
Krz Lpsruwdqw lv wkh Lqwhuphgldwh Lqsxw Fkdqqholq H{sodlqlqj Vhfwrudo Hpsor|phqw Frpryhphqwvryhu wkh Exvlqhvv F|fohB
Nxqkrqj NlpVfkrro ri Hfrqrplfv dqg IlqdqfhYlfwruld Xqlyhuvlw| ri ZhoolqjwrqZhoolqjwrq/ Qhz ]hdodqgnxqkrqj1nlpCyxz1df1q}\rxqj Vln NlpVfkrro ri Hfrqrplfv dqg Lqwhuqdwlrqdo WudghN|xqj Khh Xqlyhuvlw|Vhrxo/ Nruhdnlp|Cnkx1df1nuPdufk 59/ 5334

DevwudfwWklv sdshu vwxglhv d pxowlvhfwru g|qdplf vwrfkdvwlf jhqhudo htxloleulxpprgho fdoleudwhg wr wkh 50gljlw VLF ohyho lqwhuphgldwh lqsxw0xvh dqg fdslwdo0xvh wdeohv wr lqyhvwljdwh wkh lpsruwdqfh ri wkh lqwhuphgldwh lqsxw fkdqqho lqh{sodlqlqj wkh vhfwrudo hpsor|phqw frpryhphqw ryhu wkh exvlqhvv f|foh1 Lqjhqhudo/ wkh lqwhuphgldwh lqsxw fkdqqho lv qrw vx!flhqw wr jhqhudwh wkh vwurqjexvlqhvv f|foh frpryhphqw dfurvv vhfwruv= lw ixuwkhu uhtxluhv vrph irup rizrunhu*v uhoxfwdqfh wr vxevwlwxwh oderu krxuv dfurvv vhfwruv1 Iru h{dpsoh/ dvwkh oderu krxuv ehfrph kljko| vxevwlwxwdeoh dfurvv vhfwruv/ vrph vhfwruv* hp0sor|phqw pryhv lq wkh rssrvlwh gluhfwlrq wr wkh djjuhjdwh hpsor|phqw1 Wklvuh hfwv wkh nh| ihdwxuh ri wkh glvdjjuhjdwhg dfwxdo lqsxw0xvh dqg fdslwdo0xvhpdwulfhv= rqo| d ihz vhfwruv vhuyh dv lpsruwdqw lqsxwv wr doo rwkhu vhfwruv dqgprvw vhfwruv xvh ihz lqwhuphgldwh lqsxwv lq surgxfwlrq1 Uhihuulqj wr vrphplfur0ohyho vwxglhv rq wkh orz zdjh hodvwlflw| ri oderu vxsso|/ d orz vxevwlwx0wlrq ri oderu krxuv lv vkrzq wr jhqhudwh wkh vwurqj exvlqhvv f|foh frpryhphqwlq vhfwrudo krxuv zrunhg1
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4 LqwurgxfwlrqLw lv zhoo nqrzq wkdw/ ryhu wkh exvlqhvv f|foh/ prvw vhfwruv ri wkh hfrqrp| pryh xsdqg grzq wrjhwkhu1 Wklv frpryhphqw lv d fhqwudo sduw ri wkh gh�qlwlrq ri wkh exvl0qhvv f|foh1 Xqghu wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk*v +QEHU, gh�qlwlrq/iru h{dpsoh/ �d uhfhvvlrq lv d shulrg ri ghfolqh lq wrwdo rxwsxw/ lqfrph/ hpsor|phqw/dqg wudgh/ xvxdoo| odvwlqj iurp vl{ prqwkv wr d |hdu/ dqg pdunhg e| zlghvsuhdg frq0wudfwlrqv lq pdq| vhfwruv ri wkh hfrqrp|1� Pruh uhfhqwo|/ Fkulvwldqr dqg Ilw}jhudog+4<<;, grfxphqw vxevwdqwldo exvlqhvv f|foh frpryhphqw iru krxuv zrunhg dfurvv vhf0wruv lq wkh XV1Ryhu wkh odvw wzr ghfdghv/ krzhyhu/ pdfurhfrqrplvwv kdyh pdlqo| irfxvhg rqxqghuvwdqglqj wkh shuvlvwhqfh dqg yrodwlolw| lq wkh f|folfdo  xfwxdwlrqv ri djjuhjdwhhfrqrplf gdwd1 Vwdqgdug prghov ri exvlqhvv f|fohv vxfk dv N|godqg dqg Suhvfrww+4<;5, dqg Nlqj/ Sorvvhu/ dqg Uhehor +4<;;,/ frqvlghu d vlqjoh vhfwru hfrqrp| wrh{dplqh wkh xsv dqg grzqv ri djjuhjdwh hfrqrplf dfwlylw|1 Iru wkh reylrxv uhdvrq/wkhvh prghov duh qrw xvhixo wr h{sodlq d nh| gh�qlqj fkdudfwhulvwlf ri wkh exvlqhvvf|foh= wkh frpryhphqw ri hfrqrplf dfwlylw| dfurvv pdq| vhfwruv1Prwlydwhg e| wkh revhuydwlrq wkdw vrph ri wkh rxwsxw ri wkh qrqgxudeoh jrrgvvhfwru lv dovr xvhg dv lqwhuphgldwh jrrgv lq wkh surgxfwlrq ri gxudeoh +lqyhvwphqw,jrrgv/ Kruqvwhlq dqg Sudvfkqln +4<<:, prgli| d vwdqgdug uhdo exvlqhvv f|foh prghowr dffrpprgdwh wklv �lqwhuphgldwh jrrgv fkdqqho� ri wkh hfrqrp|1 Gxulqj d errp/wklv kdv wkh h�hfw ri lqfuhdvlqj wkh ydoxh ri rxwsxw lq wkh qrqgxudeoh +ru frqvxps0wlrq, vhfwru zlwk wkh lqfuhdvhg qhhg iru lwv rxwsxw iru xvh lq wkh lqyhvwphqw vhfwru1Ghvslwh shuihfwo| preloh oderu dfurvv wkh wzr vhfwruv/ wkhlu prgho jhqhudwhv vwurqjfrqwhpsrudqhrxv fruuhodwlrq iru vhfwrudo hpsor|phqw1Krzhyhu/ zlwk wkh shuihfwo| preloh oderu dfurvv vhfwruv/ wkh v|qfkurql}hg xsv0dqg0grzqv ri hpsor|phqw lq wkh lqyhvwphqw dqg frqvxpswlrq jrrg vhfwruv uhtxluh wkdwwkh xvh ri wkh qrqgxudeoh jrrgv iru wkh lqyhvwphqw vhfwru +l1h1 lqwhuphgldwh jrrgvfkdqqho, eh vx!flhqwo| odujh uhodwlyh wr lwv xvh iru �qdo frqvxpswlrq1 Wklv pd| qrwqhfhvvdulo| eh wkh fdvh lq d prgho zlwk pruh glvdjjuhjdwhg qrqgxudeoh jrrgv vhfwruzkhuh fhuwdlq vhfwruv* rxwsxwv duh kdugo| xvhg dv wkh rwkhu vhfwruv* lqwhuphgldwhlqsxwv1Wklv sdshu lv wr lqyhvwljdwh wkh lpsruwdqfh ri wkh lqwhuphgldwh jrrgv fkdqqho lqwkh frqwh{w ri d pxowlvhfwru g|qdplf vwrfkdvwlf jhqhudo htxloleulxp prgho zlwk pruhglvdjjuhjdwhg surgxfwlrq vhfwruv1 Yhu| uhfhqwo|/ Kruydwk +4<<;/ 5333, kdyh ghyhorshgd jhqhudol}hg yhuvlrq ri Orqj dqg Sorvvhu +4<;6,14 Fdoleudwhg wr wkh 50gljlw VwdqgdugLqgxvwuldo Frgh +VLF, ohyho ri glvdjjuhjdwlrq +xvlqj wkh lqwhuphgldwh lqsxw0xvh dqgwkh lqyhvwphqw0xvh pdwulfhv,/ lw vkrzv wkdw wkh prgho fdq pdwfk djjuhjdwh  xfwx0dwlrqv lq wkh XV zlwk lqghshqghqw vhfwrudo vkrfnv rqo|1 Krzhyhu/ Kruydwk +5333,
4Orqj dqg Sorvvhu +4<;6, dgrsw vhyhudo vlpsoli|lqj dvvxpswlrqv vxfk dv d frpsohwh ghsuhfldwlrqri fdslwdo vwrfn zlwklq d wlph shulrg +h1j1 d txduwhu,1 Ghvslwh doorzlqj iru dqdo|wlfdo wudfwdelolw|/wkhvh dvvxpswlrqv pdnh wkhlu prgho hfrqrp| xqvxlwdeoh iru txdqwlwdwlyh hpslulfdo dqdo|vlv1
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irfxvhv rqo| rq wkh lvvxh ri xqghuvwdqglqj wkh shuvlvwhqfh dqg yrodwlolw| lq djjuh0jdwh  xfwxdwlrqv dorqj zlwk wkh uhodwlyh yrodwlolwlhv ri vhfwrudo  xfwxdwlrqv/ ljqrulqjwkh v|qfkurql}hg qdwxuh ri hfrqrplf dfwlylw| +h1j1/ hpsor|phqw frpryhphqw, dfurvvvhfwruv1Lq rughu wr h{dplqh wkh vljql�fdqfh ri wkh glvdjjuhjdwlrq ohyho lq Kruqvwhlq dqgSudvfkqln +4<<:, +zklfk dvvxph rqo| wzr vhfwruv/ qrqgxudeoh dqg gxudeoh,/ zh �uvwh{dplqh Kruydwk +5333, fdoleudwhg vxfk wkdw oderu krxuv duh forvh wr shuihfw vxevwl0wxwhv dfurvv vhfwruv iru wkh frqvxphu2zrunhu1 Wkh Kruqvwhlq0Sudvfkqln*v k|srwkhvlvkrogv iru wkh vhfwruv zklfk kdyh uhodwlyho| vwurqj lqwhudfwlrqv zlwk wkh rwkhu vhfwruvlq wkh lqwhuphgldwh jrrgv pdunhwv1 Krzhyhu/ qrw vxusulvlqjo|/ d vhfwru kdylqj d uhod0wlyho| zhdn lqwhuphgldwh0jrrgv olqn +wr wkh rwkhu vhfwruv, whqgv wr kdyh d zhdn ru dqhjdwlyh exvlqhvv f|foh frpryhphqw1 Wkh vwurqj vhfwrudo hpsor|phqw fruuhodwlrq lqKruqvwhlq dqg Sudvfkqln +4<<:,/ gulyhq hqwluho| e| wkh lqwhuphgldwh jrrgv fkdqqho/lv qrw urexvw wr pruh glvdjjuhjdwhg vhfwruv1 Lq jhqhudo/ wkh lqwhuphgldwh jrrgv fkdq0qho dorqh lv qrw vx!flhqw iru wkh vhfwrudo hpsor|phqw frpryhphqw ryhu wkh exvlqhvvf|foh1Qrwlqj wkh orz zdjh hodvwlflw| ri oderu vxsso| dqg shuvlvwhqw zdjh gl�huhqfhvdfurvv vhfwruv/ zh vlpxodwh Kruydwk +5333, zkhuh hodvwlflw| ri vxevwlwxwlrq ri oderuvxsso| lv uhodwlyho| orz dfurvv vhfwruv15 Dq lqwhusuhwdwlrq ri wklv vshfl�fdwlrq lvwkdw wkh uhsuhvhqwdwlyh zrunhu2frqvxphu kdv d suhihuhqfh iru glyhuvlw| ri oderu krxuvghvslwh zdjh gl�huhqfhv dfurvv vhfwruv1 Wklv prgl�fdwlrq lv dqdorjrxv wr Erogulq/Fkulvwldqr/ dqg Ilvkhu +4<<<, zklfk dvvxph olplwhg oderu prelolw| ehwzhhq lqgxvwu|vhfwruv/ dowkrxjk wkh| uhtxluh dgglwlrqdo uhvwulfwlrq rq suhihuhqfhv lq wkh irup rikdelw shuvlvwhqfh wr jxdudqwhh frpryhphqw1Zh �qg wkdw/ dv orqj dv wkh hodvwlflw| ri vxevwlwxwlrq ri oderu dfurvv vhfwruv lvvx!flhqwo| vpdoo/ wkh pxowlvhfwru prgho fdoleudwhg wr wkh 50gljlw VLF ohyho ri glvdj0juhjdwlrq +l1h1 69 vhfwruv, fdq jhqhudwh wkh revhuyhg vwurqj frpryhphqw ri vhfwrudokrxuv zrunhg1 Wkhuhiruh/ lq wkh suhvhqfh ri wkh zlgh yduldwlrq lq wkh iudfwlrq rid jlyhq vhfwru*v rxwsxw fkdqqhohg +dv lqwhuphgldwh lqsxwv dqg fdslwdo jrrgv, wr wkhsurgxfwlrq surfhvvhv ri pdq| rwkhu vhfwruv/ wkh lqwhuphgldwh fkdqqho lv qrw vx!flhqwwr jhqhudwh wkh vwurqj exvlqhvv f|foh frpryhphqw dfurvv vhfwruv= lw ixuwkhu uhtxluhvvrph irup ri zrunhu*v uhoxfwdqfh wr vxevwlwxwh krxuv zrunhg dfurvv vhfwruv1Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh prgho dqg lwv fdoleud0wlrq dv lq Kruydwk +5333,1 Vhfwlrq 6 suhvhqwv vlpxodwlrq uhvxowv rq wkh exvlqhvv f|fohfrpryhphqw ri vhfwrudo krxuv zrunhg1 Vhfwlrq 7 vxppdul}hv wkh sdshu1
5Dowrqml +4<;5, dqg Dvkhqihowhu dqg Dowrqml +4<;3, duh h{dpsohv ri plfur0ohyho vwxglhv rq wkhzdjh hodvwlflw| ri oderu vxsso|1
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5 Wkh Prgho dqg FdoleudwlrqLq rughu wr h{dplqh wkh vljql�fdqfh ri wkh lqwhuphgldwh0jrrgv olqndjhv lq wkh exvlqhvvf|foh frpryhphqw/ zh vlpxodwh Kruydwk +5333,*v pxowlvhfwru g|qdplf vwrfkdvwlf jhq0hudo htxloleulxp prgho fdoleudwhg wr wkh lqwhuphgldwh lqsxw0xvh dqg wkh fdslwdo0xvhwdeohv dw wkh 50gljlw VLF ohyho ri glvdjjuhjdwlrq1 Iru wkrvh uhdghuv xqidploldu zlwkKruydwk +5333,/ zh eulh | ghvfuleh wkh prgho dqg lwv fdoleudwlrqv ehorz1Wkh prgho hfrqrp| frqvlvwv ri� glvwlqfw vhfwruv/ lqgh{hg e| � ' �c 2c ���c� / hdfksurgxflqj d gl�huhqw jrrg1 Wkh whfkqrorjlhv duh glvwlqfw dfurvv wkh vhfwruv1 Pxowl0idfwru surgxfwlylw| lq hdfk vhfwru lv vxemhfw wr vwrfkdvwlf lqqrydwlrqv zklfk duh qrwshuihfwo| fruuhodwhg dfurvv vhfwruv1 Wkh rxwsxw ri hdfk vhfwru jrhv wr srwhqwldoo| wkuhhgl�huhqw xvhv1 Iluvw/ vrph jrrgv duh xvhg dv lqwhuphgldwh lqsxwv lq wkh surgxfwlrq rirwkhu jrrgv dqg vhfwruv gr qrw qhfhvvdulo| xvh wkh vdph lqwhuphgldwh lqsxwv1 Vhfrqg/vrph jrrgv duh exlow lqwr wkh fdslwdo vwrfnv ri wkh vhfwruv lq wkh hfrqrp| dqg hdfkvhfwru kdv d glvwlqfw fdslwdo vwrfn1 Ilqdoo|/ d sruwlrq ri rxwsxw lq hdfk vhfwru lvvxssolhg wr d �qdo frqvxpswlrq pdunhw1 Lw lv dvvxphg wkdw lqwhuphgldwh lqsxwvduh gholyhuhg dqg hlwkhu xvhg zlwklq rqh shulrg ru exlow lqwr wkh fdslwdo vwrfn ri wkhsxufkdvlqj vhfwru1 Wkh surgxfwlrq ri hdfk vhfwru lv frqwuroohg e| �upv zklfk rshudwhvr dv wr pd{lpl}h wkhlu h{shfwhg suhvhqw glvfrxqwhg ydoxh wr vkduhkroghuv1Dq rxwsxw/ +�| / ri jrrg � lv surgxfhg e| frpelqlqj fdslwdo lq wkh vhfwru/ &�| / oderu/?�| / dqg dq lqgh{ ri lqwhuphgldwh lqsxwv/ ��| lq d surgxfwlrq surfhvv jlyhq e|
+�| ' ��| �&�| �k� E?�| �q�E��| ��� c +4,zkhuh frqvwdqw uhwxuqv wr vfdoh lpsolhv k� n q� n �� ' �1 Lq +4,/ ��| uhsuhvhqwvwkh pxowlidfwru surgxfwlylw| ru vwdwh ri whfkqrorj| lq vhfwru �/ zklfk lv dvvxphg wriroorz d vwrfkdvwlf surfhvv jlyhq e|
*?E��| � ' 4� *?E��|3�� n "�| c +5,

zkhuh "�| lv d qrupdoo| glvwulexwhg udqgrp yduldeoh zlwk phdq }hur dqg .E"|"�|� ' l1Wkh lqgh{ ri lqwhuphgldwh lqsxwv iru vhfwru � kdv d frqvwdqw hodvwlflw| ri vxevwl0wxwlrq +FHV, irup zlwk hodvwlflw| ri vxevwlwxwlrq j6=
��| ' 57 [

rM���
%r�E6�|cr�j63�j6

68 j6j63� c +6,
zkhuh 6�|cr ghqrwhv wkh txdqwlw| ri jrrg r sxufkdvhg e| vhfwru � dw shulrg | irulqwhuphgldwh lqsxwv dqg ��� ghqrwhv wkh vhw ri vhfwru lqglfhv zklfk duh lqsxwv wr wkhsurgxfwlrq ri jrrg �1 Wkh zhljkwv duh qrupdol}hg wr vdwlvi|= SrM��� %r� ' � dqg%r� ' �r�*�� zkhuh �r� lv wkh r�wk hohphqw ri K6/ wkh lqwhuphgldwh lqsxw0xvh pdwul{/ghqrwlqj wkh frvw vkduh ri wrwdo h{shqglwxuh rq lqwhuphgldwh jrrgv lq vhfwru � gxh wr
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sxufkdvhv ri lqwhuphgldwh jrrgv iurp vhfwru r1 Dqg �� ghqrwhv wkh vxp ri wkh �wkfroxpq lq K61Ixuwkhu/ fdslwdo lv dffxpxodwhg wkurxjk dq lqyhvwphqw surfhvv jlyhq e|
&�|n� � E�� >��&�| ' #E��| �c +7,

zkhuh >� 5 Efc �� lv d vhfwru vshfl�f ghsuhfldwlrq udwh1 Wkh +frpsrvlwh, lqyhvwphqwjrrg iru vhfwru � lv fuhdwhg e| frpelqlqj lqsxwv lq d FHV irup=
#E��| � '

57[
rM�U�

�%r�E��|cr� #3�#
68 ##3� c +8,

zkhuh ��|cr ghqrwhv wkh txdqwlw| ri jrrg r sxufkdvhg e| vhfwru � iru lqyhvwphqw sxusrvhvdqg �U� ghqrwhv wkh vhw ri vhfwruv iurp zklfk vhfwru � sxufkdvhv lqwhuphgldwh jrrgviru fdslwdo lqyhvwphqw1 Dqg wkh zhljkw �%r� lv ghulyhg iurp wkh fdslwdo lqsxw0xvhpdwul{/ KU / vlploduo| wr wkh zhljkw %r� lq wkh lqgh{ ri lqwhuphgldwh lqsxwv +6,1Wkh frqvxphu0vkduhkroghuv doorfdwh oderu uhvrxufhv wr wkh ydulrxv lqgxvwu| vhfwruvdqg pdnh frqvxpswlrq0vdylqjv ghflvlrqv1 Wkh uhsuhvhqwdwlyh frqvxphu vhhnv wrpd{lpl}h klv glvfrxqwhg h{shfwhg xwlolw| jlyhq e|
.f "[

|'f B| d�|u�| o�3� � ��� � � � fc f 	 q 	 � +9,
vxemhfw wr=

�[
r'� Rr|Sr| '

�[
r'� R?r| ?r| n �[

r'�E_r| n ^r| �rr| � �[
r'� ^r| rr|n� � @|� +:,

Lq +9,/ B 5 Efc �� lv d glvfrxqw idfwru/ �| lv dq djjuhjdwh frqvxpswlrq lqgh{/ dqg u|lv dq djjuhjdwh ohlvxuh lqgh{ dw shulrg |1 Wkh sdudphwhu � frqwurov wkh ghjuhh riulvn dyhuvlrq dqg lv lqyhuvho| sursruwlrqdo wr wkh hodvwlflw| ri lqwhuwhpsrudo vxevwlwx0wlrq1 Wkh sdudphwhu � frqwurov lqwudwhpsrudo vxevwlwxwlrq ehwzhhq frqvxpswlrq dqgohlvxuh1 Jlyhq dq lqlwldo vkduh rrf iru r ' �c ���c� / wkh frqvxphu*v exgjhw frqvwudlqw+:, vkrzv wkdw wkh vxp ri jrrgv sxufkdvhg/ Sr| / ydoxhg dw wkhlu uhvshfwlyh sulfhv/ Rr|fdqqrw h{fhhg @|/ wrwdo lqfrph lq shulrg |1 Rwkhu qrwdwlrqv frqfhuqlqj vhfwru r dwshulrg | duh= R?r| krxuo| zdjh/ _r| glylghqg sdlg shu vkduh khog/ ^r| vkduh sulfh shu xqlw/rr| vkduh kroglqjv dw wkh ehjlqqlqj ri |/ dqg rr|n� vkduhv sxufkdvhg iru shulrg |n �1Wkh djjuhjdwh frqvxpswlrq lqgh{ kdv wkh FHV irup=
�| ' % �[

r'� 1rESr| �j3�j
& jj3� c +;,
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zkhuh j : f lv dq hodvwlflw| ri vxevwlwxwlrq dqg 1r lv djjuhjdwlrq zhljkw1 Ixuwkhu/wkh uhsuhvhqwdwlyh frqvxphu lv hqgrzhg zlwk rqh xqlw ri wlph lq hdfk shulrg dqg wkhdjjuhjdwh ohlvxuh lqgh{ lv dvvxphg wr wdnh wkh iroorzlqj irup=
u| ' �� % �[

r'�E?r| � �n��
& ��n� c � : f� +<,

Dv � $ 4/ oderu krxuv ehfrph shuihfw vxevwlwxwhv iru wkh frqvxphu2zrunhu/ lpso|lqjwkdw wkh zrunhu zrxog ghyrwh doo wlph wr wkh vhfwru sd|lqj wkh kljkhvw zdjh1 Khqfh/dw wkh pdujlq/ doo vhfwruv sd| wkh vdph krxuo| zdjh1 Iru � 	 4/ krxuv zrunhg duhqrw shuihfw vxevwlwxwhv iru wkh zrunhu1 Wkh zrunhu kdv d suhihuhqfh iru glyhuvlw| rioderu/ dqg khqfh zrxog suhihu zrunlqj d srvlwlyh qxpehu ri krxuv lq hdfk vhfwru hyhqzkhq wkh zdjhv duh gl�huhqw dprqj vhfwruv1Dv iru wkh fdoleudwlrqv ri wkh prgho sdudphwhuv/ wkh ohyho ri vhfwrudo glvdjjuhjdwlrqlv vhw wr � ' �S/ iroorzlqj wkh vhfwrudo gh�qlwlrqv xvhg e| Mrujhqvrq dqg Iudxphql+4<;:, zklfk kdv d pl{wxuh ri 40 dqg 50gljlw VLF lqgxvwulhv1 Wkh surgxfwlrq whfkqro0rj| sdudphwhuv/ k�c q�c dqg �� duh vhw uhvshfwlyho| dv wkh wlph0vhulhv dyhudjh ri frvwvkduhv iru fdslwdo/ oderu/ dqg lqwhuphgldwh lqsxwv iru 69 vhfwruv xvlqj dqqxdo gdwdiurp 4<7; wr 4<;8 +Mrujhqvrq dqg Iudxphql 4<;:, e| glylglqj wkh frvw ri lqsxwv e|wkh ydoxh ri rxwsxw erwk hydoxdwhg dw surgxfhu sulfhv1 Wkh vkduh sdudphwhu �r� lvrewdlqhg iurp �� diwhu ehlqj glylghg dfurvv doo lqwhudfwlqj vhfwruv xvlqj wkh iudfwlrqwkdw wkh sxufkdvhv iurp wkhvh vhfwruv uhsuhvhqw rxw ri wrwdo lqwhuphgldwh sxufkdvhve| vhfwru �1 Wkh phdq ydoxh ri k� dfurvv vhfwruv lv f��S/ wkh phdq ydoxh ri q� lvf��2/ dqg wkh phdq ydoxh ri �� lv f�D21 Wkh �vkrfnv� sdudphwhuv/ 4� dqg lc duh dovrfrqvwuxfwhg xvlqj wkh Mrujhqvrq gdwd vhw1 Zh frqvlghu wkh prgho hfrqrp| zkhuh wkhsurgxfwlylw| vkrfnv duh qrw lqghshqghqw dfurvv vhfwruv= wkdw lv/ r�0gldjrqdo hohphqwviurp wkh hvwlpdwhg yduldqfh0fryduldqfh pdwul{ ri vhfwrudo surgxfwlylw| uhvlgxdov duhqrw dvvxphg wr eh }hur16 Wkh vhfwrudo ghsuhfldwlrq udwhv ri fdslwdo vwrfnv/ >�/ duhwkrvh xvhg lq Mrujhqvrq dqg Iudxphql +4<;:,1Wkh wlph shulrg frqvlghuhg lv wkh txduwhu |hdu1 Iroorzlqj wkh rwkhu exvlqhvv f|fohprghov/ wkh glvfrxqw idfwru/ B/ lv vhw wr eh E��f��3f�2D lpso|lqj dq dqqxdo glvfrxqw udwhri �I1 Wkh hodvwlflw| sdudphwhuv j6c jc #c dqg � duh vhw wr xqlw|/ vr wkdw wkh frqvxphukdv orjdulwkplf suhihuhqfhv lq wkh djjuhjdwh frqvxpswlrq dqg ohlvxuh lqglfhv1Gdwd iru wkh lqyhvwphqw0xvh pdwul{ KU dqg wkh lqwhuphgldwh lqsxw0xvh pdwul{ K6duh edvhg rq wkh 4<:: fdslwdo  rz wdeoh ghvfulehg lq Vloyhuvwhlq +4<;8, dqg wkh 4<::ghwdlohg lqwhuphgldwh lqsxw0xvh wdeoh/ uhvshfwlyho|1 Wkh fdslwdo  rz dqg lqwhuphgldwhlqsxw0xvh wdeohv duh frqyhuwhg uhvshfwlyho| wr KU dqg K6 e| surshuo| djjuhjdwlqj wr69 vhfwruv dqg wkhq glylglqj froxpqv e| wkhlu vxpv1Ilqdoo|/ qrwlqj wkh w|slfdo �qglqj lq oderu hfrqrplfv wkdw zdjh hodvwlflw| ri oderuvxsso| lv uhodwlyho| orz/ Kruydwk+5333, vhw � ' � wr uhsuhvhqw wkh zrunhu*v uhoxfwdqfh
6Wkh vlpxodwlrq uhvxowv xqghu }hur r�0gldjrqdo hohphqwv lq  duh yhu| forvh wr wkrvh zlwk qrq0}hurr�0gldjqrdo hohphqwv dv uhsruwhg lq Wdeoh 41
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wr vxevwlwxwh oderu krxuv dfurvv vhfwruv1 Iru frpsdulvrqv/ zh dovr uhsruw vlpxodwlrqviru d udqjh ri � 5 d�c �ffo1 Wkh sdudphwhu � lv vhw vr wkdw wrwdo krxuv zrunhg lqvwhdg| vwdwh uhsuhvhqw rqh0wklug ri wkh zrunhu*v wrwdo wlph hqgrzphqw1 Iru h{dpsoh/� ' �c Dc dqg �ff lpso| � ' ���ec ��.2c dqg ��b�c uhvshfwlyho|1
6 UhvxowvWkh vlpxodwlrq uhvxowv duh suhvhqwhg lq Wdeoh 417 Wkh vhfrqg froxpq uhsruwv wkhexvlqhvv f|foh frpryhphqwv ri vhfwrudo hpsor|phqw lq wkh XV/ iroorzhg e| wkhlu frxq0whusduwv lq wkh prgho hfrqrp| iru gl�huhqw ydoxhv � / wkh zdjh hodvwlflw| ri vxevwlwxwlrqri oderu dfurvv vhfwruv1 Wkh frpryhphqwv duh phdvxuhg vlpso| e| fdofxodwlqj fruuh0odwlrq frh!flhqwv ehwzhhq wkh exvlqhvv f|foh frpsrqhqw ri +txduwhuo|, krxuv zrunhglq d jlyhq vhfwru dqg wkh exvlqhvv f|foh frpsrqhqw ri wrwdo krxuv zrunhg +txduwhuo|,1Wkh krxuv zrunhg lq wkh XV duh edvhg rq wkh hvwdeolvkphqw vxuyh| gdwd dydlodeohlq wkh GUL Hfrqrplfv gdwdedvh +iruphuo| FLWLEDVH, fryhulqj iurp 4<97 wr 533318Wkh fruuhodwlrq frh!flhqwv lq wkh prgho hfrqrp| duh dyhudjh vwdwlvwlfv ryhu 433 vlp0xodwhg hfrqrplhv ri ohqjwk 47; txduwhuv1 Erwk dfwxdo dqg vlpxodwhg krxuv duh KS+Krgulfn0Suhvfrww, �owhuhg ehiruh wkh| duh xvhg wr hvwlpdwh fruuhodwlrq frh!flhqwv1Wkh vhfwrudo glvdjjuhjdwlrq ohyho lq wkh GUL gdwdedvh kdv vrph plqru gl�huhqfhviurp Kruydwk +5333,1 Iru h{dpsoh/ wkh GUL gdwdedvh grhv qrw fryhu djulfxowxuhdqg kdyh wkh plqlqj vhfwru eurdgo| gh�qhg lqfoxglqj phwdo/ qrqphwdoolf/ dqg frdoplqlqj1 Iru wkrvh vhfwruv zkrvh gh�qlwlrqv gr qrw frqirup wr Kruydwk +5333,/ wkhhvwlpdwhv ri wkh exvlqhvv f|foh frpryhphqw duh dv iroorzv= wudqvsruwdwlrq dqg sxeolfxwlolwlhv +31;5,/ zkrohvdoh wudgh +31;:,/ uhwdlo wudgh +31;9,/ dqg vhuylfhv +319:,1 Qrwlfhwkdw wkhuh lv vxevwdqwldo exvlqhvv f|foh frpryhphqw lq wkh gdwd1 Rqo| wzr uhodwlyho|vpdoo vhfwruv +wredffr pdqxidfwxuhv dqg shwurohxp ) frdo surgxfwv, h{klelw olwwohwhqghqf| wr pryh xs dqg grzq zlwk jhqhudo hfrqrplf frqglwlrqv ryhu wkh exvlqhvvf|foh1Zkhq oderu krxuv duh forvh wr shuihfw vxevwlwxwhv dfurvv vhfwruv iru wkh frq0vxphu2zrunhu +l1h1 � ' �ff dqg wkh lpsolhg � ' ��b�,/ wkh prgho vlpxodwlrqv lpso|

7Wkh frpshwlwlyh htxloleulxp frqvlvwv ri wkh �uvw0rughu frqglwlrqv lpsolhg e| wkh krxvhkrog*v dqg�up*v rswlpl}dwlrqv/ soxv wkh pdunhw fohdulqj frqglwlrqv1 H{fhsw iru d vshfldo fdvh ri wkh sdudphwhuvhw/ dqdo|wlfdo vroxwlrqv duh qrw srvvleoh1 Dq dssur{lpdwh vroxwlrq lv frpsxwhg e| orj0olqhdul}lqjdoo htxloleulxp htxdwlrqv zlwk d �uvw0rughu Wd|oru vhulhv h{sdqvlrq durxqg wkh prgho*v vwhdg| vwdwh1Vhh Kruydwk +5333, iru wkh ghwdlov18Wkh GUL Hfrqrplfv gdwdedvh kdv prqwko| dqg vhdvrqdoo| dgmxvwhg gdwd ri krxuv zrunhg/ zklfkduh fdofxodwhg iurp lqglfhv ri djjuhjdwh zhhno| krxuv ri surgxfwlrq ri qrqvxshuylvru| zrunhuv rqsulydwh qrqdjulfxowxudo sd|uroov e| lqgxvwu|1 Wkh txduwhuo| gdwd duh rewdlqhg vlpso| e| dgglqj wkhprqwko| �jxuhv iru d jlyhq txduwhu1 Xvlqj wkh prqwko| gdwd/ Fkulvwldqr dqg Ilw}jhudog +4<<;, rewdlqvlplodu hvwlpdwhv ri wkh exvlqhvv f|foh frpryhphqw lq whupv ri wkh uhjuhvvlrq U5 zkhq wkh exvlqhvvf|foh frpsrqhqw ri krxuv zrunhg lq d jlyhq vhfwru lv uhjuhvvhg rq wkh exvlqhvv f|foh frpsrqhqw riwrwdo krxuv zrunhg/ dw odjv 3/ 4/ 041
:



vrph qhjdwlyh exvlqhvv f|foh frpryhphqwv dv zhoo dv srvlwlyh rqhv1 Wklv lv pdlqo|gxh wr wkh lqwhuphgldwh lqsxw0xvh dqg wkh fdslwdo0xvh pdwulfhv fkdudfwhul}hg e| d ihzixoo urzv dqg pdq| vsduvh froxpqv1 Ixoo urzv lq wkh pdwulfhv lqglfdwh vhfwruv wkdwduh lpsruwdqw lqsxwv lq wkh surgxfwlrq surfhvvhv ri pdq| vhfwruv/ zkhuhdv vsduvhfroxpqv lqglfdwh wkdw prvw vhfwruv* surgxfwlrq surfhvvhv duh kljko| vshfl�f zlwk uh0jdug wr wkh lqwhuphgldwh lqsxwv dqg fdslwdo xvhv1 Dv iru wkh lqwhuphgldwh lqsxw0xvhpdwul{/ rqo| 54 vhfwruv duh frpsohwho| ixoo dqg pdq| ri wkh qrq0}hur hohphqwv duhwulyldo lq vl}h1 Wkh urz0vsduvh ihdwxuh lv pruh qrwlfhdeoh lq wkh fdslwdo0xvh pdwul{zkhuh rqo| < vhfwruv duh frpsohwho| ixoo1 Wkh vhfwruv zlwk ixoo urzv erwk lq wkhlqwhuphgldwh lqsxw0xvh dqg wkh fdslwdo0xvh pdwulfhv duh= frqvwuxfwlrq/ sdshu/ qrq0hohf1 pdfklqhu|/ hohf1 pdfklqhu|/ frppxqlfdwlrq vhuylfhv/ �qdqfh/ lqvxudqfh/ ) uhdohvwdwh1Pdq| }hur hohphqwv lq wkh lqwhuphgldwh lqsxw0xvh dqg fdslwdo0xvh pdwulfhv lqgl0fdwh wkh vhfwruv zkrvh lqsxwv lq wkh surgxfwlrq surfhvvhv ri wkh rwkhu vhfwruv duhwulyldo1 Khqfh/ xqghu shuihfwo| vxevwlwxwdeoh oderu krxuv +dfurvv vhfwruv, iru wkh frq0vxphu2zrunhu/ gxulqj dq hfrqrplf errp wkhuh zloo eh d vzlqj lq wkh oderu vxsso|iurp wkh vhfwruv kdylqj uhodwlyho| zhdn vhfwrudo olqndjhv +l1h1 pdq| }hur hohphqwv lqwkh lqsxw0xvh dqg fdslwdo0xvh wdeohv, wr wkrvh kdylqj vwurqj vhfwrudo olqndjhv +l1h1 ixoourzv lq wkh lqsxw0xvh dqg fdslwdo0xvh wdeohv,1 Lw fdq eh yhul�hg iurp Wdeoh 4 wkdw/iru � ' �ff/ wkh qhjdwlyh vhfwrudo frpryhphqwv fruuhvsrqg wr wkrvh vhfwruv kdylqjohvv0wkdq0ixoo urzv/ zkhuhdv wkrvh vhfwruv zlwk ixoo urzv uhwdlq hpsor|phqw lq wkhvdph gluhfwlrq dv wrwdo krxuv zrunhg ryhu wkh exvlqhvv f|foh1Wkhvh �qglqjv duh lq frqwudvw wr Kruqvwhlq dqg Sudvfkqln +4<<:, zkhuh/ ghvslwhshuihfwo| preloh oderu dfurvv wkh wzr vhfwruv +gxudeohv dqg qrqgxudeohv,/ wkh lq0whuphgldwh lqsxw fkdqqho jhqhudwhv vwurqj frqwhpsrudqhrxv fruuhodwlrq iru vhfwrudohpsor|phqw1 Krzhyhu/ zlwk wkh shuihfwo| preloh oderu dfurvv vhfwruv/ wkh v|qfkur0ql}hg xsv0dqg0grzqv ri hpsor|phqw lq wkh lqyhvwphqw +ru gxudeohv, dqg frqvxpswlrqjrrg +ru qrqgxudeoh, vhfwruv uhtxluh wkdw wkh xvh ri wkh qrqgxudeoh jrrgv dv dq lqsxwwr wkh lqyhvwphqw vhfwru eh vx!flhqwo| odujh uhodwlyh wr lwv xvh iru �qdo frqvxpswlrq1Rxu lqyhvwljdwlrq ri wkh glvdjjuhjdwhg lqsxw0xvh dqg fdslwdo0xvh pdwulfhv uhyhdov wkdwwklv lv qrw qhfhvvdulo| wkh fdvh= wkdw lv/ rqo| d ihz vhfwruv vhuyh dv lpsruwdqw lqsxwvwr doo rwkhu vhfwruv dqg prvw vhfwruv xvh d ihz lqwhuphgldwh lqsxwv lq surgxfwlrq1Khqfh/ lq jhqhudo/ wkh vwurqj vhfwrudo hpsor|phqw fruuhodwlrq ryhu wkh exvlqhvv f|fohfdqqrw eh h{sodlqhg hqwluho| e| wkh lqwhuphgldwh jrrgv fkdqqho1Uhihuulqj wr wkh hpslulfdo vwxglhv lq oderu hfrqrplfv zklfk �qg d uhodwlyho| orzzdjh hodvwlflw| ri oderu vxsso| +h1j1 Dowrqml +4<;5, dqg Dvkhqihowhu dqg Dowrqml+4<;3,, dqg shuvlvwhqw zdjh gl�huhqfhv dfurvv vhfwruv/ zh vlpxodwh wkh prgho hfrq0rp| zkhuh hodvwlflw| ri vxevwlwxwlrq ri oderu vxsso| lv uhodwlyho| orz dfurvv vhfwruv1Wklv lv d zd| wr fdswxuh shuvlvwhqw zdjh gl�huhqfhv lq wkh uhsuhvhqwdwlyh djhqw iudph0zrun1 Wdeoh 4 looxvwudwhv wkdw d orz hodvwlflw| ri vxevwlwxwlrq ri oderu dfurvv vhfwruv+h1j1 � ' �,/ lpso|lqj wkh orz zdjh hodvwlflw| ri oderu vxsso|/ fdq jhqhudwh wkhvwurqj exvlqhvv f|foh frpryhphqw ri vhfwrudo krxuv zrunhg1 Wkhuhiruh/ lq jhqhudo/
;



wkh lqwhuphgldwh fkdqqho dorqh lv qrw vx!flhqw wr jhqhudwh wkh vwurqj exvlqhvv f|fohfrpryhphqw dfurvv vhfwruv= lw ixuwkhu uhtxluhv vrph irup ri zrunhu*v uhoxfwdqfh wrvxevwlwxwh oderu krxuv dfurvv vhfwruv1
7 Frqfoxglqj UhpdunvZh kdyh vwxglhg d pxowlvhfwru g|qdplf vwrfkdvwlf jhqhudo htxloleulxp prgho fdol0eudwhg wr wkh 50gljlw VLF ohyho lqwhuphgldwh lqsxw0xvh dqg fdslwdo0xvh wdeohv wr lq0yhvwljdwh wkh lpsruwdqfh ri wkh lqwhuphgldwh lqsxw fkdqqho lq h{sodlqlqj wkh vhfwrudohpsor|phqw frpryhphqw ryhu wkh exvlqhvv f|foh1 Lq jhqhudo/ wkh lqwhuphgldwh fkdq0qho lv qrw vx!flhqw wr jhqhudwh wkh vwurqj exvlqhvv f|foh frpryhphqw dfurvv vhfwruv=lw ixuwkhu uhtxluhv vrph irup ri uhoxfwdqfh +iurp wkh zrunhu*v srlqw ri ylhz, dqg wkhlpsolhg orz zdjh hodvwlflw| ri oderu vxsso| wr vxevwlwxwh oderu krxuv dfurvv vhfwruv1Dv wkh zrunhu ehfrphv pruh zloolqj wr vxevwlwxwh oderu krxuv dfurvv vhfwruv/ iruh{dpsoh/ vrph vhfwruv* hpsor|phqw pryhv lq wkh rssrvlwh gluhfwlrq wr wkh djjuh0jdwh hpsor|phqw1 Wklv uh hfwv wkh glvdjjuhjdwhg lqsxw0xvh dqg fdslwdo0xvh pdwulfhvfkdudfwhul}hg e| d ihz ixoo urzv dqg vsduvh froxpqv= wkhuh duh rqo| d ihz vhfwruvwkdw duh lpsruwdqw lqsxwv lq wkh surgxfwlrq surfhvvhv ri pdq| vhfwruv dqg prvw vhf0wruv* surgxfwlrq surfhvvhv duh kljko| vshfl�f zlwk uhjdug wr lqwhuphgldwh lqsxwv1 Dvvxssruwhg e| vrph plfur0ohyho vwxglhv rq wkh orz zdjh hodvwlflw| ri oderu vxsso|/wkh hodvwlflw| ri vxevwlwxwlrq ri oderu krxuv dsshduv wr eh orz/ lpso|lqj wkh vwurqjexvlqhvv f|foh frpryhphqw lq vhfwrudo krxuv zrunhg1

<



Wdeoh 4= Exvlqhvv F|foh Frpryhphqw iru Vhfwrudo Hpsor|phqwVhfwru XV Gdwd � ' � � ' D � ' �ffDjulfxowxudo surgxfwv 31<< 31<; 031<5Djulfxowxudo vhuylfhv 31<< 31<6 03154Phwdo plqlqj 31<: 31;; 317:Frdo plqlqj 31<< 31<< 31<3Shwurohxp ) qdwxudo jdv 31<< 31<; 318;Qrqphwdoolf plqlqj 31<< 31<3 313;Frqvwuxfwlrq 31;< 31<8 31:; 3143Irrg ) nlqguhg surgxfwv 3195 31<< 31<< 031<;Wredffr surgxfwv 0313345 31<< 031<< 031<<Wh{wloh ploo surgxfwv 3195 31<< 31<8 3159Dssduho 3197 31<< 31:6 0319;Sdshu 31;8 31<9 31;6 3177Sulqwlqj ) sxeolvklqj 31<4 31<< 31<: 316:Fkhplfdov 31;7 31<< 31<: 3195Shwurohxp ) frdo surgxfwv 313;9 31<< 31<: 3177Uxeehu ) plvf1 sodvwlfv 31;9 31<< 31<; 31;9Ohdwkhu 3169 31<< 3179 031<:Oxpehu ) zrrg 31:8 31<; 31<5 3174Ixuqlwxuh ) �{wxuhv 31;7 31<< 318: 031;8Vwrqh/ fod|/ jodvv 31<6 31<< 31<5 315<Sulpdu| phwdo 31;; 31<< 31<< 31<4Ideulfdwhg phwdo 31<8 31<< 31<: 3199Qrq0hohf1 pdfklqhu| 31;: 31<4 31:< 3193Hohf1 pdfklqhu| 31;; 31<5 31:7 315<Prwru yhklfohv 3195 31<5 31;6 317<Wudqvsruwdwlrq htxlsphqw 31;4 31<< 31<8 3195Lqvwuxphqwv 31:4 31:< 3184 3154Plvf1 pdqxidfwxulqj 31;; 31<7 31;8 3184Wudqvsruwdwlrq vhuylfhv 31<; 31;7 316;Frppxqlfdwlrq vhuylfhv 31<< 31<7 3194Hohfwulf xwlolwlhv 31<< 031<< 031<<Jdv xwlolwlhv 31<< 31<< 31<9Zkrohvdoh ) uhwdlo wudgh 31<< 31<< 03158Ilqdqfh/ lqvxudqfh/ ) uhdo hvwdwh 318; 31<8 31;5 3185Zdwhu ) vdqlwdu| vhuylfhv 31<< 31<< 31;5Rwkhu vhuylfhv 31<< 31<< 3169
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8 UhihuhqfhvDowrqml/ M1J1 +4<;5, �Wkh Lqwhuwhpsrudo Vxevwlwxwlrq Prgho ri Oderu Pdunhw Ioxf0wxdwlrqv= Dq Hpslulfdo Dqdo|vlv/� Uhylhz ri Hfrqrplf Vwxglhv/ 7<=:;60;571Dvkhqihowhu/ R1 dqg Dowrqml/ M1J1 +4<;3, �Zdjh Pryhphqwv dqg wkh Oderu PdunhwHtxloleulxp K|srwkhvlv/� Hfrqrphwulfd/ 7:=54:05781Erogulq/ P1/ Fkulvwldqr/ O1M1/ dqg Ilvkhu/ M1G1P +4<<<, �Kdelw Shuvlvwhqfh/ DvvhwUhwxuqv dqg wkh Exvlqhvv F|foh/� zrunlqj sdshu/ Qruwkzhvwhuq Xqlyhuvlw|1Fkulvwldqr/ O1M1 dqg Ilw}jhudog/ W1M1 +4<<;, �Wkh Exvlqhvv F|foh= Lw*v Vwloo d Sx}}oh/�Hfrqrplf Shuvshfwlyhv/ Ihghudo Uhvhuyh Edqn ri Fklfdjr1Kruydwk/ Plfkdho W1 N1 +5333, �Vhfwrudo Vkrfnv dqg Djjuhjdwh Ioxfwxdwlrqv/� Mrxu0qdo ri Prqhwdu| Hfrqrplfv/ 78= 9<04391Kruydwk/ Plfkdho W1 N1 +4<<;, �F|folfdolw| dqg Vhfwrudo Olqndjhv= Djjuhjdwh Ioxf0wxdwlrqv iurp Lqghshqghqw Vhfwrudo Vkrfnv/� Uhylhz ri Hfrqrplf G|qdplfv/ 4=:;40;3;1Kruqvwhlq/ D1 dqg Sudvfkqln/ M1 +4<<:, �Lqwhuphgldwh Lqsxwv dqg Vhfwrudo Frpryh0phqw lq wkh Exvlqhvv F|foh/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 73= 8:608<81Mrujhqvrq/ G1J1 dqg Iudxphql/ E1 +4<;:, Surgxfwlylw| dqg XV Hfrqrplf Jurzwk/Kduydug Xqlyhuvlw| Suhvv/ Fdpeulgjh1Nlqj/ Urehuw J1/ Fkduohv L1 Sorvvhu/ dqg Vhujlr Uhehor +4<;;, �Surgxfwlrq/ Jurzwkdqg Exvlqhvv F|fohv= L1 Wkh Edvlf Qhrfodvvlfdo Prgho/� Mrxuqdo ri Prqhwdu|Hfrqrplfv/ 541N|godqg/ I1 dqg Suhvfrww/ H1F1 +4<;5, �Wlph wr Exlog dqg Djjuhjdwh Ioxfwxdwlrqv/�Hfrqrphwulfd/ 83/ 4678046:31Orqj/ Mrkq dqg Fkduohv L1 Sorvvhu +4<;6, �Uhdo Exvlqhvv F|fohv/� Mrxuqdo ri SrolwlfdoHfrqrp|/ <4/ 6<09<1Vloyhuvwhlq/ J1 +4<;8, �Qhz Vwuxfwxuhv dqg Htxlsphqw e| Xvlqj Lqgxvwulhv/ 4<::/�Vxuyh| ri Fxuuhqw Exvlqhvv/ 98=590681
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