj1 4 lv erxqghg e| wkhfxuyhv ri htxdwlrq 4 . Wu+D�, .Ghw+D�, @ 3 dqg Ghw+D�, @ 4/ dqg lv rewdlqhg lq d fdvh zkhuh wkhfkduwlvw ghpdqg ru wkh sulfh uhdfwlrq lq wkh l0wk pdunhw duh vx!flhqwo| vwurqj +���� A 4,1 Rq wkhelixufdwlrq fxuyh ri htxdwlrq Ghw+D�, @ 4/ ghqrwhg e| �Krsi0fxuyh� lq Ilj1 4/ wkh pdwul{ D� kdv

9Vhh h1j1 Jxprzvnl dqg Plud +4<;3, ru Jdqgroir +4<<9,1
<
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Iljxuh 5= Elixufdwlrq fxuyhv lq wkh fdvh � @ 3
frpsoh{ hljhqydoxhv htxdo wr rqh lq prgxoxv1 Zkhq wkh Krsi0fxuyh lv furvvhg dv vkrzq e| wkh duurzlq Ilj1 4/ l1h1 zkhq wkh fkduwlvw h{wudsrodwlrq sdudphwhu f ehfrphv kljkhu wkdq wkh elixufdwlrq ydoxhfM� � d���@^��+d�.��,�4`/ wkhq wkh +frpsoh{, hljhqydoxhv dvvrfldwhg zlwk dvvhw l ehfrph ri prgxoxvkljkhu wkdq rqh:1Dv d frqvhtxhqfh ri wkh deryh dqdo|vlv/ wkh elixufdwlrqv ri wkh vwhdg| vwdwh lq wkh fdvh � @ 3 fdqeh hdvlo| dqdo|}hg e| frpelqlqj wkh wzr uhjlrqv V�/ l @ 4> 5/ hdfk ri wkh w|sh uhsuhvhqwhg lq Ilj1 4/dvvrfldwhg zlwk wkh wzr ulvn| dvvhwv1
9 Qhlpdun0Krsi elixufdwlrqv dqg �frxsohg�  xfwxdwlrqv ri sulfhvZlwk wkh khos ri wkh orfdo vwdelolw| dqdo|vlv shuiruphg lq wkh suhylrxv vhfwlrq/ lq wklv vhfwlrq zh wdnh wkhfkduwlvw h{swudsrodwlrq udwh f dv d elixufdwlrq sdudphwhu lq rughu wr vkrz krz �frxsohg�  xfwxdwlrqvri wkh sulfhv ri wkh wzr dvvhwv pd| dulvh dv d frqvhtxhqfh ri wkh lqwhudfwlrq ri khwhurjhqhrxv djhqwv1Djdlq/ wkh dqdo|vlv zloo eh uhvwulfwhg wr wkh fdvh � @ 3/ zkhuh qr fruuhodwlrq ehwzhhq uhwxuqv lvh{shfwhg dw wkh vwhdg| vwdwh= wklv zloo suryh wkdw wkh uhvxowlqj lqwhughshqghqfh ri wkh wzr pdunhwvlv hqgrjhqrxvo| ghwhuplqhg e| wkh lqwhudfwlrq ri wlph ydu|lqj eholhiv +hvshfldoo| fkduwlvwv* xsgdwlqjuxohv, zlwk wkh rxw0ri0htxloleulxp dgmxvwphqwv ri sulfhv1Wkurxjkrxw wkh elixufdwlrq dqdo|vlv ri wklv vhfwlrq lw lv dvvxphg wkdw dvvhw 5 kdv kljkhu h{shfwhg

:Dv vxjjhvwhg e| wkh dqdo|wlfdo h{suhvvlrq ri SM�/ dq lqfuhdvh ri wkh vwuhqjwk ri fkduwlvw ghpdqg w� kdv wkh h�hfw riprylqj wr wkh ohiw wkh Krsi0fxuyh/ wkxv vkulqnlqj wkh uhjlrq 7� ri Ilj1 41
43



ulvn suhplxp dqg kljkhu yrodwlolw| wkdq dvvhw 4 lq htxloleulxp +�2 A ��/ �2 A ��, dqg wkhuhiruh wkhvwuhqjwk ri fkduwlvw ghpdqg lv kljkhu lq pdunhw 4 +�� � 4@+�ES��2�,, wkdq lq pdunhw 5 +�2 � 4@+�ES��22,,1Zh zloo dovr dvvxph wkdw fkduwlvwv duh ohvv ulvn dyhuvh wkdq ixqgdphqwdolvwv +�ES� ? �Es�,1 Wkhsdudphwhuv ri wklv elixufdwlrq dqdo|vlv duh �{hg dw wkh ydoxhv uhsruwhg lq Iljv1 5/ 61 Zlwk wkh vhohfwhgsdudphwhuv ��/ ��/ Ilj1 5 vkrzv/ iru l @ 4> 5/ wkh uhjlrq V� ri wkh sdudphwhu sodqh +f> d�, zkhuh wkh wzrhljhqydoxhv dvvrfldwhg zlwk pdunhw l duh ri prgxoxv vpdoohu wkdq 4 +wkh uhjlrq V� lv erxqghg e| wkhvrolg fxuyhv/ zkloh wkh uhjlrq V2 lv erxqghg e| wkh gdvkhg fxuyhv,1 Wklv phdqv wkdw iru d jlyhq fkrlfhri f/ d�/ d2 wkh vwhdg| vwdwh R lv orfdoo| dv|pswrwlfdoo| vwdeoh zkhq erwk +f> d�, olhv lqvlgh V� dqg+f> d2, olhv lqvlgh V21 Wkurxjkrxw wkh qxphulfdo h{dpsoh ri wklv vhfwlrq zh wdnh d� @ 8@6 �@ 4=9999: /d2 @ 4/ dqg f dv d ydu|lqj sdudphwhu> wkh wzr duurzv lq Ilj1 5 khos wr iroorz wkh elixufdwlrq sdwk/dqg vxjjhvw wkh h{lvwhqfh ri 6 gl�huhqw g|qdplf vfhqdulrv1
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Iljxuh 6= Dsshdudqfh ri �frxsohg�  xfwxdwlrqv ri sulfhv lq wkh wzr pdunhwv> wlph vhulhv ri orjsulfh2ixqgdphqwdo udwlrv iru lqfuhdvlqj ydoxhv ri wkh fkduwlvw h{wudsrodwlrq sdudphwhu f
� f ? fM� +fM� @ 3=58 lq wklv h{dpsoh,1 Lq wklv fdvh erwk sdluv ri hljhqydoxhv duh ri prgxoxvvpdoohu wkdq rqh> wkh ixqgdphqwdo vwhdg| vwdwh lv orfdoo| dv|pswrwlfdoo| vwdeoh1 Lq wkh fdvhuhsuhvhqwhg lq Ilj1 6d +f @ 3=57, wkh htxloleulxp lv dq dwwudfwlqj irfxv dqg wkh sulfhv ri wkh wzrulvn| dvvhwv duh erwk frqyhujlqj zlwk gdpshqhg  xfwxdwlrqv wr wkhlu ixqgdphqwdo ydoxhv1� fM� ? f ? fM2 +fM2 @ 3=6 lq wklv h{dpsoh,1 Zkhq f furvvhv wkh elixufdwlrq ydoxh fM�/ wkhsdlu ri +frpsoh{, hljhqydoxhv dvvrfldwhg zlwk dvvhw 4 h{lw wkh xqlw flufoh ri wkh frpsoh{ sodqh>
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Iljxuh 7= Skdvh vsdfh wudqvlwlrq iru lqfuhdvlqj ydoxhv ri wkh fkduwlvw sdudphwhu f= d olplw f|foh zlwk  xfwxdwlrqvlq pdunhw 4 +d,/ dqg pdunhw 5 �lq htxloleulxp� +e,/ fkdqjhv lqwr d wruxv/ fkdudfwhul}hg e| orqj0uxq sulfh xfwxdwlrqv lq erwk pdunhwv +f/ g,
d vxshufulwlfdo Qhlpdun0Krsi elixufdwlrq ri wkh vwhdg| vwdwh rffxuv/ wkh vwhdg| vwdwh ehfrphvd uhshoolqj irfxv dqg dq dwwudfwlqj forvhg fxuyh h{lvwv iru f A fM�1 Wkh ehkdylru ri wkh sulfhvlq wklv sdudphwhu uhjlph lv uhsuhvhqwhg lq Ilj 6e +f @ 3=5:8,1 Lw fdq eh fkhfnhg qxphulfdoo|wkdw wkh h{lvwhqfh ri wklv olplw f|foh/ dw ohdvw iru f vx!flhqwo| forvh wr fM�/ kdv qr h�hfw rqwkh orqj0uxq ehkdylru ri wkh sulfh ri dvvhw 5/ frqyhujlqj wr lwv ixqgdphqwdo ydoxh1 Iljv1 7d/euhsuhvhqw wkh surmhfwlrqv ri wkh vdph wudmhfwru| lq wkh +t�> ��, dqg +t2> �2,0sodqhv/ uhvshfwlyho|1Rq wkh olplw f|foh/ wkh wzr eorfnv ri yduldeohv +t�> ��> y�, dqg +t2> �2> y2, ehkdyh lqghshqghqwo|iurp hdfk rwkhu +wkh iruphu  xfwxdwh uhjxoduo| zkloh wkh odwwhu duh �{hg dw wkhlu htxloleulxpydoxhv +3> 3> 3,,/ dqg djhqwv* ghpdqg iru dvvhw 4 grhv qrw ghshqg rq wkh ehkdylru ri dvvhw 5dqg ylfh yhuvd1 Wkh �xqfrxsohg� g|qdplfv ri wkh wzr dvvhwv lv gxh wr wkh sduwlfxodu hljhqydoxhvwuxfwxuh ri wkh Mdfreldq pdwul{ dw wkh vwhdg| vwdwh/ dqg wr wkh idfw wkdw iru fM� ? f ? fM2wkh sdlu ri hljhqydoxhv dvvrfldwhg zlwk pdunhw 4 duh ri prgxoxv juhdwhu wkdq 4/ zkloh wkh rqhvdvvrfldwhg zlwk pdunhw 5 duh vpdoohu wkdq 4 lq prgxoxv1� f A fM21 Zkhq f furvvhv wkh elixufdwlrq ydoxh fM2 dovr wkh sdlu ri +frpsoh{, hljhqydoxhvdvvrfldwhg zlwk dvvhw 5 h{lw wkh xqlw flufoh> vwulfwo| uhodwhg wr wklv vhfrqg furvvlqj/ iru kljkhuydoxhv ri f d �vhfrqgdu|� Qhlpdun0Krsi elixufdwlrq fdq eh revhuyhg/ wdnlqj sodfh iurp wkh
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LQLWLDO�FRQGLWLRQ��OLPLW�F\FOH�T���� �T���� � ����� ξ1��� �ξ2��� �����Y����� Y���� �.�� ������
LQLWLDO�FRQGLWLRQ��WRUXV�T���� �T���� � ����� � ξ1��� �ξ2��� ������Y����� Y���� �.�� �������E� �F�

Iljxuh 8= Frh{lvwhqfh ri d wruxv dqg d olplw f|foh> +d, surmhfwlrq ri wkh frh{lvwlqj dwwudfwruv lq wkh +t2> �2,0sodqh> +e/ f, wlph vhulhv ri orj sulfh2ixqgdphqwdo udwlrv/ zlwk wzr gl�huhqw lqlwldo frqglwlrqv/ frqyhujlqj wr wkholplw f|foh dqg wr wkh wruxv/ uhvshfwlyho|
h{lvwlqj olplw f|foh1 Lwv h�hfw lv wr fkdqjh wkh olplw f|foh lqwr d wruxv/ vhh Ilj1 6f dqg Iljv17f/g +zkhuh f @ 3=6:8,1 Wklv phdqv wkdw orqj0uxq sulfh  xfwxdwlrqv dsshdu dovr lq pdunhw 5>wkh g|qdplfv ri wkh wzr sulfhv rq wkh wruxv duh �frxsohg�/ l1h1 lqwhughshqghqw/ dqg wkh djhqwv*ghpdqg iru dvvhw 4 dovr ghshqgv rq wkh ehkdylru ri dvvhw 5 dqg ylfh yhuvd1Ri frxuvh txdolwdwlyho| gl�huhqw elixufdwlrq sdwkv zloo eh srvvleoh iru gl�huhqw fkrlfhv ri wkh ixqgd0phqwdolvw sdudphwhuv d� dqg d2> iru lqvwdqfh lw frxog kdsshq wkdw fM2 ? fM�1 Wkh elixufdwlrq dqdo|vlvri wklv vhfwlrq fdq krzhyhu eh hdvlo| dgdswhg wr wkhvh txdolwdwlyho| gl�huhqw fdvhv1Wkh lqwhughshqghqfh ehwzhhq wkh wzr pdunhwv ehfrphv vwurqjhu iru kljkhu ydoxhv ri f zkhq d�joredo� elixufdwlrq rffxuv +qrw dvvrfldwhg zlwk wkh hljhqydoxh vwuxfwxuh dw wkh vwhdg| vwdwh,/ wkdwfuhdwhv d qhz dwwudfwru +d qhz olplw f|foh,1 Dv lw fdq eh qxphulfdoo| fkhfnhg/ iru d udqjh ri ydoxhvri wkh sdudphwhu f wkh qhz dwwudfwru frh{lvwv dqg vkduhv wkh skdvh vsdfh zlwk wkh suhylrxvo| fuhdwhgwruxv +vhh Ilj1 8d ,1 Dv vkrzq lq Iljv1 8e/f/ wkh v|vwhp frqyhujhv wr rqh ru rwkhu ri wkh frh{lvwlqjdwwudfwru dffruglqj wr wkh lqlwldo frqglwlrq/ exw wkh orqj0uxq g|qdplfv duh fkdudfwhul}hg lq erwk fdvhv
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e| �frxsohg�  xfwxdwlrqv ri wkh sulfhv ri wkh wzr dvvhwv1 Wkh fr0h{lvwlqj dwwudfwruv lq idfw pd|ehfrph wkh vrxufh ri txlwh frpsoh{ sulfh g|qdplfv rqfh wkh lqhylwdeoh edfnjurxqg pdunhw qrlvh lvdgplwwhg lqwr wkh g|qdplfv1 Wkh v|vwhp zrxog wkhq �erxqfh� huudwlfdoo| ehwzhhq wkh wzr fr0h{lvwlqjdwwudfwruv1
: Wlph ydu|lqj fruuhodwlrq ri uhwxuqvWklv vhfwlrq shuirupv d vlpsoh qxphulfdo h{shulphqw wkdw vkrzv krz wkh lqwhudfwlrq di djhqwv* wlphydu|lqj eholhiv/ wkh pdunhw wudglqj phfkdqlvp dqg vlpsoh qrlvh surfhvvhv pd| d�hfw wkh fruuhodwlrq riuhdol}hg uhwxuqv ri wkh wzr ulvn| dvvhwv1 Dv dq h{dpsoh ri h{whuqdo qrlvh/ l1l1g1 udqgrp glvwxuedqfhv duhdgghg lq hdfk shulrg wr wkh orj sulfh2ixqgdphqwdo udwlr ri dvvhw 5 +t2,/ vr wkdw wkh g|qdplf htxdwlrq+55, ri wkh vwdwh yduldeoh t2 ehfrphvt�2 @ t2 . �2^�d2t2 . +�ES�2 � �ES�2 ,` . � +58,Wklv lv htxlydohqw wr dvvxplqj wkdw wkh ghwhuplqlvwlf jurzwk ri wkh ixqgdphqwdo sulfh ri dvvhw 5+h{suhvvhg e| ht1 +6,, lv qrz d�hfwhg lq hdfk shulrg e| d pxowlsolfdwlyh udqgrp vkrfn1 Zh dvvxphwkdw wkh udqgrp yduldeoh � lq +58, lv xqlirupo| glvwulexwhg zlwk }hur phdq1
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Iljxuh 9= +d, wlph ydu|lqj fkduwlvwv* h{shfwhg fruuhodwlrq lq d vwrfkdvwlf vlpxodwlrq ri wkh g|qdplfdo v|vwhp>+e/ f, wlph vhulhv ri uhdol}hg fdslwdo jdlqv +ghyldwlrqv iurp dyhudjh, lq shulrgv ri srvlwlyh dqg qhjdwlyh h{shfwhgfruuhodwlrq/ uhvshfwlyho|D vwrfkdvwlf wudmhfwru| lv rewdlqhg zlwk wkh vdph sdudphwhuv dv lq Ilj1 6f + dqg Iljv1 7f/g,/ zlwk� xqlirupo| glvwulexwhg lq ^�3=35> 3=35`1 Wkh xqltxh dwwudfwru ri wkh xqghuo|lqj ghwhuplqlvwlf v|vwhp
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lv d kljk glphqvlrqdo wruxv/ wkdw ghwhuplqhv orqj0uxq sulfh  xfwxdwlrqv lq erwk pdunhwv1 Ilj1 9duhsuhvhqwv/ dw hdfk srlqw lq wlph/ wkh fkduwlvwv* hvwlpdwh ri wkh fruuhodwlrq ri uhwxuqv ryhu wkh qh{wshulrg +wkh txdqwlw| �ES�| gh�qhg lq +47,/ zlwk � @ 3 lq wklv fdvh,1 Wkh sdwk ri wkh hvwlpdwhg fruuh0odwlrq iuhtxhqwo| vzlwfkhv iurp srvlwlyh ydoxhv wr qhjdwlyh ydoxhv dqg djdlq wr srvlwlyh ryhu wkh 4333wlph shulrgv ri wkh vlpxodwlrq/ exw zlgh vxeshulrgv fdq eh hdvlo| lghqwl�hg/ zkhuh djhqwv* hvwlpdwhgfruuhodwlrq lv vljql�fdqwo| srvlwlyh +h1j1 wkh wlph lqwhuydo ^783> 883`, ru vljql�fdqwo| qhjdwlyh +h1j1wkh wlph lqwhuydo ^933> :33`,1 Rqh fdq yhuli| wkdw wkhvh f|folfdoo| ydu|lqj eholhiv duh vwurqjo| uhodwhgzlwk wkh ehkdylru ri uhdol}hg sulfh fkdqjhv1 Iru lqvwdqfh/ li zh frqvlghu wkh wlph vhulhv ri uhdol}hgfdslwdo jdlqv/ uhvwulfwhg wr wkh vdph wlph lqwhuydov +uhsuhvhqwhg lq Iljv1 9e dqg 9f/ uhvshfwlyho|,/ zhuhsruw d uhpdundeoh srvlwlyh fruuhodwlrq +� @ 3=855, lq wkh shulrg ^783> 883`/ dqg d qhjdwlyh fruuhod0wlrq +� @ �3=834, lq wkh shulrg ^933> :33`/ dv lw lv dovr vxjjhvwhg e| Iljv1 9e/f1 Lq rughu wr frpsduhdfwxdo dqg h{shfwhg fruuhodwlrq ri uhwxuqv +lqfoxglqj wkh glylghqg |lhogv, zh pd| dvvxph wkdw wkhuhdol}dwlrqv ri wkh glylghqg |lhog surfhvvhv duh h{dfwo| dv lq djhqwv* eholhiv/ zlwk yduldqfhv �2� @ 3=336/�22 @ 3=338/ fruuhodwlrq � @ 3/ dqg xqfruuhodwhg zlwk wkh wlph vhulhv ri fdslwdo jdlqv1 Wkh uhvxowlqjfruuhodwlrq ehwzhhq uhwxuqv wxuqv rxw wr eh e� @ 3=486 lq wkh shulrg ^783> 883` dqg e� @ �3=4:< lq wkhshulrg ^933> :33`= lq erwk shulrgv wkh vljq dqg wkh pdjqlwxgh ri wkh fruuhodwlrq djuhh zlwk djhqwv*h{shfwdwlrqv uhsuhvhqwhg lq Ilj1 9d1 Vlplodu skhqrphqd fdq eh revhuyhg dovr zkhq qrlvh lv dgghg wrrwkhu g|qdplf yduldeohv +iru lqvwdqfh wkh fkduwlvwv h{shfwhg uhwxuqv,/ dqg xqghu gl�huhqw uhjlphv risdudphwhuv ri wkh ghwhuplqlvwlf prgho +iru lqvwdqfh wkh rqh ri Ilj1 8e zkhuh wkh v|vwhp  xfwxdwhvrq d odujh olplw f|foh,1 Lq doo wkhvh fdvhv shulrglf fkdqjhv lq wkh fruuhodwlrq ri uhwxuqv vhhp wr rffxu/gulyhq e| h{whuqdo udqgrp hyhqwv dqg djhqwv* wlph ydu|lqj eholhiv1
; FrqfoxvlrqvZh kdyh vhw xs d g|qdplf prgho ri khwhurjhqhrxv djhqwv +ixqgdphqwdolvwv dqg fkduwlvwv, zkr lq0whudfw lq d �qdqfldo pdunhw zlwk wzr ulvn| dvvhwv dq d ulvnohvv dvvhw1 Wkh wzr jurxsv ri djhqwv* duhkhwhurjhqhrxv lq wkh zd| wkh| irup wkhlu eholhiv derxw frqglwlrqdoo| h{shfwhg uhwxuqv/ dv zhoo dv frq0glwlrqdo yduldqfhv dqg fruuhodwlrq= lq sduwlfxodu/ wkh fkduwlvwv duh dvvxphg wr irup wkhlu h{shfwdwlrqvderxw ixwxuh uhwxuqv wkurxjk dq h{wudsrodwlrq ri sdvw ehkdylru ri sulfhv1 Sulfh dgmxvwphqwv lq hdfkpdunhw duh rshudwhg e| d pdunhw pdnhu rq wkh edvlv ri wkh h{fhvv ghpdqg1 Zh kdyh irupxodwhg wkhqrqolqhdu glvfuhwh0wlph g|qdplfdo v|vwhp ri kljk glphqvlrq wkdw dulvhv iurp wkh lqwhudfwlrq ri djhqwv*wlph ydu|lqj eholhiv dqg ghpdqgv zlwk wkh pdunhw wudglqj phfkdqlvp1 Ghvslwh wkh kljk glphqvlrqri wkh v|vwhp/ d frpsohwh orfdo dv|pswrwlf vwdelolw| dqdo|vlv ri wkh �ixqgdphqwdo� vwhdg| vwdwh kdvehhq shuiruphg> wkh orfdo dqdo|vlv uhyhdov/ dprqj rwkhu wklqjv/ krz fkduwlvwv fdq fdxvh orqj0uxq/lqwhughshqghqw  xfwxdwlrqv ri wkh sulfhv ri wkh ulvn| dvvhwv/ hvshfldoo| zkhq wkh xsgdwlqj ri fkduwlvwveholhiv lv kljko| vhqvlwlyh wr wkh prvw uhfhqw sulfh klvwru|1 Wkh vwuhqjwk dqg frpsoh{lw| ri wkh lqwhu0dfwlrq ehwzhhq wkh wzr pdunhwv lv dovr uhyhdohg e| qxphulfdo lqvshfwlrqv ri wkh joredo ehkdylru ri wkhg|qdplfdo v|vwhp1 Lq sduwlfxodu wkh dqdo|vlv vkrzv vlwxdwlrqv ri fr0h{lvwlqj dwwudfwruv/ zklfk pd|eh dq lpsruwdqw hohphqw lq jhqhudwlqj frpsoh{ ehkdylrxu hvshfldoo| zkhq edfnjurxqg pdunhw qrlvhlv dgghg wr wkh prgho1 Ixuwkhupruh/ zkhq vlpsoh vwrfkdvwlf idfwruv duh lqwurgxfhg lqwr wkh xqghu0o|lqj qrqolqhdu ghwhuplqlvwlf v|vwhp/ wkh udqgrp wudmhfwrulhv jhqhudwhg e| wkh prgho vkrz wkdw wkhfruuhodwlrq ri uhdol}hg uhwxuqv pd| shulrglfdoo| fkdqjh/ vwulfwo| olqnhg wr djhqwv* wlph ydu|lqj eholhiv1Dowkrxjk wklv kdv ehhq d yhu| suholplqdu| vwxg| ri wkh frpelqhg h�hfw ri djhqwv* khwhurjhqhlw|/wlph ydu|lqj eholhiv dqg sruwirolr glyhuvl�fdwlrq/ lw surylghv d xvhixo iudphzrun lq zklfk wr dqdo|vh krzwkh fdslwdo dvvhw sulflqj prgho uhodwlrqvklsv duh prgl�hg lq wkh h{shfwdwlrqv ihhgedfn khwhurjhqhrxvdjhqw iudphzrun1 Iru lqvwdqfh wkh wlph ydu|lqj eholhiv derxw yduldqfhv dqg fruuhodwlrq frxog surylghd edvlv iru ehwwhu xqghuvwdqglqj vrph zlgho| uhsruwhg hpslulfdo idfwv/ vxfk dv wkh wlph ydu|lqj ehwdv/wkdw duh qrw ixoo| h{sodlqhg lq wkh vwdqgdug FDSP iudphzrun1
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UhihuhqfhvEhmd/ D1 dqg P1E1 Jrogpdq/ 4<;31 Rq wkh g|qdplf ehkdylru ri sulfhv lq glvhtxloleulxp1 Mrxuqdo ri Ilqdqfh/68/ 568057;1Eùkp/ Y1 dqg Fklduhood/ F1 +5337,/ Phdq yduldqfh suhihuhqfhv/ h{shfwdwlrqv irupdwlrq dqg wkh g|qdplfvri udqgrp dvvhw sulfhv/ Pdwkhpdwlfdo Ilqdqfh/ iruwkfrplqj1Eurfn/ Z1 dqg F1 Krpphv/ 4<<;1 Khwhurjhqhrxv eholhiv dqg urxwhv wr fkdrv lq d vlpsoh dvvhw sulflqj prgho1Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 55/ 4568045:71Fkhq/ V1K1 dqg F1K1 \hk/ 4<<:1 Prghoolqj vshfxodwruv zlwk jhqhwlf surjudpplqj1 Lq S1 Dqjholqh hw do1+Hgv1,/ Hyroxwlrqdu| Surjudpplqj YL/ Ohfwxuh Qrwhv lq Frpsxwhu Vflhqfh/ Yro1 4546/ Vsulqjhu0Yhuodj/ ss146:047:1Fklduhood/ F1/ 4<<51 Wkh g|qdplfv ri vshfxodwlyh ehkdylrxu1 Dqqdov ri Rshudwlrqv Uhvhdufk/ 6:/ 43404561Fklduhood/ F1/ Glhfl U1 dqg O1 Jduglql/ 53351 Vshfxodwlyh ehkdylrxu dqg frpsoh{ dvvhw sulfh g|qdplfv= djoredo dqdo|vlv1 Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ 7</ 4:604<:1Fklduhood/ F1/ Glhfl U1 dqg O1 Jduglql/ 53361 Glyhuvl�fdwlrq dqg g|qdplfv ri dvvhw sulfhv xqghu khwhurjh0qhrxv eholhiv1 Zrunlqj Sdshu/ Vfkrro ri Ilqdqfh dqg Hfrqrplfv/ Xqlyhuvlw| ri Whfkqrorj| V|gqh|1Fklduhood/ F1 dqg [1 Kh/ 53341 Khwhurjhqhrxv eholhiv/ ulvn dqg ohduqlqj lq d vlpsoh dvvhw sulflqj prgho1Frpsxwdwlrqdo Hfrqrplfv/ 4< +4,/ <804651Fklduhood/ F1 dqg [1 Kh/ 53351 Dvvhw Sulflqj dqg Zhdowk G|qdplfv xqghu Khwhurjhqhrxv H{shfwdwlrqv1Txdqwlwdwlyh Ilqdqfh/ 4 +8,/ 83<08591Fklduhood/ F1 dqg [1 Kh/ 53361 Khwhurjhqhrxv eholhiv/ ulvn dqg ohduqlqj lq d vlpsoh dvvhw sulflqj prgho zlwkd pdunhw pdnhu1 Pdfurhfrqrplf G|qdplfv/ iruwkfrplqj1Gd|/ U1K1 dqg Z1 Kxdqj/ 4<<31 Exoov/ ehduv dqg pdunhw vkhhs1 Mrxuqdo ri Hfrqrplf Ehkdylru dqgRujdql}dwlrq/ 47/ 5<<065<1Jdoohjdwl/ P1 dqg Nlupdq/ D1 +Hgv1,/ 53331 Eh|rqg wkh Uhsuhvhqwdwlyh Djhqw1 Hgzdug Hojdu/ Fkhowhqkdp1Jdqgroir/ J1/ 4<<91 Hfrqrplf G|qdplfv/ 6ug hg1/ Vsulqjhu0Yhuodj/ Ehuolq1Jdxqhuvgruihu/ D1/ 53331 Hqgrjhqrxv  xfwxdwlrqv lq d vlpsoh dvvhw sulflqj prgho zlwk khwhurjhqhrxv djhqwv1Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 57/ :<<0;641Jxprzvnl/ L1 dqg F1 Plud/ 4<;31 G|qdpltxh Fkdrwltxh/ Fhsdgxhv Hg1/ Wrxorxvh1Oxl/ \10K1 dqg G1 Proh/ 4<<;1 Wkh xvh ri ixqgdphqwdo dqg whfkqlfdo dqdo|vlv e| iruhljq h{fkdqjh ghdohuv=Krqj Nrqj hylghqfh/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 4:/ 86808781Ox{/ W1/ 4<<;1 Wkh vrflr0hfrqrplf g|qdplfv ri vshfxodwlyh pdunhwv= lqwhudfwlqj djhqwv/ fkdrv dqg wkh idwwdlov ri uhwxuq glvwulexwlrqv/ Mrxuqdo ri Hfrqrplf Ehkdylrxu dqg Rujdql}dwlrq/ 66/ 47604981Wd|oru/ P1 dqg K1 Doohq/ 4<<51 Wkh xvh ri whfkqlfdo dqdo|vlv lq wkh iruhljq h{fkdqjh pdunhw/ Mrxuqdo riLqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 44/ 63706471Zhvwhukr�/ I/ 5336/ Pxowl0dvvhw pdunhw g|qdplfv/ Ehlwuçjh ghv Idfkehuhlfkv/ Zluwvfkdiwvzlvvhqvfkdiwhqghu Xqlyhuvlwçw Rvqdeuÿfn/ Qu1 53362341]hhpdq/ H1F1/ 4<:71 Rq wkh xqvwdeoh ehkdylrxu ri vwrfn h{fkdqjhv1 Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/4/ 6<07<1
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