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Uhfhqw olwhudwxuh kdv vkrzq wkdw vwdqgdug forvhg hfrqrp| prghov ri uhdo exvlqhvv f|foh idlo
wr uhsurgxfh wkh shuvlvwhqfh ri djjuhjdwh yduldeohv jurzwk udwhv revhuyhg lq wkh gdwd1 Zh
grfxphqw wkdw h{lvwlqj rshq0hfrqrp| exvlqhvv f|foh prghov vx�hu wkh vdph vkruwfrplqj1
Zh wkxv ghyhors d wzr0frxqwu| wzr0vhfwru prgho wkdw lv deoh wr pdwfk wkh shuvlvwhqfh ri
rxwsxw dqg lqyhvwphqw jurzwk revhuyhg lq wkh gdwd1 Wkh qryho ihdwxuh wkdw gulyhv wkh uhvxow
lv wkh lqwhusod| ehwzhhq lqwhuqdwlrqdo dqg lqwhuvhfwrudo uhdoorfdwlrq lq uhvsrqvh wr gl�huhqwldo
surgxfwlylw| vkrfnv dfurvv frxqwulhv1



41 Lqwurgxfwlrq

Lq wkhlu vhplqdo sdshu Frjoh| dqg Qdvrq ^45` kljkoljkw d pdmru glvfuhsdqf| ehwzhhq

Uhdo Exvlqhvv F|foh +UEF, wkhru| dqg gdwd= h{lvwlqj UEF prghov kdyh zhdn lqwhuqdo surs0

djdwlrq phfkdqlvpv dqg gr qrw jhqhudwh wkh srvlwlyh dxwrfruuhodwlrq lq rxwsxw jurzwk re0

vhuyhg lq wkh gdwd1 Lq wkh vwdqgdug UEF prgho zkhq wkh hfrqrp| lv klw e| d rqh0shulrg

srvlwlyh vkrfn/ oderu dqg lqyhvwphqw ulvh rq lpsdfw exw wkhq prqrwrqlfdoo| ghfolqh/ jhq0

hudwlqj d zhdno| qhjdwlyh dxwrfruuhodwlrq ri rxwsxw jurzwk ryhu vkruw krul}rqv1 Wklv lv lq

frqwudvw zlwk wkh hpslulfdo revhuydwlrq wkdw rxwsxw jurzwk lv shuvlvwhqw= lw odvwv pruh wkdq

rqh shulrg jlylqj ulvh wr dq kxpshg vkdshg wudqvlwru| lpsxovh0uhvsrqvh ixqfwlrq1

D odujh dqg jurzlqj qxpehu ri vwxglhv kdyh wulhg wr uhfrqfloh wkhru| dqg hpslulfdo

hylghqfh dorqj wklv glphqvlrq1 Dqgroidwwr ^5` vkrzv wkdw lw lv srvvleoh wr jhqhudwh vrph

shuvlvwhqfh lq rxwsxw jurzwk e| h{solflwo| prghoolqj pdwfklqj iulfwlrqv lq wkh oderu pdunhw1

Lq wklv prgho wkh rswlpdo dgmxvwphqw ri oderu wr d whfkqrorj| vkrfn wdnhv vhyhudo shulrgv/

lqgxflqj shuvlvwhqfh lq hpsor|phqw jurzwk1 Zkhq wklv h�hfw lv vwurqj hqrxjk wr r�vhw wkh

prqrwrqlf ghfd| ri whfkqrorjlfdo vkrfn dqg lqyhvwphqw/ wkh uhvxowlqj rxwsxw g|qdplfv glv0

sod|v srvlwlyh dxwrfruuhodwlrq1 Fduovwurp dqg Ixhuvw ^44` rq wkh rwkhu kdqg pdnh lqyhvwphqw

shuvlvwhqw e| lqwurgxflqj hqgrjhqrxv djhqf| frvwv1 Lq wkhlu prgho wkh kxps0vkdshg rxwsxw

ehkdylru dulvhv ehfdxvh krxvhkrogv ghod| wkhlu lqyhvwphqw ghflvlrqv xqwlo djhqf| frvwv duh dw

wkhlu orzhvw/ d srlqw lq wlph vhyhudo shulrgv diwhu wkh lqlwldo vkrfn1

Vlqfh rxwsxw lv d ixqfwlrq ri idfwru lqsxwv/ wkhvh prghov jhqhudwh shuvlvwhqfh lq rxwsxw

jurzwk e| vsuhdglqj wkh rswlpdo dgmxvwphqw ri idfwru lqsxwv wkurxjk wlph yld wkh lqwurgxfwlrq

ri vrph vruw ri iulfwlrq lq wkh idfwru pdunhwv1 Shuol dqg Vdnhoodulv ^4:` sursrvh d gl�huhqw ds0

surdfk= wkh| vwxg| krz pxfk shuvlvwhqfh ri rxwsxw jurzwk fdq eh jhqhudwhg lq d pxowl0vhfwru



prgho zkhuh wrwdo rxwsxw lv qrz d ixqfwlrq ri wkh rxwsxw jhqhudwhg e| gl�huhqw vhfwruv1 Wklv

prgho jhqhudwhv shuvlvwhqfh wkurxjk wkh lqwudvhfwruldo uhdoorfdwlrq ri uhvrxufhv wkdw iroorzv d

whfkqrorj| vkrfn1 Rq lpsdfw uhvrxufhv duh vkliwhg iurp wkh frqvxpswlrq wr wkh lqyhvwphqw

vhfwru1 Iru vrph sdudphwhu ydoxhv wklv uhdoorfdwlrq lqgxfhv dq lqfuhdvh lq wkh rxwsxw ri wkh

lqyhvwphqw vhfwru wkdw pruh wkdq r�vhw wkh ghfolqh lq wkh frqvxpswlrq vhfwru1 Dv d uhvxow

djjuhjdwh rxwsxw lqfuhdvhv rq lpsdfw dqg lqfuhdvhv hyhq ixuwkhu lq wkh iroorzlqj shulrg zkhq

djhqwv lqfuhdvh frqvxpswlrq dqg uhgxfh lqyhvwphqw/ jhqhudwlqj srvlwlyh dxwrfruuhodwlrq ri

rxwsxw jurzwk1

Doo wkhvh vwxglhv vkduh d frpprq ihdwxuh= wkh| irfxv rq wkh vrxufhv ri shuvlvwhqfh lq

d forvhg hfrqrp|1

Lq wklv sdshu zh iroorz d gl�huhqw dssurdfk dqg vwxg| wkh shuvlvwhqfh surshuwlhv ri

dq rshq hfrqrp|1 Lq wklv frqwh{w grphvwlf rxwsxw ehfrphv d ixqfwlrq ri iruhljq lqyhvwphqw

wkdw uhsuhvhqwv d qhz fkdqqho wkurxjk zklfk shuvlvwhqfh ri rxwsxw jurzwk fdq eh lqgxfhg1

Zkhq djhqwv duh doorzhg wr wudgh lqwhuqdwlrqdoo|/ uhvrxufhv duh uhdoorfdwhg lq rughu wr h{0

sorlw surgxfwlylw| gl�huhqwldov dfurvv frxqwulhv dqg wkh h{lvwhqfh ri iulfwlrqv lq lqwhuqdwlrqdo

pdunhwv fdq vsuhdg wkh dgmxvwphqw surfhvv wkurxjk wlph jhqhudwlqj srvlwlyh dxwrfruuhodwlrq

ri rxwsxw jurzwk yld wkh shuvlvwhqw jurzwk ri iruhljq lqyhvwphqw1 Lq wklv frqwh{w rxu re0

mhfwlyh lv wr txdqwli| wkh shuvlvwhqfh ri rxwsxw jurzwk wkdw fdq eh jhqhudwhg wkurxjk wklv

fkdqqho1 Lq sduwlfxodu/ zh vkrz wkdw d wzr0frxqwu| prgho zlwk wzr vhfwruv lq hdfk frxq0

wu|/ rqh surgxflqj iru wkh grphvwlf pdunhw dqg wkh rwkhu h{sruwlqj/ lv deoh wr jhqhudwh wkh

vdph shuvlvwhqfh ri lqyhvwphqwv dqg rxwsxw jurzwk revhuyhg lq wkh gdwd1 Lq wklv prgho wkh

lqwhusod| ehwzhhq lqwhuqdwlrqdo dqg lqwudvhfwruldo uhdoorfdwlrq ri uhvrxufhv gulyhv wkh uhvxow=

iroorzlqj d srvlwlyh vkrfn lq wkh krph frxqwu|/ rq lpsdfw wkh iruhljq frxqwu| lqfuhdvhv wkh
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rxwsxw ri wkh h{sruwlqj vhfwru e| uhdoorfdwlqj oderu dqg vkliwv fdslwdo iurp wkh grphvwlf wr

wkh h{sruwlqj vhfwru lq rughu wr h{sruw hyhq pruh lq wkh iroorzlqj shulrg1 Wklv jhqhudwhv

shuvlvwhqfh ri lqyhvwphqw dqg rxwsxw jurzwk lq wkh krph frxqwu|1 Lw lv lqwhuhvwlqj wr qrwh

wkdw wkh suhvhqfh ri wzr vhfwruv lv qrw/ shu vh/ dq lpshglphqw wr dq lqvwdqwdqhrxv rswlpdo

dgmxvwphqw exw lw ehfrphv d elqglqj frqvwudlqw lq wkh fdoleudwhg yhuvlrq ri wkh prgho/ zkhuh

wkh sdudphwhuv jryhuqlqj wkh vkduh ri wkh h{sruw vhfwru lq wkh hfrqrp| dqg wkh surgxfwly0

lw| gl�huhqwldov dfurvv frxqwulhv duh vxfk wkdw wkh rxwsxw lq wkh wudgdeoh vhfwru lv qrw odujh

hqrxjk wr htxdol}h pdujlqdo surgxfwlylwlhv rq lpsdfw vr wkdw wkh rswlpdo dgmxvwphqw wdnhv

pruh wkdq rqh shulrg1 Lq rwkhu zrugv/ udwkhu wkdq lqwurgxflqj dqrwkhu dg krf iulfwlrq kdug

ru lpsrvvleoh wr fdoleudwh/ zh kljkoljkw d ihdwxuh ri wkh gdwd wkdw kdv dq lpsruwdqw uroh lq

jhqhudwlqj shuvlvwhqfh ri rxwsxw jurzwk1

Vhfwlrq 5 ri wkh sdshu ghvfulehv wkh idfwv= zh dqdo|}h gdwd rq wkh dxwrfruuhodwlrq

ixqfwlrq ri rxwsxw/ lqyhvwphqw dqg hpsor|phqw jurzwk iru wkh lqgxvwuldol}hg frxqwulhv dqg

vkrz wkh hpslulfdo uhjxodulwlhv wkdw zh zdqw wkh prgho wr pdwfk1 Vhfwlrq 6 od|v rxw wkh

frpsohwh jhqhudo htxloleulxp wzr0frxqwu|/ wzr0vhfwru prgho dqg Vhfwlrq 7 glvfxvvhv fdoleud0

wlrq1 Wkh uhvxowv duh suhvhqwhg lq Vhfwlrq 8 dqg wkdq frpsduhg zlwk wkrvh rewdlqhg e| wkh

h{lvwlqj prghov ri lqwhuqdwlrqdo UEF lq Vhfwlrq 91 Zh frqfoxgh lq Vhfwlrq :1

51 Wkh gdwd

Vr idu shuvlvwhqfh ri rxwsxw jurzwk kdv ehhq pdlqo| vwxglhg lq d forvhg hfrqrp|

frqwh{w1 Dv d frqvhtxhqfh wkh hpslulfdo hylghqfh uhohydqw iru wklv olwhudwxuh irfxvhv rq wkh

dqdo|vlv ri wkh shuvlvwhqfh surshuwlhv ri XV djjuhjdwh yduldeohv rqo|1 Rq wkh rwkhu kdqg/

lqwhuqdwlrqdo exvlqhvv f|fohv olwhudwxuh +Edfnxv Nhkrh dqg N|godqg ^7` ^8` , irfxvhv rq wkh
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fruuhodwlrq ri lqwhuqdwlrqdo yduldeohv dqg grhv qrw dqdo|}h wkhlu dxwrfruuhodwlrq surshuwlhv1

Lq wklv vhfwlrq zh zdqw wr dvvhvv wr zkdw h{whqw wkh srvlwlyh dxwrfruuhodwlrq ri rxw0

sxw jurzwk wkdw fkdudfwhul}hv XV gdwd fdq eh frqvlghuhg d jhqhudo skhqrphqrq1 Zh wkxv

h{whqg wkh dqdo|vlv ri Frjoh| dqg Qdvrq dqg frpsduh wkh shuvlvwhqfh surshuwlhv ri rxwsxw

jurzwk dfurvv doo wkh J: frxqwulhv1 Pruhryhu/ wr ehwwhu xqghuvwdqg wkh vrxufhv ri shuvlvwhqw

jurzwk/ zh frpsohwh wkh dqdo|vlv e| lqfoxglqj gdwd rq wkh dxwrfruuhodwlrq ixqfwlrq ri rxwsxw

ghwhuplqdqwv lq dq rshq hfrqrp|1

Iroorzlqj Frjoh| dqg Qdvrq zh vxppdul}h wkh shuvlvwhqfh surshuwlhv ri dq djjuhjdwh

wlph vhulhv zlwk lwv dxwrfruuhodwlrq ixqfwlrq dw vhyhudo odjv1 Wkh gdwd rq Hxursh duh rewdlqhg

iurp wkh djjuhjdwlrq4 ri wkh irxu Hxurshdq frxqwulhv lq wkh J: + Jhupdq|/ Iudqfh Juhdw

Eulwdlq dqg Lwdo|, exw dxwrfruuhodwlrq ixqfwlrqv iru wkh vlqjoh frxqwulhv duh dydlodeoh xsrq

uhtxhvw1

Lq Ilj14 zh suhvhqw wkh dxwrfruuhodwlrq ixqfwlrq ri rxwsxw/ lqyhvwphqw/ oderu dqg Vrorz

uhvlgxdov jurzwk udwhv iru Xvd/ Fdqdgd/ Hxursh dqg Mdsdq1 Lw*v lpphgldwh wr qrwh wkdw doo

frxqwulhv glvsod| srvlwlyh dxwrfruuhodwlrq ri rxwsxw jurzwk ryhu vkruw krul}rqv dqg wkdw wkh

pdjqlwxgh ri wkh skhqrphqrq lq Xvd lv lq olqh zlwk wkdw ri wkh rwkhu frxqwulhv1 Dqrwkhu

frpprq ihdwxuh dprqj frxqwulhv lv wkh yhu| orz dxwrfruuhodwlrq ri Vrorz uhvlgxdov jurzwk

dw doo odjv dqg wkh kljk shuvlvwhqfh ri lqyhvwphqw dqg oderu jurzwk udwhv ryhu vkruw krul}rq1

Lw iroorzv wkdw wkh vrxufhv ri rxwsxw jurzwk shuvlvwhqfh vkrxog eh irxqg lq wkh hqgrjhqrxv

uhvsrqvh ri idfwru lqsxwv dqg qrw lq wkh h{rjhqrxv surfhvv jryhuqlqj wkh whfkqrorjlfdo vkrfn1

Pruhryhu/ wkh dxwrfruuhodwlrq ri lqyhvwphqw jurzwk dw wkh �uvw odj lv frqvlvwhqwo| kljkhu

wkdq wkh dxwrfruuhodwlrq ri rxwsxw jurzwk zkloh wkh dxwrfruuhodwlrq ri oderu vkrzv pruh

4Ghwdlov rq wkh djjuhjdwlrq surfhgxuh duh lq gdwd dsshqgl{1
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yduldelolw|51

Lq Ilj15 zh sorw wkh dxwrfruuhodwlrq ixqfwlrq ri h{sruw dqg lpsruw jurzwk vlqfh lq dq

rshq hfrqrp| wkh| duh uhohydqw lq wkh ghwhuplqdwlrq ri wrwdo rxwsxw1 Zh fdq qrwlfh wkdw

wkh jurzwk ri h{sruw lv srvlwlyho| fruuhodwhg dw wkh �uvw odj dqg qhjdwlyho| fruuhodwhg dw wkh

vhfrqg odj iru doo frxqwulhv zlwk wkh h{fhswlrq ri Mdsdq/ zkloh wkh dxwrfruuhodwlrq ri lpsruwv

grhv qrw glvsod| d frpprq sdwwhuq dfurvv frxqwulhv exw lv lq jhqhudo forvh wr f zlwk wkh

h{fhswlrq ri Mdsdq1

Wkhvh gdwd surylgh d xvhixo ehqfkpdun djdlqvw zklfk zh fdq frpsduh wkh shuvlvwhqfh

surshuwlhv ri wlph vhulhv jhqhudwhg e| dq| uhdo exvlqhvv f|foh prgho/ zkhwkhu ri forvhg ru

rshq hfrqrp|1

5Wkh kljkhu yduldelolw| ri wkh dxwrfruuhodwlrq ixqfwlrq ri oderu jurzwk lw dovr dssduhqw e| orrnlqj dw

Hxurshdq frxqwulhv vhsdudwho|= wkh �uvw rughu dxwrfruuhodwlrq iru oderu urzwk udqjhv iurp =3; iru Lwdo| wr =:9
iru Jhupdq|1
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61 Wkh prgho

Frqvlghu d zruog hfrqrp| zlwk wzr frxqwulhv dqg wzr vhfwruv iru hdfk frxqwu|1 Hdfk

frxqwu| lv srsxodwhg e| d odujh qxpehu ri lghqwlfdo lq�qlwho| olyhg frqvxphuv1 Lq hdfk shulrg

| wkh hfrqrp| h{shulhqfhv rqh hyhqw r| 5 7 zkhuh 7 lv d srvvleo| lq�qlwh vhw1 Zh ghqrwh

e| r| wkh klvwru| ri hyhqwv xs wr dqg lqfoxglqj gdwh |� Wkh suredelolw| dw gdwh f ri dq|

sduwlfxodu klvwru| r| lv jlyhq e| ZEr|�1 Hdfk vhfwru surgxfhv d frxqwu| vshfl�f �qdo jrrg

xvlqj fdslwdo dqg oderu1 Wr �{ lghdv wklqn ri XV +wkh krph frxqwu|, dqg XN +wkh iruhljq

frxqwu|, dqg wklqn ri wkh �qdo jrrg dv fduv1 Lq Xqlwhg Vwdwhv wkhuh duh wzr vhfwruv/ rqh

surgxflqj fduv zlwk wkh vwhhulqj zkhho rq wkh uljkw vlgh/ vrog rq wkh XV pdunhw/ dqg rqh

surgxflqj fduv zlwk wkh vwhhulqj zkhho rq wkh ohiw vlgh/ vrog rq wkh XN pdunhw1 Wkh vdph

wzr vhfwruv duh suhvhqw lq wkh XN1 Lq hdfk frxqwu| wkh �uljkw� �qdo jrrg fdq eh xvhg iru

frqvxpswlrq ru lqyhvwphqw1 Zh zloo fdoo wkh vhfwru wkdw surgxfhv wkh jrrg frqvxphg dqg

lqyhvwhg dw krph �grphvwlf� dqg wkh vhfwru wkdw surgxfhv wkh jrrg frqvxphg dqg lqyhvwhg

deurdg �h{sruwlqj�1 Frqvxphuv lq erwk frxqwulhv jhw xwlolw| rqo| iurp wkh grphvwlf jrrg

dqg wkh| duh lqgl�huhqw wr wkh ruljlq ri surgxfwlrq +l1h1 Dphulfdq frqvxphuv gulyh rqo| fduv

zlwk wkh vwhhulqj zkhho rq wkh uljkw vlgh dqg wkh| grq*w fduh zkhwkhu wkh| duh surgxfhg lq

XV ru lq XN, 1 Suhihuhqfh ri wkh uhsuhvhqwdwlyh frqvxphu lq wkh krph frxqwu| fdq wkxv eh

ghvfulehg e|
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|'f
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ZEr|�q|�ESEr|�c� � ,_Er
|�� ,eEr

|��+4,

zkhuh SEr|� lv frqvxpswlrq ri wkh �qdo jrrg/ ,_Er
|� lv oderu lq wkh grphvwlf vhfwru dqg ,eEr

|�

lv oderu lq wkh h{sruwlqj vhfwru dqg wkh wrwdo wlph hqgrzphqw ri wkh frqvxphu kdv ehhq
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qrupdol}hg wr �� Suhihuhqfhv ri frqvxphuv lq wkh iruhljq frxqwu| duh
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zkhuh d � ghqrwhv d iruhljq yduldeoh1

Lq hdfk frxqwu| dqg lq hdfk vhfwru wkhuh lv d frqwlqxxp ri lghqwlfdo �upv ri phdvxuh

�cwkdw kdyh dffhvv wr d ghfuhdvlqj uhwxuq wr vfdoh whfkqrorj|1 Ilupv lq wkh krph frxqwu| duh

rzqhg e| krph frqvxphuv dqg wkh| fkrrvh lqyhvwphqw dqg hpsor|phqw sodqv vr wr pd{lpl}h

wkh ydoxh ri wkhlu glylghqgv _Er|� glvfrxqwhg dw wkh lqwhuwhpsrudo sulfh6 ri wkh grphvwlf jrrg

^Er|��

Wkh wlph f sureohp iru d �up surgxflqj wkh grphvwlf jrrg fdq wkxv eh zulwwhq dv
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Wkh wlph f sureohp iru �upv surgxflqj wkh h{sruwlqj jrrg lv
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zkhuh 8 lv d frqvwdqw uhwxuq wr vfdoh surgxfwlrq ixqfwlrq/ � lv d sdudphwhu ehwzhhq f dqg �

fdswxulqj wkh ghjuhh ri ghfuhdvlqj uhwxuqv/ � lv d sdudphwhu fdswxulqj shupdqhqw gl�huhqfhv

6
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lq surgxfwlylw| ehwzhhq wkh wzr vhfwruv/ 5Er|� lv dq djjuhjdwh +frpprq dfurvv vhfwru, sur0

gxfwlylw| vkrfn/ �Er|� lv wkh zdjh +htxdol}hg dfurvv vhfwruv, lq whupv ri wkh grphvwlf jrrg /

REr|� lv wkh sulfh ri wkh h{sruwhg jrrg lq whupv ri wkh grphvwlf jrrg +wkh uhdo h{fkdqjh udwh

ru wkh whupv ri wudgh, dqg &_Er
|� dqg &eEr

|� duh wkh fdslwdo vwrfn lq sodfh lq wkh wzr vhfwruv

lq vwdwh r|1

Qrwlfh khuh +iurp 5 dqg 6, wkh dvvxpswlrq wkdw fdslwdo lq erwk vhfwruv lv frpsrvhg

rqo| ri grphvwlf jrrg= wkdw lpsolhv wkdw wkh whfkqrorj| ri wkh h{sruwlqj vhfwru kdv d mrlqw

rxwsxw ri h{sruwlqj jrrg +5Er|� E�8 E&eEr|�c ,eEr|���
�
� dqg grphvwlf jrrg +E�� B�&eEr|���

Qrwlfh dovr wkdw wkh dvvxpswlrq ri ghfuhdvlqj uhwxuqv wr vfdoh lpsolhv wkdw �upv zloo

pdnh srvlwlyh sur�wv lq htxloleulxp1 Wkhuh duh wzr uhdvrqv iru pdnlqj wklv dvvxpswlrq= wkh

�uvw lv wr ghwhuplqh +wrjhwkhu zlwk d surgxfwlylw| gl�huhqwldo, wkh htxloleulxp wkh vl}h ri wkh

wzr vhfwruv dqg wkh vhfrqg lv wr dyrlg d h{fhvvlyh fdslwdo pryhphqwv iurp wkh ohvv wr wkh

pruh surgxfwlyh frxqwu|1

Wkh sureohp ri wkh �up lq wkh iruhljq frxqwu| lv vlplodu dqg lv rplwwhg iru euhylw|1

Vlqfh zh dvvxph wkh h{lvwhqfh ri frpsohwh pdunhwv zh fdq zulwh wkh Duurz Gheuhx

exgjhw frqvwudlqw +lq whup ri wkh krph jrrg, ri krph frqvxphuv dv
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^Er|�SEr|�+7,

zkloh wkh exgjhw frqvwudlqw +lq whupv ri wkh iruhljq jrrg, idfhg e| frqvxphuv lq wkh

iruhljq frxqwu| lv
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^WEr|�SWEr|�+8,

Wkh sureohp ri wkh frqvxphuv lv wkh xvxdo ri pd{lpl}lqj xwlolw| 4 + BB, vxemhfw wr wkh

exgjhw frqvwudlqw 7 +18,
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Dq htxloleulxp iru wklv hfrqrp| lv gh�qhg lq wkh vwdqgdug idvklrq wkdw lv d froohfwlrq

ri vhtxhqfhv iru sulfhv dqg txdqwlwlhv vxfk wkdw zkhq djhqwv dqg �upv vroyh wkhlu sureohp

wdnlqj sulfhv dv jlyhq wkh rswlpdo txdqwlwlhv duh vxfk wkdw pdunhwv iru jrrgv dqg idfwruv

fohdu1

Lq rughu wr fkdudfwhul}h wkh htxloleulxp zh zulwh wkh �uvw rughu frqglwlrq iru wkh

djhqwv dqg iru wkh �upv dqg wkh pdunhw fohdulqj frqglwlrqv1 Iru qrwdwlrqdo euhylw| ohw
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|�c ,eEr
|�� dqg vlplodu h{suhvvlrq iru

6R,eEr
|� dqg 6R,eEr
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Iluvw rughu frqglwlrqv iru frqvxphuv duh

^Er|� ' q|ZEr|��SEr
|� ;r|

�Er|� '
�,Er|�
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Iluvw rughu frqglwlrqv iru wkh �up surgxflqj wkh grphvwlf jrrg duh
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k
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zkloh wkrvh iru �upv surgxflqj wkh h{sruwlqj jrrg duh
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Frpelqlqj �uvw rughu frqglwlrqv ri �upv dqg ri frqvxphuv zh rewdlq wkh Hxohu htxdwlrqv iru

wkh krph frxqwu|
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dqg vlplodu rqhv iru wkh iruhljq frxqwu|1

Wkh h!flhqf| frqglwlrqv iru wkh oderu0ohlvxuh ghflvlrqv lq erwk vhfwruv lq wkh krph

frxqwu| duh

6R,_Er
|� '

�,Er|�

�SEr|�
' �Er|�

REr|�6R,eEr
|� '

�,Er
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Lqwhuwhpsrudo duelwudjh +lpsolhg e| wkh dvvxpswlrq ri frpsohwh pdunhwv, lpsolhv dovr

wkdw
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Zh �qdoo| qhhg wkh pdunhw fohdulqj frqglwlrqv iru wkh wzr frqvxpswlrq jrrgv
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iru hyhu| r|�

Zh fdq dovr gh�qh djjuhjdwh rxwsxw iru hdfk frxqwu| dv

+Er|� ' +_Er
|� n REr|�+eEr

|�

dqg

+WEr|� ' +W_Er
|� n

+WeEr
|�

REr|�

zkloh djjuhjdwh lqyhvwphqw dqg djjuhjdwh oderu duh vlpso| jlyhq e| wkh vxp ri oderu dqg

lqyhvwphqw uhvshfwlyho|/ lq wkh wzr vhfwruv1

Zh zloo dovr frqvlghu d yhuvlrq ri wklv prgho lq zklfk zh lqwurgxfh d vpdoo frvw ri

dgmxvwlqj wkh fdslwdo vwrfn11

71 Phdvxuhphqw dqg Fdoleudwlrq
D1 Sdudphwhuv ydoxhv dqg Ixqfwlrqdo Irupv

Lq rughu wr vroyh d olqhdul}hg yhuvlrq ri wkh deryh prgho zh dvvxph wkh iroorzlqj

ixqfwlrqdo irupv

8 E&c ,� ' &k,�3k

�ESc �� , � ,e� '
dS>E�� , � ,e�

�3>o
�3j

� � j

46



Wkh vwhdg| vwdwh htxdwlrqv duh +wkh vwhdg| vwdwh sulfh ri wkh iruhljq jrrg lq whupv ri

wkh grphvwlf jrrg lv ��

4 n B '
�+ek

&e
+43,

4 n B '
�+_k

&_
+44,

S

� � ,e � , _
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+45,
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+46,

+_ n +e ' Sn BE&_ n &e�+47,

+_ ' &k�_ ,E�3k��_+48,

+e ' ��&k�e ,E�3k��e+49,

zkhuh 4 ' �
q
� � lv wkh ulvn iuhh udwh lpsolhg e| wklv prgho1

Wkhuh duh vhyhq sdudphwhuv wr eh ghwhuplqhg �c �c kc>c Bc qc j

Wkh fdoleudwlrq vwudwhj| lv dv iroorzv= zh xvh wkh vwhdg| vwdwh uhodwlrqv dqg revhuyd0

wlrqv rq orqj whup dyhudjhv ri yduldeohv lq wkh XV hfrqrp| wr ghulyh ydoxhv iru wkh vhw ri wkh

�uvw vl{ sdudphwhuv1 Ilqdoo| zh vhw wkh ulvn dyhuvlrq sdudphwhu wr 2/ dqg dovr zh frqgxfw

vrph vhqvlwlylw| dqdo|vlv1

Iurp 43 dqg 44 dqg 45 dqg 46 zh jhw &
&e

' ,
,e
' +

+e
' - + - ghqrwhv wkh rxwsxw udwlr

ehwzhhq wkh grphvwlf dqg wkh h{sruwlqj vhfwru, wkdw lq wxuqv lpsolhv wkdw fdslwdo rxwsxw

udwlrv dqg fdslwdo0oderu udwlrv duh htxdol}hg dfurvv vhfwruv1 Zh fdq wkhq xvh 48 dqg 49 wr jhw

dq h{suhvvlrq iru � +iru dq| jlyhq ��

� '

#
+

+e

$�3�
�

' -
�3�
�
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Zh wkhq xvh orqj uxq revhuydwlrqv rq wkh fdslwdo rxwsxw udwlr dqg frqvxpswlrq rxwsxw

udwlr+S*E+ n +e�� wr jhw B iurp 47

B '
� � S*E+ n +e�

&n&e
+n+e

� dqg k duh vlpxowdqhrxvo| ghwhuplqhg e| htxdol}lqj wkh oderu vkduh lq wkh gdwd wr E��k��cwkh

oderu vkduh lq rxu prgho/dqg wkh ulvn iuhh udwh lq wkh gdwd wr �k
&n&e
+n+e

� Bcwkh ulvn iuhh udwh lq

wkh prgho +iurp 43 ru 44 dqg iurp wkh idfw wkdw fdslwdo rxwsxw udwlrv duh htxdol}hg dfurvv

vhfwruv,,1

Ilqdoo| > lv fdoleudwhg iurp wkh revhuydwlrq wkdw iudfwlrq ri wlph vshqw zrunlqj u '

, n ,e lv derxw rqh wklug dqg iurp 45 ru 46 wkdw lpso|

> '
�

� n x

zkhuh x ' �E�3k�
S
+

�3u
-

-n�
u
�

Orqj whup dyhudjhv iru wkh fdslwdo0rxwsxw udwlr/ wkh frqvxpswlrq0rxwsxw udwlr/ wkh ulvn

iuhh udwh/ wkh iudfwlrq ri wlphv vshqw zrunlqj dqg wkh oderu vkduh duh fkrvhq lq frqiruplw|

wr prvw exvlqhvv f|foh vwxglhv +vhh Frroh| dqg Suhvfrww 4<<8, dqg wkh| duh uhsruwhg ehorz�

Vlqfh - lq rxu prgho lv htxdo wr wkh udwlr ehwzhhq rxwsxw lq wkh h{sruwlqj vhfwru dqg rxwsxw

lq wkh grphvwlf vhfwru zh ghwhuplqh lw e| frpsxwlqj wkh dyhudjh udwlr ehwzhhq h{sruwv dqg

JGS0h{sruwv lq wkh XV hfrqrp| lq wkh |hduv 4<9304<<:1 Lq wdeoh �dqg 2 zh vxppdul}h wkh

sdudphwhuv xvhg lq rxu vlpxodwlrqv dqg wkh orqj whup dyhudjhv wkdw wkh vwhdg| vwdwh ri wkh

prgho uhsurgxfhv1
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Wdeoh 41 Sdudphwhu Ydoxhv

1

Whfkqrorj|

� 1;<

k 18:

� 1<8

B 1358

Suhihuhqfhv

q 1<<

> 165

j 513

Wdeoh 51 Revhuydwlrqv

Fdslwdo0Rxwsxw Udwlr +Txduwhuo|, �f

Frqvxpswlrq0Rxwsxw Udwlr �.D

Udwlr ri H{sruwv wr +JGS0h{s, �f.

Oderu Vkduh �S

Iudfwlrq ri Wlph vshqw Zrunlqj ��

Ulvn Iuhh Udwh +Txduwhuo|, �I

E1 Frpsxwlqj Wrwdo Idfwru Surgxfwlylw|

Gxh wr wkh h{lvwhqfh ri wzr vhfwruv wkh vhulhv iru wrwdo idfwru surgxfwlylw| +Vrorz

uhvlgxdov, fdqqrw eh frpsxwhg dv lq wkh vwdqgdug rqh0vhfwru jurzwk prgho1 Zh zloo eulh |

vnhwfk krz wr prgli| wkh vwdqgdug jurzwk dffrxqwlqj iru frpsxwlqj Vrorz uhvlgxdov1
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Iurp wkh �upv* �uvw rughu frqglwlrq lq erwk vhfwruv 9/ :/ ; dqg < zh jhw
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zkhuh -Er|� lv wkh udwlr ehwzhhq rxwsxw lq wkh grphvwlf dqg lq wkh h{sruwlqj vhfwru lq vwdwh

r| Iurp 4: zh fdq zulwh wkh lqsxwv hpsor|hg lq hdfk vhfwru dv d wlph ydu|lqj iudfwlrq ri

djjuhjdwh lqsxwv l1h1
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Qrwlfh irup 4; wkdw wrwdo idfwru surgxfwlylw| fdq eh h{suhvvhg dv djjuhjdwh rxwsxw +wkh �uvw

whup, plqxv wrwdo lqsxwv +wkh vhfrqg dqg wklug whup, plqxv dq dgglwlrqdo whup fdswxulqj

idfwru uhdoorfdwlrq dqg sulfh fkdqjhv1 Dovr zkhq � ' �c � ' � dqg REr|� ' � wkh prgho qhvwv

wkh vwdqgdug rqh vhfwru jurzwk prgho dqg wkh wklug whup lq 4; glvdsshduv1

Wkh vhulhv iru *L} 5Er|��fdq eh frpsxwhg iurp wkh gdwd xvlqj 4;1 Wkh hpslulfdo frxqwhu0

sduwv ri +Er|�c &Er|� dqg ,Er|� duh wkh vhulhv iru JGS/ wrwdo fdslwdo vwrfn dqg wrwdo hpsor|phqw

zkloh -Er|� lv jlyhq e| wkh udwlr ehwzhhq JGS plqxv h{sruwv dqg h{sruwv dqg REr|� lv jlyhq

e| wkh whupv ri wudgh1 Rqfh wkh vhulhv iru Wrwdo Idfwru Surgxfwlylw| iru XV dqg Hxursh7 duh

frpsxwhg zh hvwlpdwhg d el0yduldwh vwrfkdvwlf surfhvv ri wkh irup
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duh qrupdoo| glvwulexwhg zlwk yduldqfh fryduldqfh pdwul{ P� Ehorz zh uhsruw
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EEEC
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4
FFFD

81 Uhvxowv

Lq wklv vhfwlrq zh frpsduh wkh shuvlvwhqfh surshuwlhv ri rxu prgho +zlwkrxw dqg zlwk

dgmxvwphqw frvwv, zlwk wkrvh glvsod|hg e| wkh gdwd1 Iroorzlqj Frjoh| dqg Qdvrq zh frpsduh

wkh dxwrfruuhodwlrq ixqfwlrq +DFI, iru wkh djjuhjdwh yduldeohv jurzwk udwhv jhqhudwhg e| wkh

prgho zlwk wkdw fdofxodwhg rq XV gdwd +4<8704<<8,1

7Wkh ghwdlov ri wkh gdwd xvhg duh lq wkh gdwd dsshqgl{

4;



Zkloh wkh vwdqgdug prgho ri forvhg hfrqrp| jhqhudwhv dq dxwrfruuhodwlrq ixqfwlrq

frpsohwho|  dw dw }hur dw hyhu| odj iru rxwsxw/ lqyhvwphqw dqg oderu jurzwk udwhv/ wkh wzr0

frxqwu| wzr0vhfwru prgho gholyhuv iru doo wkhvh yduldeohv vljql�fdqwo| srvlwlyh dxwrfruuhodwlrq

ryhu vkruw krul}rqv1 Lq sduwlfxodu/ wkh dxwrfruuhodwlrq ri rxwsxw dqg lqyhvwphqw jurzwk dw

wkh �uvw odj lv yhu| vlplodu wr wkdw revhuyhg lq wkh gdwd zlwk wkh dxwrfruuhodwlrq ri lqyhvwphqw

odujhu wkdq wkdw ri rxwsxw1 Wkh dxwrfruuhodwlrq iru oderu jurzwk lv vljql�fdqwo| srvlwlyh dqg lq

wkh prgho zlwk dgmxvwphqw frvwv lw pdwfkhv wkh rqh revhuyhg lq wkh gdwd1 Lq wklv prgho/ zlwk

qr iulfwlrqv lq wkh oderu pdunhw/ wklv shuvlvwhqfh lq oderu ghulyhv iurp wkh kljk dxwrfruuhodwlrq

ri wkh lqyhvwphqw jlyhq wkh frpsohphqwdulw| ri oderu dqg fdslwdo lq wkh surgxfwlrq ixqfwlrq1

Dv lq wkh gdwd zh �qg wkdw wkh dxwrfruuhodwlrq ri h{sruw jurzwk lv qhjdwlyh dw wkh

�uvw odj dqg srvlwlyh dw wkh vhfrqg odj zkloh wkdw ri lpsruwv dqg Vrorz uhvlgxdov duh qhyhu

vljql�fdqw1

Dovr wr surylgh lqwxlwlrq rq wkh sursdjdwlrq phfkdqlvp lq rxu prgho zh suhvhqw

lpsxovh uhvsrqvhv wr d 4( surgxfwlylw| vkrfn lq frxqwu| 4 iru wkh pdlq pdfurhfrqrplf

djjuhjdwhv1 Ilqdoo| lq wdeoh � zh suhvhqw wkh pdlq exvlqhvv f|foh vwdwlvwlfv frpsxwhg iurp

wkh prgho dqg zh frpsduh wkhp zlwk wkh vdph vwdwlvwlfv rq XV gdwd WR EH FRPSOHWHG
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Iljxuh :=

Wdeoh 6 0 Exvlqhvv F|fohv Vwdwlvwlfv

Vwdqgdug Ghyldwlrqv

Uhodwlyh wr Rxwsxw

| f { q q{ h{s lps s

XV Gdwd 41<5 1:8 615: 194 185 8185 71<3 51<5

Prgho 4163 18: 7167 4148 19; 61<3 6198 164

Fruuhodwlrqv

|/|W f/fW {/{W q/qW |/q{ |/s s/q{

XV2Hxur Gdwd 199 184 186 166 016: 0153 163

Prgho 0156 1:9 01<4 01<< 0175 017; 19:
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91 Frpsdulvrqv zlwk H{lvwlqj Prghov

Lq wklv vhfwlrq zh suhvhqw wkh dxwrfruuhodwlrq ixqfwlrqv jhqhudwhg e| d vwdqgdug lqwhu0

qdwlrqdo exvlqhvv f|foh prgho zlwk rqh jrrg dqg rqh vhfwru iru hdfk frxqwu| dqg dgmxvwphqw

frvwv rq lqyhvwphqw1 Zh vhh wkdw wkh odfn ri wkh sursdjdwlrq phfkdqlvp fkdudfwhulvwlf ri

wkh forvhg hfrqrp| prghov lv vwloo suhvhqw khuh dqg wkh dxwrfruuhodwlrqv duh pdlqo|  dw1 Wkh

vdph uhvxow rewdlqv li rqh frpsxwhv wkh dxwrfruuhodwlrq jhqhudwhg e| d wzr jrrg prgho dv

wkh rqh ri Edfnxv Nhkrh dqg N|godqg +4<<8,1 Wkh uhdvrq lv wkdw dovr d wzr jrrg prgho

odfnv wkh phfkdqlvp ri vhfwruldo uhdoorfdwlrq lq uhvsrqvh wr lqwhuqdwlrqdo vkrfnv wkdw gulyhv

wkh shuvlvwhqfh uhvxowv ri rxu prgho11

:1 Frqfoxvlrqv

Rqh ri wkh pdlq vkruwfrplqjv ri uhdo exvlqhvv f|foh prghov lv wkh odfn ri d sursdjdwlrq

phfkdqlvp wkdw dpsol�hv dqg wudqvplw wkh h�hfw ri whfkqrorjlfdo vkrfnv rq wkh jurzwk ri

rxwsxw dqg ri idfwru ri surgxfwlrq11 Lq wklv sdshu zh vxjjhvw wkdw lqwhuqdwlrqdo olqndjhv

pljkw surylgh vxfk d phfkdqlvp1 Zh suhvhqw d prgho lq zklfk lqwhuqdwlrqdo gl�huhqwldo lq

surgxfwlylw| wuljjhuv vhfwruldo uhdoorfdwlrq1 Lq uhvsrqvh wr srvlwlyh surgxfwlylw| vkrfnv lq wkh

krph frxqwu| uhvrxufhv duh wudqvihuuhg iurp deurdg1 Wkh lqwhuqdwlrqdo wudqvihu lv dfklhyhg

vkliwlqj uhvrxufhv iurp wkh vhfwru surgxflqj iru wkh grphvwlf pdunhwv wr wkh h{sruwlqj vhfwru1

Wklv hqwluh surfhvv wdnhv wlph gxh wkh h{lvwhqfh ri �{hg idfwruv dqg wkxv zh revhuyh shuvlvwhqw

h�hfwv ri surgxfwlylw| vkrfnv rq wkh jurzwk ri pdfur0yduldeohv1 Wkh prgho suhvhqwhg lv deoh

wr jhqhudwh dxwrfruuhodwlrq ixqfwlrqv iru wkh jurzwk ri rxwsxw/ lqyhvwphqw dqg oderu wkdw duh

vlplodu wr wkrvh revhuyhg lq wkh gdwd iru wkh j: frxqwulhv1
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Uhihuhqfhv

^4` Dwnhvrq/ D1 Nhkrh S1 /�Lqgxvwu| Hyroxwlrq dqg Wudqvwlrq= Phdvxulqj Lqyhvwphqw lq

Rujdql}dwlrqdo Fdslwdo� +4<<8,/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ Uhvhdufk Ghsduw0

phqw Vwd� Uhsruw 534

^5` Dqgroidwwr/ G1 �Exvlqhvv F|fohv dqg Oderu Pdunhw Vhdufk� +4<<9,/ Dphulfdq Hfrqrplf

Uhylhz/ ;9/ 445065

^6` Edfnxv/ G1/ Nhkrh/ S1/ N|godqg/ I1 �Lqwhuqdwlrqdo Uhdo Exvlqhvv F|fohv� +4<<5,/ Mrxuqdo

ri Srolwlfdo Hfrqrp|/ 433/ :780::81

^7` Edfnxv/ G1/ S1 Nhkrh/ I1 N|godqg/ �G|qdplfv ri wkh wudgh edodqfh dqg wkh whupv ri

wudgh= wkh M0fxuyh B� +4<<7,/ Dphulfdq Hfrqrplf Uhylhz/ ;7 / ;704361

^8` Edfnxv G1/ S1 Nhkrh/ I1 N|godqg/ �Lqwhuqdwlrqdo exvlqhvv f|fohv= wkhru| dqg hylghqfh�

+4<<8,/ lq W1 Frroh| hg1/ Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ Sulqfhwrq Xqlyhuvlw|

Suhvv/ Sulqfhwrq/ 66406891

^9` Ed{whu P1 �Lqwhuqdwlrqdo wudgh dqg exvlqhvv f|fohv� +4<<8,/ QEHU Zrunlqj Sdshu Qr1

8358/1

^:` Ed{whu P1/ P1 Fuxflql/ �Exvlqhvv f|fohv dqg wkh dvvhw vwuxfwxuh ri iruhljq wudgh� +4<<8,/

Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 69/ ;540;871

^;` Eduur/ U1/ Nlqj/ U1 �Wlph0vhsdudeoh suhihuhqfhv dqg lqwhuwhpsrudo vxevwlwxwlrq prghov

ri exvlqhvv f|fohv�+4<;7,/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <</ ;4:0;6<1
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^<` Ed{whu/ P1/ Fuxflql/ P1 �H{sodlqlqj Vdylqj0Lqyhvwphqw Fruuhodwlrqv� +4<<6,/ Dphulfdq

Hfrqrplf Uhylhz/ ;6/ 7490691

^43` Exuqvlgh/ F1/ Hlfkhqedxp P1/ Uhehor/ V1 �Oderu Krduglqj dqg wkh Exvlqhvv F|foh�

+4<<6,/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 434/ 5780:61

^44` Fduovwurp F1/ Ixhuvw W1 / �Djhqf| Frvwv/ Qhw Zruwk/ dqg Exvlqhvv Ioxfwxdwlrqv= D

Frpsxwdeoh Jhqhudo Htxloleulxp Dqdo|vlv� +4<<:,/ Dphulfdq Hfrqrplf Uhylhz/ ;:/

;<60<43

^45` Frjoh|/ W1/ Qdvrq/ M1 �Rxwsxw G|qdplfv lq UEF prghov� +4<<8,/ Dphulfdq Hfrqrplf

Uhylhz/ ;8/ 7<508441

^46` Frroh|/ W1 / Suhvfrww H1 �Hfrqrplf Jurzwk dqg Exvlqhvv F|fohv� +4<<8,/ lq W1 Frroh|

hg1/ Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ 406;1

^47` Frvwhoor/ G1 �Furvv0Frxqwu|/ Furvv0Lqgxvwu| Frpsdulvrq ri Surgxfwlylw| Jurzwk�

+4<<6,/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 434/ 53:0551

^48` Nlqj U1/ Sorvvhu/ F1/ Uhehor/ V1 �Surgxfwlrq/ Jurzwk/ dqg Exvlqhvv F|fohv= L1 Wkh Edvlf

Qhrfodvvlfdo Prgho1� +4<;;d,/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 54/ 4<805651

^49` Oxfdv/ U1 �Rq wkh Vl}h Glvwulexwlrq ri Exvlqhvv Ilupv� +4<:;,/ Wkh Ehoo Mrxuqdo ri

Hfrqrplfv/ </ 83;056

^4:` Shuol U1/ Vdnhoodulv S1/ �Kxpdq fdslwdo irupdwlrq dqg exvlqhvv f|foh shuvlvwhqfh� +4<<;,/

Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 75/ 9:0<5
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^4;` Suhvfrww/ H1 �Wkhru| Dkhdg ri Exvlqhvv0F|foh Phdvxuhphqw� +4<;9,/ Ihghudo Uhvhuyh

Edqn ri Plqqhdsrolv/ Txduwhuo| Uhylhz/ 43/ <0551

^4<` Urwhpehuj/ M1/ Zrrgirug/ P1 �UEF Prghov dqg wkh iruhfdvwdeoh pryhphqwv lq rxwsxw/

krxuv dqg frqvxpswlrq�+4<<9,/ Dphulfdq Hfrqrplf Uhylhz/ ;9/ :40;<1

^53` Xkolj/ K1/ �D Wrronlw iru Dqdo|}lqj Qrqolqhdu G|qdplf Vwrfkdvwlf Prghov Hdvlo|� +4<<8,

Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ Glvfxvvlrq Sdshu 4341
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