
Lqfrph Glvwulexwlrq dqg Vnloohg EldvhgWhfkqrorjlfdo Fkdqjh�
Dqguhd Ylqgljql_

DevwudfwWklv sdshu ghyhorsv d prgho ri jurzwk edvhg rq d fulwlfdo lqwhusod|ehwzhhq kxpdq fdslwdo dffxpxodwlrq dqg whfkqrorjlfdo fkdqjh1 Wkh�gluhfwlrq� ri whfkqrorjlfdo fkdqjh lv vnloohg eldvhg e| dvvxpswlrq/exw lwv rffxuuhqfh lv hqgrjhqrxv/ dqg ghwhuplqhg e| dq lqwhqwlrqdo/sur�w0rulhqwhg ghflvlrq wdnhq e| Vfkxpshwhuldq lqqrydwruv1D surshuw| ri wkh g|qdplf htxloleulxp ri wkh prgho lv ri ihdwxu0lqj dq hgxfdwlrq0whfkqrorj| udfh/ lq zklfk wkh dffxpxodwlrq ri kxpdqfdslwdo wuljjhuv wkh vsuhdg ri kljko| h!flhqw exw vnloohg eldvhg whfk0qrorjlhv1 Lq wxuq wkh odwwhu jhqhudwhv srwhqwldoo| ghhs wudqvirupdwlrqvlq wkh zdjh vwuxfwxuh dqg lq wkh glvwulexwlrq ri lqfrph1 Lq sduwlfxodu/frqvlvwhqwo| zlwk wkh hylghqfh rq wkh uhfhqw h{shulhqfh ri pdq| lqgxv0wuldol}hg frxqwulhv/ vnloohg zdjhv fdq lqfuhdvh dqg xqvnloohg zdjhv fdqidoo/ erwk lq devroxwh whupv/ udwkhu wkhq mxvw uhodwlyh rqhv1 Wkh sdx0shulvdwlrq vx�huhg e| wkh xqvnloohg rq lpsdfw pd| eh orqj odvwlqj dqgvxevwdqwldoo| vorz grzq wkh sdfh ri wkh gl�xvlrq ri wkh qhz whfkqror0jlhv li/ dv wkh prgho dvvxphv/ d pdunhw iru �qdqflqj kxpdq fdslwdolqyhvwphqwv grhv qrw h{lvw1 Dw wkh olplw/ lw pd| eh vxfk wr lpshghwr d qxpehu ri g|qdvwlhv ri zrunhuv wr hyhu ehfrph hgxfdwhg dqg wriruelg d ixoo vfdoh xsjudglqj ri wkh djjuhjdwh surgxfwlrq vwuxfwxuh riwkh hfrqrp|1

WL zlvk wr wkdqn zdupo| p| wkhvlv dgylvru Jloohv Vdlqw0Sdxo iru klv jxlgdqfh/ vxjjhv0wlrqv dqg frqvwdqw vxssruw= doo ri wkhp kdyh ehhq lqydoxdeoh iru ph dqg p| uhvhdufk1L dovr zlvk wr wkdqn Urodqg Eìqderx dqg Krzdug Urvhqwkdo iru wkhlu lqvljkwixo frp0phqwv1 Ilqdqfldo vxssruw iurp wkh Hxurshdq Lqyhvwphqw Edqn dqg Sulqfhwrq Xqlyhuvlw|lv judwhixoo| dfnqrzohgjhg1 Doo huuruv uhpdlq plqh/ qhhgohvv wr vd|1_JUHPDT/ Xqlyhuvlwì ghv Vflhqfhv Vrfldohv gh Wrxorxvh dqg Sulqfhwrq Xqlyhuvlw|1H0pdlo= ylqgljqlCsulqfhwrq1hgx
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4 Lqwurgxfwlrq
Wklv sdshu lv frqfhuqhg zlwk wkh g|qdplf jhqhudo htxloleulxp uhodwlrqv eh0wzhhq whfkqrorjlfdo fkdqjh/ lqhtxdolw| dqg kxpdq fdslwdo dffxpxodwlrq1 Lwvedvlf prwlydwlrq lv ri vkhgglqj vrph qhz oljkw rq wkh wudqvirupdwlrqv zklfkkdyh ehhq revhuyhg lq uhfhqw |hduv erwk lq wkh surgxfwlyh vwuxfwxuh dqg lqwkh glvwulexwlrq ri lqfrph lq pdq| dgydqfhg hfrqrplhv1 Wkhvh skhqrphqdri ghhs fkdqjh duh dujxdeo| lqwlpdwho| frqqhfwhg zlwk hdfk rwkhu dqg rxjkwwkhuhiruh wr eh dqdo|}hg lq d xql�hg iudphzrun1 \hw/ pxfk ri wkh h{lvwlqjwkhruhwlfdo olwhudwxuh rq wkh lvvxh kdv idlohg wr gr vr/ wuhdwlqj dv �h{rjhqrxv�lpsruwdqw slhfhv ri wkh slfwxuh14 Frqyhuvho|/ L zloo ghdo zlwk dq hfrqrp|zkhuh=

� whfkqrorjlfdo fkdqjh lv hqgrjhqrxv dqg wdnhv sodfh uh hfwlqj suri0lwdelolw| lqfhqwlyhv/ rq wkh edvh ri d suhflvho| plfur0irxqghg pdunhwphfkdqlvp1� Wkh vxsso| ri kxpdq fdslwdo lv dovr hqgrjhqrxv/ dqg vkdshg e| wkhdvvxpswlrq ri wkh lqh{lvwhqfh ri d shuihfw fuhglw pdunhw iru �qdqflqjlqglylgxdo hgxfdwlrqdo h{shqglwxuhv1
Wkh hpskdvlv ri wkh sdshu lv rq wkh olqndjh ehwzhhq wkh glvwulexwlrqri lqfrph dqg jurzwk rewdlqlqj lq dq hfrqrp| zkhuh fuhglw pdunhw lp0shuihfwlrqv frxsohg zlwk qrq0frqyh{lwlhv frqvwudlqw wkh lqglylgxdo delolw| wrxqghuwdnh kxpdq fdslwdo lqyhvwphqwv/ dv lq wkh vhplqdo sdshu ri Jdoru dqg]hlud +4<<6,1 Wzr nh| gl�huhqfhv zlwk uhvshfw wr wkdw sdshu duh wkh hqgr0jhqhlw| ri whfkqrorjlfdo surjuhvv/ dqg wkh lqwurgxfwlrq ri d iudphzrun zkhuhwkh odwwhu kdv qrq wulyldo lpsolfdwlrqv iru wkh glvwulexwlrq ri idfwruv lqfrph/zklfk lv lq wxuq fulwlfdo iru wkh vxevhtxhqw g|qdplfv ri wkh hfrqrp|1 Khqfh/wkh prgho dovr vkhgv vrph oljkw rq wkh |hw uhodwlyho| xqh{soruhg wrslf ri wkhuhodwlrqv ehwzhhq fuhglw pdunhw lpshuihfwlrqv dqg whfkqrorjlfdo fkdqjh1Wkh lpsruwdqfh ri wkh olqndjh lq txhvwlrq lv vxjjhvwhg e| vrph ripdlq vw|ol}hg idfwv ri wkh uhfhqw pdfurhfrqrplf klvwru| ri pdq| ghyhorshghfrqrplhv1 Ohw ph uhylhz khuh wkhvh idfwv eulh |1

4Iru h{dpsoh/ Fdvhool +4<<<, grhv qrw h{sodlq wkh rffxuhqfh ri �whfkqrorjlfdo uhyr0oxwlrqv� lq klv hfrqrp|1 Djklrq dqg Krzlww +4<<;/ fk1 ;, dqg Djklrq +4<<;, suhvhqwfrqyhuhvo| d prgho ri hqgrjhqrxv gl�xvlrq ri d vnloohg eldvhg Jhqhudo Sxusrvh Whfkqro0rj|/ exw srvwxodwh dq dg krf vxsso| g|qdplfv ri vnloohg oderu1Wkuhh h{fhswlrqv duh ylfh yhuvd wkh sdshu ri Jdoru dqg Wvlggrq +4<<:,/ ri Jdoru dqgPrdy +5333, dqg ri Hlfkhu dqg Jdufðd0Shqdorvd +5334,1
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Lqfrph lqhtxdolw| kdv lqfuhdvhg ylvleo| lq wkh Xqlwhg Vwdwhv dqg lq rwkhulqgxvwuldol}hg frxqwulhv ryhu wkh odvw wkuhh ghfdghv1 Wklv idfw lv kljkoljkwhgfohduo| e| d odujh qxpehu ri vwdwlvwlfv lqfoxglqj wkh Jlql frh!flhqw/ zklfkkdv lqfuhdvhg lq wkh Xqlwhg Vwdwhv ri 4=3: lq shufhqwdjh whupv ryhu wkhshulrg 4<:<� 4<<6 +Jrwwvfkdon +4<<:,,1 Srvlwlyh shufhqwdjh lqfuhphqwv lqwkh Jlql frh!flhqw ryhu vdph shulrg kdyh dovr ehhq revhuyhg lq wkh X1N1+4=;3,/ Mdsdq +3=;7,/ Jhupdq| +3=86,/ Iudqfh +3=73, dqg hovhzkhuh1Dw wkh edvh ri wkh revhuyhg surfhvv ri lqfuhdvlqj lqfrph lqhtxdolw| od|v dvkdus glyhujhqfh ri wkh hduqlqjv ri wkh prvw dqg ri wkh ohdvw vnloohg zrunhuv15Wkdw lv/ dq lqfuhdvlqj zdjh lqhtxdolw| dsshduv wr kdyh ehhq wkh gulylqj irufhehklqg wkh ryhudoo wuhqg grfxphqwhg1 Lq wkh Xqlwhg Vwdwhv iru h{dpsoh/wkh jds ehwzhhq wkh wrs dqg erwwrp ghflohv lq wkh zdjh glvwulexwlrq kdvlqfuhdvhg vlqfh 4<:3 wr 4<<8 e| dv pxfk dv 63( +Wrsho +4<<:,,1Wzr sdudooho irufhv vhhp wr kdyh dfwhg ehklqg wklv lqfuhdvlqj hduqlqjvglyhujhqfh1 Rq wkh rqh kdqg/ wkh zdjhv ri wkh zrunhuv dw wkh wrs ri wkh vnloovglvwulexwlrq kdyh lqfuhdvhg shuvlvwhqwo|/ rq wkh rwkhu wkrvh ri wkh zrunhuvdw wkh erwwrp ri lw kdyh dovr idoohq lq devroxwh whupv/ udwkhu wkdq mxvw lquhodwlyh rqhv1 Txdqwlwdwlyho|/ wkh devroxwh hduqlqj orvv dw wkh erwwrp kdvehhq riwhq uhpdundeoh/ uhdfklqj wkh shdn djdlq lq wkh Xqlwhv Vwdwhv/ zkhuhuhdo zdjhv kdyh idoohq ri pruh wkdq 53( vlqfh 4<:3 xs wr wrgd|1 Lqghhg/wkh sdxshulvdwlrq vx�huhg e| orz hduqlqjv zrunhuv kdv d�hfwhg hyhq phgldqzdjhv/ zklfk lq wkh Xqlwhg Vwdwhv kdyh idoohq wkhpvhoyhv lq devroxwh whupve| 8( ryhu wkh shulrg 4<:3�4<;< +Mxkq hw do1 +4<<6,,/ zkloh dyhudjh zdjhvkdyh vwdjqdwhg1
Zkloh d qxpehu ri gl�huhqw idfwruv kdv ehhq lghqwl�hg wr olh dw wkh urrwvri wklv surfhvv/6 d pdmru uroh vhhpv wr kdyh ehhq sod|hg e| wkh gl�xvlrq

5 Lqhtxdolw| kdv dovr vkduso| lqfuhdvhg zlwklq hgxfdwlrqdo jurxsv +h1j1 Mxkq hw do1+4<<6,,1 Wklv idfw kdv ehhq lqwhusuhwhg e| uhfrjql}lqj wkdw qhz whfkqrorjlhv duh erwkvnloo dqg delolw| eldvhg +h1j1 Eduwho dqg Vlfkhupdq +4<<<,,1 Wkhuhiruh wkhlu gl�xvlrq lvdovr frqgxfwlyh wr dq lqfuhphqw ri wkh suhplxp judqwhg wr xqrevhuydeoh lqglylgxdo fkdu0dfwhulvwlfv1 Krzhyhu/ wklv sdshu zloo eh frqfhuqhg rqo| zlwk wkh lqwhusod| ri whfkqrorjlfdofkdqjh dqg ehwzhhq jurxs zdjh lqhtxdolw|16Dq dowhuqdwlyh k|srwkhvlv uhihuv wr wkh lqfuhdvlqj wudgh zlwk xqvnlohg oderu dexqgdqwxqghughyhorshg frxqwluhv/ zklfk zrxog whqg wr uhgxfh wkh sulfh ri vnloohg oderu dovr lq wkhghyhorshg zruog1 Wkhuh duh krzhyhu vhyhudo hpslulfdo sureohpv zlwk wklv k|srwhvlv +iru deulhi glvfxvvlrq vhh Mrkqvrq +4<<:,,1 Dq rwkhu srvvleoh h{sodqdwlrq uhihuv wr zlgho| re0vhuyhg wudqvirupdwlrqv lq oderu pdunhw lqvwlwxwlrqv vxfk dv ghxqlrql}dwlrq dqg wkh hurvlrqri wkh uhdo ydoxh ri plqlpxp zdjhv +h1j1 GlQdugr hw do1 +4<<9,,1 Krzhyhu/ wklv lv shukdsvpruh d frpsohphqwdu| vwru| wkdq dq dowhuqdwlyh wr wkh whfkqrorj|0edvhg k|srwkhvlv1 Lqidfw/ lw pd| eh dujxhg wkdw ghxqlrql}dwlrq lwvhoi lv qrw lqghshqghqw iurp whfkqrorjlfdofkdqjh1 Wklv frxog eh vr vlqfh wkh glvwruvlrqv fdxvhg e| uljlg zdjh vhwwlqj lqvwlwxwlrqv
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ri �vnloohg eldvhg� whfkqrorjlhv/ zklfk kdv shuvlvwhqwo| wdnhq sodfh ryhu wkhodvw wkuhh ghfdghv lq yluwxdoo| doo dgydqfhg hfrqrplhv1 D qhz whfkqrorj|pd| eh gh�qhg dv vnloohg eldvhg +uhodwlyho| wr vrph h{lvwlqj ehqfkpdun, livnloohg zrunhuv duh qhfhvvdulo| uhtxluhg wr rshudwh zlwk lw/ d uhtxluhphqw qrwlpsrvhg e| wkh rog whfkqrorj|17 Wkh vsuhdg ri vnloohg eldvhg whfkqrorjlhv lvwkxv qdwxudoo| dvvrfldwhg wr dq lqfuhphqw lq wkh ghpdqg iru vnloohg oderu dqgwr d idoo lq wkh ghpdqg iru xqvnloohg oderu1 Wkhuhiruh/ kroglqj frqvwdqw wkhuhodwlyh idfwruv vxsso|/ lw pd| zhoo eh frqgxfwlyh wr d kljkhu uhodwlyh sulfhiru vnloohg oderu +wkdw lv/ wr d juhdwhu vnloo suhplxp, dqg srvvleo| hyhq wr dqdevroxwh uhgxfwlrq ri wkh sulfh iru xqvnloohg oderu1 Lq uhfhqw wlphv/ wkh prvwreylrxv irup ri vnloohg eldvhg whfkqrorjlfdo fkdqjh kdv ehhq uhsuhvhqwhg e|wkh gl�xvlrq ri frpsxwhuv dqg rwkhu Lqirupdwlrq Whfkqrorj| ghylfhv lqfoxg0lqj urerwv/ zklfk kdyh frpsolfdwhg pdq| wdvnv wkdw xvhg wr eh urxwlqh rqhv+h1j1 Ehupdq hw do1 +4<<7,/ Dxwru hw do1 +4<<;,,1 Exw/ pruh jhqhudoo|/ rqhfdq wklqn wr dq| wudqvirupdwlrq/ lqfoxglqj rujdql}dwlrqdo rqhv/8 lqfuhdvlqjwkh frpsoh{lw| dqg wkh krprjhqhlw| ri wkh zrunlqj hqylurqphqw1Wkh vnloohg eldvhg whfkqrorjlfdo fkdqjh k|srwkhvlv lv dsshdolqj dovr eh0fdxvh lw lv frqvlvwhqw zlwk wkh odujh yduldwlrqv lq wkh uhodwlyh vxsso| ri vnloohgdqg xqvnloohg oderu revhuyhg1 Lq doo dgydqfhg hfrqrplhv wkh vkduh ri kljko|hgxfdwhg zrunhuv +vd| zlwk d xqlyhuvlw| ghjuhh, kdv frqwlqxrxvo| lqfuhdvhgzkloh wkh iudfwlrq ri orz hgxfdwlrq zrunhuv +wkrvh zlwk d kljk vfkrro glsorpdru ohvv, kdv v|vwhpdwlfdoo| idoohq gxulqj wkh sdvw ghfdghv1 Wkh slfwxuh lv wkxvwkdw ri dq rqjrlqj lqfuhphqw lq wkh djjuhjdwh kxpdq fdslwdo vwrfn/ zklfkpdnhv lw yhu| gl!fxow wr h{sodlq wkh revhuyhg hduqlqjv g|qdplfv devwudfwlqjiurp d vxevwdqwldo vkliw lq wkh uhodwlyh oderu ghpdqg1Vrph dxwkruv +h1j1 Dfhprjox +4<<;,, kdyh lqghhg uhfhqwo| jrqh rqhvwhs ixuwkhu/ e| dujxlqj wkdw wkh idfwru eldv ri whfkqrorjlfdo fkdqjh lv wreh uhjdughg dv dw ohdvw sduwo| hqgrjhqrxv/ ghshqglqj rq wkh uhodwlyh idfwruvvxsso|1 Zkhq whfkqrorjlfdo surjuhvv lv gulyhq e| pdunhw lqfhqwlyhv dqgpd| eh h{dfhuedwhg lq d �qhz hfrqrp|� hqyluqrqphqw/ dqg khqfh wkhlu uhglvwulexwlyhvfrsh ri pd| eh vxevwdewldoo| fxw grzq17D pruh jhqhudo gh�qlwlrq fdq eh jlyhq lq whupv ri vnloov0wdvnv vshfl�flw|1 Li d whfk0qrorj| lv ylhzhg dv d frpelqdwlrq ri vnloov0vshfl�f wdvnv/ d qhz whfkqrorj| zloo eh vnloohgeldvhg li vnloohg zrunhuv ehfrph qhfhvvdu| wr shuirup wdvnv zklfk xvhg wr eh shuiruphg e|wkh xqvnloohg1 Vhh Mrqkvrq +4<<:, iru d fduhixo glvfxvvlrq ri wkh ydulrxv qrq vnloov0qhxwudoirupv ri whfkqrorjlfdo fkdqjh18Djklrq +4<<;, glvfxvvhv wkh uhodwlrqv ehwzhhq vnloohg eldvhg whfkqrorjlfdo fkdqjh dqgrujdql}dwlrqdo wudqvirupdwlrqv1 Lpsruwdqw h{dpsohv ri olqnv ehwzhhq wkh wzr duh uhsuh0vhqwhg e| dq lqfuhdvlqj vhjuhjdwlrq ri zrunhuv e| vnloov +d srlqw irupdol}hg e| Nuhphu dqgPdvnlq +4<<9,,/ e| d kljkhu ghfhuhqwudol}dwlrq ri ghflvlrq pdnlqj dqg e| d orzhu ghjuhhri vshfldol}dwlrq e| wdvn ri wkh sduw ri zrunhuv1
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vxemhfw wr �{hg frvwv/ pdunhw vl}h h�hfwv sod| d fhqwudo uroh lq gluhfwlqj lw1Dq lqfuhphqw lq wkh uhodwlyh vxsso| ri kxpdq fdslwdo zrxog lqfuhdvh wkhsur�wv dffuxlqj wr dq lqqrydwru lqwurgxflqj d qhz vnloohg oderu lqwhqvlyhwhfkqrorj|/ wkhuhe| vwlpxodwlqj wkh ryhudoo U)G h�ruw lq wklv gluhfwlrq1 Dqglw zrxog wkxv udlvh wkh +hqgrjhqrxv, eldv ri whfkqrorjlfdo surjuhvv wrzdugvnloohg oderu1 Lq wklv shuvshfwlyh/ wkh odujh xszdug wuhqg lq wkh vxsso| rivnloohg oderu revhuyhg dw ohdvw vlqfh wkh 4<93*v zrxog eh d fuxfldo fdxvdodqwhfhghqw ri wkh whfkqrorjlfdo dqg surgxfwlyh wudqvirupdwlrqv revhuyhgodwhu1Lq wklv sdshu/ L ghyhors d vlplodu srlqw/ frqvlghulqj dq hfrqrp| zkhuherwk wkh vxsso| ri kxpdq fdslwdo dqg whfkqrorjlfdo surjuhvv duh mrlqwo| hq0grjhqrxv dqg fulwlfdoo| d�hfw hdfk rwkhu1 Wkh g|qdplfv ri wkh djjuhjdwhkxpdq fdslwdo vxsso| lv vkdshg/ dqg vorzhg grzq/ e| wkh lqdelolw| ri krxvh0krogv wr kdyh dffhvv wr vrxufhv ri h{whuqdo �qdqfh/ gxh wr wkh lqh{lvwhqfh rid fuhglw pdunhw iru hgxfdwlrqdo h{shqglwxuhv1 Wkh pdfurhfrqrplf uhohydqfhri fuhglw pdunhw lpshuihfwlrqv kdv ehhq uhshdwhgo| vwuhvvhg e| vhyhudo sd0shuv ri wkh jurzwk olwhudwxuh  rxulvkhg lq wkh 4<<3*v1 Lpsruwdqw h{dpsohvlqfoxgh wkh frqwulexwlrqv ri Edquhmhh dqg Qhzpdq +4<<6,/ Jdoru dqg ]hlud+4<<6,/ Shurwwl +4<<6,/ Vdlqw0Sdxo dqg Yhuglhu +4<<6,/ Eìqderx +4<<9d/e,dqg Djklrq dqg Erowrq +4<<:,1 Doo ri wkhvh sdshuv srlqw rxw wkdw wkh mrlqwg|qdplfv ri jurzwk dqg ri wkh glvwulexwlrq ri lqfrph ghshqg fulwlfdoo| rqwkh ghjuhh ri dffhvv wr wkh fuhglw pdunhw rq wkh sduw ri krxvhkrogv1 Doori wkhp krzhyhu frqvlghu d jurzwk surfhvv edvhg rqo| rq idfwruv* dffxpx0odwlrq dqg devwudfw iurp hqgrjhqrxv whfkqrorjlfdo fkdqjh1 Lq p| hfrqrp|ylfh yhuvd/ fuhglw pdunhw lpshuihfwlrqv gr qrw rqo| lpshgh wr uhodwlyho| srrukrxvhkrogv wr lqyhvw lq kxpdq fdslwdo1 Wkh| dovr whqg wr ghod| whfkqrorjlfdofkdqjh dv U)G lqyhvwphqwv duh glvfrxudjhg e| wkh djjuhjdwh vkruwdjh rikxpdq fdslwdo1 Wklv lv vr djdlq ehfdxvh ri d pdunhw vl}h h�hfw= wkh frvw riU)G eruqh e| dq lqqrydwru fdq eh uhfryhuhg rqo| zkhq wkh uhodwhg sur�wvduh odujh hqrxjk/ qdpho| zkhq hqrxjk zrunhuv fdq rshudwh zlwk wkh qhzwhfkqrorj| lqyhqwhg1 Lq p| prgho dq hfrqrp| vwduwv uhsodflqj dfurvv vhf0wruv ri surgxfwlrq d jlyhq vwdwxv txr whfkqrorj| zlwk d pruh h!flhqw rqh+lq wkh wrwdo idfwru surgxfwlylw| vhqvh, rqo| diwhu lw kdv dffxpxodwhg d vx!0flhqwo| odujh vwrfn ri kxpdq fdslwdo +li lw fdq gr vr dw doo,1 Wklv lv qhfhvvdu|dv wkh qhz whfkqrorj|/ zklfk frxog eh hlwkhu d frpprq Jhqhudo SxusrvhWhfkqrorj| ru d vhfwru vshfl�f whfkqrorj| zlwk vwdqgdugl}hg surgxfwlylw|/lv e| dvvxpswlrq lqwhqvlyh lq vnloohg oderu19 Lq rwkhu zrugv/ d vxevwdqwldo
9D uhodwhg prgho ri whfkqrorj| dgrswlrq lv dovr wkh rqh glvfxvvhg e| Djklrq dqg Krzlww+4<<;/ fk1 ;,1 Wkhvh dxwkruv duh wkhuh frqfhuqhg zlwk wkh gl�xvlrq ri d vnloohg eldvhg
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kxpdq fdslwdo dffxpxodwlrq dsshduv dv d �suh0uhtxlvlwh� iru d whfkqrorjlfdouhyroxwlrq wr vwduw wdnlqj sodfh1Lw lv zhoo nqrzq wkdw lq suhvhqfh ri fuhglw pdunhw lpshuihfwlrqv/ wkh glv0wulexwlrq ri lqfrph fdq ehfrph fulwlfdo iru kxpdq fdslwdo lqyhvwphqw dqgwkhuhiruh lq doorzlqj ru qrw doorzlqj whfkqrorjlfdo fkdqjh wr hyhu wdnh sodfhzkhq wklv lv hqgrjhqrxv1 Lq p| hfrqrp|/ lw dsshduv wr eh ghwhuplqdqwdovr lq vkdslqj wkh phglxp0orqj uxq g|qdplfv dqg wkh ryhudoo h{whqw ri wkhgl�xvlrq ri wkh qhz whfkqrorj|/ diwhu wklv kdv vwduwhg wr wdnh sodfh1 Dq lp0sruwdqw uhvxow ri p| sdshu lv lq idfw wkdw xqvnloohg zdjhv pd| +wkrxjk wkh|qhhg qrw, idoo lq devroxwh whupv/ udwkhu wkhq mxvw lq uhodwlyh rqhv/ frqvlvwhqwo|zlwk wkh dfwxdo uhfhqw h{shulhqfh ri pdq| frxqwulhv1 Wklv lv shukdsv wkhprvw lqwhuhvwlqj glvwulexwlyh lpsolfdwlrq ri vnloo eldvhg whfkqrorjlfdo fkdqjhlq jhqhudo htxloleulxp/ dqg lwv pdfurhfrqrplf uhohydqfh fdq eh fulwlfdo lqsuhvhqfh ri fuhglw pdunhw lpshuihfwlrqv1 Lq idfw/ d odujh hqrxjk zdjh gursfdq suhyhqw dq hqwluh g|qdvw| ri zrunhuv +olqnhg e| vrph irup ri lqwhujhqhu0dwlrqdo dowuxlvp, wr eh hyhu deoh wr lqyhvw lq hgxfdwlrq/ ghvslwh wkh h{lvwhqfhri d vljql�fdqw vnloo suhplxp1 Vlqfh wkh ryhudoo gl�xvlrq ri qhz whfkqror0jlhv zloo ghshqg rq wkh delolw| ri wkh vxsso| ri kxpdq fdslwdo wr iroorz0xs/wklv sdxshulvdwlrq h�hfw ri vnloohg eldvhg whfkqrorjlfdo fkdqjh pd| kdyhsurirxqg lpsolfdwlrqv iru wkh orqj uxq frq�jxudwlrq ri wkh hfrqrp|1 Wklvfrxog lqyroyh wkh dgrswlrq ri wkh qhz whfkqrorj| lq doo vhfwruv ri surgxfwlrqdqg wkh frqyhujhqfh ri wkh glvwulexwlrq ri lqfrph wr d shuihfwo| hjdolwduldqrqh/ kdylqj doo g|qdvwlhv ri zrunhuv xowlpdwho| d�rughg wr lqyhvw lq hgxfd0wlrq1 Exw lw pd| dovr glvsod| wkh frqyhujhqfh wr d gxdo irup/ ihdwxulqj dshupdqhqw vhjphqwdwlrq ri wkh srsxodwlrq lqwr d fodvv ri ulfk2vnloohg dqg risrru2xqvnloohg dqg dq khwhurjhqrxv djjuhjdwh surgxfwlrq vwuxfwxuh/ zkhuhwkh uhodwlyho| revrohwh whfkqrorj| kdv qrw ehhq frpsohwho| glvfdughg1
L ghprqvwudwh dovr wkdw wkh surfhvv ri gl�xvlrq ri d qhz whfkqrorj| pd|eh yhu| qrq0vprrwk/ zkdwhyhu lwv orqj0uxq rxwfrph lv1 Wkdw lv/ L vkrzwkdw iru wkh furvv0vhfwrudo vsuhdg ri wkh qhz whfkqrorj| wr lqfuhdvh zlwkrxwglvfrqwlqxlw|/ wkh djjuhjdwh kxpdq fdslwdo vxsso| pxvw lqfuhdvh iurp shulrgwr shulrg +lq d glvfuhwh wlph ROJ vhwwlqj, e| d odujh hqrxjk dprxqw/ ehfdxvhri wkh lqglylvlelolwlhv uhodwhg wr U)G/ zklfk lq jhqhudo pd| zhoo qrw eh wkhfdvh1 Rwkhuzlvh/ wkh djjuhjdwh surgxfwlrq vwuxfwxuh h{klelwv qr fkdqjh1 Dfruroodu| ri wklv lv wkdw wkh lqwhusod| ehwzhhq dq hqgrjhqrxv kxpdq fdslwdoJhqhudo Sxusrvh Whfkqrorj| lq dq hfrqrp| zkhuh wkh vxsso| ri vnloohg oderu lqfuhdvhvfrqvwdqwo| ryhu wlph e| dvvxpswlrq1 Dv zh vkdoo dujxh/ qrw doorzlqj iru srvvleoh ihhgedfnh�hfwv rq wkh glvwulexwlrq ri lqfrph ri whfkqrorjlfdo fkdqjh lv d srwhqwldoo| vhulrxv olplwri wkhlu dqdo|vlv1

9



vxsso| dqg hqgrjhqrxv whfkqrorjlfdo fkdqjh fdq jhqhudwh d f|folfdo sdwwhuqiru zdjh lqhtxdolw| dv uhsuhvhqwhg e| wkh vnloo suhplxp1 Gxulqj wkh shulrgvvhsdudwlqj gl�huhqw zdyhv ri lqqrydwlrq wkh vnloov suhplxp idoov ehfdxvh= +l,vrph zrunhuv ehfrph ulfk hqrxjk wr lqyhvw lq hgxfdwlrq/ +ll, wkh ohyho riwkh djjuhjdwh ghpdqg iru vnloohg oderu lv orzhu gxh wr wkh devhqfh ri U)Gdfwlylwlhv1 Erwk ri wkhvh h�hfwv whqg wr ghsuhvv wkh vnloo suhplxp dqg +l,dovr wr ohw xqvnloohg zdjhv wr lqfuhdvh lq devroxwh whupv1Wklv uhvxow orrnv lqwhuhvwlqj vlqfh wkh f|folfdoo| ri zdjh lqhtxdolw| dqgri wkh vnloo suhplxp lv dq rwkhu lpsruwdqw vw|ol}hg idfw ri wkh srvw0zduhfrqrplf klvwru| ri wkh Xqlwhg Vwdwhv +h1j1 Dxwru hw do1 +4<<;,, dv zhoo dvri rwkhu ghyhorshg hfrqrplhv1Wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh surgxfwlrqvwuxfwxuh +5=4,/ dqg wkh U)G surfhvv +5=5, lq lwv vwdwlf dvshfwv sulpdulo|1Vhfwlrqv 6 dqg 7 ghvfulehv wkh g|qdplf vhwxs ri wkh prgho dqg ghdov zlwkwkh jurzwk surfhvv1 Vhfwlrq 8 glvfxvvhv wkh pdlq uhvxowv/ vhfwlrq 9 ghdovlqirupdoo| zlwk srolwlfdo hfrqrp| lvvxhv dqg vhfwlrq : frqfoxghv1 Doo surrivduh wr eh irxqg lq wkh dsshqgl{ ru diwhu hdfk vwdwhphqw1
5 Wkh Edvlf Hqylurqphqw514 SurgxfwlrqWkh prgho lv edvhg rq wkh Djklrq dqg Krzlww +4<<5/ 4<<;, prgho ri jurzwkwkurxjk fuhdwlyh ghvwuxfwlrq/ zklfk lv h{whqghg wr doorz iru khwhurjhqhlw| lqwkh oderu irufh lq whupv ri vnloov ru hgxfdwlrq ohyhov/ iru d irup ri whfkqrorj0lfdo fkdqjh eldvhg wrzdug vnloohg oderu +ru kxpdq fdslwdo, dqg hpehgghglqwr d glvfuhwh wlph ROJ vhwwlqj1 Jurzwk lq wklv hfrqrp| zloo wdnh sodfhlq whupv ri g|qdvwlf dffxpxodwlrq ri zhdowk/ ri gl�xvlrq ri hgxfdwlrq rukxpdq fdslwdo dqg ri dgrswlrq ryhu wlph ri kljk surgxfwlylw| exw vnloohgeldvhg whfkqrorjlhv1 D vwurqj lqwhusod| zloo eh irxqg wr h{lvw ehwzhhq wkhwkuhh ri wkhp1Lq wkh vhfwlrq L zloo ghvfuleh wkh surgxfwlrq vwuxfwxuh ri wkh hfrqrp|dqg wkh lqqrydwlrq surfhvv dw d srlqw lq wlph/ wuhdwlqj dv d jlyhq sdudphwhuwkh kxpdq fdslwdo hqgrzphqw1 Wkh dqdo|vlv zloo wkxv eh vwdwlf iru wkh prvwsduw exw dq h|h wr wkh g|qdplfv ri wkh hfrqrp| zloo eh �uvw jlyhq wrzdugwkh hqg ri wkh vhfwlrq1D xqltxh �qdo jrrg lv surgxfhg wkurxjk d frqwlqxxp ri lqwhuphgldwhjrrgv ri xqlwdu| phdvxuh1 Lqwhuphgldwh jrrgv duh pdqxidfwxuhg zlwk d
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olqhdu surgxfwlrq whfkqrorj|1 Wkh �qdo jrrg lv surgxfhg wkurxjk wkh lq0whuphgldwh jrrgv zlwk d ghfuhdvlqj uhwxuqv wr vfdoh whfkqrorj| dqg wkhuh lvqr frpsohphqwdulw| ehwzhhq wkhp1 Wkh djjuhjdwh surgxfwlrq ixqfwlrq fdqwkhq eh uhsuhvhqwhg dv
\ @ ] �

f \ +l,gl @ ] �
f D�{k +l, gl +4,

zkhuh { +l, lqglfdwhv wkh txdqwlw| ri oderu zklfk lv doorfdwhg wr wkh pdqx0idfwxulqj ri wkh lqwhuphgldwh jrrg l1: Wzr olqhdu surgxfwlrq whfkqrorjlhvduh +ru fdq eh, dydlodeoh iru lqwhuphgldwh jrrgv pdqxidfwxulqj1 Rqh lv lq0whqvlyh lq vnloohg oderu dqg lqgh{hg e| d surgxfwlylw| frh!flhqw �D�� �k /wkh rwkhu rqh lv vnloov0qhxwudo dqg lqgh{hg e| �D,� �k 1 Wkh vnloohg oderu lq0whqvlyh whfkqrorj| uhtxluhv vshfl�fdoo| vnloohg zrunhuv exw lv pruh h!flhqwlq wkh vhqvh wkdw D� @ �D, zlwk � 5 +4>4,1 Doo zrunhuv fdq rshudwh zlwkwkh vnloov0qhxwudo whfkqrorj|1 Zrunhuv gr vxsso| lqhodvwlfdoo| d qxpehu rih!flhqf| xqlwv ri oderu vwdqgdugl}hg wr rqh li xqvnloohg dqg/ li vnloohg/ htxdowr vrph ! �k A 4 uhjdugohvv ri zkhuh wkh| zrun1Ohw � 5 ^3> 4` lqglfdwh wkh Ohehvjxh phdvxuh ri wkh vhw ri vhfwruv risurgxfwlrq dgrswlqj wkh vnloov0qhxwudo whfkqrorj|1 Wkhuh lv qr orvv ri jhq0hudolw|/ jlyhq wkh v|pphwu| ri wkh prgho/ lq dvvxplqj wkdw jrrgv lqgh{hgzlwk l 5 ^3> �`/ duh pdqxidfwxuhg zlwk wkh xqvnloohg oderu lqwhqvlyh whfk0qrorj| +D� @ D,, dqg wkdw jrrgv lqgh{hg zlwk l 5 +�> 4` duh pdqxidfwxuhgzlwk wkh vnloohg oderu lqwhqvlyh rqh +D� @ D�,1 Wkh ydoxh ri � lv wdnhq dvjlyhq iru wkh wlph ehlqj/ exw lw zloo eh pdgh hqgrjhqrxv vkruwo| dv d uhvxowri d sur�w0rulhqwhg lqqrydwlrq dfwlylw|1 � fdq dovr eh qdwxudoo| lqwhusuhwhgdv dq lqgh{ ri wkh lqwhqvlw| lq xqvnloohg oderu ri wkh djjuhjdwh surgxfwlrqvwuxfwxuh/ dqg wkhuhiruh ri wkh vwuhqjwk ri wkh uhodwlyh oderu ghpdqg1 Khqfh/wkh djjuhjdwh surgxfwlrq ixqfwlrq +4, fdq dovr eh uhsuhvhqwhg dv
\ @ ] w

f D,{k +l,gl. ] �
w D�{k +l,gl= +5,

Lq devhqfh ri lqqrydwlrq/ doo lqwhuphgldwh jrrgv duh vrog dw wkh frpshwl0wlyh sulfh htxdo wr wkh uhvshfwlyh pdujlqdo surgxfwlylw| ri oderu1 Ohw Q dqgO lqglfdwh uhvshfwlyho| wkh phdvxuh ri wkh vhw ri doo zrunhuv ri wkh vhw ri
:Wkh suhvhqfh ri d �{hg idfwru ri surgxflrq zlwk vxsso| qrupdol}hg wr xqlw| lv lpsolflwlq +4,1 Lq zkdw iroorzv/ L zloo ljqruh frpsohwho| wklv idfwru/ dvvvxplqj wkdw lv rzqhg hqwluho|e| iruhljqhuv �uhqwlhuv�1

;



wkh xqvnloohg1 Lw lv fohdu wkdw vnloohg dqg xqvnloohg oderu vkdoo eh doorfdwhgv|pphwulfdoo| dfurvv vhfwruv ri surgxfwlrq/ vr wkdw { +l, @ uw li l 5 ^3> �` dqg{ +l, @ �3u�3w li l 5 +�> 4,1; Khqfh/ wkh zdjh udwh uhzduglqj xqvnloohg oderuzloo eh htxdo wr
z� +O> �, @ �D, �O� �k3� +6,

dqg wkh zdjh udwh uhzduglqj vnloohg oderu zloo uhdg
zr +O> �, @ �D��Q �O4� � �k3� != +7,

Ehfdxvh ri glplqlvklqj pdujlqdo uhwxuqv/ wkh xqvnloohg +vnloohg, zdjh udwhlqfuhdvhv dv wkh qxpehu ri vhfwruv dgrswlqj wkh whfkqrorj| frpsohphqwlqjudz oderu +kxpdq fdslwdo, lqfuhdvhv1Reylrxvo|/ yduldwlrqv ri wkh hqgrzphqwv ri vnloohg dqg xqvnloohg oderu/zklfk pxvw dozd|v eh htxdo lq devroxwh ydoxh ehfdxvh ri wkh qrupdol}dwlrqri wkh srsxodwlrq vl}h/ jhqhudwh/ iru d jlyhq ydoxh ri �/ yduldwlrqv lq idfwruvsulfhv ri rssrvlwh vljq1 Wkxv/ iru lqvwdqfh/ dv O ghfuhdvhv/ wkh vnloo suhplxp� � �r�� ghfuhdvhv1 Exw djdlq/ wklv lv d uhvxow zklfk krogv iru d vwdwlrqdu|djjuhjdwh surgxfwlrq whfkqrorj|1 Zh zloo vhh vkruwo| wkdw zkhq d yduldwlrqri wkh uhodwlyh hqgrzphqw ri wkh wzr oderu w|shv wuljjhuv d yduldwlrq ri �/wkh slfwxuh fdq fkdqjh udglfdoo|1
515 U)G dqg Whfkqrorjlfdo FkdqjhWr vwduw zlwk/ doo vhfwruv ri surgxfwlrq rshudwh zlwk wkh orz surgxfwlylw|/vnloov qhxwudo whfkqrorj| +khqfh �f @ 4, zklfk lv jlyhq dqg fkdudfwhul}hv wkhvwdwxv txr surgxfwlrq vwuxfwxuh ri wkh hfrqrp|1D qhz whfkqrorj| lv lqwurgxfhg lq wkrvh vhfwruv zkhuh dq lqqrydwru shu0irupv wkh uhtxluhg U)G dfwlylw|1 Wklv fdq hlwkhu eh lqwhusuhwhg dv gluhfwhgwr wkh lpsohphqwdwlrq dw wkh vhfwrudo ohyho ri d xqltxh Jhqhudo SxusrvhWhfkqrorj| +h1j1 frpsxwhuv dqg rwkhu LW ghylfhv, ru wr wkh lqyhqwlrq ri dqhz whfkqrorj| vshfl�f iru wkh pdqxidfwxulqj ri dq lqwhuphgldwh jrrg1 Lq

; L kdyh lpsolflwo| dvvxphg wkdw zrunhuv duh shuihfwo| vhjuhjdwhg lq uhodwlrq wr wkhlukxpdq fdslwdo hqgrzphqw1 Lq sulqflsoh/ wklv qhhgv qrw wr eh wuxh1 Krzhyhu/ L gr uhvwulfwwkh dwwhqwlrq wr d sdudphwul}dwlrq ri wkh prgho vxfk wkdw � lv kljk hqrxjk wr ohw wklv ehwkh fdvh zkhqhyhu w M dfc ��1 Li w ' �/ doo zrunhuv duh hpsor|hg lq rog whfkqrorj| �upvdqg wkh sdlu ri zdjhv uhdgv �� E� ( �� ' k�, E��k3� dqg �r E� ( �� ' k�, E��k3� �1
<



dq| fdvh/ lqqrydwlrq wdnhv sodfh lq hdfk vhfwru dw wkh prvw rqfh/ dqg wkhsurgxfwlylw| ohyho ri doo qhz whfkqrorjlhv lqyhqwhg lv vwdqgdugl}hg dqg htxdowr �D�� �k 1 Dovr/ lw lv dq dfwlylw| lqwhqvlyh lq vnloohg oderu/ dqg wkh zrunhuvzkr hqjdjh lq lw duh gudzq dzd| iurp surgxfwlrq1Dw wkh djjuhjdwh ohyho/ whfkqrorjlfdo surjuhvv fdq lq sulqflsoh wdnh sodfhrq wkh ixoo vfdoh/ exw pd| wxuq rxw wr eh xowlpdwho| rqo| sduwldo +dqg dw wkholplw qrw wr rffxu dw doo,1 Dv zh vkdoo vhh pruh suhflvho| vkruwo|/ wkh ryhudooh{whqw ri wkh furvv0vhfwrudo whfkqrorjlfdo xsjudglqj zloo eh ghwhuplqhg e| lwvmrlqw lqwhudfwlrq zlwk kxpdq fdslwdo dffxpxodwlrq1 Wkh odwwhu lq idfw pdnhvU)G sur�wdeoh/ exw lv lq wxuq d�hfwhg e| lw dv wkh zdjh vwuxfwxuh/ dqg wkxvwkh glvwulexwlrq ri lqfrph dqg lqglylgxdo hgxfdwlrqdo rssruwxqlwlhv/ pd| ehudglfdoo| dowhuhg e| wkh vsuhdg ri vnloov0qrq qhxwudo lqqrydwlrqv1D jlyhq dqg �{hg qxpehu ri vnloohg zrunhuv/ htxdo wr I / lv uhtxluhg iruU)G wr wdnh sodfh lq rqh vhfwru dqg eh vxffhvvixo1< Lqqrydwruv ehfrph orfdoprqrsrolvwv dqg dftxluh wkh uljkw wr vhw wkh sulfh ri wkh jrrg pdqxidfwxuhge| wkhp143 L lqwurgxfh wkh dg krf dvvxpswlrq wkdw prqrsro| uhqwv odvwiru rqh shulrg rqo| +lq dq lq�qlwh krul}rq0glvfuhwh wlph vhwxs,/ vd| ehfdxvhwkh h{lvwlqj sdwhqw v|vwhp judqwv rqo| d olplwhg ghjuhh ri surwhfwlrq1 Diwhuwkdw/ wkh uhqw lv glvvlsdwhg dqg wkh jrrg lv djdlq sulfhg frpshwlwlyho|1Idflqj wkh lqyhuvh ghpdqg vfkhgxoh s +{ +l,, @ �D�{k3� +l,/ dqg wdnlqjwkh ohyho ri wkh vnloohg zdjh udwh dv jlyhq/ dq lqqrydwru vroyhv d sur�w0pd{lpl}dwlrq sureohp irupdol}hg dv
pd{%E�� � +{ +l,, @ pd{%E�� �D�{k +l,�zr{ +l, =

Dv vwdqgdug/ wkh vroxwlrq ri wklv sureohp lqyroyhv wkh fkdujlqj ri d sulfhhtxdo wr d �{hg pdun0xs ryhu wkh yduldeoh frvw ri surgxfwlrq dqg lpsolhvwkdw wkh ohyho ri jurvv prqrsro| sur�wv lv htxdo wr wkh idploldu h{suhvvlrq
<Wkh gl�xvlrq ri wkh kljk surgxfwlylw| whfkqrorj| dfurvv vhfwruv fruuhvsrqgv wr d irupri �krul}rqwdo� lqqrydwlrq1 Vr wkh U)G surfhvv kdv d irup zklfk frpelqhv hohphqwv rierwk wkh Djklrq dqg Krzlww +4<<5, dqg wkh Urphu +4<<3, prgho1Dovr/ e| dvvxplqj wkdw U)G/ li xqghuwdnhq/ lv dozd|v vxffhvvixo L ljqruh wkh +Srlvvrq,xqfhuwdlqw| zklfk fkdudfwhul}hv jurzwk lq wkh Djklrq dqg Krzlww prgho143 L dp dvvxplqj lpsolflwo| wkdw lqqrydwlrqv duh �gudvwlf� +l1h1 eulqj derxw d vxevwdqwldosurgxfwlylw| lpsuryhphqw,1 Khqfh/ hdfk lqqrydwru gulyhv r� wkh pdunhw wkh lqfxpehqwsurgxfhu fkdujlqj wkh xqfrqvwudlqhg prqrsro| sulfh jlyhq wkdw/ dw wkdw sulfh/ wkh odwwhuzrxog pdnh qrq srvlwlyh sur�wv li lw uhpdlqhg dfwlyh1 Lq wkh dsshqgl{ ri wkh sdshu Lghvfuleh xqghu zklfk frqglwlrq wklv lv dfwxdoo| wuxh1 Edvlfdoo| wklv lqyroyhv wkh h{lvwhqfhri dq xsshu erxqg iru wkh vnloo suhplxp/ dqg wkxv dovr frqvwudlqw wkh h{whqw ri wkh zdjhlqhtxdolw| revhuydeoh1
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� @ 4� �� {r?zr
zkhuh {rc? lv wkh v|pphwulf htxloleulxp ohyho ri hpsor|phqw lq d vhfwruzklfk kdv mxvw h{shulhqfhg wkh uhsodfhphqw ri wkh rog whfkqrorj|1Fohduo|/ lqqrydwlrq zloo eh sur�wdeoh rqo| dv orqj dv wkh uhvxowlqj jurvvsur�wv h{fhhg wkh uhodwhg U)G frvw/ qdpho| dv orqj dv

4� �� {rc?zr � Izr +, {W � �4� �I � {r?= +8,
Vlqfh wkh uljkw kdqg vlgh ri wkh odvw zhdn lqhtxdolw| lv erxqghg iurpderyh e| Q�O/ wkh hfrqrp| zloo qrw h{shulhqfh dq| whfkqrorjlfdo fkdqjh dvorqj dv lwv hqgrzphqw ri vnloohg oderu lv qrw dw ohdvw dv odujh dv {W � k�3kI >44htxlydohqwo|/ wkh hfrqrp| pd| h{shulhqfh lqqrydwlrq li

O � Q � �4� �I +9,
{W lv lqfuhdvlqj lq I / txlwh reylrxvo|/ dqg lq �1 Wkh pruh hodvwlf lv wkhlqwhuphgldwh jrrgv ghpdqg/ wkh orzhu lv/ fhwhulv sdulexv/ wkh uhqw dssursul0dwhg e| dq lqqrydwru1 Khqfh/ wkh vwurqjhu zloo wkh pdunhw vl}h h�hfw kdyhwr eh lq rughu iru U)G wr eh hqrxjk sur�wdeoh1
Wklv suholplqdu| uhvxow kljkoljkwv d �uvw vhqvh lq zklfk d fulwlfdo lqwhu0sod| ehwzhhq wkh dffxpxodwlrq ri kxpdq fdslwdo dqg whfkqrorjlfdo surjuhvvfkdudfwhul}hv wklv hfrqrp|1 D odujhu kxpdq fdslwdo hqgrzphqw hyhqwxdoo|wuljjhuv d vsuhdg ri dgydqfhg whfkqrorjlhv dfurvv vhfwruv ri surgxfwlrq/ e|phdqv ri d pdunhw vl}h h�hfw1 Zkhq wkhuh duh hqrxjk vnloohg zrunhuv durxqgU)G ehfrphv sur�wdeoh vlqfh �upv fdq hduq hqrxjk prqrsro| uhqwv rxw rilw wr fryhu wkh lpsolhg frvwv dqg hduq qrq qhjdwlyh sur�wv1Wzr rwkhu wklqjv duh qrwhzruwk| lq +9,1 Iluvw ri doo/ wkh vnloohg zdjhgrhv qrw dsshdu lq lw/ dqg lv wkhuhiruh luuhohydqw lq ghwhuplqlqj zkhwkhuru qrw lqqrydwlrq zloo wdnh sodfh1 Exw dovr wkh surgxfwlylw| lqgh{ D� grhvqrw dsshdu lq +9,1 Khqfh/ dq hfrqrp| pd| uhpdlq vwxfn zlwk d uhodwlyho|

44D yhu| vlplodu wkuhvkrog lv ghulyhg lq Pdwvx|dpd +4<<<,/ zkhuh wkh pdunhw vl}h h�hfwuhihuv krzhyhu wr wkh uhvrxufhv edvh ri wkh hfrqrp| lq whupv ri rxwsxw1 Vruhqvhq +4<<<,ghprqvwudwhv wkdw U)G lv qrw shuiruphg lq d prgho ri hqgrjhqrxv whfkqrorjlfdo fkdqjhdqg hqgrjhqrxv kxpdq fdslwdo dffxpxodwlrq xqwlo wkh vwrfn ri wkh odwwhu lv qrw odujhhqrxjk1 Krzhyhu/ wkdw sdshu frqvlghuv vnloov qhxwudo lqqrydwlrq dqg ljqruhv wkh lqwhusod|ehwzhhq jurzwk dqg fkdqjhv lq wkh zdjh vwuxfwxuh/ zklfk lv wkh irfxv ri plqh1
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revrohwh djjuhjdwh surgxfwlrq vwuxfwxuh qr pdwwhu krz kljk wkh srwhqwldosurgxfwlylw| jdlqv iurp lqqrydwlrq frxog eh/ vlpso| ehfdxvh ri sryhuw| rikxpdq fdslwdo1
51514 Zkhq Grhv U)G Wdnh SodfhB+9, lv rqo| d qhfhvvdu|/ exw qrw vx!flhqw frqglwlrq iru lqqrydwlrq wr wdnhsodfh/ dv wkh vxevhtxhqw dqdo|vlv vkrzv1Ohw*v vwduw e| dvvxplqj wkdw vrph U)G grhv lqghhg wdnh sodfh lq wkhhfrqrp| dw vrph srlqw lq wlph1 E| yluwxh ri wkh iuhh hqwu| frqglwlrq xvxdoo|srvwxodwhg/ wkh sxuh sur�wv dffuxlqj wr lqqrydwruv zloo eh gulyhq grzq wr}hur/ zklfk phdqv wkdw lq htxloleulxp wkh zhdn lqhtxdolw| +9, zloo krog dvhtxdolw|/ vr wkdw {rc? @ k�3kI 1 Dovr/ wkh zdjh udwh hduqhg e| wkh vnloohgzloo kdyh wr eh htxdo dfurvv erwk rog dqg qhz vnloohg oderu lqwhqvlyh vhfwruvri surgxfwlrq/ zklfk phdqv wkdw �D� +{rcJ,k3� @ �2D� +{rc?,k3�1 Khqfh/{rcJ @ q�3kI / zlwk � � � kk3� A 4 1 Lq rughu wr hqvxuh wkh h{lvwhqfh ri dqhtxloleulxp zlwk U)G/ L lpsrvh wkh iroorzlqj sdudphwulf uhvwulfwlrq1
Dvvxpswlrq 4 q�3kI ? Q=

Qrwlfh wkdw {rcJ A {rc?1 Wkh ghpdqg iru oderu ri lqqrydwlqj vhfwruv lv/ irudq| ydoxh ri wkh zdjh udwh/ orzhu +gxh wr prqrsro| sulflqj glvwruwlrqv, wkdqwkdw frplqj iurp vhfwruv zklfk kdg lqqrydwhg ehiruh1 Khqfh/ hpsor|phqwlq wkh iruphu vhfwruv pxvw eh orzhu lq htxloleulxp iru wkh zdjh duelwudjhfrqglwlrq wr krog1Dw wklv srlqw/ vrph pruh qrwdwlrq dqg dq h{solflw wlph lqgh{ duh xvhixowr lqwurgxfh1 Ohw �| lqglfdwh wkh +hqgrjhqrxv/ dqg srvvleo| htxdo wr }hur,phdvxuh ri wkh vhw ri vhfwruv zklfk h{shulhqfh whfkqrorjlfdo surjuhvv dw wlphw dqg ohw 
| � iv 5 +3> w` = �r A 3j1
Li w 5 
| wkh wrwdo qxpehu ri vnloohg zrunhuv hpsor|hg lq pdqxidfwxulqjfdq eh ghfrpsrvhg lqwr wkh qxpehu ri wkhp hpsor|hg lq vhfwruv kdylqjsuhylrxvo| h{shulhqfhg lqqrydwlrq +l 5 +�|3�> 4`,/ ru

[rcJ| � +4� �|3�,{rcJ @ +4� �|3�, �4� �Idqg lqwr wkh qxpehu ri wkhp hpsor|hg lq vhfwruv zkhuh lqqrydwlrq wdnhvsodfh dw w/ zklfk lv htxdo wr
45



[rc?| � �|{rc? @ �| �4� �I=Ilqdoo|/ wkh qxpehu ri vnloohg zrunhuv hpsor|hg lq U)G lv ghwhuplqhguhvlgxdoo| dv [rco| @ Q�O|�+[rcJ| .[rc?| ,1 Vlqfh lw wdnhv I vnloohg zrunhuvwr lqqrydwh lq rqh vhfwru/ [rco| @ �|I > wkxv wkh phdvxuh ri wkh vhw ri vhfwruvzklfk zloo ehqh�w iurp d surgxfwlylw| lpsuryhphqw/ dv d ixqfwlrq ri wkhvwdwh yduldeohv � dqg O/ zloo eh htxdo wr
�| +�|3�> O|, @ pd{�3>plq�+4� �, Q � O|I � +4� �|3�,�> �|3��� = +:,
Frpelqlqj h{suhvvlrqv +:, dqg +9,/ zh fdq vwdwh wkh qhfhvvdu| dqg vxi0�flhqw frqglwlrq iru kdylqj vrph U)G lq htxloleulxp1

Sursrvlwlrq 4 +Qhfhvvdu| dqg vx!flhqw frqglwlrq iru U)G wr wdnh sodfhdw wlph w,
�| +�|3�> O|, A 3 +, Q � O| A I4� � pd{ i�> +4� �|3�,�j =

Lq hvvhqfh/ sursrvlwlrq 4 whoov xv wkdw d srvlwlyh ohyho ri U)G lv vxvwdlq0deoh dw w surylghg wkdw wkh vwrfn ri vnloohg oderu dydlodeoh dw wkdw wlph lvvx!flhqwo| odujh uhodwlyho| wr wkh phdvxuh ri wkh vhw vhfwruv lpsohphqwlqjwkh dgydqfhg whfkqrorj| dw wlph w � 41 Li wkdw lv qrw wkh fdvh/ doo ri wkhvwrfn ri vnloohg oderu lv hpsor|hg lq pdqxidfwxulqj1 Wklv lv edvlfdoo| d frq0vhtxhqfh ri wkh lqglylvlelolw| zklfk fkdudfwhul}hv U)G1 Li wkh ghpdqg iruvnloohg oderu frplqj iurp pdqxidfwxulqj lv vx!flhqwo| vwurqj uhodwlyh wr lwvvxsso|/ wkh srlqw0lq0wlph htxloleulxp ihdwxuhv qr lqqrydwlrq1Sursrvlwlrq 4 kdv dq lpsruwdqw fruroodu| zklfk surylghv d �uvw fkdudf0whul}dwlrq ri wkh g|qdplf olqndjh ehwzhhq whfkqrorjlfdo fkdqjh dqg kxpdqfdslwdo dffxpxodwlrq1
Fruroodu| 4 +Whfkqrorjlfdo Fkdqjh yhuvxv Kxpdq Fdslwdo Udfh,1Li �| 5 +3> �|3�, dqg u|3u|n�{| A F/ zkhuh F lv vrph frqvwdqw/ wkhq�|n� @ 31

Surri1 Vhh Dsshqgl{1
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Fruroodu| 4 jlyhv xv d pruh suhflvh lghd ri wkh fulwlfdo lqwhusod| suhvhqwlq wklv hfrqrp| ehwzhhq wkh dffxpxodwlrq ri kxpdq fdslwdo dqg +vnloohg el0dvhg, whfkqrorjlfdo surjuhvv1 D zdyh ri lqqrydwlrqv lv lqgxfhg e| d fulwlfdolqfuhphqw ri wkh djjuhjdwh vwrfn ri kxpdq fdslwdo1 Zkhq wklv kdsshqv/ wkhuhodwlyho| lqh!flhqw/ xqvnloohg oderu lqwhqvlyh whfkqrorj| lv dedqgrqhg lq dfrqwlqxxp ri srvlwlyh phdvxuh ri vhfwruv1 Lq wxuq/ kroglqj frqvwdqw wkh kx0pdq fdslwdo hqgrzphqw/ lqqrydwlrq fdqqrw frqwlqxh lq wkh ixwxuh +dvvxplqjwkdw lw kdv qrw |hw h{kdxvwhg douhdg| wkh duud| ri lwv srwhqwldo �wdujhwv�,ehfdxvh ri wkh uhvxowlqj vkruwdjh ri kxpdq fdslwdo vxsso|/ uhodwlyho| wr wkhqhhgv ri qhz djjuhjdwh surgxfwlrq vwuxfwxuh1 Wkdw lv/ wr wkh kljkhu qhz ohyhori ghpdqg iru vnloohg oderu frplqj iurp wkh juhdwhu qxpehu ri vhfwruv rulqwhuphgldwh jrrg surgxfhuv dgrswlqj whfkqrorjlhv frpsohphqwlqj kxpdqfdslwdo1 Wklv kljkhu ohyho ri ghpdqg devruev wkh h{lvwlqj pdvv ri vnloohgzrunhuv hqwluho|/ dqg ohdyhv qrqh ri wkhp iru pruh U)G1 Wkh lqglylvlelolw|fkdudfwhul}lqj wkh U)G surfhvv lpso| wkdw d qhz vsuhdg ri lqqrydwlrqv lvsrvvleoh rqo| surylghg wkdw wkh qxpehu ri vnloohg zrunhuv lqfuhdvhv lq sdudo0oho +dqg vx!flhqwo|, wr wkh xsjudglqj ri wkh djjuhjdwh surgxfwlrq vwuxfwxuh1Lq wklv vhqvh/ wkh prgho ihdwxuhv d whfkqrorj|0kxpdq fdslwdo udfh= iruhfrqrplf jurzwk wr eh d vhoi0vxvwdlqhg surfhvv/ wkh wzr ri wkhp/ whfkqrorjl0fdo surjuhvv dqg kxpdq fdslwdo dffxpxodwlrq/ pxvw surfhhg wrjhwkhu/ �kdqglq kdqg�1 Rwkhuzlvh/ li dq| ri wkh wzr idlov wr nhhs xs zlwk wkh rwkhu/ wkhyluwxrxv flufoh vwrsv zrunlqj145
51515 Wkh Lpsdfw ri Lqqrydwlrq rq wkh Zdjh VwuxfwxuhLq wklv hfrqrp|/ wkh glvwulexwlyh h�hfwv ri whfkqrorjlfdo fkdqjh zloo eh fux0fldo iru wkhlu vwdwlf dqg g|qdplf lpsolfdwlrqv1 Zh fdq vwduw dvvhvvlqj wkhpe| dqdo|}lqj krz wkh zdjh vwuxfwxuh fkdqjhv dv U)G wdnhv sodfh lq vrphvhfwruv1 Vlqfh wkh vhw ri vhfwruv vwloo dgrswlqj whfkqrorjlhv lqwhqvlyh lq xq0vnloohg oderu dw wlph w 5 
| kdv d phdvxuh ri �| @ �|3� � �|/ wkh sdlu rizdjhv dw wkdw wlph uhdgv

z�| @ �D, � O|�|3� ��|
�k3� +;,

45Wkh frqfhsw ri �hgxfdwlrq0whfkqrorj| udfh� zdv �uvw lqwurgxfhg e| Wlqehujhq+4<:8,1\hw/ zkloh lq Wlqehujhq +vhh ss148708, hgxfdwlrq dfwv dv wkh lqhtxdolw| ghsuhvv0lqj djhqw zkloh whfkqrorjlfdo fkdqjh dfwv dv wkh lqhtxdolw| errvwlqj djhqw/ lq p| prghowr uroh ri wkh wzr ri wkhp fdqqrw eh vhsdudwhg lq wkhvh whupv/ dv lw zloo eh pruh fohdu lqwkh iroorzlqj1
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dqg
zr| @ �D�� �4� �I�k3� != +<,

Qrwlfh wkdw wkh vnloohg zdjh lv lqghhg htxdo wr d +lghqwlfdo, frqvwdqwzkhqhyhu wkhuh lv lqqrydwlrq/ zkloh wkh xqvnloohg zdjh ghshqgv rq O dqg �1D vwudljkwiruzdug frpsdulvrq ri +6, zlwk +<, dqg ri +7, zlwk +43, uhyhdovwkdw
zr| A zr|3� +, I ? 4� �� Q � O|3�4� �|3� li w� 4 @5 
|3� +43,

zr| @ zr|3� li w� 4 5 
|3� +44,
z�| ? z�|3� +, I ? +4� �, Q � O|u|3�3u|u|3� �|3� . +4� �|3�,� = +45,

Wkh qh{w sursrvlwlrq vxppdul}hv wkh prvw lqwhuhvwlqj lpsolfdwlrq riwkhvh odvw uhvxowv1
Sursrvlwlrq 5 Li w 5 
|/ w� 4 @5 
|3� dqg

I ? plq+4� �� Q � O|3�4� �|3� > +4� �, Q � O|u|3�3u|u|3� �|3� . +4� �|3�,�
,

vnloohg zdjhv lqfuhdvh dqg xqvnloohg zdjhv idoov/ erwk lq devroxwh whupv dv=+l, wkh hqgrzphqw ri vnloohg oderu lqfuhdvhv> +ll, wkh hqgrzphqw ri xqvnloohgoderu ghfuhdvhv e| wkh vdph dprxqw> +lll, vnloohg eldvhg whfkqrorjlfdo surjuhvvwdnhv sodfh lq vrph vhfwruv xvlqj orz surgxfwlylw|/ xqvnloohg oderu lqwhqvlyhwhfkqrorjlhv1
Zkloh wkh qxpehu ri xqvnloohg zrunhuv vkulqnv +�vkruwdjh h�hfw�, zkhq0hyhu � A 3/ wkh qxpehu ri vhfwruv klulqj wkhp dovr grhv vr +�frpsuhvvlrqh�hfw�,> zklfk ri wkh wzr h�hfwv zloo suhydlo zloo ghshqg rq zklfk yduldwlrqzloo eh sursruwlrqdoo| kljkhu1 Lw wxuqv rxw wkdw/ li I lv uhodwlyho| vpdoo/ wkh
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ghpdqg iru xqvnloohg oderu idoov sursruwlrqdoo| pruh wkdq lwv vxsso| grhv=dv d uhvxow/ wkh qxpehu ri xqvnloohg shu vhfwru dfwxdoo| lqfuhdvhv1 Glplqlvk0lqj pdujlqdo uhwxuqv pdnh xs iru wkh uhvw1 Xqghu d vlplodu frqglwlrq/ wkhghpdqg iru vnloohg oderu lqfuhdvhv sursruwlrqdoo| pruh wkdq lwv vxsso| grhvdqg/ dv d uhvxow/ wkh vnloohg zdjh udlvhv1Rq wrs ri wklv/ wkh xqvnloohg zdjh +qh{w uhvxow, lv dozd|v lqfuhdvlqj dw wkhpdujlq lq O1 Frqglwlrqdoo| rq whfkqrorjlfdo fkdqjh wdnlqj sodfh/ xqvnloohgzdjhv duh kljkhu wkh pruh zrunhuv uhpdlq xqhgxfdwhg1 Wklv uhvxow uh hfwvwkh idfw wkdw dw wkh pdujlq/ ryhu wkh udqjh frqvlvwhqw zlwk srvlwlyh U)G/wkh frpsuhvvlrq h�hfw dozd|v grplqdwhv ryhu wkh vkruwdjh h�hfw1 Vlploduo|/vnloohg zdjhv lqfuhdvh dw wkh pdujlq dw wlph w.4 zlwk wkh qxpehu ri vnloohgzrunhuv dw w li �| A 3 dqg �|n� @ 31
Uhvxow 4 +l, Li w 5 
|/ wkh lqhtxdolw| Cz�| @CO| � 3 lv wuxh iru dq| ydoxh ri�|3� dqg ri O|1 +ll, Li w 5 
| dqg w.4 @5 
|n�/ wkh lqhtxdolw| Czr|n�@CO| � 3lv dovr lghqwlfdoo| wuxh1

Surri1 Vhh Dsshqgl{1
Qrwlfh krzhyhu wkdw qrqh ri wkh wzr lqhtxdolwlhv +44, dqg +45, qhhgv wrkrog d sulrul1 Wkhuhiruh/ lw lv lq sulqflsoh srvvleoh wkdw xqvnloohg zdjhv pd|lqfuhdvh dqg wkdw wkh vnloo suhplxp pd| ghfuhdvh dv vrph vhfwruv dgrswpruh h!flhqw/ vnloohg eldvhg whfkqrorjlhv1 Lq rwkhu zrugv/ lw lv qrw d jhqhudouhvxow wkdw vnloohg eldvhg whfkqrorjlfdo fkdqjh dv vxfk fdxvhv d +uhodwlyh rudevroxwh, uhgxfwlrq ri wkh hduqlqjv ri wkh xqvnloohg1 Lwv h�hfwv rq wkh zdjhvwuxfwxuh ghshqg rq wkh frpsrvlwlrq ehwzhhq wkh oderu vkruwdjh h�hfw dqgwkh frpsuhvvlrq h�hfw1 Zklfk ri wkhp zloo suhydlo lv d sulrul dpeljxrxv dqgghshqgv xowlpdwho| rq wkh edodqfh ehwzhhq ghpdqg dqg vxsso| irufhv146
Sursrvlwlrq 5 +frxsohg zlwk fruroodu| 4, kdv dq lpsruwdqw lpsolfdwlrqiru wkh g|qdplfv ri zdjh lqhtxdolw|/ zklfk lv h{suhvvhg qh{w1 Vxssrvh wkdwwkh djjuhjdwh vxsso| ri kxpdq fdslwdo lv +zhdno|, lqfuhdvlqj ryhu wlph +dvlw zloo eh wkh fdvh lqghhg, dqg vxssrvh wkdw dw wlph w. 4 wkh hfrqrp| kdv

46Dfhprjox +4<<;, ghulyhv d uhvxow ri vlplodu  dyru/ wkurxjk d frpsohwho| gl�huhqwphfkdqlvp1 Lq klv prgho/ vnloohg dqg xqvnloohg oderu duh frpsohphqwdu| idfwruv ri sur0gxfwlrq lq d FHV whfkqrorj|1 Wkh h�hfw ri d yduldwlrq ri wkh uhodwlyh vxsso| ri wkhprq zdjhv ghshqgv lq wkdw vhwxs rq wkh ydoxh ri wkh hodvwlflw| ri idfwruv vxevwlwxwlrq1 Gh0shqglqj rq wkh ydoxh ri wklv sdudphwhu/ wkh vnloo suhplxp fdq hlwkhu idoo ru lqfuhdvh dvwkh uhodwlyh hqgrzphqw ri vnloohg oderu lqfuhdvhv1 D vhfrqg gl�huhqfh ehwzhhq p| wkhru|dqg Dfhprjox*v rqh lv wkdw L dovr gr ghulyh lpsolfdwlrqv iru wkh ehkdylru ri wkh devroxwhohyho ri zdjhv/ udwkhu wkhq iru wkh vnloo suhplxp rqo|1
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qrw |hw dgrswhg wkh qhz whfkqrorj| frpsohwho|1 Wkhq/ zh fdq uhpdun wkhiroorzlqj lpsolfdwlrq ri wkh prgho1
Uhvxow 5 Li w 5 
| dqg w . 4 @5 
|n� lqhtxdolw|/ dv phdvxuhg e| wkh vnloosuhplxp/ idoov ehwzhhq wlph w dqg wlph w. 41

Surri1 Vhh Dsshqgl{1
Vlqfh qr U)G lv shuiruphg dw w . 4/ dqg vlqfh U)G lv lqwhqvlyh lqvnloohg oderu/ wkh djjuhjdwh ghpdqg iru wkh odwwhu idoov/ dqg vr grhv wkhuhodwlyh zdjh147 Krzhyhu/ wklv grhv qrw phdq wkdw wkh xqvnloohg zdjh zlookdyh wr lqfuhdvh +lq idfw lw pd| zhoo uhpdlq frqvwdqw,/ dqg pruh jhqhudoo|wkdw wkh uhgxfwlrq lq lqhtxdolw| revhuyhg dw d srlqw lq wlph vkrxog vljqdo wkhfrqyhujhqfh wr dq hjdolwduldq vwhdg| vwdwh148 Wkh prgho lv lqghhg shuihfwo|frqvlvwhqw zlwk d wudqvlwlrqdo g|qdplfv ihdwxulqj d surjuhvvlyh +ru dw ohdvwd f|folfdo, uhgxfwlrq ri zdjh lqhtxdolw| exw qrqhwkhohvv frqyhujlqj wr dsrodul}hg orqj uxq frq�jxudwlrq +dq h{dpsoh zloo eh jlyhq lq qh{w vhfwlrq,1Ilqdoo|/ zh fdq vwdwh rqh odvw uhvxow frqfhuqlqj wkh h{lvwhqfh ri d olplwwr wkh h{whqw ri zdjh lqhtxdolw| srvvleo| revhuydeoh lq wkh hfrqrp|1

Uhvxow 6 Dv orqj dv O A 3/ wkh dgrswlrq ri wkh qhz whfkqrorj| lv rqo|sduwldo dqg wkh vnloo suhplxp lv erxqghg iurp deryh e| d �qlwh frqvwdqwzklfk lqfuhdvhv zlwk �1
Surri1 Vhh Dsshqgl{1
Edvlfdoo|/ wklv uhvxow whoov xv wkdw wkh srwhqwldo lpsdfw ri whfkqrorjlfdosurjuhvv rq zdjh lqhtxdolw| lv lq vrph zd| olplwhg1 Lq sduwlfxodu/ lw whoov xvwkdw dq h{wuhph rxwfrph vxfk dv wkh ixoo vfdoh dgrswlrq ri wkh qhz whfkqro0rj|/ lq devhqfh ri wkh dftxlvlwlrq ri kxpdq fdslwdo e| doo krxvhkrogv/ lv qrwsrvvleoh lq wklv hfrqrp|1 Li wkdw zdv wkh fdvh/ wkh xqvnloohg zdjh zrxog eh}hur/49 dqg wkhuhiruh wkh vnloo suhplxp zrxog eh lq�qlwh1 Wklv fdqqrw rffxukrzhyhu dv wkh vnloo suhplxp lv qhfhvvdulo| erxqghg iurp deryh1 Wkh h{lv0whqfh ri vxfk xsshu erxqg lv ghwhuplqhg e| wkh idfw wkdw/ dv wkh xqvnloohg

47Wkh srvvlelolw| ri revhuylqj d f|folfdo g|qdplfv lq zdjh lqhtxdolw| dulvhv dovr lq Jdorudqg Wvlggrq +4<<:, prgho1 Wkh phfkdqlfv gulylqj p| dqg ri wkhlu uhvxow lv lqghhg irupdoo|txlwh vlplodu1 Krzhyhu/ zkloh wkh| gr srvwxodwh wkdw wkhlu surgxfwlylw| lqgh{ lv d slhfhzlvhfrqvwdqw ixqfwlrq ri wkh dyhudjh ohyho ri kxpdq fdslwdo ri wkh hfrqrp| +zklfk �mxpsv�lqiuhtxhqwo|, L ghulyh d vlplodu sursrvlwlrq dv dq htxloleulxp rxwfrph148Wkxv rqh fdq dujxh wkdw wkh uhgxfwlrq lq lqhtxdolw| revhuyhg e| vrph ryhu wkh odvwihz |hduv lv qrw qhfhvvdulo| d slhfh ri hylghqfh djdlqvw wkh wzr0wlhuv vrflhw| k|srwkhvlv149 Lw lv fohdu iurp htxdwlrq +9, wkdw/ dv orqj dv u : f/ *�4w<f �� Euc w� ' f1
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zdjh dssurdfkhv dq duelwudulo| orz ydoxh/ lw lv dozd|v pruh sur�wdeoh wrxvh wkh xqvnloohg oderu lqwhqvlyh whfkqrorj| lq vrph vhfwruv ri surgxfwlrq1Wkhuhiruh wkhuh lv qr lqfhqwlyh wr shuirup dq| U)G eh|rqg vrph srlqw dqgwkh xqvnloohg zdjh fdqqrw idoo �wrr pxfk� lq wxuq1 Lq rwkhu zrugv/ lq wklvhfrqrp| wkh pdjqlwxgh ri zdjh lqhtxdolw| lv frqvwudlqhg e| sur�wdelolw|lqfhqwlyhv1 Vxfk xsshu erxqg lqfuhdvhv zlwk �= wkh kljkhu lv surgxfwly0lw| lpsuryhphqw eurxjkw derxw e| lqqrydwlrq/ wkh kljkhu lv wkh ghjuhh ri�dgplvvleoh� lqhtxdolw|1
L wxuq qrz wr wkh suhflvh ghvfulswlrq ri wkh lqwhuwhpsrudo vwuxfwxuh riwkh hfrqrp|/ ri krxvhkrogv* suhihuhqfhv dqg wr wkh ghulydwlrq ri wkh kxpdqfdslwdo dffxpxodwlrq xqghu fuhglw pdunhw lpshuihfwlrqv/ iroorzlqj lq sduwforvho| Jdoru dqg ]hlud +4<<6,1

6 Vhwxs dqg Suhihuhqfhv
Wkh hfrqrp| kdv dq ryhuodsslqj jhqhudwlrq +ROJ, vwuxfwxuh dqg dq lq�qlwhgxudwlrq1 Lw lv vpdoo dqg rshq dqg djhqwv fdq ohqg prqh| lq dq lqwhuqdwlrqdofdslwdo pdunhw dw d jlyhq lqwhuhvw udwh U A 31 Wkh| fdqqrw eruurz krzhyhu/ehfdxvh ri vrph lpshuihfwlrq h{lvwlqj lq wkh fuhglw pdunhw14: Wkh hfrqrp| lvsrsxodwhg e| d frqwlqxxp ri phdvxuh Q ri g|qdvwlhv/ lqgh{hg e| l 5 ^3> Q `1Lqglylgxdov olyh iru wzr shulrgv1 Lq wkh �uvw shulrg ri olih/ wkh |rxqj djh/wkh| pd| jhw hgxfdwhg +dftxluh kxpdq fdslwdo, dqg lq wkh vhfrqg shulrg/wkh dgxow djh/ wkh| zrun dqg jhqhudwh d xqltxh fklog14; Khqfh wkhuh lv qrsrsxodwlrq jurzwk dqg hyhu| qhz frkruw lv dovr pdgh xs e| d phdvxuh Qfrqwlqxxp ri djhqwv1 Iru vlpsolflw| djdlq/ dqg zlwk qr orvv ri jhqhudolw|/frqvxpswlrq wdnhv sodfh gxulqj wkh vhfrqg shulrg ri olih rqo|/ wkh dgxow djh1Djhqwv dovr gudz xwlolw|/ lq wkh vhfrqg shulrg ri olih/ iurp d ehtxhvw ohiw wrwkhlu fklog14<Zlwkrxw orvv ri jhqhudolw|/ wkh jhqhudwlrq wkdw lv dgxow dw wlph 3 lv dv0vxphg wr eh pdgh xs hqwluho| e| xqvnloohg zrunhuv1

4:D ydulhw| ri vwrulhv frxog eh surylghg wr mxvwli| wkh h{lvwhqfh ri wklv pdunhw lpshu0ihfwlrq/ zklfk hvvhqwldoo| grhv qrw hqdeoh djhqwv wr eruurz djdlqvw wkhlu ixwxuh lqfrph1Wkh ulvn ri ghew uhsxgldwlrq ru lqfhqwlyhv sureohpv lq wkh jxlvh ri prudo kd}dug ri wkheruurzhu duh rqo| vrph ri wkhp1 Vlqfh wkh dvvxpswlrq lv frpsohwho| vwdqgdug/ L zloo qrjr dq| ixuwkhu lq dffrxqwlqj iru lwv plfurirxqgdwlrq lq whupv ri �uvw sulqflsohv14;Wkh jhqhudwlrq wkdw lv rog dw wlph f lv dvvxphg zlwk qr orvv ri jhqhudolw| wr eh pdghxs hqwluho| e| xqhgxfdwhg zrunhuv14<Wkdw lv/ lqwhujhqhudwlrqdo dowuxlvp lv ri wkh �zdup jorz w|sh�/ udwkhu wkhq sxuhg|qdvwlf ã od Eduur1
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Dvvxplqj vhsdudelolw| ri suhihuhqfhv dqg orj xwlolw|/ dqg ohwwlqj � 5 +3> 4,lqgh{ wkh uhodwlyh lpsruwdqfh ri frqvxpswlrq dqg ehtxhvw lq lqglylgxdozhoiduh/ wkh rswlpl}dwlrq sureohp ri wkh phpehu ri g|qdvw| l eruq dw wlphw lv irupdol}hg dv
pd{e�|cS�|n�cK�|n� x �f�|n�> e�|n�� @ � oq �f�|n��. +4� �, oq �e�|n��

v1w1 f�|n� . e�|n� � �d�|n� .z�|n��
d�|n� @ U �e�| � h�|g�|� +46,

d�|n� � 3 +47,
d�f � 3 jlyhq +48,
z�f @ z�f > ; l +49,zkhuh g lqglfdwhv wkh +frqvwdqw dfurvv wlph dqg g|qdvwlhv, frvw ri hgxfdwlrqdftxlvlwlrq lq xqlwv ri lqfrph dqg h lv d glfkrwrprxv yduldeoh dvvxplqj wkhydoxh ri 4 li wkh djhqw lqyhvw lq hgxfdwlrq dqg ri 3 rwkhuzlvh vr wkdw

z�|n� @ ��r|n� li e�| ' ���|n� li e�| ' f
Qrwlfh wkdw/ dv krxvhkrogv fdqqrw eruurz/ wkhlu vwrfn ri dvvhwv lv frqvwudlqhgwr eh dozd|v qrq qhjdwlyh +47,1 +48, uh hfwv wkh dvvxpswlrq wkdw doo g|qdv0wlhv vwduw rxw zlwk dq h{rjhqrxvo| jlyhq zhdowk hqgrzphqw/ zklfk lv lqlwldoo|glvwulexwhg dfurvv wkhp ryhu wkh lqwhuydo �3>bdf� dffruglqj wr d jlyhq phdvxuhixqfwlrq �f vr wkdw

4Q ]
if $ @ $ b@fj �f +gd, @ 4=

Odvwo|/ +49, irupdol}hv wkh dvvxpswlrq wkdw doo wkh zrunhuv zkr duh dgxow dwwlph 3 duh xqvnloohg1
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Wkh rswlpl}dwlrq sureohp vroyhg e| krxvhkrogv fdq eh eurnhq grzq lqwzr slhfhv= �uvw pd{lpl}lqj olihwlph lqfrph +l1h1 pdnlqj wkh rswlpdo fduhhufkrlfh, dqg wkhq pd{lpl}lqj xwlolw| jlyhq lqfrph1 Wkh vhfrqg sduw ri wkhsureohp kdv wkh vwudljkwiruzdug vroxwlrq
f�|n� @ � �d�|n� .z�|n�� +4:,

e�|n� @ +4� �, �d�|n� .z�|n�� = +4;,Wkh �uvw sduw ri wkh sureohp/ lqfrph pd{lpl}dwlrq/ frqvlvwv lq wkh rswl0pdo doorfdwlrq ri wkh lqkhulwdqfh ehwzhhq vdylqjv dqg hgxfdwlrqdo h{shqgl0wxuhv dqg lv lq idfw d qrq0frqyh{ ghflvlrq1 D +fuhglw xqfrqvwudlqhg, zrunhuzloo lqyhvw lq hgxfdwlrq surylghg wkdw wkh qhw uhwxuq/ wkh vnloohg yhuvxv xq0vnloohg zdjh gl�huhqwldo/ h{fhhgv wkh frvw ri kxpdq fdslwdo dftxlvlwlrq/ ruli zr|n� �z�|n�U � g= +4<,
7 G|qdplfv ri wkh Zhdowk dqg Vnloov Glvwulexwlrq
Wkh g|qdplf htxdwlrq ghvfulelqj wkh hyroxwlrq ri g|qdvw|*v l dvvhwv dqgehtxhvwv fdq eh rewdlqhg e| frpelqlqj htxdwlrqv +47, dqg +4;,> wkh| uhdg

d�|n� @ U �+4� �, �d�| .z�|�� h�|g|� +53,
e�|n� @ +4� �,U �e�| � h�|g|�. +4� �,z�|n�= +54,Wkh iroorzlqj vhw ri sdudphwulf uhvwulfwlrqv lv lpsrvhg1

Dvvxpswlrq 5 dW � � _�3B �z�f� lv vxfk wkdw �f ++3> dW`, A 3=
Dvvxpswlrq 6 +4� �,U ? 4=

Dvvxpswlrq 5 hqvxuhv wkh h{lvwhqfh ri d vhw ri vwulfwo| srvlwlyh phdvxuh rig|qdvwlhv zklfk duh fuhglw frqvwudlqhg dw wlph }hur +wkdw lv/ wkh fkloguhq rivrph dgxowv dw wlph }hur fdqqrw lqyhvw lq hgxfdwlrq,1 Dvvxpswlrq 6 hqvxuhv
53



wkdw wkh zhdowk ri/ dqg ehtxhvw sdvvhg e|/ hdfk g|qdvw| frqyhujhv wr d �qlwhorqj uxq ohyho +wkh �uvw rughu gl�huhqfh htxdwlrqv +53, dqg +54, kdyh d vwdeohhtxloleulxp,1Lw zrxog qrw eh srvvleoh wr ghvfuleh dqdo|wlfdoo| wkh g|qdplfv ri wkhprgho iru d jhqhulf lqlwldo glvwulexwlrq ri zhdowk1 Wkxv/ L fkrrvh wr irfxvrq rqh vlpsoh fdvh/ ri zklfk dq h{solflw dqdo|vlv lv srvvleoh1 Wklv h{dpsohL surylgh lv lqwhqghg wr vkrz krz wkh lpsdfw ri vnloohg eldvhg whfkqrorjlfdofkdqjh rq wkh zdjh vwuxfwxuh pd| fdxvh lqhtxdolw| wr shuvlvw lq wkh orqj uxqlq dq hfrqrp| zkhuh/ li whfkqrorj| uhpdlqhg vwdwlrqdu|/ wkh odwwhu zrxogkdyh ydqlvkhg lq vwhdg| vwdwh1
714 H{dpsoh= d Wkuhh Fodvvhv Hfrqrp|L frqvlghu wkh fdvh ri dq hfrqrp| zlwk dq lqlwldo zhdowk glvwulexwlrq frq0fhqwudwhg lq wkuhh pdvv0srlqwv/ fruuhvsrqglqj wr wkh hqgrzphqwv ri wkuhhvrfldo fodvvhv= wkh srru/ wkh plggoh fodvv dqg wkh ulfk1 Ohw S / P dqg Zlqglfdwh wkh phdvxuh ri wkh wkuhh fodvvhv uhvshfwlyho| dv ri wlph 3 dqg dRf/d6f dqg dof ghqrwh wkhlu uhvshfwlyh lqlwldo zhdowk1 L dvvxph wkdw wkh erwk wkhsrru dqg wkh plggoh fodvv duh qrw lqlwldoo| ulfk hqrxjk wr lqyhvw lq hgxfdwlrqzkloh wkh ulfk duh vr dqg wkdw Z ? {W ? P . Z 1 Wkdw lv/ wkhuh duh qrwhqrxjk ulfk dw wlph }hur wr ixho dorqh dq| whfkqrorjlfdo fkdqjh exw wkh ulfkdqg wkh plggoh fodvv frpelqhg +li hgxfdwhg, frxog gr vr1 Dovr/ L dvvxphli wkh zdjh vwuxfwxuh uhpdlqhg vwdwlrqdu|/ hyhu| g|qdvw| zrxog hyhqwxdoo|d�rug wr lqyhvw lq hgxfdwlrq153Lw zloo eh dssduhqw iurp wkh vxevhtxhqw dqdo|vlv wkdw wkh iroorzlqj uh0vwulfwlrq lv vx!flhqw wr jxdudqwhh wkdw lw lv dozd|v h!flhqw +wkdw lv/ irudq| htxloleulxp zdjh vwuxfwxuh, iru zrunhuv wr lqyhvw lq hgxfdwlrq lq wklvhfrqrp|

+!� 4,z�fU A g= +55,
Wkh hfrqrp| h{shulhqfhv edvlfdoo| wzr gl�huhqw jurzwk uhjlphv1

53Irupdoo|/ wklv lv vr li wkh dv|pswrwlf ohyho ri ehtxhvw fruuhvsrqglqj wr wkh lqlwldoxqvnloohg zdjh h{fhhgv wkh hgxfdwlrq frvw/ ri li
E�3 B���f�3 E�3 B�- : _

zklfk L dvvxph wr eh wkh fdvh1
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71414 Uhjlph LWkh hfrqrp| rshudwhv lqlwldoo| zlwk d vwdwlrqdu| djjuhjdwh surgxfwlrq whfk0qrorj|1 Lw jrhv wkurxjk d �uvw jurzwk skdvh zklfk lv lq hvvhqfh edvhg rqo|rq wkh g|qdvwlf dffxpxodwlrq ri dvvhwv dqg rq wkh dftxlvlwlrq ri kxpdq fds0lwdo e| wkh ulfk dorqh1 Wklv lqlwldo uhjlph vwrsv zkhq wkh plggoh fodvv kdvehfrph ulfk hqrxjk wr lqyhvw lq hgxfdwlrq/ qdpho| dw wkh +�uvw, wlph W .4vxfk wkdw P.Z � Ut@W$@� �A +gd, � {W 1 Dv orqj dv wkdw grhv qrw kdsshq/zdjh lqhtxdolw| grhv qrq ydu| +wkh vnloo suhplxp uhpdlqv htxdo wr !,1
71415 Uhjlph LLWkh hfrqrp| hqwhuv lq lwv vhfrqg jurzwk uhjlph rqfh wkh plggoh fodvv kdvdffxpxodwhg hqrxjk dvvhwv wr lqyhvw lq hgxfdwlrq1 Zkhq wklv kdsshqv/ dwhfkqrorjlfdo uhyroxwlrq vwduwv wdnlqj sodfh dfurvv vhfwruv ri surgxfwlrq1Zh fdq wkhq glvwlqjxlvk ehwzhhq wzr gl�huhqw w|shv ri phglxp0orqj uxqrxwfrphv1

+4, Wkh gl�xvlrq ri wkh dgydqfhg whfkqrorj| lv frpsohwh li wkh srru duhwkhpvhoyhv ulfk hqrxjk wr lqyhvw lq hgxfdwlrq dw wlph W . 4/ ru li Q @Ut@W$@� �A +gd,1 Lq wklv fdvh/ wkh rog whfkqrorj| lv frpsohwho| gursshg0r�rqfh dqg iruhyhu1 Wr vhh wklv/ qrwlfh �uvw ri doo iurp +:, wkdw olpu<f�+�>O, @�= li doo zrunhuv dftxluh hgxfdwlrq/ wkh djjuhjdwh surgxfwlrq vwuxfwxuh fdqehqh�w ri wkh ixoo vfdoh dgrswlrq ri qhz whfkqrorj|1 Dqg wkhuhiruh doo zrun0huv gr hduq d vdodu| htxdo wr zrAn� @ �D�Qk3�! A �D,Qk3�!1 Wklv lv wkhxqltxh htxloleulxp ri wkh prgho1 Lq idfw/ li rqh lqglylgxdo zrunhu ghyldwhgiurp lw/ kh zrxog hduq dq xqvnloohg vdodu| htxdo wr }hur +vlqfh kh zrxog ehxqhpsor|hg, dqg wklv zrxog qrw fohduo| eh sur�wdeoh1 Frqyhuvho|/ dv orqjdv +55, krogv/ hdfk zrunhu zloo vwulfwo| suhihu wr lqyhvw lq hgxfdwlrq dq|zd|udwkhu wkdq uhpdlqlqj xqhgxfdwhg1Ryhu wlph/ wkh hfrqrp| frqyhujhv wr d vwhdg| vwdwh zkhuh doo g|qdv0wlhv kdyh dffxpxodwhg dq lghqwlfdo vwrfn ri dvvhwv htxdo wr wkh vwdwlrqdu|htxloleulxp ri wkh g|qdplf htxdwlrq +53,/ ru
dr" @ +4� �,U4� +4� �,U�D�Qk3�!� g4� +4� �,U=

Fohduo|/ wklv hyhqw lv pruh olnho| wr kdsshq wkh orzhu lv wkh lqlwldo gli0ihuhqfh lq wkh zhdowk hqgrzphqw ri wkh srru dqg ri wkh plggoh fodvv1 Wkhodujhu lv vxfk dq lqlwldo jds/ wkh pruh olnho| lw lv wkdw wkh srru zloo uhpdlq
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ehklqg wkh plggoh fodvv zkhq wklv d�rugv wr lqyhvw lq hgxfdwlrq1 Lq wklvvhqvh/ zh uhfryhu lq wklv hfrqrp| d yhuvlrq ri wkh sursrvlwlrq dffruglqj wrzklfk �htxdolw| lv jrrg iru jurzwk�1
+5, Li wkh lqlwldo zhdowk jds ehwzhhq wkh srru dqg wkh plggoh fodvv lvlqghhg uhodwlyho| odujh/ wkh iruphu zloo +dw ohdvw whpsrudulo|, uhpdlq xqdeohwr lqyhvw lq hgxfdwlrq/ dqg zloo uhpdlq vwxfn lq wkh uhvlgxdo xqvnloohg oderulqwhqvlyh vhfwruv/ zlwk whfkqrorjlfdo fkdqjh wdnlqj sodfh dw W . 4 rqo| sdu0wldoo| +uhfdoo wkh srlqw pdgh lq uhvxow 6/ vhfwlrq 5,1 Wkh surgxfwlrq vwuxfwxuhdqg wkh oderu pdunhw ri wkh hfrqrp| dvvxph wkhq d vhjphqwhg irup/ zklfkuh hfwv wkh vnloov khwhurjhqhlw| dprqj wkh zrunhuv1 Qrwlfh wkdw lw lv dozd|vwkh fdvh wkh xqvnloohg zdjh lv orzhu dw wlph W . 4 wkhq dw wlph W vlqfh�An� +4> S , @ +4� �, �3�8 dqg

z� +�An�> S , @ �D, � S4��An� +4> S ,�k3� ? z� +4> Q, +, I4� � ? Q=+56,zklfk lv dozd|v wuxh +e| lpsolfdwlrq ri dvvxpswlrq 4,1Vlqfh OAn� @ OAn�na @ S iru vrph M � 4/ fruroodu| 4 ri vhfwlrq 5 whoovxv wkdw wkhuh zloo qrw eh dq| lqqrydwlrq iru vrph +srvvleo| lq�qlwh, wlphdiwhu W 1 Zkhwkhu M zloo eh lqghhg �qlwh ri lq�qlwh zloo ghshqg fulwlfdoo|rq wkh zd| wkh zdjh vwuxfwxuh lv d�hfwhg e| wkh �uvw zdyh ri whfkqrorjlfdosurjuhvv1 Zh fdq glvwlqjxlvk wzr vxe0fdvhv1
Sursrvlwlrq 6 < d srvlwlyh frqvwdqw � vxfk wkdw=+5l, li S ? �/ lqlwldoo| srru g|qdvwlhv uhpdlq fuhglw frqvwudlqhg iru hyhu>+5ll, li S A �/ zlwklq d �qlwh wlph/ lqlwldoo| srru g|qdvwlhv fdq lqyhvw lqhgxfdwlrq1

Surri1 Vhh Dsshqgl{1
Edvlfdoo|/ lq fdvh +5l, wkh zdjh orvv vx�huhg e| wkh srru lv vr odujh qrwwr hqdeoh +dq| ri, wkhp wr hyhu lqyhvw lq hgxfdwlrq1 Wkhlu g|qdvwlf dffx0pxodwlrq ri dvvhwv frqyhujhv wr d orqj uxq ohyho vxfk wkdw wkh fruuhvsrqglqjehtxhvw lv orzhu wkdq wkh frvw ri hgxfdwlrq1 Dv d uhvxow/ lqlwldoo| srru g|qdv0wlhv uhpdlq fuhglw frqvwudlqhg dqg hqg xs zrunlqj dv xqvnloohg iruhyhu1 Dqgwkh glvwulexwlrq ri zhdowk frqyhujhv wr wkh wzr0srlqwv hujrglf glvwulexwlrqiS>P .Zj frqfhqwudwhg dw
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d�" @ +4� �,U4� +4� �,U�D, � S4���k3� � g4� +4� �,U
dr" @ +4� �,U4� +4� �,U�D��P .Z� �k3� !� g4� +4� �,U=

Qrwlfh wkdw wkh vnloo suhplxp idoov ehwzhhq W . 4 dqg W . 5 +�An2 ?�An�,/ uhpdlqlqj frqvwdqw wkhuhdiwhu1 Wklv lv vr dv qr lqqrydwlrq wdnhv sodfhdw W .5/ dqg wkhuhiruh wkh ghpdqg iru vnloohg oderu lv orzhu1 Wkhuhiruh/ wkhidoo lq zdjh lqhtxdolw| wkdw wkh hfrqrp| h{shulhqfhv lv d sxuho| wudqvlwru|hyhqw dqg lqhtxdolw| shuvlvwv lq wkh orqj uxq1 Lq fdvh +5ll, lqvwhdg/ wkh zdjhorvv ri wkh srru lv qrw vwurqj hqrxjk wr lpshgh wr wkh surfhvv ri g|qdvwlfdffxpxodwlrq ri dvvhwv wr jr idu hqrxjk wr doorz dw vrph srlqw doo zrunhuvwr dftxluh hgxfdwlrq1 Li wkdw hyhu kdsshqv/ wkh orqj uxq frq�jxudwlrq ri wkhhfrqrp| lv lghqwlfdo wr wkh rqh rewdlqlqj lq fdvh +4,/ vlqfh lw lv fohdu wkdwwkh xqltxh +vwdwlf, htxloleulxp ri wkh hfrqrp| zloo lqyroyh wkh dftxlvlwlrqri hgxfdwlrq e| hyhu|erg|1 Fuxfldoo|/ lqhtxdolw| shuvlvwv lq wkh orqj uxq liwkh srru duh uhodwlyho| ihz wr vwduw zlwk1 Lqghhg/ zh nqrz douhdg| wkdw wkhfrpsuhvvlrq h�hfw dozd|v grplqdwhv dw wkh pdujlq ryhu wkh vkruwdjh h�hfw+uhvxow 4,/ dqg wkhuhiruh wkh zdjh orvv vx�huhg e| wkh srru lv lq jhqhudo htxl0oleulxp dfwxdoo| kljkhu wkh ohvv wkh| duh/ ghvslwh wkh glplqlvklqj pdujlqdouhwxuqv whfkqrorj|1
Lq vxp/ zh frqfoxgh wkdw wkh irup ri wkh lqlwldo glvwulexwlrq ri zhdowksod|v d nh| uroh lq vkdslqj wkh orqj uxq ehkdylru ri wkh hfrqrp|/ zkhqwhfkqrorjlfdo surjuhvv grhv hyhu wdnh sodfh1 Lw grhv vr e| lq xhqflqj wkhwlplqj dqg h{whqw ri whfkqrorjlfdo fkdqjh1 Wzr frqglwlrqv vhhp wr pdnhwkh hyhqw ri shuvlvwhqfh ri lqhtxdolw| pruh olnho| wr rffxu1 Wkh srru pxvweh vx!flhqwo| ehorz wkh plggoh fodvv lq whupv ri lqlwldo zhdowk +olnholkrrgri ehlqj lq fdvh +5,, dqg wkh| pxvw eh uhodwlyho| ihz +olnholkrrg ri ehlqjlq vxefdvh +5l,,1 Lq rwkhu zrugv/ kroglqj frqvwdqw wkh dyhudjh djjuhjdwhlqlwldo ohyho ri zhdowk/ dq hfrqrp| vwduwlqj zlwk d uhodwlyho| vpdoo qxpehuri yhu| srru g|qdvwlhv/ vhhpv pruh olnho| wr frqyhujh wr d gxdo orqj uxqfrq�jxudwlrq zkhuh erwk rog dqg qhz whfkqrorjlhv frh{lvw dqg zkhuh rqo|d iudfwlrq ri wkh zrunhuv duh hgxfdwhg1
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8 Glvfxvvlrq
Vwdqgdug kxpdq fdslwdo wkhru| suhglfwv wkdw d kljkhu vnloo suhplxp/ zkdw0hyhu lwv fdxvh/ vkrxog xqdpeljxrxvo| wuljjhu d kljkhu vsuhdg ri hgxfdwlrq dwwkh djjuhjdwh ohyho1 Pruhryhu/ wkh kljkhu vnloo suhplxp vkrxog lwvhoi eh h{0shfwhg wr idoo ryhu wlph gxh wr wkh uhvxowlqj surfhvv ri txdqwlw| dgmxvwphqw1Ilqdoo|/ dorqj zlwk wkh vnloo suhplxp/ wkh dvvrfldwhg lqhtxdolw| ri hduqlqjvdfurvv wkh vnloov vshfwuxp vkrxog dovr eh h{shfwhg wr uhyhuw wr wkh phdq1Wkh fruh phvvdjh ri wklv sdshu dsshduv wr eh lq vkdus frqwudvw zlwk wklvfrqyhqwlrqdo zlvgrp1 Lq sduwlfxodu/ wkh sdshu dujxhv wkdw vxfk zlvgrp pd|eh lqfruuhfw li wzr nh| frqglwlrqv duh phw= +l, fuhglw pdunhwv duh lpshuihfw/dqg +ll, xqvnloohg zdjhv idoo lq devroxwh whupv uhodwlyh wr vnloohg zdjhv +vrwkdw wkh vnloo suhplxp lv dfwxdoo| kljkhu iru wzr sdudooho uhdvrqv, dv d uhvxowri whfkqrorjlfdo fkdqjh1Jlyhq wkh gudpdwlf wudqvirupdwlrqv lq wkh zdjh vwuxfwxuh lqgxfhg e|vnloohg eldvhg whfkqrorjlfdo fkdqjh ryhu wkh sdvw wkluw| |hduv/ dqg lq sdu0wlfxodu wkh vxevwdqwldo devroxwh idoo ri wkh hduqlqjv ri d odujh iudfwlrq riwkh srsxodwlrq/ lw lv qrw xquhdvrqdeoh wr vshfxodwh wkdw wkh delolw| ri pdq|krxvhkrogv wr xqghuwdnh frvwo| kxpdq fdslwdo lqyhvwphqwv pxvw kdyh vkduso|ghwhulrudwhg1 Lq rwkhu zrugv/ wkh kljk vnloo suhpld judqwhg e| vnloo eldvhgwhfkqrorjlhv pd| qrw jhqhudwh wkh errp lq kxpdq fdslwdo lqyhvwphqwv wkh|vkrxog lq d zruog zlwk shuihfw fuhglw pdunhwv/ ehfdxvh ri wkh sdxshul}lqjh�hfw sod|hg e| wkh vdph whfkqrorjlhv rq wkh hduqlqjv ri d uhodwlyho| odujhiudfwlrq ri wkh srsxodwlrq1 Lq wxuq/ lqhtxdolw| pd| dovr qrw eh h{shfwhg wruhyhuw wr wkh phdq iroorzlqj d pdmru gl�xvlrq ri vnloohg eldvhg whfkqrorjlhv1

D qxpehu ri uhfhqw hpslulfdo frqwulexwlrqv surylgh hylghqfh frqvlvwhqwzlwk wkh pdlq phvvdjh ri wklv sdshu1 Lq sduwlfxodu/ Dfhprjox dqg Slvkfnh+5333, grfxphqw wkh h{lvwhqfh ri d vxevwdqwldo lqfrph hodvwlflw| lq krxvh0krogv hgxfdwlrqdo lqyhvwphqwv154 Iru h{dpsoh/ wkh| grfxphqw wkdw lq wkhX1V1 ryhu wkh shulrg 4<;5 � 4<<5 wkh udwh ri hquroophqw lq irxu0|hdu fro0ohjh surjudpv kdv lqfuhdvhg vhqvleo| rqo| iru wkh krxvhkrogv lq wkh irxuwktxduwloh ri wkh glvwulexwlrq ri lqfrph1 Exw wkh vdph kdv uhpdlqhg urxjko|frqvwdqw ryhu wkh vdph shulrg iru wkh krxvhkrogv lq wkh �uvw dqg vhfrqgtxduwloh1 Lqwhuhvwlqjo|/ wkh| dovr �qg wkdw hyhq uhodwlyho| ulfk krxvhkrogvpd| qrw kdyh ehhq frpsohwho| lppxqh wr fuhglw frqvwudlqwv/ wkxv surylglqjlpsruwdqw hylghqfh lq idyru ri wkh pdlq k|srwkhvlv ri wklv sdshu1 Vlqfh wkhluuhvxowv duh edvhg rq X1V1 gdwd dqg vlqfh wkh X1V1 duh qrupdoo| wkrxjkw wr
54Sduwo| gl�huhqw frqfoxvlrqv kdyh ehhq krzhyhu rewdlqhg e| rwkhu uhfhqw hpslulfdolqyhvwljdwlrqv ri wkh uhohydqfh ri fuhglw frqvwudlqwv vxfk dv wkh sdshu ri Vkhd +5333,1
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kdyh wkh prvw h!flhqw fuhglw pdunhw ri wkh zruog/ wkhlu uhvxowv vkrxog diruwlrul eh fruurerudwhg dfurvv frxqwulhv dv zhoo1Rqh rwkhu slhfh ri hylghqfh qrw lqfrqvlvwhqw zlwk wkh frqfoxvlrqv ri p|prgho lv surylghg e| Fdug dqg Ohplhx{ +5333,/ zkr grfxphqw d vxevwdqwldovorzgrzq lq wkh udwh ri jurzwk ri hgxfdwlrqdo dwwdlqphqwv lq srvw04<83 X1V1frkruwv/ lq vslwh ri wkh kljk vnloohg suhpld ri wkh 4<;3*v dqg 4<<3*v1
9 Rq Uhglvwulexwlrq/ Hgxfdwlrq dqg Wkh Ulvh riIlvfdo Frqvhuydwlvp
Wkh 4<;3*v dqg 4<<3*v kdyh vhhq qrw rqo| d vshfwdfxodu ulvh ri zdjh lq0htxdolw| exw dovr d sdudooho idoo lq wkh h{whqw ri wkh �vfdo uhglvwulexwlrq riuhvrxufhv surprwhg e| wkh jryhuqphqwv ri pdq| dgydqfhg hfrqrplhv1 Wklvvhfrqg wuhqg vwdqgv reylrxvo| lq vkdus frqwudvw zlwk wkh rssrvlwh rqh wr0zdug zhoiduh vwdwh h{sdqvlrq revhuyhg ryhu wkh 4<93*v dqg 4<:3*v1 Dw d �uvwvljkw/ wkh wzr sdudooho surfhvvhv pd| shukdsv dsshdu dv gl!fxow wr eh h{0sodlqhg mrlqwo| lq wkh oljkw ri wkh frqyhqwlrqdo/ phgldq0yrwhu edvhg wkhru| risxeolf ghflvlrq pdnlqj lq d ghprfudf|1 \hw/ wklv lpsuhvvlrq lv qrw fruuhfw1Dv Vdlqw0Sdxo dqg Yhuglhu +4<<9, dqg Vdlqw0Sdxo +5334, frqylqflqjo| dujxh/zlwklq vxfk d iudphzrun lw lv qrw qhfhvvdulo| wuxh wkdw dq| phdq suhvhuylqjvsuhdg lq wkh glvwulexwlrq ri lqfrph zloo lqfuhdvh wkh srolwlfdo vxssruw iru�vfdo uhglvwulexwlrq1 Lq idfw/ zkdw fulwlfdoo| pdwwhuv lq wklv vhqvh +li wkh ph0gldq yrwhu wkhruhp lv dvvxphg dv wkh ehqfkpdun, lv wkh glvwdqfh ehwzhhqwkh phgldq dqg wkh phdq lqfrph/ udwkhu wkdq vlpso| wkh devroxwh ohyho riwkh iruphu1 Li d kljkhu ryhudoo lqhtxdolw| lv sulpdulo| gxh wr d sdxshulvdwlrqri wkh srru/ lw lv shuihfwo| srvvleoh wkdw wkh phgldq yrwhu +ru vrph rwkhu sly0rwdo yrwhu li wkh srolwlfdo v|vwhp lv eldvhg lq vrph zd|, pd| ehfrph ulfkhuuhodwlyho| wr wkh phdq yrwhu/ dqg khqfh vxssruw ohvv uhglvwulexwlrq udwkhuwkdq pruh1 Zkloh vnloohg eldvhg whfkqrorjlfdo fkdqjh lqfuhdvhv gudpdwlfdoo|wkh lpsruwdqfh ri hgxfdwlrq/ lw pd| zhoo dovr frqwulexwh wr fxw0grzq wkhsrolwlfdo vxssruw iru wkrvh uhglvwulexwlyh sxeolf srolflhv dlphg/ lqwhu dold/wr surprwh wkh dffxpxodwlrq ri kxpdq fdslwdo dprqj wkh srru1 Wklv fdqkdsshq lq rxu prgho li wkh fulwlfdo yrwhu dw vrph srlqw lq wlph lv wkrxjkwwr eh wkh phpehu ri d g|qdvw| zklfk kdv d�rughg wr lqyhvw lq hgxfdwlrq/exw lv hqgrzhg zlwk d uhodwlyho| orz zhdowk1 Li whfkqrorjlfdo fkdqjh d�hfwvwkh zdjh vwuxfwxuh lq d zd| vxfk wkh vnloo suhplxp lqfuhdvhv hqrxjk/ vrwkdw zdjh lqfrph ehfrphv d vx!flhqwo| pruh lpsruwdqw frpsrqhqw ri wr0wdo lqfrph wkdq �qdqfldo zhdowk/ vxfk d slyrwdo yrwhu pd| zhoo ghflgh wridyru d orzhu ghjuhh ri uhglvwulexwlyh wd{dwlrq wkdq rwkhuzlvh1 Lq wxuq/ wr
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wkh h{whqw wkdw uhglvwulexwlrq d�hfwv srvlwlyho| kxpdq fdslwdo dffxpxodwlrq+dv lw w|slfdoo| grhv zkhq fuhglw pdunhwv gr qrw ixqfwlrq surshuo|,/ wkh �v0fdo frqvhuydwlvp ri wkh phgldq yrwhu pd| lq idfw qrw doorz uhodwlyho| srrukrxvhkrogv wr eh hyhu deoh wr hvfdsh dq xowlpdwh sryhuw| wuds1 Zh fdq wkxvlghqwli| rqh rwkhu fkdqqho/ uhsuhvhqwhg e| d fkdqjh lq wkh vrfldo dwwlwxgh wr0zdug �vfdo uhglvwulexwlrq/ wkurxjk zklfk vnloohg eldvhg whfkqrorjlfdo fkdqjhfrxog fdxvh zdjh dqg lqfrph lqhtxdolw| wr shuvlvw ryhu wlph1
: Frqfoxvlrqv
Wklv sdshu kdv suhvhqwhg d prgho ri jurzwk wkurxjk hqgrjhqrxv whfkqr0orjlfdo fkdqjh/ kxpdq fdslwdo dqg zhdowk dffxpxodwlrq lq dq hqylurqphqwzkhuh fuhglw pdunhwv duh lpshuihfw1 Wkh nh| phvvdjh ri wkh sdshu lv wkdwwkh glvwulexwlrq ri lqfrph lq dq hfrqrp| fdq eh fulwlfdo erwk lq doorzlqjwhfkqrorjlfdo fkdqjh wr hyhu wdnh sodfh ru qrw dqg erwk lq vkdslqj wkh h{whqwri wkh gl�xvlrq ri qhz whfkqrorjlhv1 Li whfkqrorjlfdo fkdqjh lv vnloohg eldvhgdqg li fuhglw pdunhwv duh lpshuihfw/ lwv jhqhudo htxloleulxp h�hfwv rq wkhzdjh vwuxfwxuh fdq eh fulwlfdo iru wkh orqj uxq shuirupdqfh ri wkh hfrqrp|1Wkhvh kdyh ehhq irxqg wr ghshqg wkhpvhoyhv rq wkh glvwulexwlrq ri lqfrphzklfk ghwhuplqhv krz pdq| zrunhuv fdq lqyhvw lq hgxfdwlrq/ dqg wkhuhiruhd�hfwv wkh sur�wdelolw| ri U)G1 Wkh hduqlqj orvv vx�huhg e| wkh xqvnloohggxh wr wkh vnloo eldv ri lqqrydwlrq/ kdv ehhq irxqg wr eh dfwxdoo| kljkhuwkh ihzhu duh wkh|1 Wklv orrnv dv d txlwh vwulnlqj uhvxow lq wkh oljkw ri wkhdvvxpswlrq ri glplqlvklqj pdujlqdo uhwxuqv wr oderu1 Edvlqj rq lw/ lw kdvehhq dujxhg wkdw pxowlsoh orqj uxq frq�jxudwlrqv duh srvvleoh ghshqglqj rqlqlwldo frqglwlrqv1 Lq sduwlfxodu/ dq hfrqrp| zkhuh sryhuw| lv lqlwldoo| frq0fhqwudwhg lq uhodwlyho| ihz g|qdvwlhv ri zrunhuv/ lv pruh olnho| wr frqyhujhwr d gxdo ru srodul}hg orqj uxq htxloleulxp/ lq whupv ri erwk whfkqrorjlfdogl�xvlrq dqg zhdowk glvwulexwlrq1 Ilqdoo|/ wkh prgho suhglfwlrqv kdyh ehhqirxqg wr eh frqvlvwhqw zlwk vrph uhfhqw hpslulfdo frqwulexwlrqv grfxphqw0lqj d vxevwdqwldo lqfrph hodvwlflw| lq krxvhkrogv* hgxfdwlrqdo h{shqglwxuhv1
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; Dsshqgl{;14 Gudvwlf yhuvxv Qrq Gudvwlf LqqrydwlrqvLqqrydwlrqv duh gudvwlf +vhh dovr rq wklv wkh dsshqgl{ ri fk1 5 ri Djklrq dqgKrzlww +4<<;,, zkhq dq lqqrydwru fdq fkdujh wkh xqfrqvwudlqhg prqrsro|sulfh dqg gulyh wkh lqfxpehqw surgxfhu rxw ri wkh pdunhw1 Djklrq dqgKrzlww ghprqvwudwh wkdw wklv lv vr dv orqj dv � h{fhhgv d fhuwdlq frqvwdqw1Lq rxu hfrqrp| wklqjv duh vrphzkdw pruh frpsolfdwhg dv wkh rog dqg wkhqhz whfkqrorjlhv xvh gl�huhqw w|shv ri oderu/ dqg wkhuhiruh duh dvvrfldwhgwr frvw ixqfwlrqv wkdw ghshqg rq gl�huhqw zdjhv1Ohw F� +z�> \ +l,, lqglfdwh wkh frvw ri sxufkdvlqj \ +l, xqlwv ri wkh lqwhu0phgldwh jrrg l pdqxidfwxuhg zlwk wkh orz surgxfwlylw| whfkqrorj|> vlqfh\ +l, @ D,{k +l,/ lw lv wkh fdvh wkdw
F� +z�> \ +l,, @ z�{ +l, @ z��\ +l,D,

� �k =
Ylfh yhuvd/ wkh frvw ri surgxflqj \ +l, xqlwv ri lqwhuphgldwh jrrg lpdqxidfwxuhg zlwk wkh qhz whfkqrorj| li wkh xqfrqvwudlqhg prqrsro| sulfh+s +l, @ �rk , lv fkdujhg uhdgv

F� +s +l, > \ +l,, @ s +l,{ +l, @ zr� �\ +l,D�
� �k = +57,

Khqfh/ wkh lqqrydwru ri vhfwru l whfkqrorj| zloo eh deoh wr gulyh wkhlqfxpehqw r� wkh pdunhw fkdujlqj wkh xqfrqvwudlqhg prqrsro| sulfh li
F� +z�> \ +l,, � F� +s +l, > \ +l,, +, � � �3k �zrz�

�k +, zrz� � � �k�=+58,Wkh gl�huhqfh ehwzhhq +58, dqg wkh fruuhvsrqglqj frqglwlrq ghulyhg e|Djklrq dqg Krzlww lv wkdw wkh vnloo suhplxp qrz pdwwhuv lq ghwhuplqlqjzkhwkhu dq lqqrydwlrq lv gudvwlf ru qrw1 Vlqfh wkh ohiw kdqg vlgh ri +58, grhvqrw ghshqg rq �/ wkh frqglwlrq zloo krog +dv orqj dv z� 9@ 3, iru vrph � odujhhqrxjk/ zklfk L dvvxph wr eh dozd|v wkh fdvh lq htxloleulxp1 Qrwlfh wkdw li+58, glg qrw krog/ wkh lqqrydwru zrxog fkdujh wkh kljkhvw sulfh doorzlqj lw wrgulyh wkh lqfxpehqw r� wkh pdunhw dqg vhuyh dorqh doo wkh ghpdqg1 Qdpho|
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wkh sulfh bs @ � �kz� zklfk lv vxfk wkdw F� +z�> \ +l,, @ F� �bs> \ +l,�1 Wkhiuhh hqwu| frqglwlrq +9, zrxog wkhq dvvxph wkh irup
I @ �� �k z�zr � 4�{r? +59,

zklfk djdlq lpsrvhv d uhvwulfwlrq lq whupv ri dq xsshu erxqg iru wkh vnloosuhplxp/ iru dq| ydoxh ri {r?1 Wkh erwwrp0olqh uhpdlqv wkxv xqfkdqjhg=zdjh lqhtxdolw| lv frqvwudlqhg e| wkh sur�wdelolw| ri gl�huhqw whfkqrorjlhv1
;15 Surri ri Fruroodu| 4Ohw*v dvvxph wkdw �|n� +�|> O|n�, A 31 Wkhq

�|n� @ +4� �, Q � O|n�I � +4� �|3� .�|,�
@ +4� �,�| . +4� �, O| � O|n�I =Khqfh/

�|n� +�|> O|n�, A 3 +, O| � O|n��| +�|3�> O|, A F
zlwk F � ��3q�3kI�1
;16 Surri ri Uhvxow 4+l,=

Cz�CO @ � +�� 4,D, � O� ���k32 � � +4� �, �8 . +4� �,�+� ��,2 A 3
vlqfh/ e| yluwxh ri dvvxpswlrq 4/

� � +4� �, QI � 3 � � +� � 4,+ll,=
CzrCO @ +�� 4,D�� Q � O4� � .�+�>O,�k32 +4� �, +� � 4,+4� � .�+�>O,,2 ? 3=
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;17 Surri ri Uhvxow 5E| yluwxh ri sursrvlwlrq 7/ �|n� @ 31 dovr z�| � z�|n� vlqfh vrph fkloguhq rixqvnloohg fdq jhw hgxfdwhg zkloh �grzqzdug prelolw|� lv qrw srvvleoh lq wklvhfrqrp|1 Vlqfh �|n� @ 3/ zr|n� @ �D� � �3u|n��3w|n{|
�k3�1 Khqfh zr|n� ? zr|hyhq li O|n� @ O| dqg vr �|n� ? �|1

;18 Surri ri Uhvxow 6Vxssrvh qr1 Wkhq wkh xqvnloohg zdjh zrxog whqg wr }hur/ vrph zrunhuvehlqj xqvnloohg/ dqg wkh vnloov suhplxp zrxog eh lq�qlwh1 Dv/ d uhvxow/frqglwlrq +58, +dqg +59, dv zhoo, zrxog eh ylrodwhg1
;19 Surri ri Sursrvlwlrq 6Li wkh fkloguhq ri wkh srru dw wlph W fdq qhyhu lqyhvw lq hgxfdwlrq/ wkh xq0vnloohg zdjh uhpdlqv frqvwdqw iruhyhu dqg htxdo wrz�An� @ �D, � ��3{A E� ��k3�1E| uhvxow 4/ wklv lv nqrzq wr eh vwulfwo| ghfuhdvlqj lq S 1 Wkh orqj uxq ohyhori ehtxhvw ohiw e| wkh srru0xqvnloohg wr wkhlu fkloguhq frqyhujhv wr

e�" +�A +S , > S , @ +4� �,U4� +4� �,U�D, � S4��A +S ,�k3� +5:,
zklfk pxvw eh vwulfwo| vpdoohu wkdq g1 Ohw � eh wkh xqltxh vroxwlrq wr wkhhtxdwlrq e�" +�A +S , > S , @ g1 Wkhq e�" +�A +S , > S , ? g zkhqhyhu S ? �1Frqyhuvho|/ li S A �/ wkhq lq d �qlwh wlph e� zloo h{fhhg g dqg wkhuhiruhhyhu|rqh zloo lqyhvw lq hgxfdwlrq1
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Uhihuhqfhv
^4` Dfhprjox/ Gdurq1 �Zk| Gr Qhz Whfkqrorjlhv Frpsohphqw VnloovB Gl0uhfwhg Whfkqlfdo Fkdqjh dqg Zdjh Lqhtxdolw|1� Txduwhuo| Mrxuqdo riHfrqrplfv/ Qryhpehu 4<<;/ 446+7,/ ss1 43880;<1^5` Dfhprjox/ Gdurq dqg Slvkfnh/ Mruq0Vwh�hq1 �Fkdqjhv lq wkh ZdjhVwuxfwxuh/ Idplo| Lqfrph/ dqg Fkloguhq*v Hgxfdwlrq1� Hxurshdq Hfr0qrplf Uhylhz/ Pd| 5334/ 78+709,/ ss1 ;<30<371^6` Djklrq/ Sklolssh1 �Lqhtxdolw| dqg Hfrqrplf Jurzwk1� Ud�dhoh PdwwlrolOhfwxuhv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<;/ ss1 804351^7` Djklrq/ Sklolssh dqg Erowrq/ Sdwulfn1 �D Wkhru| ri Wulfnoh0GrzqJurzwk dqg Ghyhorsphqw1� Uhylhz ri Hfrqrplf Vwxglhv/ Dsulo 4<<:/97+5,/ ss1 48404:51^8` Djklrq/ Sklolssh dqg Krzlww/ Shwhu1 �D Prgho ri Jurzwk WkurxjkFuhdwlyh Ghvwuxfwlrq1� Hfrqrphwulfd/ Pdufk 4<<5/ 93+5,/ ss1 6560841^9` Djklrq/ Sklolssh dqg Krzlww/ Shwhu1 Hqgrjhqrxv Jurzwk Wkhru|1 WkhPLW Suhvv/ 4<<;1^:` Dxwru/ Gdylg K1> Ndw}/ Odzuhqfh I1 dqg Nuxhjhu/ Dodq E1 �FrpsxwlqjLqhtxdolw|= Kdyh Frpsxwhuv Fkdqjhg wkh Oderu PdunhwB� Txduwhuo|Mrxuqdo ri Hfrqrplfv/ Qryhpehu 4<<;/ 446+7,/ ss1 449<045461^;` Edqhumhh/ Deklmlw Y1 dqg Qhzpdq/ Dqguhz I1 �Rffxsdwlrqdo Fkrlfhdqg wkh Surfhvv ri Ghyhorsphqw1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Dsulo4<<6/ 434+5,/ ss1 5:70<;1^<` Eduwho/ Dqq S1 dqg Vlfkhupdq/ Qdfkxp1 �Whfkqrorjlfdo Fkdqjh dqgZdjhv= Dq Lqwhulqgxvwu| Dqdo|vlv1� Mrxuqdo ri Srolwlfdo Hfrqrp|/4<<</ 43:+5,/ ss15;806581^43` Eìqderx/ Urodqg1 �Lqhtxdolw| dqg Jurzwk1� Qdwlrqdo Exuhdx ri Hfr0qrplf Uhvhdufk +Fdpeulgjh / PD, Pdfurhfrqrplfv Dqqxdo/ 4<<9d/Fdpeulgjh= PLW Suhvv/ ss1 440:71^44` Eìqderx/ Urodqg1 �Khwhurjhqhlw|/ Vwudwl�fdwlrq/ dqg Jurzwk= Pdfurh0frqrplf Lpsolfdwlrqv ri Frppxqlw| Vwuxfwxuh dqg Vfkrro Ilqdqfh1�Dphulfdq Hfrqrplf Uhylhz/ Mxqh 4<<9e/ ;9+6,/ ss1 8;7093<1
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^45` Ehupdq/ Hol> Erxqg/ Mrkq dqg Julolfkhv/ ]yl1 �Fkdqjhv lq wkh Ghpdqgiru Vnloohg Oderu zlwklq X1V1 Pdqxidfwxulqj= Hylghqfh iurp wkh DqqxdoVxuyh| ri Pdqxidfwxuhuv1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Pd| 4<<7/43<+5,/ ss1 69:06<:1^46` Fdug/ Gdylg dqg Ohplhx{/ Wkrpdv1 �Fdq Idoolqj Vxsso| H{sodlq wkhUlvlqj Uhwxuq wr Froohjh iru \rxqjhu PhqB D Frkruw0Edvhg Dqdo|vlv1�Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +Fdpeulgjh/ PD, Zrunlqj Sd0shu Qr1 :988/ Dsulo 53331^47` Fdvhool/ Iudqfhvfr1 �Whfkqrorjlfdo Uhyroxwlrqv1� Dphulfdq HfrqrplfUhylhz/ Pdufk 4<<</ ;<+4,/ ss1 :;04351^48` GlQdugr/ Mrkq> Iruwlq/ Qlfroh P1 dqg Ohplhx{/ Wkrpdv1 �Oderu Pdu0nhw Lqvwlwxwlrqv dqg wkh Glvwulexwlrq ri Zdjhv/ 4<:604<<5= D Vhplsdud0phwulf Dssurdfk1� Hfrqrphwulfd/ Vhswhpehu 4<<9/ 97+8,/ ss1 43340771^49` Jdoru/ Rghg dqg Prdy/ Rphu1 �Delolw|0Eldvhg Whfkqrorjlfdo Wudqvl0wlrq/ Zdjh Lqhtxdolw|/ dqg Hfrqrplf Jurzwk1� Txduwhuo| Mrxuqdo riHfrqrplfv/ Pd| 5333/ 448+5,/ ss1 79<0<:1^4:` Jdoru/ Rghg dqg Wvlggrq/ Gdqlho1 �Wkh Glvwulexwlrq ri Kxpdq Fdslwdodqg Hfrqrplf Jurzwk1� Mrxuqdo ri Hfrqrplf Jurzwk/ Pdufk 4<<:d/5+4,/ ss1 <604571^4;` Jdoru/ Rghg dqg Wvlggrq/ Gdqlho1 �Whfkqrorjlfdo Surjuhvv/ Prelo0lw|/ dqg Hfrqrplf Jurzwk1� Dphulfdq Hfrqrplf Uhylhz/ Mxqh 4<<:e/;:+6,/ ss1 6960;51^4<` Jdoru/ Rghg dqg ]hlud/ Mrvhsk1 �Lqfrph Glvwulexwlrq dqg Pdfurhfr0qrplfv1� Uhylhz ri Hfrqrplf Vwxglhv/ Mdqxdu| 4<<6/ 93+4,/ ss1 680851^53` Jroglq/ Fodxgld dqg Ndw}/ Odzuhqfh I1 �Wkh Ruljlqv ri Whfkqrorj|0Vnloo Frpsohphqwdulw|1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Dxjxvw 4<<;/446+6,/ ss1 9<60:651^54` Jrwwvfkdon/ Shwhu1 �Lqhtxdolw|/ Lqfrph Jurzwk/ dqg Prelolw|= Wkh Ed0vlf Idfwv1� Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ Vsulqj 4<<:/ 44+5,/ ss1540731^55` Mrkqvrq/ Jhrujh H1 �Fkdqjhv lq Hduqlqjv Lqhtxdolw|= Wkh Uroh ri Gh0pdqg Vkliwv1� Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ Vsulqj 4<<:/ 44+5,/ss1 740871
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^56` Mxkq/ Fklqkxl> Pxusk|/ Nhylq P1 dqg Slhufh/ Eurrnv1 �Zdjh Lqhtxdo0lw| dqg wkh Ulvh lq Uhwxuq wr Vnloov1� Mrxuqdo ri Srolwlfdo Hfrqrp|/Mxqh 4<<6/ 434+6,/ ss1 7430751^57` Hlfkhu/ Wkhr V1 dqg Jdufld0Shqdorvd/ Fhflold1 �Lqhtxdolw| dqg Jurzwk=Wkh Gxdo Uroh ri Kxpdq Fdslwdo lq Ghyhorsphqw1� Mrxuqdo ri Ghyho0rsphqw Hfrqrplfv/ Rfwrehu 5334/ 99+4,/ ss1 4:60<:1^58` Ndw}/ Odzuhqfh I1 dqg Pxusk|/ Nhylq P1 �Fkdqjhv lq Uhodwlyh Zdjhv/4<9604<;:= Vxsso| dqg Ghpdqg Idfwruv1� Txduwhuo| Mrxuqdo ri Hfr0qrplfv/ Iheuxdu| 4<<5/ 43:+4,/ ss1 680:;1^59` Nuhphu/ Plfkdho dqg Pdvnlq/ Hulf1 �Zdjh Lqhtxdolw| dqg Vhjuhjdwlrqe| Vnloo1� Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +Fdpeulgjh/ PD,Zrunlqj Sdshu Qr1 8:4;/ Dxjxvw 4<<91^5:` Oor|g0Hoolv/ Kxz1 �Hqgrjhqrxv Whfkqrorjlfdo Fkdqjh dqg Zdjh Lq0htxdolw|1� Dphulfdq Hfrqrplf Uhylhz/ Pdufk 4<<</ ;<+4,/ ss1 7:0::1^5;` Pdwvx|dpd/ Nlplqrul1 �Jurzlqj Wkurxjk F|fohv1� Hfrqrphwulfd/Pdufk 4<<</ 9:+5,/ ss1 66807:1^5<` Shurwwl/ Urehuwr1 �Srolwlfdo Htxloleulxp/ Lqfrph Glvwulexwlrq/ dqgJurzwk1� Uhylhz ri Hfrqrplf Vwxglhv/ Rfwrehu 4<<6/ 93+7,/ ss1 :880:91^63` Shuvvrq/ Wruvwhq dqg Wdehoolql/ Jxlgr1 �Lv Lqhtxdolw| Kdupixo iruJurzwkB� Dphulfdq Hfrqrplf Uhylhz/ Mxqh 4<<7/ ;7+6,/ ss1 9330541^64` Urphu/ Sdxo P1 �Hqgrjhqrxv Whfkqrorjlfdo Fkdqjh1� Mrxuqdo ri Sr0olwlfdo Hfrqrp|/ Rfwrehu 4<<3/ <;+8,/ ss1 V:40V4351^65` Vdlqw0Sdxo/ Jloohv1 �Wkh G|qdplfv ri H{foxvlrq dqg Ilvfdo Frqvhu0ydwlvp1� Uhylhz ri Hfrqrplf G|qdplfv/ Dsulo 5334/ 7+5,/ ss1 5:806351^66` Vdlqw0Sdxo/ Jloohv dqg Yhuglhu/ Wklhuu|1 �Hgxfdwlrq/ Ghprfudf| dqgJurzwk1� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ Ghfhpehu 4<<6/ 75+5,/ss1 6<<073:1^67` Vdlqw0Sdxo/ Jloohv dqg Yhuglhu/ Wklhuu|1 �Lqhtxdolw|/ Uhglvwulexwlrqdqg Jurzwk= D Fkdoohqjh wr wkh Frqyhqwlrqdo Srolwlfdo Hfrqrp| Ds0surdfk1� Hxurshdq Hfrqrplf Uhylhz/ Dsulo 4<<9/ 73+608,/ ss1 :4<05;1^68` Vkhd/ Mrkq1 �Grhv Sduhqwv* Prqh| PdwwhuB� Mrxuqdo ri Sxeolf Hfr0qrplfv/ Dxjxvw 5333/ ::+5,/ ss1 48804;71
66



^69` Vruhqvhq/ Dqghuv1 �U)G/ Ohduqlqj/ dqg Skdvhv ri Hfrqrplf Jurzwk1�Mrxuqdo ri Hfrqrplf Jurzwk/ Ghfhpehu 4<<</ 7+7,/ ss1 75<07781^6:` Wlqehujhq/ Mdq1 Lqfrph Glvwulexwlrq= Dqdo|vlv dqg Srolflhv1 Dpvwhu0gdp= Qruwk0Kroodqg/ 4<:81^6;` Wrsho/ Urehuw K1 �Idfwru Sursruwlrqv dqg UhodwlyhZdjhv= Wkh Vxsso|0Vlgh Ghwhuplqdqwv ri Zdjh Lqhtxdolw|1� Mrxuqdo ri Hfrqrplf Shuvshf0wlyhv/ Vsulqj 4<<:/ 44+5,/ ss1 880:71^6<` Ylqgljql/ Dqguhd1 �Zdjhv/ Xqhpsor|phqw dqg Whfkqrorjlfdo Fkdqjh1�Plphr/ Xqlyhuvlw| ri Wrxorxvh/ 53341
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