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Devwudfw

Wklv sdshu h{whqgv Mrqhv* +4<<8, qrq0vfdoh jurzwk iudphzrun wr lqfoxgh hqgrjhqrxv kxpdq

fdslwdo1 Wkh jrdo lv wr vwxg| wkh prgho*v lpsolfdwlrqv rqfh wkh frpsohphqwdulw| ehwzhhq whfk0

qrorj| dqg kxpdq fdslwdo frpprqo| irxqg e| wkh hpslulfdo olwhudwxuh lv wdnhq lqwr dffrxqw1

Wr gr wklv/ zh sursrvh d kxpdq fdslwdo dffxpxodwlrq whfkqrorj| wkdw suhvhuyhv wkh qrq0vfdoh

qdwxuh ri wkh prgho1 Zh vkrz wkdw irfxvlqj rqo| rq wkh dv|pswrwlf vshhg ri frqyhujhqfh pd|

qrw vd| pxfk derxw wkh ryhudoo shuirupdqfh ri d prgho wr h{sodlq wkh frqyhujhqfh skhqrp0

hqrq1 Zh �qg wkdw erwk wkh suhglfwhg vshhgv ri frqyhujhqfh dqg wkh dgmxvwphqw sdwk ri wkh

sursrvhg prgho duh frqvlvwhqw zlwk wkh hpslulfdo hylghqfh1 Ixuwkhupruh/ wkh prgho vxjjhvwv

wkdw furvv0vhfwru oderu pryhphqwv lqgxfhg e| wkh frpsohphqwdulw| ehwzhhq kxpdq fdslwdo dqg

whfkqrorj| fdq eh d nh| idfwru lq uhsolfdwlqj dqg h{sodlqlqj jurzwk pludfohv vxfk dv Mdsdq dqg

Vrxwk Nruhd1

MHO Fodvvl�fdwlrq= R66/ R74/ R7:1

Nh| zrugv= Wudqvlwlrqdo g|qdplfv/ U)G/ lqsxw frpsohphqwdulw|
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Wkh lpsruwdqfh ri kxpdq fdslwdo lq rxwsxw surgxfwlrq kdv ehhq uhfrjql}hg dw ohdvw vlqfh wkh

vhplqdo zrun ri Ehfnhu +4<97,/ dqg d forvh uhodwlrqvkls ehwzhhq kxpdq fdslwdo dqg whfkqrorj|

dgrswlrq kdv ehhq hpskdvl}hg dw ohdvw vlqfh Qhovrq dqg Skhosv +4<99,1 Wkh uhfhqwo| uhylyhg

jurzwk olwhudwxuh sodfhv kxpdq fdslwdo dw wkh fhqwhu ri dwwhqwlrq erwk lq wkhruhwlfdo prghov dv

zhoo dv lq hpslulfdo lqyhvwljdwlrq1 Xqdexjlrxvo|/ kxpdq fdslwdo dffxpxodwlrq lv rqh ri wkh prvw

dffhswhg dqg prvw wkrurxjko| vwxglhg ghwhuplqdqwv ri hfrqrplf jurzwk1

Vxusulvlqjo|/ wkhuh kdyh ehhq ihz dwwhpswv lq wkh wkhruhwlfdo olwhudwxuh wr ixoo| h{soruh jurzwk

prghov ri hqgrjhqrxv kxpdq fdslwdo dqg hqgrjhqrxv whfkqlfdo surjuhvv +dqrwkhu hqjlqh ri jurzwk

uhfhlylqj h{fhswlrqdo dwwhqwlrq diwhu wkh zrun ri Urphu +4<<3,,1 Lq oljkw ri vxujlqj hylghqfh wkdw

wkhvh wzr hqjlqhv duh lqghhg frpsohphqwdu|/ lw lv rxu ylhz wkdw wkh| rxjkw wr eh lqfrusrudwhg dqg

vwxglhg zlwklq d xql�hg jurzwk prgho1� Lq wklv sdshu zh vkrz wkdw wkh ydoxh dgghg iurp sxuvxlqj

vxfk d prgho juhdwo| h{fhhgv wkh dgghg frpsoh{lw| wr vxfk dq dssurdfk1

Zh frqvwuxfw d prgho zlwklq Mrqhv* +4<<8, k|eulg qrq0vfdoh iudphzrun lq zklfk vxvwdlqhg orqj0

uxq jurzwk ghshqgv rq erwk h{rjhqrxv oderu jurzwk dqg hqgrjhqrxv whfkqlfdo fkdqjh1 Zh fkrrvh

Mrqhv* +4<<8, ~ dgplwwhgo| rqo| rqh ri ydulrxv fdqglgdwhv ~ ehfdxvh lw kdv vxffhhghg lq uhfrqflolqj

lpsruwdqw surshuwlhv ri wkh gdwd vxfk dv lqfuhdvlqj U)G lqwhqvlw| zlwk frqvwdqw rxwsxw jurzwk

udwhv12 Lq sduwlfxodu/ zh suhvhqw d prgho lq zklfk whfkqlfdo surjuhvv lv hqkdqfhg wkurxjk lqqrydwlrq

dqg lplwdwlrq/ dqg kxpdq fdslwdo wkurxjk irupdo vfkrrolqj1 Hyhq wkrxjk irupdo vfkrrolqj lv qrw

wkh rqo| vrxufh ri kxpdq fdslwdo/ zh fkrrvh d vfkrrolqj0edvhg kxpdq fdslwdo whfkqrorj| ehfdxvh

wkh prgho zloo xowlpdwho| eh wdnhq wr wkh gdwd +dv Nohqrz dqg Urguljxh}0Foduh +4<<:, vxjjhvw,/

dqg e| pdq| dffrxqwv wkh ehvw dydlodeoh gdwd xvhg wr exlog kxpdq fdslwdo lqglfdwruv dfurvv frxq0

wulhv duh wkh hgxfdwlrqdo dwwdlqphqw gdwd vhwv ri Eduur dqg Ohh +4<<6, dqg Qhkux/ Vzdqvrq/ dqg

Gxeh| +4<<8, frxsohg zlwk oderu0zdjh lqirupdwlrq1 Rxu fkrlfh ri vfkrrolqj whfkqrorj| iroorzv wkh

Plqfhuldq dssurdfk +Plqfhu 4<:7, wkdw kdv uhfhqwo| ehhq uhylyhg e| Elov dqg Nohqrz +5333,1�
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Wkh sdshu hydoxdwhv wkh prgho lq wkuhh gl�huhqw glphqvlrqv1 Iluvw/ zh vwxg| lwv shuirupdqfh

dw vwhdg|0vwdwh1 Vhfrqg/ zh phdvxuh wkh dv|pswrwlf vshhg ri frqyhujhqfh ri wkh prgho1 Wklug/ zh

h{soruh wkh fdsdflw| ri wkh prgho g|qdplfv wr uhsurgxfh idvw rxwsxw0frqyhujhqfh hslvrghv vxfk dv

Mdsdq dqg Vrxwk Nruhd1

Wkh sursrvhg kxpdq fdslwdo dffxpxodwlrq htxdwlrq suhvhuyhv wkh qrq0vfdoh qdwxuh ri wkh prgho1

Zh �qg wkdw wkh dv|pswrwlf vshhg ri frqyhujhqfh lv frqvlvwhqw zlwk wkh hylghqfh1 Krzhyhu/ dv zh

vkrz/ wklv grhv qrw shu vh vd| pxfk derxw wkh ryhudoo shuirupdqfh ri wkh prgho dw uhsurgxf0

lqj frqyhujhqfh hslvrghv1 Lq sduwlfxodu/ zh �qg wkdw vpdoo yduldwlrqv lq wkh dv|pswrwlf vshhg ri

frqyhujhqfh ri gl�huhqw prghov fdq surgxfh vxevwdqwldo fkdqjhv lq wkh lqlwldo shulrgv ri wkh dg0

mxvwphqw sdwk1 Wklv lpsolhv wkdw d prgho wkdw gholyhuv d orzhu/ pruh hpslulfdoo|0vxssruwhg vshhg

ri frqyhujhqfh pd| shuirup pxfk zruvh dw pdwfklqj wkh zkroh frqyhujhqfh sdwk1 Xvlqj vwdqgdug

whfkqrorjlhv dqg sdudphwhul}dwlrq/ zh vkrz wkdw rxu fdoleudwhg prgho fdq vxffhvvixoo| uhsolfdwh

wkh jurzwk h{shulhqfhv ri Mdsdq dqg V1 Nruhd/ lqfoxglqj lpsruwdqw fkdqjhv lq wkh jurzwk0udwh

wuhqg1 Wkh nh| idfwru frqwulexwlqj wr wklv uhvxow lv wkh frpsohphqwdulw| ehwzhhq kxpdq fdslwdo

dqg whfkqrorj| dgrswlrq/ zklfk lqgxfhv dq lpsruwdqw uhdoorfdwlrq ri oderu dfurvv vhfwruv dorqj wkh

dgmxvwphqw sdwk1 Wkh prgho dovr vkrzv wkdw Odx dqg Zdq +4<<7,*v �qglqj wkdw wkh frpsohphq0

wdulw| ehwzhhq kxpdq fdslwdo dqg whfkqrorj| lv vx�flhqw wr uhsurgxfh wkh jurzwk sdwwhuqv vkrzq

e| Hdvw Dvldq pludfoh frxqwulhv grhv qrw qhfhvvdulo| krog lq d vwuxfwxudo prgho1

Wkh lpsolfdwlrqv ri Mrqhv0w|sh k|eulg qrq0vfdoh iudphzrunv kdyh ehhq ghhso| h{soruhg e| Hlfkhu

dqg Wxuqryvn| +4<<<d/ 4<<<e/ 5334,/ dqg Shuh}0Vhedvwldq +5333,1 Xqolnh xv/ wkh| gr qrw frqvlghu

kxpdq fdslwdo1 Wkhuh lv krzhyhu d vpdoo exw udslgo| jurzlqj olwhudwxuh wkdw lqyhvwljdwhv wkh

uhodwlrqvkls ehwzhhq kxpdq fdslwdo dffxpxodwlrq dqg whfkqrorjlfdo surjuhvv/ dqg wkhlu frpelqhg

h�hfw rq hfrqrplf jurzwk1 Hlfkhu +4<<9, dqg Oor|g0Hoolv dqg Urehuwv +5333, ghyhors d prgho lq

zklfk erwk kxpdq fdslwdo dqg whfkqrorjlfdo lqqrydwlrq duh hqgrjhqrxv/ exw wkh| duh rqo| frqfhuqhg

zlwk vwhdg|0vwdwh suhglfwlrqv1 Uhvwxffld +5334, suhvhqwv d g|qdplf jhqhudo htxloleulxp prgho zlwk

vfkrrolqj dqg whfkqrorj| dgrswlrq1 Kh irfxvhv rq krz vfkrrolqj dqg whfkqrorj| dgrswlrq pd|

eh dpsoli|lqj wkh h�hfwv ri surgxfwlylw|2srolf| gl�huhqfhv rq lqfrph glvsdulw|1 Olnh xv/ Nhoohu

+4<<9, dqg Ixqnh dqg Vwuxoln +5333, vwxg| wudqvlwlrqdo g|qdplfv lq d prgho ri kxpdq fdslwdo dqg

eoxhsulqwv1 Wkh| gr qrw krzhyhu wdnh wkh suhglfwlrqv ri wkh prgho wr wkh gdwd1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh edvlf prgho1 Vhfwlrq
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6 vwxglhv lwv vwhdg|0vwdwh surshuwlhv1 Wkh wudqvlwlrqdo g|qdplfv dqdo|vlv lv suhvhqwhg lq Vhfwlrq 71

Vhfwlrq 8 frqfoxghv glvfxvvlqj wkh pdlq �qglqjv ri rxu zrun1

� ���  �!�� ����


Wklv vhfwlrq suhvhqwv dq hfrqrplf jurzwk prgho zlwk hqgrjhqrxv whfkqrorjlfdo fkdqjh dqg kxpdq

fdslwdo1 Zh irfxv rxu h{srvlwlrq rq djjuhjdwh whfkqrorjlhv1 Wkh pdlq uhdvrq lv wkdw wklv sdshu*v

dssurdfk wr lqfrusrudwh kxpdq fdslwdo wkdw lv zlgho| dffhswhg lq wkh olwhudwxuh/ dqg zklfk zh frq0

vlghu prvw dssursuldwh wr wdnh wkh prgho wr wkh gdwd/ fdq qrw eh hdvlo| ghulyhg iurp d ghfhqwudol}hg

vhwxs/ gxh wr djjuhjdwlrq sureohpv1e Dqrwkhu lpsruwdqw uhdvrq lv wkdw suhylrxv sdshuv +vhh deryh,

wkdw kdyh dqdo|}hg wkh w|sh ri qrq0vfdoh iudphzrun wkdw zh xvh kdyh irfxv rq wkh vrfldo sodqqhu*v

vroxwlrq/ dqg zh zdqw wr frpsduh rxu uhvxowv wr wkhluv1

Hyhq wkrxjk rxu dqdo|vlv lv ixoo| edvhg rq wkh Fhqwudo Sodqqhu*v rxwfrph ri wkh prgho/ zh

wklqn wkdw lw lv xvhixo wr xqghuvwdqg wkh lpsruwdqw lpsuryhphqw lq prgho shuirupdqfh wkdw kxpdq

fdslwdo eulqjv lqwr wkh qrq0vfdoh U)G0edvhg jurzwk iudphzrun1

�"� #������� ��
�������	

Wkh srsxodwlrq lq wklv hfrqrp| frqvlvwv ri lghqwlfdo lq�qlwho|0olyhg djhqwv/ dqg jurzv h{rjhqrxvo|

dw udwh q= Djhqwv duh lqyroyhg lq wkuhh w|shv ri dfwlylwlhv= frqvxpswlrq0jrrgv surgxfwlrq/ U)G

h�ruw/ dqg kxpdq fdslwdo dwwdlqphqw1D Hdfk shulrg/ frqvxphuv duh hqgrzhg zlwk rqh xqlw ri wlph

wkdw lv doorfdwhg ehwzhhq zrunlqj dqg vwxg|lqj1 Zh devwudfw iurp oderu2ohlvxuh ghflvlrqv dqg

dvvxph wkdw djhqwv kdyh suhihuhqfhv rqo| ryhu frqvxpswlrq1

Dvvxph wkdw dw shulrg w/ rxwsxw +\|, lv surgxfhg xvlqj kxpdq fdslwdo +Kt |, dqg sk|vlfdo fdslwdo

+N|, dffruglqj wr wkh iroorzlqj djjuhjdwh Free0Grxjodvv whfkqrorj|=

\| @ D
1
|K

�3k
t | N

k
| > 3 ? � ? 4 > � A 3> +4,

zkhuh � lv wkh vkduh ri fdslwdo> dqg � lv wkh whfkqrorj|0rxwsxw hodvwlflw|1

Wkh U)G whfkqrorj| lqfrusrudwhv wkh rqo| olqn ehwzhhq hfrqrplhv lq rxu prgho1 Lghdv fuhdwhg

dq|zkhuh lq wkh zruog fdq eh frslhg e| orfdo uhvhufkhuv dw d frvw wkdw glplqlvkhv zlwk wkh frxqwu|*v
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whfkqrorjlfdo jds1 Wkh hfrqrp|*v whfkqrorj| ohyho hyroyhv dv iroorzv=

D|n� �D| @ �D
�
|K

b
�|

�
D
W

|

D|

��

� ��D|> ! ? 4> 3 ? � � 4> # � 3> D
W

| � D|> +5,

zkhuh �� uhsuhvhqwv wkh whfkqrorj| ghsuhwldwlrq udwh> K�| lv wkh sruwlrq ri kxpdq fdslwdo hpsor|hg

lq wkh U)G vhfwru dw wlph w> DW

| lv wkh zruogzlgh whfkqrorj| iurqwlhu dw w/ zklfk jurzv h{rjhqrxvo|

dw udwh j�W > ! uhsuhvhqwv dq h{whuqdolw| gxh wr wkh vwrfn ri h{lvwlqj whfkqrorj|> dqg � fdswxuhv

wkh h{lvwhqfh ri ghfuhdvlqj uhwxuqv wr U)G h�ruw1S Wkh deryh U)G htxdwlrq lq wkh rqh sursrvhg

e| Mrqhv +4<<8/ 5334, soxv d fdwfk0xs whup
�
�W|
�|

��
/ zkhuh # lv d whfkqrorj| jds sdudphwhu1 Wkh

fdwfk0xs whup fdswxuhv wkh lghd wkdw wkh juhdwhu wkh whfkqrorj| jds ehwzhhq d ohdghu dqg d iroorzhu/

wkh kljkhu wkh srwhqwldo ri wkh iroorzhu wr fdwfk xs wkurxjk lplwdwlrq ri h{lvwlqj whfkqrorjlhv1.

Wkh surgxfwlrq ixqfwlrq/ htxdwlrq +4,/ dv zhoo dv wkh U)G htxdwlrq/ h{suhvvlrq +5,/ uh�hfw

frpsohphqwdulw| ehwzhhq whfkqrorj| dqg kxpdq fdslwdo1 Zh frqvlghu wkdw d kljkhu kxpdq fdslwdo

ohyho doorzv zrunhuv wr xvh surgxfwlrq lghdv pruh h�flhqwo|/ dqg vshhgv xs whfkqrorj| dftxlvlwlrq1

Djhqwv lqfuhdvh wkhlu kxpdq fdslwdo wkurxjk irupdo hgxfdwlrq/ surylghg e| d vfkrrolqj vhfwru1

Wkh kxpdq fdslwdo whfkqrorj| lv ri sduwlfxodu lqwhuhvw lq rxu prgho dqg ghvhuyhv fduhixo frqvlg0

hudwlrq1 Vlqfh rxu dlp lv wr wdnh wkh prgho wr wkh gdwd wkhq rxu vshfl�fdwlrq rxjkw wr eh rqh

wkdw pdsv wkh dydlodeoh gdwd rq dyhudjh |hduv ri hgxfdwlrq wr wkh vwrfn ri kxpdq fdslwdo1 Xvlqj

wkh Plqfhuldq lqwhusuhwdwlrq vhhpv wr gholyhu vxfk d vshfl�fdwlrq1 Wklv uhsuhvhqwdwlrq iroorzv Elov

dqg Nohqrz +5333,/ zkr vxjjhvw wkdw wkh Plqfhuldq vshfl�fdwlrq ri kxpdq fdslwdo lv wkh dssur0

suldwh zd| wr lqfrusrudwh |hduv ri vfkrrolqj lq wkh djjuhjdwh surgxfwlrq ixqfwlrq1 Iroorzlqj wkhlu

dssurdfk/ djjuhjdwh kxpdq fdslwdo lv jlyhq e|

K�| @ h
sE7|�O�| > m 5 i\>Dj / +6,

zkhuh O�| lv wkh wrwdo dprxqw ri oderu doorfdwhg wr vhfwru m> dqg V| lv wkh dyhudjh hgxfdwlrqdo

dwwdlqphqw ri oderu lq shulrg w1 Wkh ghulydwlyh i �+V, uhsuhvhqwv wkh uhwxuq wr vfkrrolqj hvwlpdwhg
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�
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k
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lq d Plqfhuldq zdjh uhjuhvvlrq= dq dgglwlrqdo |hdu ri vfkrrolqj udlvhv d zrunhu*v h�flhqf| e|

i
�+V,1Hcb

Qh{w/ zh duh frqfhuqhg zlwk wkh ehkdylru ri V|1 Vxssrvh wkdw dw hdfk gdwh djhqwv doorfdwh wlph

wr vfkrrolqj rqo| diwhu vxsso|lqj oderu vhuylfhv wr �upv1 Ohw O| eh wkh srsxodwlrq vl}h dw gdwh w1

Gh�qh OM| dv wkh wrwdo dprxqw ri wlph doorfdwhg wr jrlqj wr vfkrro lq wkh hfrqrp|1 Dvvxph wkdw

dw wkh ehjlqqlqj ri gdwh 4 wkh dyhudjh hgxfdwlrqdo dwwdlqphqw htxdov }hur1 Wklv lpsolhv wkdw dw

wkh ehjlqqlqj ri shulrg 5/ V2 @
uM�

u�
1 Qh{w shulrg/ jlyhq wkdw frqvxphuv olyh iru hyhu/ wkh dyhudjh

|hduv ri vfkrrolqj zloo eh V� @ uM�nuM2

u2
/ dqg vr rq1 Khqfh/ wkh dyhudjh hgxfdwlrqdo dwwdlqphqw

fdq eh zulwwhq dv

V| @

S|3�
�'� OM�

O|
1 +7,

Iurp htxdwlrq +7,/ zh fdq ghulyh wkh odz ri prwlrq ri wkh dyhudjh hgxfdwlrqdo dwwdlqphqw dv iroorzv=

V|n� � V| @

S|
�'� OM�

O|n�
�

S|3�
�'� OM�

O|
>

@

�
4

4 . q

��
OM|

O|
� qV|

�
= +8,

Wkh hyroxwlrq ri V ghshqgv gluhfwo| rq wkh vkduh ri shrsoh lq hgxfdwlrq uM
u
/ zkhuhdv wkh jurzwk

ri srsxodwlrq lqgxfhv d gloxwlrq h�hfw1

H��?Uih E�b.e� it|�4@|it |�i uL**L��?} �@}i hi}hitt�L? i^�@|�L?G
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2
� n 0�c
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8



�"� �����
 �
�����$! ���%
��

Dv zh phqwlrqhg deryh/ zh irfxv rq d fhqwudoo| sodqqhg hfrqrp|1�f D fhqwudo sodqqhu lqwhuqdol}hv

wkh h{whuqdolwlhv dqg fkrrvhv wkh vhtxhqfhv iF|/ V|> D|/ N|/ Ot |/ O�|/ OM|j
"

|'f vr dv wr pd{lpl}h wkh

olihwlph xwlolw| ri wkh uhsuhvhqwdwlyh frqvxphu vxemhfw wr wkh ihdvlelolw| frqvwudlqwv ri wkh hfrqrp|/

dqg wkh lqlwldo ydoxhv Of> Vf>Nf> dqg Df1 Wkh sureohp lv vwdwhg dv iroorzv=

pd{
t�|c7|c�|cg|cut |cu�|cuM|�

"[
|'f

�
|

5
97
�
�|
u|

��3w
� 4

4� �

6
:8 > +9,

vxemhfw wr/

\| @ D
1
|

k
h
sE7|�Ot |

l�3k
N

k
| > +:,

L| @ N|n� � +4� �g,N| @ \| �F|> +;,

D|n� �D| @ �D
�
|

k
h
sE7|�O�|

lb�DW

|

D|

��

> +<,

V|n� � V| @

�
4

4 . q

��
OM|

O|
� qV|

�
> +43,

O| @ Ot | . O�| . OM|> +44,

O|n�

O|
@ 4 . q> iru doo w> +45,

D
W

|n�

D
W

|

@ 4 . j�W > +46,

Of> Vf> Nf> Df jlyhq/

zkhuh � lv wkh lqyhuvh ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq> dqg � lv wkh glvfrxqw idfwru1

Htxdwlrq +;, lv wkh hfrqrp|*v ihdvlelolw| frqvwudlqw dv zhoo dv wkh odz ri prwlrq ri wkh vwrfn ri

sk|vlfdo fdslwdo> lw vd|v wkdw/ dw wkh djjuhjdwh ohyho/ grphvwlf rxwsxw pxvw htxdo frqvxpswlrq soxv

sk|vlfdo fdslwdo lqyhvwphqw/ L|1 Htxdwlrq +44, lv wkh srsxodwlrq frqvwudlqw> wkh oderu irufh ~ wkh

qxpehu ri shrsoh hpsor|hg lq wkh rxwsxw dqg wkh U)G vhfwruv ~ soxv wkh qxpehu ri lqglylgxdov

jrlqj wr vfkrro pxvw eh htxdo wr wkh srsxodwlrq1
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Wkh rswlpdo frqwuro sureohp fdq eh vwdwhg dv iroorzv=

Y +D|>N|> V|, @ pd{
tuM|cu�|cU|�

�
�
1
| de

sE7|�Eu|3uM|3u�|�o
�3kgk

| 3 U|

u|

��3w
� 4

4� �
.

.�Y

%
D|+4� ��, . �D

�
|

�
h
sE7|�O�|

�b�DW

|

D|

��

>N|+4� �g, . L| > V| .
4

4 . q

�
OM|

O|
� qV|

�&
>+47,

zkhuh Y +�, lv d ydoxh ixqfwlrq> OM|> O�|> L| duh wkh frqwuro yduldeohv> dqg D|> N|> V| duh wkh

vwdwh yduldeohv1 Vroylqj wkh rswlpdo frqwuro sureohp jlyhv wkh Hxohu htxdwlrqv wkdw fkdudfwhul}h

wkh rswlpdo doorfdwlrq ri srsxodwlrq lq kxpdq fdslwdo lqyhvwphqw/ lq U)G lqyhvwphqw/ dqg lq

frqvxpswlrq2sk|vlfdo fdslwdo lqyhvwphqw uhvshfwlyho| dv iroorzv=

�
F|

O|

�
3w

+4� �,\|

Ot |

@
�

4 . q

�
F|n�

O|n�

�
3w

+4� �,\|n�

Otc|n�

�
4 . i

�+V|n�,

�
Otc|n� . O�c|n�

O|n�

��
> +48,

�
F|

O|

�
3w

+4� �,\|

Ot |

@
�

4 . q

�
F|n�

O|n�

�
3w

� ^D|n� � +4� ��,D|`

O�|

�

�

;?
=�\|n�

D|n�
.

�
4� �� . +!� #,

�
D|n2 � +4� ��,D|n�

D|n�

��57 E�3k�t|n�
utc|n�

bE�|n23E�3B���|n��
u�c|n�

6
8
<@
> >+49,

�
F|

O|

�
3w

@
�

4 . q

�
F|n�

O|n�

�
3w �

�\|n�

N|n�
. +4� �g,

�
= +4:,

Dw wkh rswlpxp/ wkh sodqqhu pxvw eh lqgl�huhqw ehwzhhq lqyhvwlqj rqh dgglwlrqdo shuvrq lq

vfkrrolqj/ U)G/ dqg �qdo rxwsxw surgxfwlrq1 Wkh OKV ri htxdwlrqv +48, dqg +49, uhsuhvhqw wkh

uhwxuq iurp doorfdwlqj rqh dgglwlrqdo xqlw ri oderu wr rxwsxw surgxfwlrq1 Wkh UKV ri htxdwlrq

+48, lv wkh glvfrxqwhg pdujlqdo uhwxuq wr vfkrrolqj/ wdnlqj lqwr dffrxqw srsxodwlrq jurzwk1 Wkh

UKV whup lq eudfnhwv dulvhv ehfdxvh kxpdq fdslwdo ghwhuplqhv wkh h�hfwlyhqhvv ri oderu hpsor|hg

lq rxwsxw surgxfwlrq dv zhoo dv lq U)G1 Wkh UKV ri htxdwlrq +49, lv wkh uhwxuq wr U)G lqyhvw0

phqw1 Dq dgglwlrqdo xqlw ri U)G oderu jhqhudwhv
bE�|n�3�|�

u�|
qhz lghdv iru qhz w|shv ri surgxfhu

gxudeohv1 Hyhu| qhz ghvljq lqfuhdvhv qh{w shulrg*v rxwsxw e|
1t|n�
�|n�

dqg U)G surgxfwlrq e|
_�|n2

_�|n�

wlphv
E�3k�t|n�
utc|n�

k
bE�|n23E�3B���|n��

u�c|n�

l
3�

> zkhuh
E�3k�t|n�
utc|n�

k
bE�|n23E�3B���|n��

u�c|n�

l
3�

jlyhv wkh ydoxh ri

rqh dgglwlrqdo ghvljq wkdw htxdol}hv oderu zdjhv dfurvv vhfwruv1 Hxohu htxdwlrq +4:, lv vwdqgdug1

Lw vd|v wkdw wkh sodqqhu lv lqgl�huhqw ehwzhhq frqvxplqj rqh dgglwlrqdo xqlw ri rxwsxw wrgd| dqg

frqyhuwlqj lw lqwr fdslwdo/ wkxv frqvxplqj wkh surfhhgv wrpruurz1

:



�"& �	���'�!	�	� ����	�

Zh qrz ghulyh wkh prgho*v edodqfhg0jurzwk sdwk1 Vroylqj iru wkh lqwhulru vroxwlrq/ htxdwlrq +44,

lpsolhv wkdw lq rughu iru wkh oderu doorfdwlrqv wr jurz dw frqvwdqw udwhv/ OM|/ Ot | dqg O�| pxvw

doo lqfuhdvh dw wkh vdph udwh dv O|1 Wklv phdqv wkdw wkh udwlr uM|

u|
lv lqyduldqw dorqj wkh edodqfhg0

jurzwk sdwk1 Khqfh/ htxdwlrq +43, lpsolhv wkdw/ dw vwhdg|0vwdwh +vv,/ Vrr lv frqvwdqw dqg htxdov

Vrr @
xMcrr

q
> +4;,

zkhuh xMcrr @ uM
u

���
rr
= Htxdwlrq +4;, vkrzv wkdw dorqj wkh edodqfhg jurzwk sdwk/ wkh hfrqrp|

lqyhvwv lq kxpdq fdslwdo mxvw wr surylgh qhz jhqhudwlrqv zlwk wkh vwhdg|0vwdwh ohyho ri vfkrrolqj1

Wklv lv frqvlvwhqw zlwk zrun e| Mrqhv +4<<9/ 4<<:,/ zkhuh jurzwk uhjuhvvlrqv duh ghyhorshg iurp

vwhdg|0vwdwh suhglfwlrqv/ dqg gdwd rq Vrr dfwv dv d sur{| iru xMcrr> wkh hvwlpdwhg frh�flhqw rq Vrr

lq sduw uh�hfwv wkh sdudphwhu �
?
lq rxu iudphzrun1

Ohw J%| @ 4 . j%|= Wkh djjuhjdwh surgxfwlrq ixqfwlrq/ jlyhq e| htxdwlrq +:,/ frpelqhg zlwk

wkh vwhdg|0vwdwh frqglwlrq jtcrr @ jgcrr gholyhuv wkh jurvv jurzwk udwh ri rxwsxw dv d ixqfwlrq ri

wkh jurvv jurzwk udwh ri whfkqrorj| dv

Jtcrr @ +J�crr,
1

�3k +4 . q, = +4<,

Vlqfh J�crr lv frqvwdqw/ lw iroorzv iurp htxdwlrq +5, wkdw

J�crr @
k
+4 . q,bJ

�

�Wcrr

l �
�n�3�

= +53,

Htxdwlrq +53, vkrzv wkh uhodwlrqvkls ehwzhhq wkh whfkqrorj| iurqwlhu jurzwk udwh dqg wkh whfk0

qrorj| jurzwk udwh ri wkh prgho hfrqrp|1 Iljxuh 4 looxvwudwhv wklv uhodwlrqvkls1 Qrwlfh wkdw vlqfh

wkh udwlr �

�n�3�
? 4/ wkh ixqfwlrq lv frqfdyh zlwk d xqltxh srlqw dw zklfk J�crr htxdov J�Wcrr> lq

sduwlfxodu/

J�crr @ J�Wcrr @ +4 . q,
b

�3� = +54,

Wkh jurvv udwh J�crr fdqqrw eh odujhu wkdq J�Wcrr rwkhuzlvh D| zloo hyhqwxdoo| ehfrph eljjhu

wkdq D
W

| / dqg wklv kdv ehhq uxohg rxw e| dvvxpswlrq1 Exw J�crr fdq eh vpdoohu wkdq J�Wcrr1 Iru

vlpsolflw|/ zh irfxv rq wkh vshfldo fdvh lq zklfk doo frxqwulhv jurz dw wkh vdph udwh dw vwhdg| vwdwh>

;



Iljxuh 4= Uhodwlrqvkls ehwzhhq J�crr dqg J�Wcrr

GA

GA*

GA < GA*GA > GA*

45o

GA = GA*

wkdw lv/ zh dvvxph wkdw J�Wcrr lv jlyhq e| h{suhvvlrq +54,/ dqg wkhuhiruh vr lv J�crr1
�� Wklv lq wxuq

lpsolhv wkdw

Jtcrr @ J�crr @ Jgcrr @ +4 . q,
b1

E�3k�E�3�� = +55,

Frqvlvwhqw zlwk Mrqhv +4<<8, rxu edodqfhg0jurzwk sdwk lv iuhh ri _vfdoh h�hfwv%/ dqg srolf| kdv qr

h�hfw rq orqj0uxq jurzwk1 Wkh uhdvrq zk| rxu prgho*v orqj0uxq jurzwk lv htxlydohqw wr wkdw ri

Mrqhv hyhq lq wkh suhvhqfh ri d vfkrrolqj vhfwru/ lv wkdw dw vwhdg| vwdwh wkh phdq |hduv ri hgxfdwlrq/

V|> uhdfkhv d frqvwdqw ohyho Vrr1

�"( )���
�	��� !����! �� ��	��	* ���* ��� !����
���

Qh{w/ zh ghulyh wkh vwhdg|0vwdwh vkduhv ri oderu lq wkh wkuhh vhfwruv ri wkh hfrqrp|1 Hxohu htxdwlrq

+48, frpelqhg zlwk wkh edodqfhg0jurzwk htxdwlrq +55, jlyhv

xMcrr @ 4�
4

i �+Vrr,

%
J
w3�
+crr +4 . q,

�
� 4

&
> +56,
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zkhuh xMcrr @ uM
u

���
rr
1 Dv h{shfwhg/ wkh vwhdg|0vwdwh vkduh ri vwxghqwv lv gluhfwo| uhodwhg wr wkh

uhwxuq wr hgxfdwlrq/ rwkhu wklqjv frqvwdqw1

Hxohu htxdwlrq +49, frpelqhg zlwk edodqfhg0jurzwk frqglwlrq +55, gholyhu wkh vwhdg|0vwdwh

oderu vkduh lq U)G dv

x�crr @
xtcrr�

�3k
b1E}�crrnB��

�k
J
w3�
+crr

�
C�crr

4

�
� +!� #,+j�crr . ��,� +4� ��,

l = +57,

Htxdwlrqv +56, dqg +57,/ dqg wkh srsxodwlrq frqvwudlqw

xtcrr @ 4� x�crr � x�crr> +58,

jlyh wkh wkuhh vwhdg|0vwdwh htxloleulxp vkduhv ri oderu1

& ����!�	����
 �'�����!

Wklv vhfwlrq lv frqfhuqhg zlwk wkh wudqvlwlrqdo g|qdplfv ri wkh prgho hfrqrp|1 Vlqfh wkhuh lv

qr dqdo|wlfdo vroxwlrq wr rxu v|vwhp zh xvh qxphulfdo dssur{lpdwlrq whfkqltxhv wr vlpxodwh wkh

wudqvlwlrqdo g|qdplfv ri wkh prgho/ dqg wkhq wdnh wkhlu suhglfwlrqv wr wkh gdwd1

&"� ��� �����
�+�� !'!	��

Zh vwduw e| uhgh�qlqj yduldeohv vr wkdw wkh| wdnh frqvwdqw ydoxhv dorqj wkh edodqfhg0jurzwk sdwk1

Wkh djjuhjdwh surgxfwlrq ixqfwlrq/ htxdwlrq +:,/ vxjjhvwv wkdw zh qrupdol}h yduldeohv e| wkh

whup D

1

�3k

| O|1 Zh fdq wkhq uhzulwh frqvxpswlrq/ sk|vlfdo fdslwdo dqg rxwsxw dv af| @
�|

�

1
�3k
| u|

/

an| @
g|

�

1
�3k
| u|

dqg a|| @
t|

�

1
�3k
| u|

/ uhvshfwlyho|1 Xvlqj htxdwlrq +48, jlyhv

�
af|n�

af|

�w �
xtc|n�

xt |

�
+J�|,

Ew3��1

�3k

�
a||

a||n�

�
@

�
�

4 . q

��
i
�+V|n�, +xtc|n� . x�c|n�, . 4

�
= +59,

Iurp wkh U)G htxdwlrq +5,/ zh ghulyh J�| dv

J�| @
D|n�

D|

@ 4� �� .  

k
h
sE7|�x�|

lb
W
E�n�3��

> +5:,

zkhuh W @
�W|
�|
> dqg  @ � +DW

| ,
�3�

O
b
| / zklfk lv d frqvwdqw1�2 Iurp htxdwlrq +49, zh jhw
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�
af|n�

af|

�w �
a||

a||n�

��
xtc|n�

xt |

�
@

� +j�| . ��,

J

1

�3k
Ew3��n�

�|

�
x�c|n�

x�|

�
�

�

��
��

4� �

��
xtc|n�

x�c|n�

�
.

�
4� ��

+j�c|n� . ��,

�
. +!� #,

�
= +5;,

Ilqdoo|/ iurp htxdwlrq +4:, zh rewdlq

4 . q

�

��
af|n�

af|

�
+J�|,

1

�3k

�w
@ �

a||n�
an|n�

. +4� �g,= +5<,

Wkh v|vwhp wkdw ghwhuplqhv wkh g|qdplf htxloleulxp qrupdol}hg doorfdwlrqv duh iruphg e| wkh

frqglwlrqv dvvrfldwhg zlwk wkuhh frqwuro dqg wkuhh vwdwh yduldeohv dv iroorzv=

Frqwuro Yduldeohv=

41 Hxohu htxdwlrq iru srsxodwlrq vkduh lq vfkrrolqj/ x�|= Ht1 +59,1

51 Hxohu htxdwlrq iru srsxodwlrq vkduh lq U)G/ x�|= Ht1 +5;,1

61 Hxohu htxdwlrq iru qrupdol}hg frqvxpswlrq/ af|= Ht1 +5<,1

Vxemhfw wr wkh srsxodwlrq frqvwudlqw xt | @ 4� x�| � x�|=

Vwdwh Yduldeohv=

41 Odz ri prwlrq ri kxpdq fdslwdo/ V|= Ht1 +8,1

51 Odz ri prwlrq ri whfkqrorj|/ D|= Ht1 +5:,1

61 Odz ri prwlrq ri qrupdol}hg sk|vlfdo fdslwdo/ an|=

+4 . q,an|n� +J�|,
1

�3k @ +4� �g,an| . a|| � af|> +63,

zkhuh

W|n� @ W|

�
J�W|

J�|

�
> +64,

dqg

a|| @ ank|

k
h
st E7|� xt |

l�3k
= +65,

Wr vroyh wkh deryh v|vwhp ri g|qdplf htxdwlrqv/ zh iroorz Mxgg +4<<5,/ dssur{lpdwlqj wkh

srolf| ixqfwlrqv hpsor|lqj kljk0ghjuhh sro|qrpldov lq wkh vwdwh yduldeohv1��

��W? T@h|�U�*@hc |�i T@h@4i|iht Lu |�i @TThL �4@|i_ _iU�t�L? h�*it @hi U�Lti? |L E@TThL �4@|i*)� t@|�tu) |�i ,�*ih

i^�@|�L?t L�ih @ ?�4Mih Lu TL�?|t �? |�i t|@|i tT@Uic �t�?} @ ?L?*�?i@h i^�@|�L? tL*�ih� � ��iM)t�i� TL*)?L4�@*
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Wdeoh 4= Sdudphwhu ydoxhv xvhg lq wkh vlpxodwlrqv

� 3169 � 314 Vrr 4518

� 31<9 J+ 41349 � 319<

� 3139 � 318 � 3176

q 313449 ! 31<7 � 415;

&"� ��
�%��	���

Wdeoh 4 vkrzv wkh sdudphwhu ydoxhv xvhg wr fduu| rxw wkh vlpxodwlrqv1 Zh fkrrvh ydoxhv ri 3=39 iru

wkh ghsuhfldwlrq udwh ri fdslwdo +�g, dqg 3 iru wkh ghsuhwldwlrq udwh ri whfkqrorj| +��,/ dqg d ydoxh

ri 4=349 iru wkh vwhdg|0vwdwh jurvv jurzwk udwh ri lqfrph +J+crr,/ wkh dyhudjh qxpehu lq wkh Elov dqg

Nohqrz*v +iruwkfrplqj, <40frxqwu| vdpsoh1 Zh dvvljq ydoxhv ri 3=69 wr wkh fdslwdo0vkduh ri rxwsxw

+�,/ dqg 3=<9 wr wkh glvfrxqw idfwru +�,1 Zh vhw wkh srsxodwlrq jurzwk udwh +q, wr 3=3449 shu |hdu/

zklfk lv wkh dyhudjh jurzwk udwh ri wkh oderu irufh lq wkh J08 frxqwulhv +Iudqfh/ Zhvw Jhupdq|/

Mdsdq/ wkh Xqlwhg Nlqjgrp/ dqg wkh Xqlwhg Vwdwhv, gxulqj wkh shulrg 4<9804<<31 Uhjduglqj wkh

ydoxh ri wkh hodvwlflw| ri rxwsxw zlwk uhvshfw wr wkh whfkqrorj|/ Julolfkhv +4<;;e, uhsruwv hvwlpdwhv

ri � ehwzhhq 3=39 dqg 3=41 Iroorzlqj Hlfkhu dqg Wxuqryvn| +4<<<,/ zh fkrrvh � @ 3=41

Lw lv qrw fohdu zkdw wkh vwhdg|0vwdwh ydoxh ri wkh dyhudjh hgxfdwlrqdo dwwdlqphqw rxjkw wr eh/

jlyhq wkdw phdq |hduv ri vfkrrolqj kdyh ehhq lqfuhdvlqj ryhu wkh odvw ghfdghv lq prvw ghyhorshg

frxqwulhv1 Zh fkrrvh wr vhw Vrr wr 45=8/ wr pdwfk wkh 4<<6 X1V1 �jxuh1 Wr hvwlpdwh wkh kxpdq

fdslwdo htxdwlrqv/ zh dvvxph wkdw

i+V, @ �V
q / � A 3> � A 3= +66,

Iroorzlqj Elov dqg Nohqrz +5333,/ zh xvh Svdfkdursrxorv* +4<<7, furvv0frxqwu| vdpsoh rq dyhudjh

hgxfdwlrqdo dwwdlqphqw dqg Plqfhuldq frh�flhqwv wr hvwlpdwh � dqg �1 Jlyhq htxdwlrq +66,/ zh

fdq frqvwuxfw wkh uhjuhvvlrq htxdwlrq

oq +Plqfhu�, @ d. e oqV� . %�> +67,

M@t�t �t �ti_ |L UL?t|h�U| |�i TL*�U) u�?U|�L?tc @?_ |�i 3ihLt Lu |�i M@t�t uLh4 |�i TL�?|t @| ���U� |�i t)t|i4 �t
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Wdeoh 5= Wkh Mdsdqhvh dqg Nruhdq h{shulhqfhv

Frxqwu| Lq 4<93 Lq 4<96 Lq 4<<3

Mdsdq

\ Tih �Lh!ih EI�

N Tih �Lh!ih EI�

V E)i@ht�

53=9

49=<

43=5

93=6

437=9

44=3W

V1 Nruhd

\ Tih �Lh!ih EI�

N Tih �Lh!ih EI�

V E)i@ht�

44=3

44=9

6=5

75=5

83=5

:=:W

W �bH. �}�hit�

zkhuh Plqfhu� @ i
�+V�, lv wkh hvwlpdwhg Plqfhuldq frh�flhqw iru frxqwu| l> d dqg e htxdo oq+��,

dqg +� � 4, > uhvshfwlyho|> dqg %� lv d udqgrp glvwxuedqfh whup1 Zh rewdlq hvwlpdwhv ri � @ 3=9<

dqg � @ 3=76 wkdw duh yhu| vlplodu wr wkrvh rewdlqhg e| Elov dqg Nohqrz +iruwkfrplqj,1�e Htxdwlrqv

+4;, dqg +56, lpso| wkdw wkh lqyhuvh ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq +�, pxvw wkhq

htxdo 4=5;/ zklfk lv zhoo zlwklq wkh hpslulfdo hvwlpdwhv1

Hvwlpdwhv ri � irxqg lq wkh olwhudwxuh ydu| iurp 3=5 wr 3=:8/ vr zh fduu| rxw d vhqvlwlylw| dqdo|vlv

zlwk � wdnlqj wkh ydoxhv 3=58/ 3=8/ dqg 3=:81 Vlqfh wkh uhvxowv zh rewdlq duh doprvw lghqwlfdo/ zh

fkrrvh wr xvh wkh lqwhuphgldwh ydoxh/ � @ 3=81 Iurp htxdwlrq +54,/ zh fdq wkhq uhfryhu wkh ydoxh

ri ! @ 3=<71 Zh iroorz Sduhqwh dqg Suhvfrww +4<<7, wr fdoleudwh wh sdudphwhu #1 Lq sduwlfxodu/

zh dvvxph wkdw frxqwulhv pd| gl�hu lq wkhlu ghjuhhv ri whfkqrorj| dgrswlrq eduulhuv dqg/ dv d

frqvhtxhqfh/ wkh| pd| vkrz gl�huhqw ydoxhv ri #1 Ehfdxvh zh irfxv rq wzr qdwlrqv/ Mdsdq dqg

Vrxwk Nruhd/ wkh ydoxh rq zklfk wkh sdudphwhu # wdnhv zloo eh wkh rqh wkdw pdnhv wudqvlwlrqdo

g|qdplfv eh deoh wr uhsurgxfh wkh rxwsxw shu zrunhu hyroxwlrq ehwzhhq 4<93 dqg 4<<3 lq Mdsdq/

dqg ehwzhhq 4<96 dqg 4<<3 lq V1 Nruhd1�D Wkh iruphu ghyhorsphqw h{shulhqfh jlyhv d ydoxh iru #

ri 3=54/ zkhuhdv wkh odwwhu lpsolhv wkdw # htxdov 3=591 Wkh lqlwldo ydoxhv ri wkh vwrfn yduldeohv dqg

rxwsxw gdwd xvhg wr fdoleudwh # duh suhvhqwhg lq wdeoh 5> dffxudf| phdvxuhv duh suhvhqwhg lq wdeoh

61

�e�L|� it|�4@|it @hi t�}?��U@?|*) _�gihi?| uhL4 3ihL @| |�i � TihUi?| *i�i*�
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Wdeoh 6= Dffxudf| phdvxuhv

Dyhudjh Huuru +(,W Pd{1 Huuru +(,W

Frxqwu| prgho
WW

# F xt x� F xt x�

Mdsdq Edvlf 3=543 3=34 3=35 3=34 3=37 3=3< 3=3:

Mdsdq Shu fdslwd 3=553 3=34 3=35 3=35 3=37 3=43 3=3;

Mdsdq z2r K 3=468 3=33 3=33 3=34 3=34 3=33 3=36

V1 Nruhd Edvlf 3=593 3=3; 3=56 3=3< 3=68 4=49 3=78

V1 Nruhd Shu fdslwd 3=593 3=98 3=53 3=:< 3=5< 3=<< 3=6:

V1 Nruhd z2r K 3=436 3=34 3=33 3=35 3=36 3=33 3=3;
W
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Dv d fuxfldo �uvw vwhs/ zh hvwdeolvk wkh dv|pswrwlf vwdelolw| ri rxu prgho*v orqj0uxq htxloleulxp1

Olqhdul}lqj wkh qrupdol}hg v|vwhp ri htxdwlrqv durxqg wkh vwhdg| vwdwh/ zh �qg wkdw iru dq|

uhdvrqdeoh sdudphwhu ydoxhv/ wkh wudqvlwlrq lv fkdudfwhul}hg e| d wkuhh0glphqvlrqdo vwdeoh vdggoh0

sdwk1 Wkh dgmxvwphqw sdwk lv wkhq dv|pswrwlfdoo| vwdeoh dqg xqltxh> ixuwkhupruh/ jurzwk udwhv

dqg frqyhujhqfh vshhgv fdq/ dv d frqvhtxhqfh/ ydu| dfurvv wlph dqg yduldeohv1

Qh{w/ zh lqyhvwljdwh wkh dv|pswrwlf vshhg ri frqyhujhqfh ~ wkh udwh e| zklfk d frxqwu|*v

rxwsxw frqyhujhv wr lwv edodqfhg jurzwk sdwk rqfh wkh frxqwu| lv vx�flhqwo| forvh wr lwv orqj0uxq

htxloleulxp1 Wr frpsxwh wkh dvv|pswrwlf vshhg ri frqyhujhqfh +ohw xv ghqrwh lw e| dvf,/ zh pxvw

�uvw olqhdul}hg wkh v|vwhp ri htxdwlrqv wkdw jryhuqv wkh prgho g|qdplfv durxqg wkh vwdg| vwdwh1

Wkh vshhg lv jlyhq e| wkh odujhvw hljhqydoxh dvvrfldwhg zlwk wkh olqhdul}hg v|vwhp dprqj wkrvh

frqwdlqhg lq wkh xqlw flufoh1 Wkh dv|pswrwlf vshhg ri frqyhujhqfh ri qrupdol}hg yduleoh a{ fdq eh

zulwwhq dv

dvf+a{, @ �

+a{|n� � a{|,� +a{|n�crr � a{|crr,

a{| � a{|crr
@ 4� hljhq=

Zh duh dfwxdoo| lqwhuhvwhg lq wkh vshhg ri frqyhujhqfh ri rxwsxw shu zrunhu1 Jlyhq wkdw t
u�nut

@

a|D
1

�3k +x� . xt ,/ lw fdq eh vkrzq wkdw wkh vshhg ri frqyhujhqfh ri rxwsxw shu zrunhu htxdov

dvf+a{, @ +4� hljhq,J+crr � j+crr
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Wkh rqh vhfwru qhrfodvvlfdo jurzwk prgho lpsolhv frqyhujhqfh vshhg ri derxw :(/ zklfk lv

lqfrqvlvwhqw zlwk prvw ri wkh hpslulfdo hylghqfh ~ Eduur dqg Vdod0l0Pduwlq +4<<8, dqg Whpsoh

+4<<;,/ dprqj rwkhuv/ uhsruw frqyhujhqfh0vshhg hvwlpdwhv iru RHFG qdwlrqv ri dssur{lpdwho| 5(1

Wdeoh 7 suhvhqwv lpsolhg vshhgv iru gl�huhqw ydoxhv ri � dqg #=

Wdeoh 7= Dv|pswrwlf vshhg ri frqyhujhqfh iru gl�huhqw ydoxhv ri � dqg #

�"# 3=53 3=57 3=5; 3=63

3=58 4=76( 4=99( 4=<6( 5=3;(

3=83 4=49( 4=65( 4=79( 4=85(

3=:8 4=39( 4=4<( 4=64( 4=6:(

Sdudphwhu ydoxhv lq wkh qhljkerukrrg ri wkrvh hpsor|hg lq rxu fdoleudwlrq gholyhu vshhgv ri

frqyhujhqfh wkdw ydu| ehwzhhq 4=39(�5=3;(> frqvlvwhqw zlwk prvw hpslulfdo hylghqfh1 Lq dgglwlrq/

rxu uhvxowv duh frqvlvwhqw zlwk wkh �qglqj ri Hlfkhu dqg Wxuqryvn| +4<<<,/ wkdw prylqj iurp rqh0

vhfwru wr pxowl0vhfwru qrq0vfdoh jurzwk prghov zlwk hqgrjhqrxv whfkqrorjlfdo fkdqjh ohdgv wr vhyhuh

uhgxfwlrq lq wkh dv|pswrwlf vshhg ri frqyhujhqfh1

&"( ,�.�!	���	 ��	�! �- /���� ��� ���	� 0����

Zh fkrrvh wr fdoleudwh # wr erwk wkh V1 Nruhdq dqg wkh Mdsdqhvh rxwsxw sdwkv ehfdxvh wkh|

uhsuhvhqw wzr yhu| gl�huhqw _pludfxorxv% h{shulhqfhv1 Wdeoh 5 suhvhqwv gdwd iru V1 Nruhd dqg

Mdsdq rq uhodwlyh ohyhov ri JGS shu zrunhu +UJGSZ,/ uhodwlyh sk|vlfdo fdslwdo shu zrunhu/ dyhudjh

hgxfdwlrqdo dwwdlqphqw/ dqg uhodwlyh WIS/ zklfk lv eurdgo| gh�qhg dqg lqfoxghv hyhu|wklqj qrw

douhdg| fdswxuhg e| wkh rwkhu wzr vwrfn yduldeohv +V dqg N,1�S Ehwzhhq 4<93 dqg 4<<3/ Mdsdq*v

uhodwlyh rxwsxw shu zrunhu lqfuhdvhg iurp 53=9 wr 93=6 shufhqw1 JGS shu zrunhu lq V1 Nruhd vwduwhg

lwv idvw jurzlqj sdwk durxqg 4<96> gxulqj wkh shulrg 4<9604<<3/ lwv uhodwlyh ohyho lqfuhdvhg iurp

44=3 wr 75=5 shufhqw1 Gxulqj wkhvh shulrgv/ Mdsdq dqg V1 Nruhd h{klelwhg/ rq dyhudjh/ d 8=5 dqg d

9=8 shufhqw dqqxdo jurzwk udwhv/ uhvshfwlyho|1

Mdsdq kdg orvw d vxevwdqwldo sruwlrq ri lwv sk|vlfdo fdslwdo gxulqj ZZLL/ exw lwv hgxfdwlrqdo

dwwdlqphqw lq 4<93 ri 43=5 |hduv frpsduhg zhoo zlwk wkrvh ri wkh prvw ghyhorshg qdwlrqv ~ h1j1/ wkh

�S�** hi*@|��i 4i@t�hit �? |�i T@Tih @hi ��|� hitTiU| |L N�5� *i�i*t�
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Iljxuh 5= Dgmxvwphqw sdwkv iru Mdsdq dqg V1 Nruhd
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X1V1 hgxfdwlrqdo dwwdlqphqw dw wkdw wlph zdv d olwwoh ryhu 43=:1�. Zkdw lv hyhq pruh lqwhuhvwlqj lv

wkdw gxulqj wkh shulrg 4<9304<;:/ dyhudjh |hduv ri vfkrrolqj ri zrunhuv lqfuhdvhg yhu| olwwoh/ rqo|

e| 3=; |hduv1 Wkh pdlq hqjlqh ri jurzwk lq Mdsdq vhhpv wr kdyh ehhq sk|vlfdo fdslwdo dffxpxodwlrq

lqgxfhg lq sduw e| d yhu| lpsruwdqw whfkqrorjlfdo fdwfk0xs surfhvv1 Lq 4<93/ wkh Mdsdqhvh sk|vlfdo

fdslwdo vwrfn shu zrunhu zdv rqo| 49=< shufhqw> lq 4<<3 uhdfkhg d vwxqqlqj 437=9 shufhqw/ zklfk

lpsolhv dq dyhudjh dqqxdo frqyhujhqfh udwh ri 9=6 shufhqw1

Wkh V1 Nruhdq ghyhorsphqw h{shulhqfh/ rq wkh rwkhu kdqg/ lv glvwlqfwo| gl�huhqw iurp wkh

Mdsdqhvh h{shulhqfh1 Dv vkrzq lq wdeoh 5/ hyhq wkrxjk rxwsxw frqyhujhqfh zdv idvwhu lq V1 Nruhd/

fdslwdo dffxpxodwhg lq wklv frxqwu| dw d orzhu udwh wkdq lq Mdsdq/ jurzlqj iurp 44=9 wr 83=5 shufhqw

gxulqj wkh uhohydqw shulrg> wkdw lv dq dyhudjh dqqxdo frqyhujhqfh udwh ri 8=9 shufhqw1 Lw lv kxpdq

fdslwdo dffxpxodwlrq wkdw vhhpv wr kdyh sod|hg wkh nh| uroh lq V1 Nruhdq ghyhorsphqw surfhvv1

Lq sduwlfxodu/ wkh dyhudjh hgxfdwlrqdo dwwdlqphqw pruh wkdq grxeohg lq wkh shulrg 4<9604<;:/

lqfuhdvlqj iurp 6=5 wr :=: |hduv1

Wkh dgmxvwphqw sdwkv suhglfwhg e| wkh prgho iru wkh ohyho dqg jurzwk udwhv ri uhodwlyh JGS

shu zrunhu duh ghslfwhg lq �jxuh 5 dqg uhsolfdwh idluo| zhoo wkh Mdsdqhvh dqg wkh V1 Nruhdq gdwd1
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Lq sduwlfxodu/ wkh prgho suhglfwv wkdw rxwsxw shu fdslwd jurzwk udwhv gr qrw slfn dw wkh ehjlqqlqj

ri wkh dgmxvwphqw sdwk exw odwhu rq1

&"1 ��!��!!��� �- 	�� 	���!�	��� ��!�
	!

Zkdw duh wkh ghwhuplqlqj idfwruv ehklqg rxu uhvxowvB Zh fdq zulwh surgxfwlrq ixqfwlrq +:, lq shu

zrunhu whupv dv iroorzv=

�
\|

Ot | . O�|

�
@ D

1
|h

sE7|�E�3k�

�
Ot |

Ot | . O�|

��3k�
N|

Ot | . O�|

�k

= +68,

Iurp htxdwlrq +68,/ xvlqj d frqwlqxrxv wlph dsur{lpdwlrq/ zh fdq ghfrpsrvh wkh rxwsxw shu

zrunhu jurzwk udwh +j�t , dv=

j
�
t | @ �j�| . +4� �,

g i+V|,

g w
. �jg*uc| . ^+4� �, j�t c| � j�3�M c|` = +69,

Zh kdyh wkhq vsolwwhg rxwsxw jurzwk lqwr wkh h�hfwv ri fkdqjhv lq WIS/ wkh dyhudjh hgxfdwlrqdo

dwwdlqphqw ohyho ri wkh srsxodwlrq/ sk|vlfdo fdslwdo shu fdslwd/ dqg lq d irxuwk idfwru +wkh rqh lq

vtxduhg eudfnhwv, wkdw uhsuhvhqwv wkh qhw lpsdfw ri oderu pryhphqwv dfurvv vhfwruv1

Iljxuhv 6 dqg 7 suhvhqw wkh frqwulexwlrqv ri wkh irxu gl�huhqw frpsrqhqwv wr V1 Nruhdq dqg

Mdsdqhvh rxwsxw shu zrunhu jurzwk/ lq olqh zlwk htxdwlrq +69,1 Zh vkrz wkuhh gl�huhqw vhwv ri

suhglfwlrqv1 Wkh �uvw vhw/ uhsuhvhqwhg e| d gdvkhg olqh/ lv rewdlqhg e| dvvxplqj wkdw �> � @ 3> wkdw

lv/ lw frphv iurp d prgho wkdw qhjohfwv kxpdq fdslwdo1 Lq wklv fdvh/ xM dozd|v htxdov }hur/ dqg Hxohu

htxdwlrq +59, ehfrphv wkhq luuhohydqw1 Lw vkrxog whoo xv zkhwkhu wkh lqwurgxfwlrq ri kxpdq fdslwdo

irupdwlrq lv lpsruwdqw wr uhsurgxfh wkh pdlq sdwwhuqv vkrzq e| pludfrorxv0frxqwu| h{shulhqfhv1

Wkh vhfrqg rqh/ ghslfwhg e| d wklq eodfn olqh/ lv wkh uhvxow ri vxssrvlqj wkdw shu zrunhu yduldeohv

frph iurp glylglqj e| O/ lqvwhdg ri e| Ot .O�1 Qrwlfh wkdw wklv phdqv wkdw wkh vhfrqg vxppdqg

zlwklq wkh vtxduhg eudfnhwv lq htxdwlrq +69, grhv qrw sod| dq| uroh> sxw gl�huhqwo|/ wklv suhglfwlrq

vhw grhv qrw frqvlghu pryhphqwv lq dqg rxw ri wkh oderu irufh1 Zh krsh wkdw wklv h{huflvh zloo

uhyhdo zklfk h�hfw ri wkh frpsohphqwdulw| ehwzhhq kxpdq fdslwdo dqg whfkqrorj| grplqdwhv/ wkh

rqh rq WIS wkdw rffxuv wkrxjk wkh U)G htxdwlrq/ ru wkh rqh wkdw wdnhv sodfh wkurxjk oderu jrlqj

lq dqg rxw ri wkh vfkrrolqj vhfwru1 Wkh wklug vhw/ wklfn eodfn olqh/ vkrzv suhglfwlrqv iru wkh edvlf

prgho ghvfulehg lq suhylrxv vhfwlrqv1�H
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Ehorz lw lv wuxh ehfxdvh rwkhuzlvh # zrxog qrw ghfuhdvh1 xD lv odujhu zlwk qr K ehfxdvh zlwk

K wkhuh duh wzr srwhqwldo xvhv ehvlghv \1 Jurzwk lq WIS ghshqgv rq # dv zhoo dv rq xD1

Iluvw/ qrwlfh wkdw li UJGSZ jurzwk udwhv duh odujhu dw wkh ehjlqqlqj/ wkh| pxvw eh vpdoohu odwhu

rq/ dqg ylfh yhuvd/ ehfdxvh wkh prghov duh fdoleudwhg wr uhsurgxfh wkh dyhudjh frqyhujhqfh vshhg ri

UJGSZ1 Kdylqj wklv lq plqg/ zh fdq irfxv rq gl�huhqfhv dprqj wkh prghov wkdw rffxu gxulqj wkh

hduo| shulrgv ri wkh dgmxvwphqw sdwk1 Wkh rwkhu wklqj wkdw lv frpprq wr wkh wkuhh h{shulphqwv lv

wkh lqlwldo ydoxhv ri wkh vwdwh yduldeohv iurp zklfk wkh wudqvlwlrq g|qdplfv vwduw1 Wklv lpsolhv wkdw

lqlwldo lqfhqwlyhv wr lqyhvw lq sk|vlfdo dqg kxpdq fdslwdo irupdwlrq duh yhu| vlplodu lq wkh wkuhh

fdvhv/ ehfdxvh vr duh/ e| frqvwuxfwlrq/ wkh lqlwldo fdslwdo0rxwsxw udwlr dqg dyhudjh hgxfdwlrqdo

dwwdlqphw1 Dv d frqvhtxhqfh/ wkh pdlq irufhv ehklqg wkh gl�huhqfhv lq UGJGSZ jurzwk udwh

sdwkv vhhp wr eh orfdwhg lq wkh qhw frqwulexwlrq ri oderu/ dqg lq wkh jurzwk udwh ri uhodwlyh WIS

fkduwv1

Ohw xv frpsduh wkh gdvkhg dqg wkh wklq0eodfn olqhv lq d dwwhpsw wr xqghuvwdqg wkh frqwulexwlrq

ri lqwurgxflqj kxpdq fdslwdo lqwr wkh prgho> exw devwudfwlqj iurp wkh h�hfw ri pryhphqwv lqwr dqg

rxw ri wkh oderu irufh1 Wkh lqwurgxfwlrq ri wkh qhz vhfwru dpsol�hv wkh h�hfw ri glplqlvklqj uhwxuv/

lqfuhdvlqj wkh lqlwldo vshhg ri frqyhujhqfh/ dqg uhfxflqj wkh dvv|pswrwlf vshhg1 Wklv lv frqvlvwhqw

zlwk wkh uhvxowv lq vhfwlrq / lq zklfk zh irxqg dv|pswrwlf vshhgv ri frqyhujhqfh voljkwo| ehorz wkh

rqhv irxqi e| Hlfkhu dqg Wxuqryvn| +5333,1 H{fhsw iru sk|vlfdo fdslwdo/ doo yduldeohv iroorz wkh

vwdqgdug qhrfodvvlfdo ghfolqlqj0jurzwk0udwh uhvxow fdxvhg e| glplqlvklqj uhwxuqv ryhu hdfk rqh ri

wkh lqyhvwphqw dfwlylwlhv1 Wkhuh lv wkrxjk d gl�huhqfh/ dv zh vhh lq �jxuh 6/ wkh sdwwhuqv ghslfwhg

e| wkh gdvkhg olqh/ zklfk uhsuhvhqwv wkh prgho zlwkrxw kxpdq fdslwdo/ duh dozd|v vprrwkhu1 Wkh

lqlwldo uhwxuq wr U)G lqyhvwphqw zkhq kxpdq fdslwdo lv devhqw iurp wkh prgho juhdwhuo| h{fhhgv

wkh uhwxuqv wr whfkqrorj| dftxlvlwlrq zkhq vfkrrolqj lv lqfoxghg/ gxh wr wkh h{lvwhqfh ri glplqlvklqj

uhwxuqv wr lplwdwlrq +wklv lv d uhdvrq zk| wkh sdudphwhu # wdnhv rq d orzhu ydoxh,1 Dv d frqvhtxhqfh/

wkh �qdo jrrgv vhfwru grhv qrw qhhg wr vdfuli| dv pxfk oderu lq rughu wr uhsurgxfh Mdsdqhvh dqg

V1 Nruhdq rxwsxw qxpehuv1 Wkh lqlwldo xt ohyho wkhq grhv qrw idoo dv pxfk/ vwduwlqj forvhu wr

lwv vwhdg| vwdwh ydoxh/ dqg pdnlqj wkh qhw oderu frqwulexwlrq vkrz lqlwldoo| orzhu dqg vprrwkhu

djurzwk udwhv1 Sk|vlfdo fdslwdo dovr vxihuv d vpdoohu lqlwldo idoo dqg dffxpxodwhv dw d vprrwkhu

udwh iru wkh vdph uhdvrq= dq lqlwldoo| vpdoohu pryhphqw ri oderu rxw ri wkh frqvxpswlrq jrrg

vhfwru wrzdug rwkhu uhodwlyho| pruh surgxfwlyh dfwlylwlhv uhgxfhv �qdo rxwsxw e| ohvv/ dqg pdnhv

frqvxpswlrq vprrwklqj sxoo grzq wkh lqyhvwphqw vkduh dovr e| ohvv1 D txhvwlrq wkdw uhpdlqv lv

4;



zk| WIS grhv qrw jurz idvwhu lq wkh Mdsdqhv fdvh lq wkh prgho zlwkrxw kxpdq fdslwdo li U)G lv

pruh surgxfwlyh1 Wkh dqvzhu pxvw olh lq wkh idfw wkdw lqyhvwlqj pruh lq U)G lpsolhv vdfuli|lqj

sk|vlfdo fdslwdo lqyhvwphqw dqg frqvxpswlrq/ dqg wklv ehfrphv lqfuhdvlqjo| frvwo|1 Wkh ydoxh ri

x� wkhq lqfuhdvhv uhodwlyho| ohvv wkdq wkh devroxwh U)G surgxfwlylw|1

Lq V1 Nruhd/ Wkh odujhu uhwxuqv wr U)G pdnh wkh lqlwldo U)G oderu vkduh eh eljjhu dqg/

wkhuhiruh/ WIS jurz idvwhu wkhdq lq wkh edvlf prgho1 Iru wklv uhdvrq/ xt vkrzv vpdoohu jurzwk

udwhv dorqj wkh dgmxvwphqw sdwk1 Wkh hyroxwlrq ri wkh rxwsxw dqg sk|vlfdo fdslwdo jurzwk udwhv

uhihfw pdlqo| wkh xt ehkdylru1 Zlwk uhvshfw wr wkh Mdsdqhvh fdvh/ �jxuh 7/ wkh rqo| gl�huhqfh lv

wkdw wkh dyhudjh hgxfdwlrqdo dwwdlqphqw vwduwv forvh wr lwv edodqfhg0jurzwk ydoxh1

Orrnlqj dw wkh gdvkhg olqh lw lv fohdu wkdw wkh prgho fdq qrw uhsolfdwh wkh kxps0vkdshg rxwsxw

jurzwk sdwk li zh gr qrw lqwurgxfh kxpdq fdslwdo1 Whfkqrorj| dgrswlrq ixhoohg e| fkhds lplwdwlrq

lv wkh pdlq nh| lq Sduhqwh dqg Suhvfrww +4<<7,1 Wkh nh| irufh wkdw jhqhudwhv wkh kxps0vkdsh

lv wkh uhodwlyho| odujh doorfdwlrq ri djhqwv lq hgxfdwlrq soxv U)G dfwlylw| dw wkh ehjlqqlqj ri

wkh frqyhujhqfh surfhvv1 Wr vhh wklv pruh fohduo|/ uhfdoo wkdw wkh whup lq eudfnhwv lq htxdwlrq

+69, uh�hfwv wkh frqwulexwlrq ri wkh pryhphqw ri srsxodwlrq dfurvv vhfwruv1 Pruh vshfl�fdoo|/ wklv

whup wdnhv lqwr dffrxqw wkdw rxwsxw jurzwk ulvhv zlwk wkh dprxqw ri oderu ghyrwhg wr �qdo0jrrg

surgxfwlrq/ exw dovr wkdw dgglwlrqdo oderu irufh gh�dwhv rxwsxw shu zrunhu1 Dv d frqvhtxhqfh/ qhw

oderu frqwulexwlrq ghfuhdvhv zlwk wkh qxpehu ri vwxghqwv wkdw ohdyh vfkrro ~ ehfdxvh wkh dprxqw

ri zrunhuv wkhq ulvh ~ dqg lqfuhdvhv dv U)G h�ruw ghfolqhv ~ ehfdxvh sduw ri wkh U)G oderu lv

uhdoorfdwhg wr wkh �qdo rxwsxw vhfwru1

Dv vkrzq lq wkh erwwrp0uljkw fkduw ri �jxuhv 6 dqg 7/ wkh h�hfw ri vwxghqwv hqwhulqj wkh oderu

irufh lv odujhu dw wkh ehjlqqlqj/ dqg udslgo| ghfuhdvlqj dv wkh hfrqrp| dssurdfkhv wkh vwhdg|

vwdwh/ wkxv jhqhudwlqj wkh idvw ghfolqlqj sdwwhuq ri oderu irufh jurzwk1 Wklv h�hfw frpelqhg zlwk d

ghfuhdvlqj U)G oderu vkduh lqgxfhv wkh lqlwldoo| ulvlqj qhw frqwulexwlrq ri srsxodwlrq uhdoorfdwlrq1

Dowkrxjk erwk Mdsdq dqg V1 Nruhd glvsod| wkh deryh sdwwhuq/ wkh irufhv wkdw fdxvh lw duh

gl�huhqw lq hdfk frxqwu|1 Lq V1 Nruhd/ vfkrrolqj hquroophqw udwhv vkduso| lqfuhdvh dw lpsdfw gxh

wr wkh orz kxpdq fdslwdo ohyho1 Dv frqyhujhqfh jrhv rq/ dqg dyhudjh hgxfdwlrqdo dwwdlqphqw ulvhv/

d udslg ghfuhdvh lq hquroophqw udwhv rffxuv/ zklfk jhqhudwhv wkh oderu irufh jurzwk udwh ghfolqh1

Mdsdq/ rq wkh rwkhu kdqg/ vwduwv zlwk uhodwlyho| kljk kxpdq fdslwdo ohyhov1 Hfrqrp| uhfrqvwuxfwlrq

dqg whfkqrorj| dgrswlrq wkhq ehfrph wkh sulrulw|/ fdxvlqj vwxghqwv wr ohdyh wkh vfkrrolqj vhfwru

wr mrlqw wkh �qdo0jrrg dqg U)G vhfwruv1 Wklv uhdoorfdwlrq ri srsxodwlrq lv eljjhu dw wkh ehjlqqlqj/
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Iljxuh 6= Frqwulexwlrq ri gl�huhqw frpsrqhqwv wr uhodwlyh rxwsxw jurzwk/ V1 Nruhd
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Iljxuh 7= Frqwulexwlrq ri gl�huhqw frpsrqhqwv wr uhodwlyh rxwsxw jurzwk/ Mdsdq
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lqgxflqj wkh lqlwldo ghfuhdvh lq oderu irufh jurzwk udwhv1 Dv N dqg D dfklhyh d vx�flhqwo| kljk

ohyho/ vrph zrunhuv uhwxuq wr vfkrro/ jhqhudwlqj qhjdwlyh oderu irufh jurzwk1

Wkh suhglfwlrqv ri wkh prgho duh dovr frqvlvwhqw zlwk wkh gl�huhqw xqghuo|lqj fkdudfwhulvwlfv

ri wkh Mdsdqhvh dqg V1 Nruhdq h{shulhqfhv1 Iluvw/ orzhu hgxfdwlrqdo dwwdlqphqw ohyhov lq V1 Nruhd

duh dvvrfldwhg zlwk vorzhu sk|vlfdo fdslwdo dffxpxodwlrq1 D vpdoohu kxpdq fdslwdo vwrfn lpsolhv d

odujhu surgxfwlylw| ri vfkrrolqj wlph/ wkxv uhgxflqj wkh dprxqw ri oderu doorfdwhg wr �qdo rxwsxw

surgxfwlrq1 Lq wxuq/ dv wkh suhylrxv sdudjudsk h{sodlqv/ wkh orzhu rxwsxw ohyho vorzv grzq sk|vlfdo

fdslwdo irupdwlrq1 Vhfrqg/ rxwsxw jurzwk udwhv dw wkh ehjlqqlqj ri wkh frqyhujhqfh surfhvv lqfuhdvh

zlwk wkh dyhudjh hgxfdwlrqdo dwwdlqphqw/ erwk ehfdxvh wkh vshhg dw zklfk whfkqrorj| lv dgrswhg

ulvhv zlwk kxpdq fdslwdo dqg ehfdxvh sk|vlfdo fdslwdo dffxpxodwhv idvwhu1 Lq shu zrunhu whupv/

rxwsxw jurzwk lv dovr idvwhu wkh kljkhu wkh vfkrrolqj ohyho1 Wkh uhdvrq lv wkdw wkh qxpehu ri shrsoh

wkdw ohdyh wkh vfkrrolqj vhfwru lv wkhq uhodwlyho| orzhu/ uhgxflqj wkh glvfrxqwlqj h�hfw fdxvhg e|

wkh ulvlqj oderu irufh rq rxwsxw shu zrunhu �jxuhv1

Wkh pdlq suhglfwlrqv ri wkh prgho duh/ lq jhqhudo/ frqvlvwhqw zlwk wkh gdwd dv vkrzq lq �jxuhv

6 dqg 71 Lq wkh V1 Nruhdq fdvh/ sk|vlfdo fdslwdo jurzwk udwhv vwduw orz/ slfn0xs diwhu vhyhq shulrgv/

dqg wkhq ghfolqh1 Lq wkh Mdsdqhvh fdvh/ wkh oderu0irufh vkduh jurzwk udwh lv wkh kljkhvw gxulqj

wkh hduo| vl{wlhv/ wkhq ehfrphv qhjdwlyh/ dqg ghfolqhv lq devroxwh pdjqlwxgh dv JGS frqyhujhv1

Lq dgglwlrq/ erwk frxqwu| h{shulhqfhv kdyh vlplodu hgxfdwlrq dwwdlqphqw jurzwk udwhv dv wkh rqhv

suhglfwhg e| wkh prgho/ vx�hulqj rqo| vpdoo fkdqjhv dorqj prvw ri wkh dgmxvwphqw sdwk1 Wkh

hgxfdwlrqdo dffxpxodwlrq udwh suhglfwhg e| wkh prgho lv/ krzhyhu/ odujhu wkdq wkh rqh vkrzq e|

wkh gdwd1 Lq sduwlfxodu/ vlpxodwhg hquroophqw udwhv jurz dw lpsdfw deryh wkh revhuyhg udwhv/ wkxv

lqgxflqj wrr orz sk|vlfdo fdslwdo frqyhujhqfh udwhv/ dqg wrr kljk oderu irufh jurzwk udwhv/ vshfldoo|

iru V1 Nruhd1

( ����
�!���

Lq wklv sdshu zh kdyh dwwhpswhg wr vkhg qhz oljkw lq wkh pdnlqj ri jurzwk pludfohv1 Zh kdyh

grqh wkdw e| vwxg|lqj wkh wudqvlwlrqdo g|qdplfv ri d vhpl0hqgrjhqrxv jurzwk prgho zlwk sk|vlfdo

fdslwdo/ kxpdq fdslwdo dqg whfkqlfdo fkdqjh1 Lq rughu wr frpsduh wkh prgho suhglfwlrqv wr wkh gdwd/

zh kdyh lqwurgxfhg kxpdq fdslwdo iroorzlqj wkh Plqfhuldq dssurdfk vxjjhvwhg lq uhfhqw sdshuv1

Ixuwkhupruh/ zh kdyh ghyhorshg d odz ri prwlrq iru wkh dyhudjh hgxfdwlrqdo dwwdlqphqw wkdw doorzv
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iru hqgrjhqrxv kxpdq fdslwdo irupdwlrq1

Zh kdyh vkrzq wkdw wkh h{lvwlqj U)G0edvhg jurzwk prghov +dqg lq ohvvhu h{whqg wkh rqh0 dqg

wzr0vhfwru hqgrjhqrxv jurzwk prghov, duh fdsdeoh ri gholyhulqj wkh dyhudjh frqyhujhqfh vshhg ri

hfrqrplf pludfohv/ exw duh qrw deoh wr uhsurgxfh wkh yhorflw| yduldwlrqv revhuyhg dorqj wkh rxwsxw

dgmxvwphqw sdwk1 Wkh dujxphqw ri wklv sdshu lv wkdw rxu sursrvhg prgho lv vxffhvvixo lq jhqhudwlqj

wkhvh yhorflw| yduldwlrqv revhuyhg lq wkh rxwsxw gdwd ri jurzwk pludfohv1

Rxu zrun vxjjhvwv wkdw wzr duh wkh pdlq irufhv qhfhvvdu| wr uhsolfdwh pludfoh hfrqrplhv= d, wkh

frpsohphqwdulw| ehwzhhq kxpdq fdslwdo dqg whfkqrorj| dgrswlrq> e, wkh uhdoorfdwlrq ri lqglylgxdov

dfurvv vhfwruv dorqj wkh dgmxvwphqw sdwk1 Irfxvlqj rq wkh zhoo0grfxphqwhg Mdsdqhvh dqg V1 Nruhdq

ghyhorsphqw h{shulhqfhv/ zh kdyh vkrzq wkdw oderu uhdoorfdwlrq dorqh lv vx�flhqw wr uhsolfdwh wkh

Mdsdqhvh h{shulhqfh/ exw lv qrw vx�flhqw wr ixoo| jhqhudwh wkh kxps0vkdshg rxwsxw shu zrunhu

jurzwk dssduhqw lq wkh V1 Nruhdq fdvh1 Zh kdyh dujxhg wkdw kdylqj gl�huhqw kxpdq fdslwdo

whfkqrorjlhv iru �qdo rxwsxw dqg U)G/ zklfk lqfuhdvhv wkh ghjuhh ri frpsohphqwdulw| ehwzhhq

kxpdq fdslwdo dqg whfkqrorj| dgrswlrq h�ruw/ fdq eh wkh plvvlqj sduw ri wkh vwru|1 Wklv lv frqvlvwhqw

zlwk revhuydwlrq dv wkh iudfwlrq ri oderu hqjdjhg lq wkh surgxfwlrq ri qhz lghdv lv uhodwlyho| vpdoo/

dqg wkhuhiruh vr lv lwv frqwulexwlrq wr jhqhudwh wkh revhuyhg gdwd1

Rxu sdshu lv qrw zlwkrxw olplwdwlrqv1 Lq erwk yhuvlrqv/ wkh prgho suhglfwv hquroophqw udwhv

wkdw duh odujhu wkdq wkhlu hpslulfdo frxqwhusduwv1 Wklv vxjjhvwv wkdw wkh prgho suhglfwlrqv frxog

eh lpsuryhg li wkh dffxpxodwlrq ri kxpdq fdslwdo zrxog qrw qhfhvvdulo| lpso| wkh wudqvihu ri

uhvrxufhv iurp wkh �qdo0rxwsxw vhfwru1 Ixwxuh uhvhdufk frxog lqwurgxfh ohlvxuh lq wkh xwlolw| ixqfwlrq/

ru doorz iru krxvh0surgxfwlrq1 Dqrwkhu srvvlelolw| zrxog eh wr shuplw kxpdq fdslwdo irupdwlrq

wkrxjk ohduqlqj0e|0grlqj ru rq0wkh0mre wudlqlqj1 Lq dgglwlrq/ zh kdyh dujxhg wkdw kdylqj gl�huhqw

kxpdq fdslwdo whfkqrorjlhv iru �qdo rxwsxw dqg U)G oderu pd|eh lpsruwdqw lq uhsolfdwlqj jurzwk

h{shulhqfhv/ |hw zh zhuh frqvwudlqw wr xvh d ixqfwlrqdo irup wkdw zdv qrw edvhg rq hvwlpdwlrq1

Ixuwkhu uhvhdufk lv fohduo| qhfhvvdu| lq ghwhuplqlqj wkh dssursuldwh zhljkwv wr eh dvvljqhg wr wkh

h�hfwlyhqhvv ri oderu lq gl�huhqw vhfwruv1

Wkh sdshu dovr kdv lpsolfdwlrqv iru rwkhu jurzwk prghov1 Lq sduwlfxodu/ wzr0vhfwru hqgrjhqrxv

jurzwk iudphzrunv fdq dovr h{klelw oderu vkliwv dfurvv dfwlylwlhv1 Dqg/ dv zh phqwlrqhg/ Pxooljdq

dqg Vdod0l0Pduwlq +4<<6/ s1 :9:, gr jhqhudwh jurzwk udwhv wkdw gr qrw slfn dw wkh ehjlqqlqj ri wkh

dgmxvwphqw sdwk1 Wr dfklhyh lw/ wkh| hpsor| dq h{whqghg phdvxuh ri JGS shu fdslwd wkdw dggv

d iudfwlrq ri wkh pdunhw ydoxh ri kxpdq fdslwdo oderu wr �qdo rxwsxw1 Wklv iudfwlrq frqwulexwlrq
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fohduo| ghshqgv rq wkh dprxqw ri zrunhuv ghyrwhg wr kxpdq fdslwdo irupdwlrq1 Zh wkhq khos wr

udwlrqdol}h wkhlu uhvxow/ ehfdxvh h{whqglqj wkh rxwsxw phdvxuh lq wkdw zd| udlvhv wkh frqwulexwlrq ri

oderu pryhphqwv1 Lq dgglwlrq/ wzr0vhfwru jurzwk prghov suhglfw wkh vdph frxqwhuidfwxdo +wrr odujh,

vkduh ri wlph doorfdwhg wr kxpdq fdslwdo irupdwlrq dorqj wkh dgmxvwphqw sdwk1 Wkh h{sodqdwru|

srzhu ri wkhvh prghov frxog wkhuhiruh ehqh�w iurp dwwhpswlqj vrph ri wkh h{whqvlrqv sursrvhg iru

rxu prgho lq wkh suhylrxv sdudjudsk1

Lq d jhqhudo vhqvh/ zh lqwhusuhw rxu uhvxowv dv vxjjhvwlqj wkdw d vxffhvvixo prgho ri hfrqrplf

jurzwk dqg ghyhorsphqw vkrxog lqfoxgh erwk whfkqrorjlfdo surjuhvv dqg kxpdq fdslwdo dffxpxodwlrq

dv qhfhvvdu| hqjlqhv/ dqg wkh hqgrjhqrxv rxwfrph ri wkh hfrqrplf v|vwhp1 Lq d pruh vshfl�f

vhqvh/ rxu uhvxowv vxjjhvw wkdw oderu uhdoorfdwlrq dqg whfkqrorj|0kxpdq fdslwdo frpsohphqwdulw|

duh fuxfldo frpsrqhqwv lq wkh pdnlqj ri pludfohv1
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Wkh gdwd dqg surjudpv xvhg lq wklv sdshu duh dydlodeoh e| wkh dxwkruv xsrq uhtxhvw1

� Lqfrph +JGS, ^Vrxufh= SZW 819`

Furvv0frxqwu| uhdo JGS shu zrunhu dqg uhdo JGS shu fdslwd +fkdlq lqgh{, duh wdnhq iurp wkh Shqq

Zruog Wdeohv +SZW,/ Yhuvlrq 819 dv ghvfulehg e| Vxpphu dqg Khvwrq +4<<4,1 Wklv gdwd vhw lv

dydlodeoh rq0olqh dw= kwws=22gdwdfhqwuh1fkdvv1xwrurqwr1fd2szw2lqgh{1kwpo1

� Oderu irufh ^Vrxufh= SZW 819`

Wkh furvv0frxqwu| gdwd vhw rq wkh oderu irufh lv fdofxodwhg iurp wkh JGS shu fdslwd dqg JGS shu

zrunhu qxpehuv1

� Sk|vlfdo fdslwdo vwrfnv ^Vrxufh= VWDUV/ dqg SZW 819`

Sk|vlfdo fdslwdo frphv iurp SZW 8191 Wkh SZW/ krzhyhu/ rqo| surylghv zlwk sk|vlfdo fdslwdo

gdwd iurp 4<981 Wr rewdlq vwrfnv edfn wr 4<96 iru V1 Nruhd/ dqg 4<93 iru Mdsdq/ zh xvhg wkh

jurzwk udwhv lpsolhg e| wkh VWDUV sk|vlfdo fdslwdo gdwd wr gh�dwh wkh 4<98 SZW qxpehuv1

� Hgxfdwlrq ^Vrxufh= VWDUV +Zruog Edqn,`

Dqqxdo gdwd rq hgxfdwlrqdo dwwdlqphqw duh wkh vxp ri wkh dyhudjh qxpehu ri |hduv ri sulpdu|/

vhfrqgdu| dqg whuwldu| hgxfdwlrq lq oderu irufh1 Wkhvh vhulhv zhuh frqvwuxfwhg iurp hquroophqw

gdwd xvlqj wkh shushwxdo lqyhqwru| phwkrg/ dqg wkh| zhuh dgmxvwhg iru pruwdolw|/ gurs0rxw udwhv

dqg judgh uhshwlwlrq1 Iru d ghwdlohg glvfxvvlrq rq wkh vrxufhv dqg phwkrgrorj| xvhg wr exlog wklv

gdwd vhw vhh Qhkux/ Vzdqvrq/ dqg Gxeh| +4<<8,1
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Dpvghq D1/ _Gl�xvlrq dqg Ghyhorsphqw= Wkh Odwh~Lqgxvwuldol}lqj Prgho dqg Juhdwhu Hdvw Dvld/%
DHD Sdshuv dqg Surfhhglqjv/ ;4= 5;5~5;9/ 4<<41

Eddun/ H1/ _Wkh Dffxpxodwlrq ri Whfkqrorj|= Fdslwdo Jrrgv Surgxfwlrq lq Ghyhorslqj Frxqwulhv
Uhylvlwhg/%Zruog Ghyhorsphqw/ 4<= <36~<47/ 4<<41

Eduur/ U1M1 dqg Ohh/ M1/ _Lqwhuqdwlrqdo frpsdulvrqv ri hgxfdwlrqdo dwwdlqphqw/% Mrxuqdo ri Prq0
hwdu| Hfrqrplfv/ 65=69606<7/ 4<<61

Eduur/ U1M1 dqg Vdod0l0Pduwlq/ [1/ Hfrqrplf Jurzwk/ Pdfploodq/ Qhz \run/ Q\/ 4<<81

Ehfnhu/ J1/ Kxpdq Fdslwdo/ Froxpeld Xqlyhuvlw| Suhvv/ 4<971

Elov/ P1 dqg Nohqrz/ S1/ _Grhv Vfkrrolqj Fdxvh JurzwkB% Dphulfdq Hfrqrplf Uhylhz/ iruwk0
frplqj1

Frh/ G1/ dqg Khospdq/ H1/ _Lqwhuqdwlrqdo U)G Vslooryhuv/% Hxurshdq Hfrqrplf Uhylhz/ 6<=;8<~
;;:/ 4<<81

Frh/ G1/ Khospdq/ H1 dqg Kr�pdlvwhu/ D1/ _Qruwk0Vrxwk U)G Vslooryhuv/% Hfrqrplf Mrxuqdo/
43:= 467~47</ 4<<:1

Fkulvwldqr/ O1/ _Xqghuvwdqglqj Mdsdq*v Vdylqj Udwh= Wkh Uhfrqvwuxfwlrq K|srwkhvlv/% Ihghudo
Uhvhuyh ri Plqqhdsrolv Txduwhuo| Uhylhz/ 5=4305</ 4<;<1

Glqrsrxorv/ H1 dqg Wkrpsvrq S1/ _Vfkxpshwhuldq Jurzwk Zlwkrxw Vfdoh H�hfwv/% Mrxuqdo ri
Hfrqrplf Jurzwk/ 6=646066:/ 4<<;1

Hlfkhu/ W1/ _Lqwhudfwlrq Ehwzhhq Hqgrjhqrxv Kxpdq Fdslwdo dqg Whfkqrorjlfdo Fkdqjh/% Uhylhz
ri Hfrqrplf Vwxglhv/ 96=45:0477/ 4<<91

Hlfkhu/ W1/ dqg Wxuqryvn|/ V1/ _D Jhqhudol}hg Prgho ri Hfrqrplf Jurzwk/% Hfrqrplf Mrxuqdo
43<=6<70748/ 4<<<d1

Hlfkhu/ W1/ dqg Wxuqryvn|/ V1/ _Frqyhujhqfh lq d Wzr0Vhfwru Qrq0Vfdoh Jurzwk Prgho/% Mrxuqdo
ri Hfrqrplf Jurzwk 7=746075</ 4<<<e1

Hlfkhu/ W1/ dqg Wxuqryvn|/ V1/ _Wudqvlwlrq G|qdplfv lq Qrq0Vfdoh Prghov/% Mrxuqdo ri Hfrqrplf
G|qdplfv dqg Frqwuro 58=;80446/ 53341

Ixqnh/ P1 dqg Vwuxoln/ K1/ _Rq Hqgrjhqrxv Jurzwk zlwk Sk|vlfdo Fdslwdo/ Kxpdq Fdslwdo dqg
Surgxfw Ydulhw|/% Hxurshdq Hfrqrplf Uhylhz/ 77=7<40848/ 53331

Jhuvfkhqnurq/ D1/ _ Hfrqrplf Edfnzdugqhvv lq Klvwrulfdo Shuvshfwlyh/% Fdpeulgjh/ Kduydug Xql0
yhuvlw| Suhvv/ 4<951

Julolfkhv/ ]1/ Whfkqrorj|/ Hgxfdwlrq dqg Surgxfwlylw|/ Edvlo Eodfnzhoo/ Qhz \run/ Q\/ 4<;;d1

Julolfkhv/ ]1/ _Surgxfwlylw| Sx}}ohv dqg U)G= Dqrwkhu Qrqh{sodqdwlrq/% Mrxuqdo ri Hfrqrplf
Shuvshfwlyhv/ 5=<054/ 4<;;e1

Kdoo/ U1 dqg Mrqhv/ F1/ _Zk| Gr Vrph Frxqwulhv Surgxfh Vr Pxfk Pruh Rxwsxw Shu Zrunhu
Wkdq RwkhuvB/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 447=;60449/ 4<<<1

Krzlww/ S1/ _Vwhdg|0Vwdwh Rxwsxw Jurzwk zlwk Srsxodwlrq dqg U)G Lqsxwv Jurzlqj/% Mrxuqdo
ri Srolwlfdo Hfrqrp|/ 43:=:480:63/ 4<<<1

Mrqhv/ F1/ _U)G0Edvhg Prghov ri Hfrqrplf Jurzwk/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ 436=:8<0:;7/
4<<81
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Mrqhv/ F1/ _Kxpdq Fdslwdo/ Lghdv/ dqg Hfrqrplf Jurzwk/% Vwdqirug Xqlyhuvlw|/ plphr/ 4<<91

Mrqhv/ F1/ _Frqyhujhqfh Uhylvlwhg/% Mrxuqdo ri Hfrqrplf Jurzwk/ 5=4640486/ 4<<:1

Mrqhv/ F1/ _Vrxufhv ri X1V1 Hfrqrplf Jurzwk lq d Zruog ri Lghdv/% zrunlqj sdshu/ Vwdqirug/
Xqlyhuvlw|/ 4<<<1

Mrydqrylf/ M1 dqg Ure/ U1/ _Vrorz yv1 Vrorz/% zrunlqj sdshu/ Q\X/ 4<<;1

Mxgg/ N/ _Surmhfwlrqv Phwkrgv iru Vroylqj Djjuhjdwh Jurzwk Prghov/% Mrxuqdo ri Hfrqrplf
Wkhru|/ 8;=7430785/ 4<<51

Nhoohu/ Zroijdqj/ _Devruswlyh fdsdflw|= Rq wkh fuhdwlrq dqg dftxlvlwlrq ri whfkqrorj| lq ghyho0
rsphqw/% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 7<=4<<055:/ 4<<91

Nlqj/ U1 dqg Uhehor/ V1/ _Wudqvlwlrqdo G|qdplfv dqg Hfrqrplf Jurzwk lq wkh Qhrfodvvlfdo
Prgho/% Dphulfdq Hfrqrplf Uhylhz/ ;6=<3;0<64/ 4<<61

Nohqrz/ S1 dqg Urgu��jxh}0Foduh/ D1/ _Hfrqrplf Jurzwk= D Uhylhz Hvvd|/% Mrxuqdo ri Prqhwdu|
Hfrqrplfv/ 73=8<:094:/ 4<<:1

Nuxhjhu/ D1 dqg Olqgdko/ P1/ _Hgxfdwlrq iru Jurzwk lq Vzhghq dqg wkh Zruog/% zrunlqj sdshu/
Sulqfhwrq Xqlyhuvlw|/ 4<<;1

Odx/ P0O/ dqg Zdq/ K1/ _Rq wkh Phfkdqlvp ri Fdwfklqj Xs/% Hxurshdq Hfrqrplf Uhylhz
6;=<850<96/ 4<<71

Oxfdv/ U1/ _Pdnlqj d Pludfoh/% Hfrqrphwulfd/ 94=58405:5/ 4<<61

Plqdpl/ U1/ Wkh Hfrqrplf Ghyhorsphqw ri Mdsdq/ Vw1 Pduwlq*v Suhvv/ Qhz \run/ 4<<71

Plqfhu/ M1/ Vfkrrolqj/ H{shulhqfh dqg Hduqlqjv/ Froxpeld Xqlyhuvlw| Suhvv/ 4<:71

Plqr/ N1/ _Dqdo|vlv ri d Wzr0Vhfwru Prgho ri Hqgrjhqrxv Jurzwk zlwk Fdslwdo Lqfrph Wd{dwlrq/%
Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6:=55:0584/ 4<<91

Pxooljdq/ F1 dqg Vdod0l0Pduwlq/ [1/ _Wudqvlwlrqdo G|qdplfv lq Wzr0Vhfwru Prghov ri Hqgrjhqrxv
Jurzwk/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43;=:6<0::6/ 4<<61

Pxooljdq F1E1/ dqg Vdod0l0Pduwlq/ [1/ _Phdvxulqj Djjuhjdwh Kxpdq Fdslwdo/% Mrxuqdo ri Hfr0
qrplf Jurzwk/ 8=5480585/ 53331

Qhovrq/ U1 dqg Sdfn/ K1/ _Wkh Dvldq Pludfoh dqg Prghuq Jurzwk Wkhru|/% Hfrqrplf Mrxuqdo/
43<=7490769/ 4<<<1

Qhovrq/ U1 dqg Skhosv/ H1/ _Lqyhvwphqw lq Kxpdqv/ Whfkqrorjlfdo Gl�xvlrq/ dqg Hfrqrplf
Jurzwk/% Dphulfdq Hfrqrplf Uhylhz/ 89=9<0;6/ 4<991

Qhkux/ Y1/ Vzdqvrq/ H1 dqg Gxeh|/ D1/ _D qhz gdwdedvh rq kxpdq fdslwdo vwrfnv lq ghyhors0
lqj dqg lqgxvwuldo frxqwulhv= vrxufhv/ phwkrgrorj| dqg uhvxowv/% Mrxuqdo ri Ghyhorsphqw
Hfrqrplfv/ 79=6:<0734/ 4<<81

R}dzd/ _Pdfurhfrqrplf Idfwruv D�hfwlqj Mdsdq*v Whfkqrorj| Lq�rzv dqg Rxw�rzv= Wkh Srvwzdu
H{shulhqfh/% lq Lqwhuqdwlrqdo Whfkqrorj| Wudqvihu= Frqfhswv/ Phdvxuhv/ dqg Frpsdulvrqv/
hglwhg e| Q1 Urvhqehuj dqg F1 Iulvfkwdn/ Sudhjhu Sxeolvkhuv/ 4<;81

Sduhqwh/ V1O1 dqg Suhvfrww/ H1F1/ _Eduulhuv wr Whfkqrorj| Dgrswlrq dqg Ghyhorsphqw1% Mrxuqdo
ri Srolwlfdo Hfrqrp|/ 435=5<;0654/ 4<<71

Shuh}0Vhedvwldq/ I1/ _Wudqvlwlrqdo G|qdplfv lq dq U)G0Edvhg Jurzwk Prgho zlwk Lplwdwlrq=
Frpsdulqj lwv Suhglfwlrqv wr wkh Gdwd/% Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 75=76:0794/ 53331
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Svdfkdursrxorv/ J1/ _Uhwxuqv wr Lqyhvwphqw lq Hgxfdwlrq= D Joredo Xsgdwh/% Zruog Ghyhors0
phqw/ 55=465804676/ 4<<71

Uhehor/ V1/ _Orqj Uxq Srolf| Dqdo|vlv dqg Orqj Uxq Jurzwk/% Mrxuqdo ri Srolwlfdo Hfrqrp|/
<<=8330854/ 4<<41

Uhvwxffld/ G1/ _Whfkqrorj| Dgrswlrq dqg Vfkrrolqj= Dpsol�hu Lqfrph H�hfwv ri Srolflhv Dfurvv
Frxqwulhv/% zrunlqj sdshu/ Xqlyhuvlw| ri Plqqhvrwd/ 4<<:1

Vhjhuvwurp/ S1 V1/ _Hqgrjhqrxv Jurzwk Zlwkrxw Vfdoh H�hfwv/% Dphulfdq Hfrqrplf Uhylhz/
;;=45<304643/ 4<<;1

Vwrnh|/ Q1/ _Ohduqlqj e| Grlqj dqg wkh Lqwurgxfwlrq ri Qhz Jrrgv/% Mrxuqdo ri Srolwlfdo Hfrqrp|/
<<=47804:91

Vxpphu/ U1 dqg Khvwrq/ D1/ _Wkh Shqq Zruog Wdeoh +Pdun 8,= Dq H{sdqghg Vhw ri Lqwhuqdwlrqdo
Frpsdulvrqv= 4<8304<;;/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439=65:069;/ 4<<41

Whpsoh/ M1U1Z1/ _Urexvwqhvv Whvw ri wkh Dxjphqwhg Vrorz Prgho/% Mrxuqdo ri Dssolhg Hfrqr0
phwulfv/ 46=69406:8/ 4<<;1

Yheohq/ W1/ Lpshuldo Jhupdq| dqg wkh lqgxvwuldo uhyroxwlrq/ Pdfploodq/ Qhz \run/ Q\/ 4<481

\rxqj/ D1 _Jurzwk zlwkrxw Vfdoh H�hfwv/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439=74096/ 4<<;1
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