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41 Lqwurgxfwlrq


Wkh lpsruwdqw lvvxh ri lqfrph0uhodwhg lqhtxlw| lq khdowk fduh xwlolvdwlrq kdv uh0


fhlyhg lqfuhdvlqj dwwhqwlrq lq hfrqrplfv lq uhfhqw |hduv +R*Grqqhoo dqg Sursshu


4<<4> Zdjvwd� hw do1 4<<4> ydq Grruvodhu dqg Zdjvwd� 4<<5> Kdplowrq hw do1


4<<:> Jhugwkdp hw do1 4<<:> ydq Grruvodhu hw do1/ iruwkfrplqj> vhh dovr Zdjvwd�


dqg ydq Grruvodhu/ iruwkfrplqj,1 Hpslulfdo zrun rq wklv wrslf w|slfdoo| ghdov zlwk


wkh krul}rqwdo yhuvlrq ri wkh sulqflsoh ri glvwulexwlrq dffruglqj wr qhhg/ l1h1/ wkdw


lqglylgxdov lq htxdo qhhg +lq whupv ri pruelglw|, vkrxog eh wuhdwhg wkh vdph +lq


whupv ri khdowk fduh xwlolvdwlrq,/ uhjdugohvv ri vrfldo vwdwxv +lq whupv ri lqfrph,1


Wzr gl�huhqw dssurdfkhv kdyh ehhq xvhg wr vwxg| htxlw| lvvxhv lq khdowk fduh1


Rqh dssurdfk udqnv lqglylgxdov e| lqfrph dqg wkhq frpsduhv wkh fxpxodwlyh


sursruwlrq ri dfwxdo xwlolvdwlrq +frqwuroolqj iru pruelglw|, dfurvv lqfrph jurxsv1


Wklv dovr xvhv uhjuhvvlrq dqdo|vlv wr whvw iru vljql�fdqw lqfrph h�hfwv rq khdowk


fduh xwlolvdwlrq/ l1h1 frqwuroolqj iru pruelglw|/ wkh dgglwlrqdo h{sodqdwru| srzhu


surylghg e| lqfoxvlrq ri lqfrph dqg lqwhudfwlrqv ehwzhhq lqfrph dqg pruelglw|


duh h{dplqhg +ydq Grruvodhu dqg Zdjvwd� 4<<5,14 Vxfk lqhtxlw| dqdo|vlv gh0


4D yduldqw ri wklv dssurdfk udqnv lqglylgxdov e| lqfrph dqg frpsduhv wkh fxpxodwlyh sur0


sruwlrq ri dfwxdo xwlolvdwlrq zlwk wkh fxpxodwlyh sursruwlrq ri wkh suhglfwhg xwlolvdwlrq dfurvv


lqfrph jurxsv +lqgluhfw qhhg vwdqgdugl}dwlrq,> vhh ydq Grruvodhu hw do1/ iruwkfrplqj,1 Wkh vwdq0


gdugl}hg ydoxhv duh frpsxwhg dv wkh suhglfwhg ydoxhv vdyhg iurp d uhjuhvvlrq htxdwlrq lq zklfk


khdowk fduh xwlolvdwlrq lv uhjuhvvhg rq d yhfwru ri pruelglw| yduldeohv/ djh/ dqg jhqghu1 Wkh


h{whqw ri krul}rqwdo lqhtxlw| lv phdvxuhg dv wkh gl�huhqfh ehwzhhq wkh frqfhqwudwlrq lqgh{ iru


dfwxdo khdowk fduh xwlolvdwlrq dqg wkh frqfhqwudwlrq lqgh{ iru suhglfwhg khdowk fduh xwlolvdwlrq1


Vlqfh lw lv srvvleoh wr hvwlpdwh vwdqgdug huuruv iru frqfhqwudwlrq lqglfhv dv vkrzq e| Ndnzdql


hw do1 +4<<:,/ lw lv dovr srvvleoh wr whvw iru wkh k|srwkhvlv ri qr0lqhtxlw| e| whvwlqj wkh qxoo ri
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vfulehv krz vwdqgdugl}hg khdowk fduh xwlolvdwlrq ydulhv zlwk lqfrph1 Krzhyhu/ lw


lv dovr lpsruwdqw wr hvwdeolvk zk| vxfk lqhtxlw| lq khdowk fduh xwlolvdwlrq h{lvwv1


Dq dowhuqdwlyh dssurdfk lv edvhg rq hpslulfdo olwhudwxuh rq wkh ghpdqg iru


khdowk fduh +Jhugwkdp/ 4<<:,1 Dsduw iurp djh/ jhqghu/ khdowk dqg lqfrph/ vxfk


prghov pd| dovr lqfoxgh dv fryduldwhv sulfhv ri khdowk fduh/ lqvxudqfh vwdwxv/


hqylurqphqwdo idfwruv/ dqg wkh ohyho ri hgxfdwlrq +Jurvvpdq/ 4<:5> Pdqqlqj hw


do1/ 4<;:> Nhhohu hw do1/ 4<;;> Jurwwhqgruvw/ 4<<8> Srkophlhu dqg Xoulfk/ 4<<8 dqg


Ghe dqg Wulyhgl/ 4<<:,1 Xvlqj wklv vwudwhj|/ wkh k|srwkhvlv ri }hur lqhtxlw| lv


uhmhfwhg li/ frqwuroolqj iru qhhg/ rqh �qgv hylghqfh wkdw kljkhu lqfrph/ hgxfdwlrq/


lqvxudqfh vwdwxv/ hwf1 duh dvvrfldwhg zlwk kljkhu +ru orzhu, xvdjh ri khdowk fduh1


Jhugwkdp +4<<:, dssolhg wkh odwwhu vwudwhj| wr furvv0vhfwlrq gdwd iurp Vzh0


ghq1 Wklv vwxg| dqdo|}hg wzr yduldeohv/ sk|vlfldq ylvlwv dqg krvslwdo fduh zhhnv/


uhvshfwlyho|/ xvlqj frxqw gdwd yhuvlrq ri wzr0sduw +kxugoh, prgho +Pxoodk|/ 4<;9,1


Kh irxqg vrph hylghqfh lq vxssruw ri wkh krul}rqwdo lqhtxlw| k|srwkhvlv zlwklq


wkh iudphzrun ri d wzr0sduw prgho1


Lq wklv sdshu zh fulwlfdoo| uh0hydoxdwh urexvwqhvv ri wkh suhylrxv frqfoxvlrqv


uhjduglqj wkh krul}rqwdo lqhtxlw| k|srwkhvlv e| d qhz dqdo|vlv ri wkh gdwd xvhg


lq Jhugwkdp +4<<:,1 Wklv dqdo|vlv xvhv wkh �qlwh pl{wxuh iudphzrun wkdw lv dq


dowhuqdwlyh wr wkh srsxodu wzr0sduw prgho dqg dsshduv wr surylgh d ehwwhu �w


wr wkh gdwd1 Vhfwlrq 5 gh�qhv wkh frpshwlqj iudphzrunv dqg vxppdul}hv wkhlu


surshuwlhv1 Vhfwlrq 6 suhvhqwv wkh uhvxowv zlwk hpskdvlv rq wkh uroh ri lqfrph dqg


uhodwhg vrflrghprjudsklf yduldeohv1 Vhfwlrq 7 surylghv glvfxvvlrq dqg frqfoxvlrq1


qr gl�huhqfh ehwzhhq wkh deryh phqwlrqhg frqfhqwudwlrq lqgh{hv1
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51 Hvwlpdwlrq phwkrgv


Lq frqwudvw wr wkh hduolhu zrun zklfk xvhv wkh zhoo0nqrzq wzr0sduw prgho ri khdowk


fduh xwlolvdwlrq/ wkh suhvhqw dqdo|vlv lv zlwklq wkh iudphzrun ri �qlwh pl{wxuh +ru


odwhqw fodvv, prghov wkdw duh w|slfdoo| pruh  h{leoh wkdq suhylrxvo| frqvlghuhg


dowhuqdwlyhv1


Wklv sdshu zloo frpsduh wkh wzr0sduw prgho zlwk wkh �qlwh pl{wxuh prgho


e| xvlqj vhyhudo phdvxuhv ri prgho shuirupdqfh dqg prgho �w/ lqfoxglqj Dndlnh


Lqirupdwlrq Fulwhulrq +DLF,/ Ed|hvldq Lqirupdwlrq Fulwhulrq +ELF,1 Wr shuplw


d frpsdulvrq zlwk suhylrxv uhvxowv zh xvh d qdwlrqdoo| uhsuhvhqwdwlyh vdpsoh lq


Jhugwkdp +4<<:,/ wkh 4<<4 Ohyho ri Olylqj Vxuyh| +OQX,1 Wkh ghwdlov ri wkh


Vzhglvk khdowk v|vwhp dqg ri wkh vdpsoh duh jlyhq lq Jhugwkdp +4<<:,15


5141 Wkh wzr0sduw prgho


Lq wkh wzr0sduw iudphzrun d glvwlqfwlrq lv pdgh ehwzhhq qrqxvhuv dqg xvhuv ri


khdowk fduh1 Wkh qrqxvhuv duh wkrvh zkr duh revhuyhg wr uhjlvwhu }hur xwlolvdwlrq lq


wkh revhuydwlrq shulrg1 Xvhuv duh wkrvh zkr uhjlvwhu srvlwlyh xwlolvdwlrq1 Zlwklq


wkh wzr0sduw prgho iudphzrun/ wkh �uvw sduw prghov wkh vsolw ehwzhhq qrq0xvhuv


+}hurv, dqg xvhuv +srvlwlyhv, edvhg rq vrph elqdu| rxwfrph prgho1 Wkh vhfrqg


sduw +ri wkh wzr0sduw prgho, prghov wkh xwlolvdwlrq ri wkrvh zkr uhjlvwhu srvlwlyh


xwlolvdwlrq/ xvlqj d wuxqfdwhg frxqw prgho1 Lq wkh sdshu e| Jhugwkdp/ d orjlw


prgho zdv xvhg iru wkh �uvw sduw dqg d wuxqfdwhg0dw0}hur qhjdwlyh elqrpldo iru


5Wkh wrwdo vdpsoh frqvlvwv ri :/;89 lqglylgxdov/ ehwzhhq wkh djhv 4;0:9 |hduv lq 4<<41 Diwhu


fruuhfwlqj iru plvvlqj ydoxhv/ wkh vdpsoh zdv uhgxfhg wr 8/344 lqglylgxdov lq 4<<41 Wkh vxuyh|


frqwdlqv gdwd rq pruelglw|/ khdowk fduh xwlolvdwlrq/ dqg gl�huhqw vrflrhfrqrplf yduldeohv1
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wkh vhfrqg sduw +WSQE5,1


Wkh �uvw sduw lqyroyhv rqo| elqdu| lqirupdwlrq/ wkdw lv/
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zkhuh wkh vxevfulsw � ghqrwhv sdudphwhuv dvvrfldwhg zlwk wkh �kxugoh glvwulex0


wlrq�1 Wkh vhfrqg sduw vshfl�hv wkh glvwulexwlrq ri xwlolvdwlrq/ jlyhq vrph xvh/ dv


d wuxqfdwhg qhjdwlyh elqrpldo glvwulexwlrq jlyhq e|
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Wkh wzr0sduw prgho +WSP, kdv jhqhudoo| ehhq irxqg wr surylgh d jrrg �w


li wkh vdpsoh gdwd kdyh d kljk iuhtxhqf| ri }hur revhuydwlrqv +�qrq0xvhuv�,/ hl0


wkhu rq iuhtxhqf| ri xvdjh ru phglfdo fduh h{shqglwxuh1 Vrph zulwhuv kdyh olqnhg


wkh wzr0sduw prgho wr wkh sulqflsdo0djhqw prgho lq zklfk wkh revhuyhg rxwfrphv


uh hfw d wzr0sduw ghflvlrq pdnlqj surfhvv> wkh �uvw sduw uhodwhv wr wkh sdwlhqw*v


ghflvlrq wr frqwdfw wkh sk|vlfldq +�frqwdfw ghflvlrq�,/ dqg wkh vhfrqg sduw +�iuh0


txhqf| ghflvlrq�, wr wkh ghflvlrq uhjduglqj uhshdw ylvlwv dqg2ru uhihuudov/ wkdw


duh dvvxphg wr eh ghwhuplqhg odujho| e| wkh suhihuhqfhv ri wkh sk|vlfldq1 Do0


wkrxjk wklv dujxphqw dggv fuhglelolw| wr wkh wzr0sduw prgho iudphzrun/ wklv olqn


lv vrphzkdw whqxrxv/ dv vhyhudo sdshuv kdyh srlqwhg +Srkophlhu dqg Xoulfk/ 4<<8>


Jhugwkdp/ 4<<:> Ghe dqg Wulyhgl/ 4<<<,1 Lq rughu wr pdnh d gluhfw olqn ehwzhhq


wkh wzr0sduw prgho iudphzrun dqg wkh sulqflsdo djhqw iudphzrun/ lw lv qhfhvvdu|


wr dvvxph wkdw wkh dydlodeoh gdwd shuwdlq wr frpsohwh hslvrghv ri looqhvv vr wkdw d


fohdu glvwlqfwlrq ehwzhhq wkh �frqwdfw ghflvlrq� dqg �iuhtxhqf| ghflvlrq� fdq eh


pdgh1 Lq furvv vhfwlrq gdwd lw pd| eh pruh uhdolvwlf wr dvvxph wkdw wkh gdwd duh


d pl{wxuh ri xqnqrzq qxpehu ri frpsohwh dqg lqfrpsohwh vshoov1
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Jhugwkdp uhmhfwhg wkh qxoo k|srwkhvlv ri }hur lqhtxlw| ehfdxvh vrflrhfrqrplf


idfwruv zhuh irxqg wr kdyh kdg vljql�fdqw h�hfwv rq xwlolvdwlrq> h1j1/ lqfrph dqg


vl}h ri frppxqlw| ri uhvlghqfh1 Wkh suredelolw| ri xvdjh ri sk|vlfldq ylvlwv whqghg


wr eh srvlwlyho| dvvrfldwhg zlwk lqfrph +dw d ghfuhdvlqj udwh,/ exw lqfrph zdv qrw


d vljql�fdqw idfwru lq h{sodlqlqj wkh iuhtxhqf| ri sk|vlfldq ylvlwv1 Jhugwkdp dovr


uh0hvwlpdwhg wkh prgho ri sk|vlfldq ylvlwv vhsdudwho| iru khdowk| +uhsruwlqj jrrg


khdowk, dqg xqkhdowk| +uhsruwlqj idlu ru edg khdowk, shrsoh1 Wkh uhvxowv ri wkhvh


vxe0vdpsoh hvwlpdwlrqv lqglfdwhg wkdw wkh h�hfw ri lqfrph +doo irxu lqfrph txlqwloh


gxpplhv, zdv srvlwlyh dqg vljql�fdqw lq h{sodlqlqj wkh khdowk fduh xvdjh iru wkh


xqkhdowk|/ exw qrw iru wkh khdowk| shrsoh/ dqg qhyhu vljql�fdqw lq h{sodlqlqj wkh


iuhtxhqf| ri xvh1 Kh ixuwkhu irxqg wkdw wkh vl}h ri frppxqlw| ri uhvlghqfh kdv


d srvlwlyh vljql�fdqw h�hfw rq wkh iuhtxhqf| ri sk|vlfldq ylvlwv exw qrw rq wkh


suredelolw| ri dq| sk|vlfldq ylvlw1


5151 Wkh �qlwh pl{wxuh prgho


D �qlwh pl{wxuh ghqvlw|/ zlwk frqvwdqw pl{lqj suredelolwlhv Z�c iru wkh udqgrp


yduldeohv + lv gh�qhg e|=


sE+m%c w� '
�[
�'�


Z�s�E+m%c w�c


dq dgglwlyh pl{wxuh ri F glvwlqfw odwhqw fodvvhv ru vxesrsxodwlrqv/ zlwk xqnqrzq


pl{lqj sursruwlrqv Z�c ���c Z�c zkhuh
S�


�'� Z� : f +� ' �c ��������� Li � lv wdnhq


dv d nqrzq frqvwdqw/ xvxdoo| vrph vpdoo ydoxh olnh 5 ru 6/ wkhq rqh fdq xvh


wkh pd{lpxp olnholkrrg phwkrg1 Zkhq � lv xqnqrzq/ lwv ydoxh lv fkrvhq iurp


d vxevhw ri dowhuqdwlyhv xvlqj dq lqirupdwlrq fulwhulrq iru prgho vhohfwlrq1 Lq


lwv ixoo jhqhudolw| wklv irupxodwlrq lqyroyhv E�E_�6E��� n E� � ��� sdudphwhuv1
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Rqfh hvwlpdwhg/ wkh sdudphwhuv |lhog wkh ixoo glvwulexwlrq ri + +dqg lwv prphqwv,


iru hdfk vxesrsxodwlrq1 Wkurxjkrxw wklv sdshu zh xvh d wzr0frpsrqhqw prgho


+� ' 2�c wklv ydoxh kdylqj ehhq fkrvhq rq wkh edvlv ri prgho vhohfwlrq fulwhuld1 Zh


qrwh wkdw wkhuh lv dq h{whqvlyh glvfxvvlrq lq wkh olwhudwxuh rq whvwv ri k|srwkhvlv/


hvshfldoo| wkh olnholkrrg udwlr whvw/ uhjduglqj wkh qxpehu ri frpsrqhqwv � +vhh


Fdphurq dqg Wulyhgl +4<<;,/ fkdswhu 71;,1 Wkh lvvxh lv whfkqlfdoo| frpsolfdwhg


ehfdxvh wkh k|srwkhvlv lqyroyhv d erxqgdu| sdudphwhu1 Rxu dssurdfk lv edvhg


rq prgho vhohfwlrq dqg qrw k|srwkhvlv whvwlqj1 Wkh s E�� glvwulexwlrq lv qhjdwlyh


elqrpldo1 Wkhuhiruh zh xvh wkh dfurq|p IPQE5 wr uhihu wr wklv sduwlfxodu �qlwh


pl{wxuh1


Xqolnh wkh srsxodu wzr0sduw prgho wkdw glvwlqjxlvkhv ehwzhhq xvhuv2qrqxvhuv/


wkh �qlwh pl{wxuh prgho glvwlqjxlvkhv ehwzhhq iuhtxhqw2lqiuhtxhqw xvhuv +Ghe


dqg Wulyhgl/ 4<<<,1 Wkh iuhtxhqw2lqiuhtxhqw xvhu glvwlqfwlrq dssolhv wr odwhqw


fodvvhv zkhuhdv wkh khdowk|2xqkhdowk| glvwlqfwlrq lv edvhg rq revhuydeoh khdowk


lqglfdwruv wkdw pd| eh sduwldo sur{lhv iru zkdwhyhu odwhqw fkdudfwhulvwlfv vsolw wkh


srsxodwlrq lqwr iuhtxhqw2lqiuhtxhqw xvhu fodvvhv1 Wkh uhodwlyho| juhdwhu  h{lelolw|


ri wkh �qlwh pl{wxuh prgho lv d frqvhtxhqfh ri wkh ihdwxuh wkdw lw dvvxphv wkdw wkh


gdwd duh gudzq iurp vhyhudo glvwlqfw exw odwhqw vxe0srsxodwlrqv zkrvh sdudphwhuv


fdq eh hvwlpdwhg> khqfh wkh whuplqrorj| odwhqw fodvv ru �qlwh pl{wxuh1 Wkdw lv/


lw dffrpprgdwhv glvfuhwh khwhurjhqhlw| rq wkh wrs ri frqwlqxrxv khwhurjhqhlw|


wkdw fdq eh fdswxuhg wkurxjk d vx!flhqwo|  h{leoh fkrlfh ri s E�� � Iru h{dpsoh/


rqh pd| xvh d �qlwh pl{wxuh ri qhjdwlyh elqrpldo frpsrqhqwv1 Wkh irupxodwlrq


shuplwv pl{lqj zlwk uhvshfw wr erwk }hurv dqg srvlwlyhv1 Lq sulqflsoh lw fdq


surylgh d ehwwhu dssur{lpdwlrq wr dq| wuxh/ exw xqnqrzq/ suredelolw| ghqvlw|


:







+Odlug/ 4<:;> Khfnpdq dqg Vlqjhu/ 4<;7,16


61 Uhvxowv


Erwk wkh �qlwh pl{wxuh dqg wkh wzr0sduw prghov duh hvwlpdwhg xvlqj +svhxgr,


pd{lpxp olnholkrrg1 Wkdw lv/ wkh prghov duh hvwlpdwhg e| pd{lpxp olnholkrrg


exw/ xqolnh Jhugwkdp +4<<:,/ wkh vwdqgdug huuruv dqg cw0udwlrv* ri frh!flhqwv duh


hvwlpdwhg xvlqj wkh urexvw +�vdqgzlfk�, yduldqfh irupxod +Fdphurq dqg Wulyhgl/


4<<;/ s1 64,1 Wklv lv ghvludeoh ehfdxvh ri wkh srvvlelolw| ri d plvvshfl�fdwlrq ri


wkh xqnqrzq ghqvlw|1


Wkuhh fulwhuld duh xvhg wr frpsduh prghov lq0vdpsoh1 Wkhvh lqfoxgh wzr wudgl0


wlrqdo prgho vhohfwlrq fulwhuld edvhg rq shqdol}hg olnholkrrg/ Dndlnh Lqirupdwlrq


Fulwhulrq/ �U�/ dqg Ed|hvldq Lqirupdwlrq Fulwhulrq/ �U�1 Prghov zlwk vpdoohu


ydoxhv ri wkh �U� ' �2 *?un 2g dqg �U� ' �2 *?ung *?E��/ zkhuh *?u lv


wkh pd{lpl}hg orj olnholkrrg/ g lv wkh qxpehu ri sdudphwhuv lq wkh prgho dqg


� lv wkh vdpsoh vl}h/ duh suhihuuhg1


Rxu uhvxowv duh uhsruwhg lq wzr sduwv1 Wkh �uvw sduw lqyroyhv hvwlpdwlrq dqg


hydoxdwlrq ri wkh WSQE5 dqg ri wkh IPQE51 Wkh vhfrqg sduw vxppdul}hv wkh


hvwlpdwhg vrflrhfrqrplf h�hfwv ri wkh suhihuuhg prgho1 Lq Wdeoh 4 gh�qlwlrqv dqg


vxppdu| vwdwlvwlfv duh jlyhq iru wkh yduldeohv xvhg lq wkh uhjuhvvlrq dqdo|vlv1 Wd0


eohv 5 dqg 6 suhvhqw wkh hvwlpdwlrq uhvxowv zlwk wkh fryduldwhv lqfoxghg iru qxpehu


ri sk|vlfldq ylvlwv dqg krvslwdo fduh zhhnv/ uhvshfwlyho|1 Lq erwk wdeohv/ wkh �uvw


6Dv qrwhg lq Ghe dqg Wulyhgl +4<<:,/ wkh wzr0sduw prgho lv dovr d �qlwh pl{wxuh iurp d


vwdwlvwlfdo srlqw ri ylhz vlqfh lw frpelqhv }hurv iurp d elqrpldo ghqvlw| zlwk wkh srvlwlyhv iurp


d }hur0wuxqfdwhg ghqvlw|/ exw lw lv pruh uhvwulfwlyh dv frpsduhg zlwk wkh �qlwh pl{wxuh prgho1


;







dqg vhfrqg froxpqv jlyhv wkh PO hvwlpdwhv iru wkh WSQE5 prgho frqvlvwlqj ri


wkh elqdu| orjlw sduw wkdw prghov wkh qrqxvhu2xvhu rxwfrph/ dqg wkh vhfrqg vwdjh


frqglwlrqdo sduw wkdw prghov wkh iuhtxhqf| glvwulexwlrq iru wkh xvhuv xvlqj wkh


wuxqfdwhg0dw0}hur qhjelq5 prgho1 Wkh wklug dqg irxuwk froxpqv glvsod| wkh PO


hvwlpdwhv ri wkh IPQE5 prgho> wkrvh lq froxpq 6 fruuhvsrqg wr lqiuhtxhqw +ru


orz phdq, xvhuv dqg wkrvh lq froxpq 7 fruuhvsrqg wr wkrvh zkr duh iuhtxhqw +ru


kljk0phdq, xvhuv1


Wkh pd{lpl}hg ydoxh ri wkh olnholkrrg lv kljkhu iru wkh 50frpsrqhqw pl{wxuh


prgho lq erwk fdvhv/ exw wkh pdujlq ri lpsuryhphqw lv juhdwhu lq wkh fdvh ri


grfwru ylvlwv wkdq krvslwdo zhhnv1 Wkh shqdol}hg orj0olnholkrrg fulwhuld/ DLF dqg


ELF/ fohduo| idyru wkh 50frpsrqhqw pl{wxuh dv d ehwwhu vshfl�fdwlrq1 Wkh �uvw


sdqho lq Wdeoh 7 frpsduhv wkh hpslulfdo dqg �wwhg uhodwlyh iuhtxhqflhv iru wkh wzr


prghov1 Lq wklv uhjdug erwk prghov gr d jrrg mre ri fdswxulqj wkh edvlf ihdwxuhv


ri wkh gdwd1 Rxu delolw| wr glvfulplqdwh ehwzhhq wkh prghov rq wklv fulwhulrq lv


wkhuhiruh olplwhg1


Wkh vhfrqg sdqho lq Wdeoh 7 glvsod|v wkh pdlq lpsolfdwlrqv ri wkh pl{wxuh


prgho1 Wkh pl{wxuh prgho vxjjhvwv wkdw derxw ;3( ri vdpsohg srsxodwlrq idoov


lqwr wkh orz0xvh fdwhjru| zlwk dq dyhudjh ri 419 ylvlwv/ dqg wkh uhpdlqlqj 53(


ri wkh vdpsoh idoo lqwr wkh kljk0xvh fdwhjru| zlwk dq dyhudjh ri 61; ylvlwv1 Wkh


pl{wxuh hvwlpdwhv iru krvslwdo fduh zhhnv duh ohvv suhflvh dqg ohvv uholdeoh/ exw


wkh| dovr vxjjhvw wkdw ;:17( ri vdpsoh frqvlvw ri orz0xvhuv zlwk dq dyhudjh vwd|


ri 316 zhhnv exw iru wkh uhpdlqlqj 4519( wkh dyhudjh vwd| lv pruh wkdq 518 zhhnv1


Wkh odwwhu hvwlpdwh xqiruwxqdwho| kdv d kljk vwdqgdug huuru1 Wklv odfn ri suhflvlrq


lq sduw pd| eh gxh wr wkh iuhtxhqf| glvwulexwlrq ri krvslwdo zhhnv ehlqj khdylo|
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vnhzhg dqg frqfhqwudwhg dw d ihz ydoxhv/ E| frqwudvw/ wkh glvwulexwlrq ri grfwru


ylvlwv lv pruh vsuhdg rxw1


6141 Vrflrhfrqrplf h�hfwv


Zh qrz frqvlghu wkh htxlw| lvvxhv yld d pruh ghwdlohg orrn dw wkh lpsolfdwlrqv


ri wkh hvwlpdwhv iurp rxu suhihuuhg prgho1 Wkh glvfxvvlrq ri wkhvh h�hfwv lv


vrphzkdw lpsuhflvh ehfdxvh lw lv qrw fohdu h{dfwo| krz vrph ri wkhvh yduldeohv/


h1j1 idplo| vl}h ru olylqj lq d elj flw|/ duh uhodwhg wr lqfrph ohyho/ zklfk lv wkh


yduldeoh ri fhqwudo lqwhuhvw1 Zh dovr frpphqw rq wkh gl�huhqfhv ehwzhhq wkhvh


dqg rwkhu hvwlpdwhv iurp wkh wzr0sduw prgho1


614141 Sk|vlfldq ylvlwv


Wkh fryduldwhv lqfrph/ ixoo0wlph zrun vwdwxv/ dqg idplo| vl}h kdyh vljql�fdqw


h�hfwv rq orz0phdq +lqiuhtxhqw, xvhuv exw qrw rq wkh kljk0phdq +iuhtxhqw, xvhuv1


Wklv fdq eh udwlrqdol}hg e| dwwulexwlqj kljk xvdjh wr srru khdowk vwdwxv/ zlwk


rwkhu yduldeohv sod|lqj d vpdoo ru qhjoljleoh uroh1 Lq wkh fdvh ri lqiuhtxhqw xvhuv


lqfrph +LQF607, dqg ixoo0wlph zrun vwdwxv kdyh d srvlwlyh lpsdfw +R 	 f��f, zkloh


IDPVL]H kdv d qhjdwlyh lpsdfw +R 	 f�fD,1 Wkh h�hfw ri olylqj lq odujhu flwlhv


+ELJFLW\, lv srvlwlyh dprqj lqiuhtxhqw xvhuv +R 	 f�fD, dqg lv dovr srvlwlyh


dprqj iuhtxhqw xvhuv +forvh wr vljql�fdqfh dw wkh �fI ohyho,1 Wkh pdoh jhqghu


h�hfw +PDOH, lv qhjdwlyh dprqj lqiuhtxhqw xvhuv +R 	 f�f�, exw qhjoljleoh dprqj


iuhtxhqw xvhuv1 Wkh h�hfw ri djh +DJH607> 78 |hduv dqg roghu, lv qhjdwlyh dprqj


iuhtxhqw xvhuv +R 	 f��f, exw dovr qhjoljleoh iru lqiuhtxhqw xvhuv1 Wkh h�hfwv ri


wkh uhpdlqlqj yduldeohv= PDUULHG/ HGXFDWLRQ/ GVDWLV dqg VPDOOFLW\/
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duh lqvljql�fdqw idfwruv erwk dprqj lqiuhtxhqw dqg dprqj iuhtxhqw xvhuv1


614151 Krvslwdo fduh zhhnv


Zh qrz frqvlghu wkh lpsdfw ri lqfrph/ ehlqj pduulhg ru ehlqj d frkdelwdqw/


hgxfdwlrq dqg xuedq olih rq wkh orz0phdq xvhuv1 Wkh h�hfw ri lqfrph +LQF607,


lv srvlwlyh +R 	 f�fD,/ zkloh wkh h�hfw ri ehlqj pduulhg +PDUULHG,/ hgxfdwhg


+HGXF\HDU, dqg olylqj lq odujhu flwlhv +ELJFLW\, lv qhjdwlyh1 Dprqj iuhtxhqw


xvhuv hgxfdwlrq kdv d srvlwlyh lpsdfw rq xvdjh1 Idplo| vl}h +IDPVL]H, dqg


zrunlqj ixoo0wlph +ZRUNLQJ, kdyh qhjdwlyh h�hfwv dprqj iuhtxhqw xvhuv +R 	


f�fD,1 Wkh h�hfwv ri wkh gxpp| iru shrsoh zkr shufhlyh wkdw wkhlu gdlo| olih lv


d vrxufh ri vdwlvidfwlrq lv qhjdwlyh dprqj lqiuhtxhqw xvhuv +R 	 f��f,1 Dovr iru


fduh zhhnv/ wkh h�hfw ri ehlqj pdoh +PDOHV, lv qhjdwlyh dprqj lqiuhtxhqw xvhuv


+R 	 f�f�,1 Krzhyhu/ wkh h�hfw lv srvlwlyh dprqj iuhtxhqw xvhuv +R 	 f�f�,1 Wkh


sdwwhuq ri djh0h�hfwv lv yhu| luuhjxodu> DJH5 +�D� ee |hduv, kdv srvlwlyh lpsdfw


rq lqiuhtxhqw xvhuv +R 	 f�f�, exw qhjdwlyh dprqj iuhtxhqw xvhuv +R 	 f�f�,1 Wkh


h�hfw ri DJH6 +eD� Se |hduv, lv qhjdwlyh dprqj lqiuhtxhqw xvhuv +R 	 f�f�, exw


srvlwlyh dprqj iuhtxhqw xvhuv +R 	 f��f,1 DJH7 +SD�.S |hduv, lv lqvljql�fdqw iru


erwk fodvvhv1 Shrsoh olylqj lq odujhu flwlhv kdyh ihzhu fduh zhhnv dprqj lqiuhtxhqw


xvhuv +R 	 f��f, dqg dovr dprqj iuhtxhqw xvhuv +exw lv qrw vljql�fdqw,1 Wkh


VPDOOFLW\ h�hfw lv dovr lqvljql�fdqw iru erwk lqiuhtxhqw dqg iuhtxhqw xvhuv1


71 Glvfxvvlrq dqg frqfoxvlrqv


Wkh 50frpsrqhqw pl{wxuh prgho surylghv d ehwwhu �w wr wkh gdwd iru erwk sk|vl0


fldq ylvlwv dqg krvslwdo fduh zhhnv wkdq wkh wzr0sduw prgho/ dqg lw lv hdvlhu wr
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lqwhusuhw1 Wkh uhvxowv/ krzhyhu/ duh pl{hg lq uhjdug wr wkh htxlw| k|srwkhvlv1


Dowkrxjk zh �qg d vljql�fdqw lqfrph h�hfw rq sk|vlfldq ylvlwv wklv lv frq�qhg


rqo| wr orz0phdq/ lqiuhtxhqw xvhuv lq wkh wklug dqg irxuwk txlqwlohv ri wkh lqfrph


glvwulexwlrq1 Iru fduh zhhnv lq krvslwdo/ zh dovr �qg kljkhu xvh iru wkrvh lq wkh


wklug dqg irxuwk txlqwlohv ri wkh lqfrph glvwulexwlrq dprqj lqiuhtxhqw xvhuv> exw


djdlq qr lqfrph h�hfw lv suhvhqw dprqj iuhtxhqw xvhuv1


Dprqj rwkhu vrflrhfrqrplf idfwruv hgxfdwlrq lv d lqwhuhvwlqj idfwru1 Djdlq/


krzhyhu/ wkh lqwhusuhwdwlrq ri wkh lpsdfw lv frpsolfdwhg1 Dprqj wkh orz0xvhuv/


wkh pruh kljko| hgxfdwhg shrsoh xvh ohvv krvslwdo fduh zhhnv1 Wklv �qglqj pd|


eh frqvlvwhqw zlwk Jurvvpdq*v +4<:5, revhuydwlrq wkdw wkrvh zlwk kljkhu lqfrphv


duh pruh h!flhqw surgxfhuv ri khdowk fdslwdo dqg wkdw ohvv khdowk fduh lv qhhghg


wr uhdfk d jlyhq ohyho ri khdowk fdslwdo1 Krzhyhu/ dprqj wkh kljk0xvhuv wkh h�hfw


ri hgxfdwlrq lv srvlwlyh zklfk lv frqwudu| wr Jurvvpdq*v k|srwkhvlv1


Lw lv lqwhuhvwlqj dovr wr frpsduh rxu uhvxowv zlwk wkrvh suhvhqwhg e| Jhugwkdp


+4<<:, wr vhh wkh lpsolfdwlrqv ri wkh 50frpsrqhqw pl{wxuh prgho1 Lq wkh Jhugwkdp


vwxg|/ d srvlwlyh lqfrph h�hfw zdv irxqg rq wkh suredelolw| ri grfwruv ylvlwv dqg


krvslwdo fduh zhhnv exw qr vxfk h�hfw zdv irxqg rq qxpehu ri ylvlwv wkrxjk d


qhjdwlyh lqfrph h�hfw zdv irxqg rq wkh qxpehu ri fduh zhhnv1 Wkh fxuuhqw vwxg|


�qgv vlplodu uhvxowv iru grfwruv ylvlwv/ l1h1 d srvlwlyh lqfrph h�hfw dprqj orz


xvhuv dqg qr lqfrph h�hfw rq kljk xvhuv1 Krzhyhu lq uhjdug ri krvslwdo fduh zh


�qg d srvlwlyh lqfrph h�hfw dprqj orz xvhuv dqg qr lqfrph h�hfw dprqj kljk


xvhuv1 Wklv gl�huhqfh lq uhvxowv suredeo| uh hfwv wkh devhqfh ri wkh odwhqw fodvv


glvwlqfwlrq dqg wkh frqvhtxhqw djjuhjdwlrq dfurvv khwhurjhqhrxv jurxsv zlwk gli0


ihuhqw ehkdylru sdwwhuqv1 Wklv qrquhmhfwlrq ri wkh k|srwkhvlv ri }hur h�hfw ri
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lqfrph dprqj kljk xvhuv ri krvslwdo fduh lv dovr lqwxlwlyho| pruh uhdvrqdeoh wkdq


wkh qhjdwlyh lqfrph h�hfw ri wkh wzr0sduw prgho1 Dqrwkhu gl�huhqfh ehwzhhq wkh


wzr vwxglhv lv wkdw Jhugwkdp glg qrw �qg dq| hylghqfh ri dq hgxfdwlrq h�hfw/


zkhuhdv wkh fxuuhqw duwlfoh �qgv d �pl{hg� h�hfw wkdw zdv ghvfulehg deryh1 Rqh


�qdo gl�huhqfh ehwzhhq wkh vwxglhv frqfhuqv wkh h�hfw ri xuedq olih1 Jhugwkdp


irxqg qr h�hfw rq wkh suredelolw| ri d sk|vlfldq ylvlw exw d srvlwlyh h�hfw rq


qxpehu ri ylvlwv1 Wklv �qglqj pd| eh lqglfdwlyh iru vxssolhu lqgxfhg ghpdqg lq


dpexodwru| fduh zklfk pd| eh gl!fxow wr mxvwli| lq uhjdug ri wkh sxeolf khdowk


v|vwhp1 Wkh fxuuhqw duwlfoh rq wkh rwkhu kdqg �qgv d srvlwlyh h�hfw ri xuedq olih


erwk dprqj orz xvhuv +vljql�fdqw, dqg kljk xvhuv +doprvw vljql�fdqw, zklfk pd|


uh hfw orzhu frvwv ri vhhnlqj fduh iru lqglylgxdov olylqj lq xuedql}hg duhdv1


Rqh olplwdwlrq ri wklv vwxg| lv wkh txhvwlrqdeoh dvvxpswlrq wkdw doo fryduldwhv


duh h{rjhqrxv1 Lw lv srvvleoh wkdw vhoi0dvvhvvhg khdowk vwdwxv pd| ghshqg xsrq


wkh dprxqw ri khdowk fduh frqvxphg1 D vhfrqg olplwdwlrq lv wkh rplvvlrq ri


vrph uhohydqw yduldeohv wkdw pljkw surylgh d pruh uh�qhg phdvxuh ri lqglylgxdo


khdowk vwdwxv1 Lq wkh devhqfh ri yduldeohv vxfk dv khdowk dzduhqhvv ru khdowk


frqvflrxvqhvv/ zklfk duh sodxvleo| fruuhodwhg zlwk lqfrph/ srvlwlyh lqfrph h�hfwv


pljkw vlpso| dfw dv sur{lhv iru wkh rplwwhg yduldeohv1 Wklv djdlq jlyhv uhdvrq iru


h{huflvlqj fdxwlrq lq lqwhusuhwlqj lqfrph h�hfwv dv lqglfdwlqj uhgxfhg dffhvv wr


khdowk fduh e| wkrvh zlwk orzhu lqfrphv1
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81 Uhihuhqfhv


Fdphurq/ D1F1 dqg Wulyhgl/ S1N1 +4<<3,/ Uhjuhvvlrq edvhg whvwv ri ryhuglvshuvlrq lq wkh Srlvvrq


prgho1 Mrxuqdo ri Hfrqrphwulfv 79/ 58805:71


Ghe/ S1/ dqg S1N1 Wulyhgl +4<<:,/ Ghpdqg iru Phglfdo Fduh e| wkh Hoghuo| lq wkh Xqlwhg


Vwdwhv= D Ilqlwh Pl{wxuh Dssurdfk/ Mrxuqdo ri Dssolhg Hfrqrphwulfv 45/ 64606691


Ghe/ S1 dqg Wulyhgl/ S1N1 +4<<<,/ Wkh Vwuxfwxuh ri Ghpdqg iru Khdowk Fduh= Odwhqw Fodvv


yhuvxv Wzr0sduw Prghov/ Zrunlqj Sdshu/ Qryhpehu 4<<<1


Jhugwkdp/ X0J1 +4<<:,/ Htxlw| lq khdowk fduh xwlolvdwlrq= ixuwkhu hylghqfh edvhg rq kxugoh


prghov dqg Vzhglvk plfur gdwd/ Khdowk Hfrqrplfv 9/ 636064<1


Jurvvpdq/ P1 +4<:5,/ Rq wkh frqfhsw ri khdowk fdslwdo dqg wkh ghpdqg iru khdowk/ Mrxuqdo


ri Srolwlfdo Hfrqrp| ;3/ 55605881


Jurwwhqgruvw/ S1Y1 +4<<8,/ D frpsdulvrq ri dowhuqdwlyh prghov ri suhvfulswlrq guxj xwlol}d0


wlrq/ Khdowk Hfrqrplfv 7/ 4;604<;1


Kdplowrq/ Y1K1/ Phuuljdq/ S1 dqg Gxiuhvqh/ H1 +4<<:,/ Grzq dqg rxw= hvwlpdwlqj wkh


uhodwlrqvkls ehwzhhq phqwdo khdowk dqg xqhpsor|phqw/ Khdowk Hfrqrplfv 9/ 6<:07391


Khfnpdq/ M1 dqg E1 Vlqjhu +4<;7,/ D Phwkrg ri Plqlpl}lqj wkh Lpsdfw ri Glvwulexwlrqdo


Dvvxpswlrqv lq Hfrqrphwulf Prghov iru Gxudwlrq Gdwd/ Hfrqrphwulfd 85/ 5:406531


Ndnzdql/ Q1 Zdjvwd�/ D1 dqg ydq Grruvodhu/ H1 +4<<:,/ Vrflrhfrqrplf lqhtxdolw| lq khdowk=


phdvxuhphqw/ frpsxwdwlrq dqg vwdwlvwlfdo lqihuhqfh/ Mrxuqdo ri Hfrqrphwulfv ::/ ;:04371


Nhhohu/ H1E1/ Pdqqlqj/ Z1J1 dqg Zhoov/ N1E1 +4<;;,/ Wkh ghpdqg iru hslvrghv ri phqdwo


khdowk vhuylfhv/ Mrxuqdo ri Khdowk Hfrqrplfv :/ 66:069:1


Odlug/ Q1 +4<:;,/ Qrqsdudphwulf Pd{lpxp Olnholkrrg Hvwlpdwlrq ri d Pl{lqj Glvwulexwlrq/


Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq :6/ ;380;441


Pdqqlqj/ Z1J1/ Pruulv/ F1Q1/ Qhzkrxvh/ M1S1 hw do1 +4<;4,/ D wzr0sduw prgho ri wkh
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ghpdqg iru phglfdo fduh= suholplqdu| uhvxowv iurp wkh Khdowk Lqvxudqfh Vwxg|1 Lq= ydq ghu


Jddj/ M/ dqg Shuopdq/ P/ hglwruv1 Khdowk/ Hfrqrplfv/ dqg Khdowk Hfrqrplfv1 Dpvwhugdp=


Qruwk0Kroodqg/ 43604561


Pxoodk|/ M1 +4<;9,/ Vshfl�fdwlrq dqg whvwlqj ri vrph prgl�hg frxqw gdwd prghov1 Mrxuqdo


ri Hfrqrphwulfv 66/ 67406981


R*Grqqhoo/ R1 dqg Sursshu/ F1 +4<<4,/ Htxlw| dqg wkh glvwulexwlrq ri XN Qdwlrqdo Khdowk


Vhuylfh uhvrxufhv1 Mrxuqdo ri Khdowk Hfrqrplfv 43/ 40531


Srkophlhu/ Z1 dqg Xoulfk/ Y1 +4<<8,/ Dq hfrqrphwulf prgho ri wkh wzr0sduw ghflvlrq pdnlqj


surfhvv lq wkh ghpdqg iru khdowk fduh1 Wkh Mrxuqdo ri Kxpdq Uhvrxufhv 63/ 66<06941


Ydq Grruvodhu/ H1 dqg Zdjvwd�/ D1 +4<<5,/ Htxlw| lq wkh gholyhu| ri khdowk fduh= vrph


lqwhuqdwlrqdo frpsdulvrqv/ Mrxuqdo ri Khdowk Hfrqrplfv 44/ 6;<07441


Ydq Grruvodhu/ H1/ hw do1 +4<<<,/ Htxlw| lq wkh gholyhu| ri khdowk fduh= ixuwkhu lqwhuqdwlrqdo


frpsdulvrqv/ iruwkfrplqj lq Mrxuqdo ri Khdowk Hfrqrplfv1


Zdjvwd�/ D1/ Grruvodhu/ H1 ydq1 dqg Sdfl/ S1 +4<<4,/ Rq wkh phdvxuhphqw ri krulvrqwdo


htxlw| lq wkh gholyhu| ri khdowk fduh1 Mrxuqdo ri Khdowk Hfrqrplfv 43/ 49<05381


Zdjvwd�/ D1 dqg ydq Grruvodhu/ H1 +4<<;,/ Htxlw| lq khdowk fduh �qdqfh dqg gholyhu|/


iruwkfrplqj lq Qruwk Kroodqg Kdqgerrn ri Khdowk Hfrqrplfv +hgv1,/ D1M1 Fxo|hu dqg M1S1


Qhzkrxvh1
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WDEOHV


Wdeoh 4= Sk|vldq ylvlwv dqg krvslwdo fduh zhhnv= yduldeoh gh�qlwlrqv


dqg vxppdu| vwdwlvwlfv1 Qxpehu ri revhuydwlrqv @ 8/3441


Yduldeoh Gh�qlwlrq Phdq Vw1 Ghy1


Ghshqghqw


yduldeohv=


YLVLWV @ Qxpehu ri ylvlwv shu |hdu 5=38<8 6=:4;:


KRVSZHHN @ Qxpehu ri krvslwdo fduh zhhnv shu |hdu 3=5<:4 5=594:


Lqghshqghqw


yduldeohv=


PDOH @ 4 li pdoh 3=8386 3=8333


DJH5 @ 4 li djh lv 68077 |hduv 3=6<46 3=7;;4


DJH6 @ 4 li djh lv 78097 |hduv 3=6558 3=79:8


DJH7 @ 4 li djh lv 980:9 |hduv 3=483: 3=68:;


EDGKOWK @ 4 li vhoi dvvhvvhg khdowk lv �srru khdowk� 3=3754 3=533<


IDLUKOWK @ 4 li vhoi dvvhvvhg khdowk lv �idlu khdowk� 3=4;6; 3=6;:7


OFKURQLF @ 4 li fkurqlf looqhvv exw deoh wr uxq d vkruwhu
glvwdqfh dqg folpe vwdluv zlwkrxw d sureohp 3=3;67 3=5:98


QOFKURQLF @ 4 li fkurqlf looqhvv dqg xqdeoh wr uxq d vkruwhu
glvwdqfh dqg folpe vwdluv zlwkrxw d sureohp 3=3:93 3=5984


PDUULHG @4 li wkh lqglylgxdo lv pduulhg ru frkdelwlqj 3=9899 3=7:7<


IDPVL]H @ Qxpehu ri shuvrqv lq wkh krxvkrog 5=9563 4=6756


ZRUNLQJ @ 4 li fxuuhqwo| zrunlqj ixoo0wlph 3=88:; 3=7<9:


HGXF\HDU @\hduv ri irupdo vfkrrolqj 43=;<99 6=6<3;


LQF5 @ 4 li wkh glvsrvdeoh dqqxdo krxvhkrog lqfrph lv


lq wkh vhfrqg txduwloh ri wkh lqfrph glvwulexwlrq 3=5333 3=7333


LQF6 @ 4 li wkh glvsrvdeoh dqqxdo krxvhkrog lqfrph lv
lq wkh wklug txduwloh ri wkh lqfrph glvwulexwlrq 3=4<<9 3=6<<:


LQF7 @ 4 li wkh glvsrvdeoh dqqxdo krxvhkrog lqfrph lv


lq wkh irxuwk txduwloh ri wkh lqfrph glvwulexwlrq 3=5349 3=7345


LQF8 @ 4 li wkh glvsrvdeoh dqqxdo krxvhkrog lqfrph lv


lq wkh �iwk txduwloh ri wkh lqfrph glvwulexwlrq 3=5343 3=733;


GVDWLV @ 4 li gdlo| olih lv d vrxufh ri shuvrqdo


vdwlvidfwlrq 3=8;86 3=7<5:


ELJFLW\ @ 4 li wkh lqglylgxdo olyhv lq Vwrfnkrop/
Jrwkhqexuj ru Pdopù 3=5:75 3=7795


VPDOOFLW\ @4 li wkh lqglylgxdo olyhv lq flwlhv odujhu wkdq
63/333 lqkdelwdqwv 3=5574 3=74:3
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Wdeoh 5= Hvwlpdwlrq uhvxowv= Ghshqghqw yduldeoh= Iuhtxhqf| ri sk|vlvlfdq ylvlw
+Fryduldwhv lqfoxghg,1


Fryduldwhv Wzr0sduw Qhjelq5 Ilqlwh pl{wxuh Qhjelq5


Xvhuv2Qrqxvhuv Frqglwlrqdo Xvhuv Lqiuhtxhqw Xvhuv Iuhtxhqw Xvhuv
Frh!flhqwv Frh!flhqwv Frh!flhqwv Frh!flhqwv


+w0ydoxhv, +w0ydoxhv, +w0ydoxhv, +w0ydoxhv


RQH 3=5:7 3=677
�


�3=34; 4=663��


^4=868` ^4=9;9` ^�3=435` ^5=7:4`


PDOH �3=754��� �3=3<5 �3=6:5��� 3=364
^�9=94;` ^�4=6<9` ^�9=9<:` ^3=555`


DJH5 �3=4<8� 3=3:5 �3=3:3 �3=337


^�4=:86` ^3=8:7` ^�3=:73` ^�3=34;`
DJH6 �3=637�� �3=4<4 �3=469 �3=746�


^�5=7;:` ^�4=796` ^�4=5;7` ^�4=:<6`


DJH7 3=369 �3=669�� �3=334 �3=876�


^3=56:` ^�5=3:6` ^�3=338` ^�4=;44`


EDGKOWK 4=:59��� 4=4:;��� 4=59:��� 4=398���


^9=337` ^<=534` ^43=;;9` ^6=:;:`


IDLUKOWK 4=33:��� 3=;:3��� 3=;47��� 3=<5;���


^43=57;` ^44=735` ^43=886` ^9=;77`
OFKURQLF 4=39:��� 3=:5;��� 3=:77��� 3=:7:���


^9=353` ^:=953` ^;=6<;` ^7=6:4`
QOFKURQLF 4=568��� 3=8<:��� 3=:<9��� 3=95<���


^;=5:3` ^9=<93` ^43=778` ^6=:34`


PDUULHG 3=45< �3=58:��� �3=399 �3=444
^4=4;:` ^�5=9:4` ^�3=:65` ^�3=:34`


IDPVL]H �3=39;�� �3=374 �3=39;�� �3=375
^�5=687` ^�4=594` ^�5=67;` ^�3=;7;`


ZRUNLQJ 3=4<5�� �3=387 3=476�� �3=46:


^5=883` ^�3=994` ^5=568` ^�3=<95`
HGXF\HDU 3=345 �3=334 3=347 �3=343


^4=479` ^�3=436` ^4=555` ^�3=836`


4:







Wdeoh 5= Frqwlqxhg1


Fryduldwhv Wzr0sduw Qhjelq5 Ilqlwh pl{wxuh Qhjelq5


Xvhuv2Qrqxvhuv Frqglwlrqdo Xvhuv Lqiuhtxhqw Xvhuv Iuhtxhqw Xvhuv


Frh!flhqwv Frh!flhqwv Frh!flhqwv Frh!flhqwv
+w0ydoxhv, +w0ydoxhv, +w0ydoxhv, +w0ydoxhv


LQF5 �3=347 �3=39< 3=366 �3=43:


^�3=457` ^�3=:44` ^3=693` ^�3=974`
LQF6 3=46< 3=38< 3=4<4� �3=374


^4=3<3` ^3=867` ^4=:95` ^�3=54;`
LQF7 3=49: 3=496 3=5;5�� �3=337


^4=4:8` ^4=65;` ^5=687` ^�3=355`


LQF8 3=35; 3=538 3=4:7 3=3<;
^3=4;;` ^4=849` ^4=6;;` ^3=78<`


GVDWLV �3=36< 3=387 �3=343 3=395


^�3=93:` ^3=;75` ^�3=534` ^3=867`
ELJFLW\ 3=3<; 3=4;7�� 3=468�� 3=549


^4=647` ^5=74<` ^5=5<8` ^4=956`
VPDOOFLW\ 3=376 �3=333 3=394 �3=35:


^3=885` ^�3=338` ^3=<9:` ^�3=546`


� 4=97< 3=86; 4=85<
^:1785` ^615:8` ^5186<`


� � 3=:<5
^91457`


0Orj0oln ;<8:=549 ;<36=4:5


DLF 4:<<9=75 4:;<5=67


ELF 4;596=:4 4;4:5=9:


Qrwh= Wkh w0vwdwlvwlfv duh edvhg rq urexvw hvwlpdwhv ri vwdqgdug huuruv1


4;







Wdeoh 6= Hvwlpdwlrq uhvxowv= Ghshqghqw yduldeoh=
Iuhtxhqf| ri fduh zhhn lq krvslwdo +Fryduldwhv lqfoxghg,1


Fryduldwhv Wzr0sduw Qhjelq5 Ilqlwh pl{wxuh Qhjelq5


Xvhuv2Qrqxvhuv Frqglwlrqdo Xvhuv Lqiuhtxhqw Xvhuv Iuhtxhqw Xvhuv
Frh!flhqwv Frh!flhqwv Frh!flhqwv Frh!flhqwv


+w0ydoxhv, +w0ydoxhv, +w0ydoxhv, +w0ydoxhv


RQH 0519:;��� 081358��� 04159;- 041<43
^0;1394` ^0718;3` ^041993` ^0418<3`


PDOH 031538� 031544 031;77��� 51385���


^041;67` ^031:75` ^0616:4` ^71<33`


DJH5 31469 31694 31;98��� 071546


^31944` ^31953` ^51948` ^0619;;`
DJH6 0317<8�� 31<<4 031:84� 41:59�


^051375` ^41857` ^041<54` ^41:93`


DJH7 31435 31939 31694 0317:7
^316;<` ^31;<8` ^31;44` ^03193<`


EDGKOWK 418;;��� 41884��� 61396��� 413<8
^:1567` ^61<46` ^<1534` ^4158:`


IDLUKOWK 31:5;��� 31<3<��� 41387��� 41778���


^8157:` ^51733` ^71:6:` ^615<;`
OFKURQLF 31<;7��� 3157< 414:9��� 316<<


^8193<` ^31:88` ^7176<` ^31954`
QOFKURQLF 319:8��� 031774 318<9��� 317:8


^61;8:` ^0413;7` ^51897` ^31;99`


PDUULHG 03164:� 31843 031867� 031986
^041:;3` ^31<66` ^04198<` ^031<<<`


IDPVL]H 031398 03144: 031389 041664���


^041593` ^031935` ^031934` ^0619<3`


ZRUNLQJ 0314;9 031339 0313<7 051796��


^041664` ^031349` ^031659` ^0719;4`
HGXF\HDU 031334 31343 0313;8� 315<4���


^03138;` ^3157;` ^041<34` ^615;3`


4<







/


Wdeoh 6= Frqwlqxhg1


Fryduldwhv Wzr0sduw Qhjelq5 Ilqlwh pl{wxuh Qhjelq5


Xvhuv2Qrqxvhuv Frqglwlrqdo Xvhuv Lqiuhtxhqw Xvhuv Iuhtxhqw Xvhuv


Frh!flhqwv Frh!flhqwv Frh!flhqwv Frh!flhqwv
+w0ydoxhv, +w0ydoxhv, +w0ydoxhv, +w0ydoxhv


LQF5 315:4 031<<8� 031537 31:98


^41757` ^041;67` ^031886` ^41898`
LQF6 31<58��� 041773�� 41368��� 031553


^714:7` ^051665` ^51<7:` ^031636`
LQF7 31;6<��� 041;4<�� 31;77�� 0319:5


^61644` ^0517;7` ^51346` ^031:4:`


LQF8 31;5:��� 041;64�� 31948 031378
^51<:6` ^051578` ^416;3` ^031396`


GVDWLV 03136: 031845� 0315<5� 031348


^031679` ^041:89` ^041<6;` ^03136<`
ELJFLW\ 031595�� 3188<� 031679� 03193;


^041<;9` ^041;8;` ^041;:6` ^04176<`
VPDOOFLW\ 0314:9 3135; 031475 0318;3


^0415:5` ^313:5` ^31:45` ^041695`


� 44441696 ;1594 81;39
^4158<` ^81;4;` ^31<66`


� 0 31;:7
^81<54`


0Orj0oln 537;1679 536<135


DLF 74:;19; 743<18;


ELF 785:1<: 77:81<4


Qrwh= Wkh w0vwdwlvwlfv duh edvhg rq urexvw vwdqgdug huuruv1
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Wdeoh 7D= Frpdsulvrq ri Dfwxdo dqg Ilwwhg Iuhtxhqflhv


Dfwxdo dqg Ilwwhg Uhodwlyh Iuhtxhqflhv +(,


Qxpehu ri Sk|vlfldq Ylvlwv 3 4 5 6 7 8 9 : ; A;


Revhuyhg 6;1; 541< 4719 :19 813 61: 516 414 31: 716
Ilwwhg= Pl{wxuh 6:1; 5715 461: :1; 7197 51<8 513 4174 4137 7179


Ilwwhg= WSP 6;1: 5614 451: :199 71;< 6158 5157 418< 4148 71:5
Dfwxdo dqg Ilwwhg Uhodwlyh Iuhtxhqflhv +(,


Qxpehu ri Krvslwdo Fduh Zhhnv 3 4 5 6 7 8 9 : A:


Revhuyhg <41: 8 418 418 318 318 3143 314 31;
Ilwwhg= Pl{wxuh <417 718: 4177 319: 316< 3158 314: 3146 31<5


Ilwwhg= WSP <416 7166 4189 31:< 317: 3163 3154 3148 31;<


Wdeoh 7E= Frpsdulvrq ri Hpslulfdo Prphqwv ri wkh Pl{wxuh Frpsrqhqwv


Yduldeoh Iuhtxhqw Xvhuv Lqiuhtxhqw Xvhuv Doo xvhuv
Phdq +Vw1Ghy1, Phdq +Vw1 Ghy1, Phdq +Vw1 Ghy1,


Grfwru Ylvlwv 61;:: +51<;4, 418<; +41746, 513:4 +419<6,
Krvslwdo fduh zhhnv 51867 +6:1;5, 3165< +4158<, 3193: +71;<4,
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