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:Wkh prgho lv hvvhqwldoo| wkh vdph zkhq dgrswlqj wkh clfhehuj phowlqj* vwuxfwxuh ri wkh

hfrqrplf jhrjudsk| olwhudwxuh/ zkhuhe| d iudfwlrq wlm ý 4 ri jrrgv vklsshg lv orvw lq wudqvsruw1
Wkh rqo| vpdoo glòhuhqfh lv wkdw revhuyhg i1r1e1 wudgh gdwd gr qrw lqfoxgh wudqvsruwdwlrq frvwv/

zkloh wkh| gr lqfoxgh frvwv wkdw duh eruqh e| wkh h{sruwhu dqg sdvvhg rq wr wkh lpsruwhu1 Zkhq

wudqvsruwdwlrq frvwv duh wkh rqo| wudgh frvwv/ wkh revhuyhg i1r1e1 wudgh ðrzv duh htxdo wr slflm 1

Wkh vdph lv wkh fdvh zkhq wkh frvwv duh eruqh e| wkh lpsruwhu1 Zkloh zh eholhyh wkdw prvw wudgh

frvwv duh eruqh e| wkh h{sruwhu/ sduwlfxoduo| iru XV0Fdqdgd wudgh zkhuh irupdo lpsruw eduulhuv

duh yhu| orz/ wklv lv qrw fulwlfdo wr wkh ñqglqjv ri wkh sdshu> wkh uhvxowv zrxog eh vlplodu zkhq

dvvxplqj wkdw revhuyhg wudgh ðrzv duh htxdo wr slflm 1
;Wkhuh duh pdq| htxloleuld zlwk dv|pphwulf eduulhuv wkdw ohdg wr wkh vdph htxloleulxp wudgh

ðrzv dv zlwk v|pphwulf eduulhuv/ vr wkdw hpslulfdoo| wkh| duh lpsrvvleoh wr glvwlqjxlvk1 Lq

sduwlfxodu/ li èl dqg èm duh uhjlrq vshflñf frqvwdqwv/ pxowlso|lqj wlm e| èm@èl ;l> m ohdgv wr wkh
vdph htxloleulxp wudgh ðrzv ^sl lv pxowlsolhg e| èl dqg Sm lv pxowlsolhg e| èm lq +;,`1 Wkh

surgxfw ri wkh wudgh eduulhuv lq glòhuhqw gluhfwlrqv uhpdlqv wkh vdph wkrxjk1 Li wkh è*v duh
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@ uý?U|ðL? Lu |L|@* ð?UL4ië ì @*hi@_) uLý?_ ð? tiU|ðL? WW |ü@| ð4TLtð?} ý?ð|@h)

ð?UL4i i*@t|ðUð|ðit ü@t *ð||*i igiU| L? �Uç@**ý4<t MLh_ih it|ð4@|itë ì êð** |üihií
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zh suhihu wklv hvwlpdwlrq phwkrg dv rssrvhg wr plqlpl}lqj wkh vxp ri doo vtxduhg uhvlgxdov/

lqfoxglqj wkrvh ri wkh URZ frxqwulhv1 Iluvw/ erughu eduulhuv duh olnho| wr eh glòhuhqw dfurvv

frxqwu| sdluv iru wkh 53 rwkhu lqgxvwuldol}hg frxqwulhv1 Qhlwkhu hvwlpdwlrq phwkrg doorzv xv wr

lghqwli| doo wkhvh eduulhuv vhsdudwho|/ exw wkh phwkrg zh fkrvh lv ohvv vhqvlwlyh wr vxfk glòhuhqfhv

dv zh rqo| xvh lqirupdwlrq rq wkh dyhudjh huuru whupv lqyroylqj wkh URZ frxqwulhv1 Vhfrqg/

wkh dowhuqdwlyh phwkrg ri plqlpl}lqj wkh vxp ri doo vtxduhg uhvlgxdov kdv zhdnhu ñqlwh vdpsoh

surshuwlhv1 Wkh XV0URZ eduulhu kdv d pxfk juhdwhu lpsdfw rq XV0URZ wudgh wkdq rq wudgh

dprqj wkh vwdwhv dqg surylqfhv/ exw XV0URZ revhuydwlrqv duh rqo| 5( ri wkh vdpsoh1 Li wkhuh lv

rqo| zhdn vsxulrxv fruuhodwlrq ehwzhhq wkh 4844 huuru whupv iru wudgh dprqj vwdwhv dqg surylqfhv

dqg wkh sduwldo ghulydwlyhv ri wkh fruuhvsrqglqj pxowlodwhudo uhvlvwdqfh whupv zlwk uhvshfw wr wkh

XV0URZ eduulhu/ lw frxog vljqlñfdqwo| dòhfw wkh hvwlpdwh ri wkdw eduulhu1
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|üihiuLhi ?ii_ |L !?Lê j ð? Lh_ih |L tL*ñi uLh R�3jð ë

2H



+iuihi?Uit

ú?_ihtL?c a@4it ,ë Rú AüiLhi|ðU@* 6Lý?_@|ðL? uLh |üi Bh@ñð|) ,^ý@|ðL?âc ú4ihðU@?

,UL?L4ðU +iñðiêc �b.bc SbE�äc TTë �fSí��Së

ú?_ihtL?c a@4it ,ë @?_ #Lý}*@t �@hULýð**ihc øAh@_ic W?tiUýhð|) @?_ OL4i îð@tG ú?

,4TðhðU@* W?ñit|ð}@|ðL?<c ûî,+ L̀h!ð?} è@Tih ûLë .fffc �@hUüc �bbbë

ú?_ihtL?c �ðUü@i* úë @?_ 54ð|üc 5|iTüi? wë5ë Rç@?@_ð@? èhLñð?Uit ð? L̀h*_ Ah@_iG

,?}@}i4i?| @?_ #i|@Uü4i?|ëâ ç@?@_ð@? aLýh?@* Lu ,UL?L4ðUt c 6iMhý@h) �bbb@c

ô2E�äc TTë 2ôíô.ë

QQQQQQQíc R#L û@|ðL?@* îLh_iht +i@**) �@||ihq ç@?@_@íN5 +i}ðL?@* Ah@_i +ií

UL?tð_ihi_ëâ +iñðiê Lu W?|ih?@|ðL?@* ,UL?L4ðUt c �bbbMc .E2äc TTë 2�bí22.ë

îih}t|h@?_c aighi) Oëc âAüi Bh@ñð|) ,^ý@|ðL? ð? W?|ih?@|ðL?@* Ah@_iG 5L4i �ðUhLiULí

?L4ðU 6Lý?_@|ðL?t @?_ ,4TðhðU@* ,ñð_i?Uicâ +iñðiê Lu ,UL?L4ðUt @?_ 5|@|ðt|ðUtc

�bHDc S.Gôc úý}ýt|c TTë e.eíH�ë

QQQQQQQõc â Aüi Bi?ih@*ð3i_ Bh@ñð|) ,^ý@|ðL?c �L?LTL*ðt|ðU çL4Ti|ð|ðL?c @?_

|üi 6@U|LhíèhLTLh|ðL?t AüiLh) ð? W?|ih?@|ðL?@* Ah@_icâ +iñðiê Lu ,UL?L4ðUt @?_

5|@|ðt|ðUtc �bHbc .�G�c 6iMhý@h)c TTë �eôíDôë

QQQQQQQõc RAüi OiU!tUüihíïü*ð?í5@4ýi*tL? �L_i*c |üi wð?_ih O)TL|üitðt @?_

|üi #i|ih4ð?@?|t Lu îð*@|ih@* W?|h@íW?_ýt|h) Ah@_icâ Aüi ,UL?L4ðU aLýh?@*c #ií

Ui4Mih �bbfc �ffc �2�Sí2bë

îhi?|L?c è@ý*c 6h@?UitU@ #ð �@ýhL @?_ �@||üð@t wýU!ië R,UL?L4ðU W?|i}h@|ðL? @?_

6#WG ú? ,4TðhðU@* ú?@*)tðt Lu 6Lhið}? W?ñit|4i?| ð? |üi ,N @?_ ð? çi?|h@* @?_

,@t|ih? ,ýhLTicâ ,4TðhðU@c �bbbc 2SE2äc TTë bDí�2�ë

îih?@h_c ú?_hiê @?_ aL@Uüð4 @̀}?ihc �bbHc R, TLh| ,?|h) @?_ , ð| M) Bih4@? 6ðh4tâc

ûî,+ L̀h!ð?} è@Tih ûLë `SDôHë

çüi?c û@|@*ði úëc RW?|h@í?@|ðL?@* Vihtýt W?|ih?@|ðL?@* Ah@_i ð? |üi ,ýhLTi@? N?ðL?G `ü)

#L û@|ðL?@* îLh_iht �@||ihqâc �ð4iLc ,çú+,5c N?ðñihtð|i wðMhi _i îhý i**itc

úThð* 2fffë

#i@h_Lhgc ú*@? Vë R#i|ih4ð?@?|t Lu îð*@|ih@* Ah@_iG #Lit Bh@ñð|) L̀h! ð? @ ûiLU*@ttðU@*

L̀h*_qcâ ð? aighi) úë 6h@?!i* i_ëc Aüi +i}ðL?@*ð3@|ðL? Lu |üi L̀h*_ ,UL?L4)c

N?ðñihtð|) Lu çüðU@}L uLh |üi ûî,+c �bbHc TTë .íô2ë

,ðUüi?}hii?c î@hh) @?_ #Lý}*@t úë Whêð?c RAüi +L*i Lu Oðt|Lh) ð? îð*@|ih@* Ah@_i 6*Lêtâc

ð? aighi) úë 6h@?!i* i_ëc Aüi +i}ðL?@*ð3@|ðL? Lu |üi L̀h*_ ,UL?L4)c N?ðñihtð|)

Lu çüðU@}L uLh |üi ûî,+c �bbHc TTë ôôíD.ë

2b



,ñ@?tc ç@hL*)? wë Rû@|ðL?@* îLh_ih ,giU|t @?_ Oi|ihL}i?iLýt 6ð i_ çLt|t Lu W?|ih?@í

|ðL?@* Ah@_iâ �ð4iLc 6i_ih@* +itihñi î@?! Lu ûiê vLh!c 2fff@ë

QQQQQQQíc RAüi ,UL?L4ðU 5ð}?ð�U@?Ui Lu û@|ðL?@* îLh_ih ,giU|tëâ �ð4iLc 6i_í

ih@* +itihñi î@?! Lu ûiê vLh!c 2fffMë

6ii?t|h@c +LMih| çëc Rûiê èhL_ýU| V@hði|ðit @?_ |üi �i@týhi4i?| Lu W?|ih?@|ðL?@*

èhðUitâc ú4ihðU@? ,UL?L4ðU +iñðiêc �bbec HeE�äc �D.í�..ë

QQQQQQQícRNë5ë , TLh|tc �b.2í�bbeG `ð|ü 5|@|i , TLh|t @?_ L|üih Në5ë #@|@âc

ûî,+ L̀h!ð?} è@Tih Dbbfë
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Qrwhv = Wkh wdeoh uhsruwv wkh uhvxowv ri hvwlpdwlqj d PfFdooxp0judylw| htxdwlrq iru wkh |hdu 4<<6

iru 63 X1V1 vwdwhv dqg 43 Fdqdgldq surylqfhv1 Lq doo uhjuhvvlrqv wkh ghshqghqw yduldeoh lv wkh

orj ri h{sruwv iurp uhjlrq l wr uhjlrq m1 Wkh lqghshqghqw yduldeohv duh ghñqhg dv iroorzv= |l

dqg |m duh jurvv grphvwlf surgxfwlrq lq uhjlrqv l dqg m> glm lv wkh glvwdqfh ehwzhhq uhjlrqv l dqg m>

Gxpp|ýFdqdgd dqg Gxpp|ýXV duh gxpp| yduldeohv wkdw duh 4 zkhq erwk uhjlrqv duh orfdwhg
lq uhvshfwlyho| Fdqdgd dqg wkh Xqlwhg Vwdwhv/ dqg }hur rwkhuzlvh1 Wkh ñuvw wkuhh froxpqv uhsruw

uhvxowv edvhg rq qrq0xqlwdu| lqfrph hodvwlflwlhv +dv lq wkh ruljlqdo PfFdooxp uhjuhvvlrqv,/ zkloh wkh

odvw 6 froxpqv dvvxph xqlwdu| lqfrph hodvwlflwlhv1 Uhvxowv duh uhsruwhg iru wkuhh glòhuhqw vhwv ri gdwd=

vwdwh0surylqfh dqg lqwhusurylqfldo wudgh/ +ll, vwdwh0surylqfh dqg lqwhuvwdwh wudgh/ +lll, vwdwh0surylqfh/

lqwhusurylqfldo dqg lqwhuvwdwh wudgh1 Wkh erughu frhïflhqwv ErughuýXV dqg ErughuýFdqdgd duh
wkh h{srqhqwldov ri wkh frhïflhqwv rq wkh uhvshfwlyh gxpp| yduldeohv1 Wkh ñqdo wkuhh urzv uhsruw

wkh erughu frhïflhqwv dqg çU5 zkhq wkh uhprwhqhvv lqglfhv +6, duh dgghg1 Urexvw vwdqgdug huuruv

duh lq sduhqwkhvhv1
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Qrwhv = Wkh wdeoh uhsruwv sdudphwhu hvwlpdwhv iurp wkh wzr0frxqwu| prgho dqg wkh

pxowl0frxqwu| prgho1 Urexvw vwdqgdug huuruv duh lq sduhqwkhvhv1 Wkh wdeoh dovr

uhsruwv dyhudjh huuru whupv iru lqwhuvwdwh/ lqwhusurylqfldo dqg vwdwh0surylqfh wudgh1
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Qrwhv = Wkh wdeoh uhsruwv wkh dyhudjh ri Sâý4l / zkhuh wkh dyhudjh lv ghñqhg

dv wkh h{srqhqwldo ri wkh dyhudjh orjdulwkp1 Iru wkh XV wkh dyhudjh lv wdnhq

ryhu wkh 63 vwdwhv lq wkh vdpsoh/ iru Fdqdgd ryhu wkh 43 surylqfhv dqg iru

URZ ryhu wkh rwkhu 53 lqgxvwuldol}hg frxqwulhv1
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Qrwhv = Wkh wdeoh uhsruwv wkh udwlr ri wudgh zlwk wkh hvwlpdwhg erughu eduulhuv +EE, wr wkdw xqghu erughuohvv

wudgh +QE,1 Wklv udwlr lv eurnhq grzq lqwr wkh lpsdfw ri erughu eduulhuv rq wudgh wkurxjk elodwhudo uhvlvwdqfh

+w4ýâlm , dqg wkurxjk pxowlodwhudo uhvlvwdqfh +Sâý4l Sâý4m ,1
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Qrwhv = Wkh ñuvw urz ri wkh wdeoh uhsruwv wkh wkhruhwlfdoo| frqvlvwhqw hvwlpdwh ri wkh lpsdfw ri erughu

eduulhuv rq lqwudqdwlrqdo wudgh uhodwlyh wr lqwhuqdwlrqdo wudgh/ iru erwk Fdqdgd dqg wkh Xqlwhg Vwdwhv1

Wkh vhfrqg urz uhsruwv wkh PfFdooxp erughu sdudphwhu lpsolhg e| wkh prgho/ zklfk surylghv d

eldvhg hvwlpdwh ri wkh lpsdfw ri erughuv rq wkh udwlr ri lqwudqdwlrqdo wr lqwhuqdwlrqdo wudgh1
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Qrwhv = Wkh wdeoh uhsruwv vhqvlwlylw| dqdo|vlv zlwk uhjdugv wr wkh udwlr ri wudgh zlwk erughu eduulhuv

wr wudgh zlwkrxw erughu eduulhuv dqg zlwk uhjdugv wr wkh PfFdooxp erughu sdudphwhuv lpsolhg e|

wkh prgho1 Froxpq +l, uhshdwv uhvxowv iurp wkh ehqfkpdun uhjuhvvlrq1 Froxpq +ll, dvvxphv â @ 43

+lq wkh ehqfkpdun â @ 8,1 Froxpqv +lll, dqg +ly, uhsruw uhvxowv zkhq uhvshfwlyho| grxeolqj dqg

kdoylqj glvwdqfhv lqwhuqdo wr uhjlrqv dqg frxqwulhv1 Froxpq +y, uhsruwv uhvxowv edvhg rq d uhjuhvvlrq

wkdw grhv qrw xvh lqwhuvwdwh gdwd1 Froxpqv +yl, dqg +yll, uhsruw uhvxowv zkhq lqfrph | lv uhsodfhg

e| {ò| zlwk { uhvshfwlyho| lqfrph | dqg shu fdslwd lqfrph |@Q 1 {ò uhsuhvhqwv wkh iudfwlrq vshqw rq

wudgdeohv lq d uhjlrq ru frxqwu|1 Wkh ñqdo froxpq uhsruwv iru wkh pxowl0frxqwu| fdvh uhvxowv zkhq

plqlpl}lqj wkh vxp ri doo vtxduhg huuru whupv/ lqfoxglqj wkrvh lqyroylqj URZ frxqwulhv1


