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4 Lqwurgxfwlrq

Wkh frqyhujhqfh ri shu fdslwd uhdo rxwsxw dfurvv frxqwulhv lv dq dfwlyh uhvhdufk

duhd1 Vhyhudo wkhruhwlfdo prghov dqg hpslulfdo vwxglhv duh ghyrwhg wr lqyhvwljdwh

wkh txhvwlrq ri zkhwkhu ohvv surgxfwlyh hfrqrplhv duh fdwfklqj xs zlwk wkh prvw

surgxfwlyh hfrqrplhv1 Rqh shuvshfwlyh dvvhuwv wkdw whfkqrorj| gl�xvlrq dqg uh0

vrxufh uh0doorfdwlrq zloo holplqdwh surgxfwlylw| gl�huhqwldov dqg/ khqfh/ hudglfdwh

qdwlrqdo rxwsxw glvsdulwlhv1 Lq idfw/ lq d zruog ri ixoo| lqwhjudwhg pdunhwv dqg

devhqfh ri dgmxvwphqw frvwv/ rqh zrxog h{shfw udslg frqyhujhqfh ri rxwsxw shu

zrunhu dfurvv frxqwulhv14 H{wdqw hpslulfdo vwxglhv/ krzhyhu/ lqglfdwh wkdw furvv0

frxqwu| surgxfwlylw| gl�huhqwldov duh vxusulvlqjo| shuvlvwhqw dqg frqyhujhqfh lq

rxwsxw lv txlwh voxjjlvk1 Li wkhuh lv frqyhujhqfh dfurvv frxqwulhv/ wkh udwh lv olnho|

wr eh vpdoo1

Wkh hpslulfdo hylghqfh rq furvv0frxqwu| frqyhujhqfh ghshqgv rq wkh vdpsoh

ri frxqwulhv xqghu lqyhvwljdwlrq1 Edxpro +4<;9,/ iru h{dpsoh/ uhsruwv vwurqj

hylghqfh ri frqyhujhqfh dprqj d jurxs ri RHFG frxqwulhv1 Wkh uhvxow lv/ krzhyhu/

qrw urexvw wr wkh lqfoxvlrq ri rwkhu frxqwulhv1 Edxpro hw do1 +4<;<, dvvhuw wkdw

frqyhujhqfh rffxuv zlwklq hdfk lqfrph jurxs dqg qrw dfurvv wkh jurxsv1 Ryhudoo/

wkh h{lvwlqj hpslulfdo uhvxowv vxjjhvw wkdw frqyhujhqfh lv olnho| wr rffxu lq d jurxs

ri krprjhqrxv frxqwulhv dw d vlplodu vwdjh ri hfrqrplf ghyhorsphqw +Eduur 4<<4>

Pdqnlz hw do11/ 4<<5,15 Xvlqj d odujh vdpsoh ri frxqwulhv/ Kdoo dqg Mrqhv +4<<<,

�qg wkdw furvv0frxqwu| gl�huhqfhv lq fdslwdo dffxpxodwlrq dqg surgxfwlylw| duh

uhodwhg wr gl�huhqfhv lq lqvwlwxwlrqv dqg jryhuqphqw srolflhv1 Iru lqvwdqfh/ wkh

frxqwulhv wkdw kdyh h!flhqw vrfldo lqiudvwuxfwxuhv dqg jryhuqphqw srolflhv lq idyru

4 Prgl�fdwlrqv ri wkh edvlf qhrfodvvlfdo iudphzrun/ vxfk dv wkh lqwurgxfwlrq ri khwhurjhqrxv
djhqwv/ fdslwdo pdunhwv lpshuihfwlrqv/ h{whuqdolwlhv/ ru qrq0frqyh{lwlhv/ pd| ohdg wr shuvlvwhqw
gl�huhqfhv lq qdwlrqdo rxwsxw shu fdslwd +Jdoru/ 4<<9,1 Iru h{dpsoh/ Jdoru dqg ]hlud +4<<6, vxj0
jhvw wkdw lqlwldo furvv0frxqwu| gl�huhqfhv lq wkh glvwulexwlrq ri lqfrph pd| uhvxow lq gl�huhqfhv
lq kxpdq fdslwdo dffxpxodwlrq dqg shuvlvwhqw lqhtxdolw|1

5 Frxqwulhv duh krprjhqrxv lq wkh vhqvh wkdw wkh| vkduh vlplodu suhihuhqfhv/ whfkqrorjlhv/
fdslwdo vwrfnv +kxpdq dqg sk|vlfdo,/ srsxodwlrq jurzwk/ jryhuqphqw srolflhv/ lqvwlwxwlrqv/111/
hwf1
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ri sk|vlfdo dqg kxpdq fdslwdo dffxpxodwlrq dv zhoo dv gl�xvlrq ri qhz whfkqrorjlhv

whqg wr glvsod| d vlplodu ohyho ri lqyhvwphqw dqg surgxfwlylw|1

Wkh h{lvwlqj hpslulfdo uhvxowv vxjjhvw wkdw frqyhujhqfh lv olnho| wr rffxu lq d

jurxs ri krprjhqrxv frxqwulhv dw d vlplodu vwdjh ri hfrqrplf ghyhorsphqw1 \hw/

gl�huhqw hfrqrplf vhfwruv pd| h{shulhqfh xqhyhq ghjuhhv ri shuvlvwhqfh lq sur0

gxfwlylw| gl�huhqwldov dfurvv vlplodu frxqwulhv1 Ehuqdug dqg Mrqhv +4<<9d/ 4<<9e,

dujxh wkdw vwxglhv ri djjuhjdwh surgxfwlylw| frqyhujhqfh ljqruh wkh srvvleoh gli0

ihuhqwldo ehkdylru dw wkh vhfwrudo ohyho1 Xvlqj gdwd iurp RHFG frxqwulhv/ wkh

dxwkruv uhsruw glvvlplodu frqyhujhqfh sdwwhuqv iru gl�huhqw vhfwruv1 Iru h{dpsoh/

wkh vhuylfhv vhfwru |lhogv vxssruw iru frqyhujhqfh zkloh wkh pdqxidfwxulqj vhfwru

uhyhdov olwwoh hylghqfh ri lw1 Wkh odfn ri frqyhujhqfh lq wkh pdqxidfwxulqj vhfwru/

krzhyhu/ pd| eh dwwulexwhg wr wkh sureohp ri djjuhjdwlrq1 Jdufld Sdvfxdo dqg

Zhvwhupdqq +5334, xvh gdwd rq glvdjjuhjdwhg pdqxidfwxulqj lqgxvwulhv lq vrph

RHFG frxqwulhv wr h{dplqh wkh frqyhujhqfh ehkdylru dqg uhsruw pruh vxssruwlyh

hylghqfh ri surgxfwlylw| frqyhujhqfh1

Zklfk duh wkh ghwhuplqdqwv ri wkh shuvlvwhqfh ri surgxfwlylw| gl�huhqwldov

dfurvv RHFG frxqwulhvB Zkloh wkhuh duh hpslulfdo vwxglhv h{dplqlqj wkh frqyhu0

jhqfh ri rxwsxw dqg surgxfwlylw| gdwd/ qrw pxfk h�ruw kdv ehhq ghyrwhg wr lqyhv0

wljdwh wkh hfrqrplf ghwhuplqdqwv ri wkh shuvlvwhqfh ri furvv0frxqwu| surgxfwlylw|

gl�huhqwldov1 Md�h hw do1 +4<<6,/ Md�h dqg Wudmwhqehuj +4<<9,/ dqg Hdwrq dqg

Nruwxp +4<<</ 4<<9,/ iru h{dpsoh/ srlqw wr wkh orfdolw| ri whfkqrorj| vslooryhuv dv

d srwhqwldo h{sodqdwlrq iru wkh vorz frqyhujhqfh ri vrph lqgxvwulhv1 Li whfkqrorj|

gl�xvlrq lv orfdo udwkhu wkdq joredo/ wkhq surgxfwlylw| gl�huhqwldo fdq eh yhu|

shuvlvwhqw1 Wkxv/ wkh pljudwlrq ri orfdo wr joredo whfkqrorj| wudqvihu zloo irvwhu

frqyhujhqfh dqg uhgxfh surgxfwlylw|0gl�huhqwldo shuvlvwhqfh +Nhoohu/ 5333,1

Pdunhw vwuxfwxuh lv dqrwkhu idfwru wkdw zrxog d�hfw wkh frqyhujhqfh ehkdylru1

Djklrq hw do1 +4<<:d/e,/ iru h{dpsoh/ dujxh wkdw wkh ghjuhh ri surgxfw pdunhw

frpshwlwlrq lq xhqfhv wkh lqfhqwlyhv wr hqjdjh lq U)G dfwlylwlhv dqg wr lqyhvw

lq ohdglqj0hgjh whfkqrorjlhv1 Wkxv/ lq wkh suhvhqfh ri d ohvv frpshwlwlyh pdunhw
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vwuxfwxuh/ rqh h{shfwv d surorqjhg shulrg ri surgxfwlylw| jds1 Ehfdxvh gl�huhqw

pdqxidfwxulqj lqgxvwulhv hqgxuh ydulrxv ghjuhhv ri pdunhw frpshwlwlyhqhvv/ rqh

h{shfwv wr revhuyh d glyhuvh sdwwhuq ri furvv0lqgxvwu| frqyhujhqfh1

Wklv sdshu h{dplqhv wkh hpslulfdo uhohydqfh ri pdunhw vwuxfwxuh dqg whfk0

qrorj| gl�xvlrq wr surgxfwlylw| frqyhujhqfh1 Vshfl�fdoo|/ zh xvh furvv0frxqwu|

gdwd rq vhyhudo pdqxidfwxulqj lqgxvwulhv wr lqyhvwljdwh zkhwkhu surgxfwlylw|0

gl�huhqwldo shuvlvwhqfh lv v|vwhpdwlfdoo| uhodwhg wr sur{lhv iru pdunhw vwuxfwxuh

dqg whfkqrorj| gl�xvlrq1 D jurxs ri 4: RHFG frxqwulhv/ zklfk duh txlwh kr0

prjhqrxv dqg kdyh frpsdudeoh qdwlrqdo lqfrph/ duh vwxglhg1 Wr hqvxuh wkh

pdunhw vwuxfwxuh dqg whfkqrorj| gl�xvlrq h�hfwv duh qrw vsxulrxv/ d vhw ri pdfur

yduldeohv wkdw duh wudglwlrqdoo| xvhg lq wkh hpslulfdo jurzwk olwhudwxuh lv lqfoxghg

lq wkh hpslulfdo dqdo|vlv1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv d vh0

ohfwlyh uhylhz ri wkh wkhruhwlfdo olwhudwxuh rq wkh uhodwlrqvklsv ehwzhhq pdunhw

vwuxfwxuh/ whfkqrorj| gl�xvlrq/ dqg surgxfwlylw| frqyhujhqfh1 Lw dovr eulh | glv0

fxvvhv wkh pdfur yduldeohv wkdw duh xvhg dv frqwurov lq wkh h{huflvh1 Vhfwlrq 6

ghvfulehv wkh surgxfwlylw| gdwd iurp 44 pdqxidfwxulqj lqgxvwulhv lq 4: RHFG

frxqwulhv1 Wkh hvwlpdwhv ri uhodwlyh frqyhujhqfh udwhv +zlwk wkh XV dv wkh ehqfk0

pdun, duh uhsruwhg lq wkh vdph vhfwlrq1 Vhfwlrq 7 lqwurgxfhv +d, wkh sulfh0frvw

pdujlq dqg lqwud0lqgxvwu| wudgh yduldeohv zklfk duh sur{lhv iru pdunhw vwuxfwxuh/

+e, wkh XV sdwhqw dssolfdwlrqv dqg ihhv rq ur|dowlhv dqg olfhqvhv zklfk duh sur{lhv

iru whfkqrorj| gl�xvlrq/ dqg +f, frqglwlrqlqj pdfur yduldeohv1 Hvwlpdwlrq uhvxowv

edvhg rq vhhplqjo| xquhodwhg dqg fhqvruhg uhjuhvvlrq phwkrgv duh suhvhqwhg lq

Vhfwlrq 81 Vhfwlrq 9 frqfoxghv1
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5 D Vhohfwlyh Uhylhz

514 Pdunhw Vwuxfwxuh

Grhv pdunhw frpshwlwlrq irvwhu ru ghwhu surgxfwlylw| frqyhujhqfhB Dw �uvw jodqfh/

wkh edvlf hqgrjhqrxv jurzwk phfkdqlvp pd| vxjjhvw d qhjdwlyh uhodwlrqvkls eh0

wzhhq jurzwk dqg surgxfw pdunhw frpshwlwlrq1 Wkh �Qhz Jurzwk Wkhru|� hq0

grjhql}hv wkh �up*v ghflvlrq rq lqyhvwphqw lq wkh ghyhorsphqw ri qhz surgxfwv

dqg lghdv +Urphu/ 4<<3,1 Wkh ghflvlrq wr lqqrydwh lv mxvwl�hg e| wkh h{shfwhg

 rz ri qhw sur�wv iurp wkh lqyhqwlrq1 Dv prqrsro| uhqwv frqvwlwxwh d vwlpxoxv iru

�upv wr lqqrydwh/ d kljkhu ohyho ri pdunhw frpshwlwlrq uhgxfhv �upv* prqrsro|

uhqwv dqg/ frqvhtxhqwo|/ orzhuv wkh lqfhqwlyh wr lqqrydwh16

Djklrq hw do1 +4<<:d, r�hu vrph txdol�fdwlrqv iru d qhjdwlyh fruuhodwlrq eh0

wzhhq frpshwlwlrq dqg jurzwk1 Xvlqj d sulqflsdo0djhqw iudphzrun/ wkh| ghulyh

d srvlwlyh h�hfw ri frpshwlwlrq rq surgxfwlylw|1 Lq wkhlu prgho/ wkh pdqdjhu

idfhv sulydwh frvwv ri dgrswlqj qhz whfkqrorjlhv +lqfoxglqj wudlqlqj/ uhrujdql}d0

wlrq frvwv/ 111/ hwf1, dqg ehqh�wv iurp ehlqj lq frqwuro ri wkh frpsdq|1 Khqfh/ wkh

pdqdjhu zloo ghod| wkh dgrswlrq ri qhz ylqwdjh whfkqrorjlhv dv orqj dv wkh �up

vwd|v lq exvlqhvv1 D kljkhu ohyho ri frpshwlwlrq ohdgv wr orzhu sur�wv dqg/ wkxv/

irufhv wkh pdqdjhu wr dgrsw qhz whfkqrorjlhv wr uhpdlq lq exvlqhvv1 Frpshwlwlrq

surylghv d glvflsolqdu| ghylfh wr hqvxuh wkh dgrswlrq ri dgydqfhg whfkqrorjlhv dqg

hqkdqfhv surgxfwlylw|17

D vlplodu srvlwlyh h�hfw ri frpshwlwlrq rq surgxfwlylw| jurzwk lv ghprqvwudwhg

e| Djklrq hw do1 +4<<:e,1 Dvvxplqj d vwhs0e|0vwhs lqqrydwlrq surfhgxuh/ wkh

whfkqrorjlfdo odjjdugv fdqqrw ohdsiurj wkh whfkqrorjlfdo ohdghuv1 Lqvwhdg/ wkh

odjjdugv qhhg wr fdwfk xs ehiruh wkh| fdq ehfrph ohdghuv wkhpvhoyhv1 Xqghu wkhvh

6 Jurvvpdq dqg Khospdq +4<<4d,/ krzhyhu/ srlqw rxw wkdw wkhuh duh wzr rssrvlqj h�hfwv ri
frpshwlwlrq rq surgxfwlylw|1

7 Wkh uhodwlrqvkls ehwzhhq frpshwlwlrq dqg pdqdjhuldo h�ruwv lv dovr lqyhvwljdwhg e| Ph|hu
dqg Ylfnhuv +4<<8,1 Vlploduo|/ frpshwlwlrq kdv d srvlwlyh lpsdfw rq zrunhuv* h�ruwv li wkh| fodlp
d vkduh ri pdunhw uhqwv +Vpluorfn dqg Pduvkdoo/ 4<;6,1
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flufxpvwdqfhv/ hdvlhu lplwdwlrq lqgxfhv odjjdugv wr fdwfk xs zlwk wkh whfkqrorj|

ohdghuv1 Wkh surfhvv ohdgv wr ixuwkhu frpshwlwlrq dprqj sduwlflsdqwv dqg surylghv

wkh dssursuldwh lqfhqwlyhv iru lqqrydwlrq dqg surgxfwlylw| lpsuryhphqw1

515 Whfkqrorj| Gl�xvlrq

Wkh lqwhuqdwlrqdo wudqvplvvlrq ri whfkqrorjlfdo nqrz0krz lv dq lpsruwdqw fkdqqho

wkurxjk zklfk wkh whfkqrorjlfdoo| xqghughyhorshg hfrqrplhv dftxluh wkh qhfhv0

vdu| nqrzohgjh wr hqkdqfh surgxfwlylw| dqg jurzwk1 Erwk orfdoo| jhqhudwhg dqg

iruhljq lqqrydwlrqv ehqh�w jurzwk +Ulyhud0Edwl} dqg Urphu/ 4<<4,1 Wkh whfk0

qrorjlfdo nqrz0krz fdq eh dftxluhg yld ydulrxv yhqxhv1 Iru lqvwdqfh/ wkurxjk

lplwdwlrq/ d whfkqrorjlfdoo| xqghughyhorshg hfrqrp| hqkdqfhv lwv whfkqrorj| dqg

surgxfwlrq h!flhqf|1 Ehvlghv dlglqj whfkqrorjlfdoo| xqghughyhorshg hfrqrplhv/

Jurvvpdq dqg Khospdq +4<<4d,/ iru h{dpsoh/ vkrz wkdw lplwdwlrq fdq dovr sur0

prwh lqqrydwlrq1 Lq d prgho ri h{sdqglqj ydulhwlhv/ Eduur dqg Vdod0l0Pduwlq

+4<<:, lqyhvwljdwh wkh uroh ri whfkqrorj| gl�xvlrq dv d frqwulexwlqj idfwru wr frq0

glwlrqdo frqyhujhqfh1 Lw lv vkrzq wkdw whfkqrorj| gl�xvlrq ohdgv wr frqyhujhqfh1

Whfkqrorjlfdoo| xqghughyhorshg hfrqrplhv lqlwldoo| jurz idvwhu wkdq wkh ohdghu

dqg wkh vshhg ri frqyhujhqfh idoov dv wkh whfkqrorj| jds qduurzv1

Iru sudfwlfdo sxusrvhv/ sdwhqw dssolfdwlrqv lq d iruhljq frxqwu| duh frpprqo|

xvhg wr fdswxuh wudgh lq lghdv/ zklfk lpsuryhv wudqvplvvlrq ri nqrz0krz dqg

surprwhv whfkqrorj| gl�xvlrq +Md�h dqg Wudmwhqehuj/ 4<<9> Hdwrq dqg Nruwxp/

4<<9/ 4<<<> Eudqvwhwwhu/ 5333,1 Sdwhqw uhjlvwudwlrq lv frqfhlyhg dv d phdqv wr

surwhfw lqwhoohfwxdo surshuw| uljkwv1 Zlwk surshuw| uljkw surwhfwlrq/ whfkqrorj|

wudqvihuv wkdw ehqh�w surgxfwlylw| duh pruh olnho| wr rffxu1

Dq dowhuqdwlyh fkdqqho ri whfkqrorj| gl�xvlrq lv iruhljq gluhfw lqyhvwphqw

+IGL,1 H{lvwlqj hpslulfdo hylghqfh rq wkh uhodwlrqvkls ehwzhhq IGL dqg whfk0

qrorj| vslooryhuv lv pl{hg1 Iru h{dpsoh/ Olfkwhqehuj dqg ydq Srwwhovehujkh gh

od Srwwhulh +4<<9, �qg wkdw IGL lq rzv glg qrw hqkdqfh surgxfwlylw| vslooryhuv

dprqj wkh RHFG frxqwulhv gxulqj wkh shulrg 4<:304<<31 Iru wkh vdph vdpsoh

9



shulrg/ krzhyhu/ Khmd}l dqg Vdiduldq +4<<9, �qg vljql�fdqw U)G vslooryhuv dv d

uhvxow ri IGL iurp wkh XV wr wkh RHFG frxqwulhv1 Wkh frq lfwlqj uhvxowv pd|

eh sduwldoo| h{sodlqhg e| wkh gl!fxow| ri phdvxulqj IGL gdwd1 Rqh vwudwhj|

wr dpholrudwh wkh gdwd0txdolw| sureohp lv wr xvh wkh sd|phqw iru ur|dowlhv dqg

olfhqvhv dv d sur{| iru whfkqrorj| gl�xvlrq +[x/ 5333,1 Lghdoo|/ wkh udwlr ri ur|do0

wlhv dqg olfhqvh sd|phqwv wr IGL lv odujh zkhq IGL frqwdlqv d odujh frpsrqhqw

ri whfkqrorj| wudqvihuv1

516 Frqwuro Yduldeohv

Wkh frqyhujhqfh uhvxow � dv lq wkh qhrfodvvlfdo jurzwk prghov � lv frqglwlrqdo rq

d vhw ri frxqwu|0vshfl�f fkdudfwhulvwlfv wkdw pd| hqfrxudjh ru klqghu surgxfwlylw|

jurzwk1 Iru lqvwdqfh/ wkh hgxfdwlrq ohyho dqg jryhuqphqw srolf| fdq kdyh erwk

gluhfw dqg lqgluhfw h�hfwv rq surgxfwlylw| frqyhujhqfh1 Wr hqvxuh rxu dqdo|vlv

ri pdunhw vwuxfwxuh dqg whfkqrorj| gl�xvlrq h�hfwv lv urexvw wr wkhvh hfrqrplf

idfwruv/ zh lqfoxgh wkh yduldeohv wkdw duh frpprqo| frqvlghuhg lq wkh +hpslulfdo,

jurzwk olwhudwxuh1

Kxpdq Fdslwdo1 Dv srlqwhg rxw e| Qhovrq dqg Skhosv +4<99, kxpdq fdslwdo

dxjphqwv d frxqwu|*v delolw| wr lqqrydwh1 Wkhuhiruh/ frqvwudlqwv rq kxpdq fdslwdo

fdq eh lpshglphqwv wr surgxfwlylw| frqyhujhqfh dfurvv frxqwulhv +Eduur hw do1/

4<<8,1 Lqwxlwlyho|/ iru d whfkqrorjlfdoo| xqghughyhorshg hfrqrp|/ lw lv hdvlhu wr

devrue dqg dgrsw dgydqfhg whfkqrorjlhv li wkh srsxodwlrq lv ehwwhu hgxfdwhg/

fhwhulv sdulexv +Oxfdv/ 4<<6,1 Wkhuhiruh zh h{shfw d qhjdwlyh uhodwlrqvkls ehwzhhq

wkh ohyho ri kxpdq fdslwdo dqg wkh shuvlvwhqfh ri surgxfwlylw| gl�huhqfhv1

U)G Lqwhqvlw|1 Lq d vwdqgdug hqgrjhqrxv jurzwk prgho/ U)G lqwhqvlw|

h{huwv d gluhfw srvlwlyh h�hfw rq surgxfwlylw| jurzwk +Urphu/ 4<<3> Jurvvpdq dqg

Khospdq/ 4<<4d/e> Djklrq dqg Krzlww/ 4<<5,1 Vlploduo|/ wkh udwh ri surgxfwlylw|

frqyhujhqfh lv dovr gluhfwo| uhodwhg wr wkh U)G lqwhqvlw| +Krzlww/ 5333,1 D kljk

ohyho ri U)G lqwhqvlw| lq d whfkqrorjlfdoo| xqghughyhorshg hfrqrp| surylghv d

idyrudeoh hqylurqphqw wr qduurz wkh whfkqrorj| jds dqg fdwfk xs zlwk dgydqfhg

:



hfrqrplhv1

Jryhuqphqw Vshqglqj1 Wkh h�hfw ri jryhuqphqw vshqglqj ghshqgv rq

lwv lpsolfdwlrqv iru +sulydwh vhfwru, surgxfwlylw|1 Xqsurgxfwlyh vshqglqj wkdw

furzgv rxw sulydwh lqyhvwphqw revwuxfwv jurzwk zkloh vshqglqj +h1j1/ rq lqiud0

vwuxfwxuh dqg hgxfdwlrq, wkdw dxjphqwv surgxfwlylw| surprwhv jurzwk1 Lq d prgho

zlwk jryhuqphqw vshqglqj lq wkh surgxfwlrq ixqfwlrq dqg glvwruwlrqdu| wd{dwlrq/

Eduur +4<<3, dqg Eduur dqg Vdod0l0Pduwlq +4<<8, vkrz wkdw wkhuh lv d X0vkdshg

uhodwlrqvkls ehwzhhq jryhuqphqw h{shqglwxuh dqg jurzwk1 D sulrul/ jryhuqphqw

vshqglqj kdv dq dpeljxrxv h�hfw rq frqyhujhqfh1

Vxqn Frvwv1 Wkh suhvhqfh ri kljk vxqn frvwv/ zklfk fdqqrw eh uhfryhuhg

xsrq h{lw/ zloo ghwhu �upv iurp hqwhulqj wkh pdunhw +Gl{lw/ 4<;<,1 Iru lqvwdqfh/

lq dq roljrsrolvwlf lqgxvwu|/ wkh ryhu0lqyhvwphqw vwudwhj| fdq eh xvhg wr vwdyh r�

srwhqwldo frpshwlwlrq1 Kljk vxqn frvwv dovr glvfrxudjh iruhljq gluhfw lqyhvwphqw/

zklfk lv d fkdqqho iru whfkqrorj| gl�xvlrq1 Wkhuhiruh/ vxqn frvwv duh olnho| wr

kdyh d srvlwlyh lpsolfdwlrq iru surgxfwlylw|0gl�huhqwldo shuvlvwhqfh1

Rshqqhvv1 Wkh rshqqhvv ri dq hfrqrp| khosv dgydqfh surgxfwlylw| jurzwk

dv lw doorzv wkh hfrqrp| wr jdlq dffhvv wr iruhljq whfkqrorj| dqg wkh joredo

�qdqfldo pdunhw1 Rshqqhvv dovr idflolwdwhv wkh  rz ri nqrzohgjh wrzdug whfkqr0

orjlfdoo| xqghughyhorshg hfrqrplhv dqg/ khqfh/ lv shufhlyhg dv d srvlwlyh idfwru

iru frqyhujhqfh +Jurvvpdq dqg Khospdq/ 4<<4d,1 Vrph vwxglhv uhsruw d srvlwlyh

olqn ehwzhhq lqwhuqdwlrqdo wudgh dqg jurzwk +Ohylqh dqg Uhqhow/ 4<<5,/ dqg eh0

wzhhq wudgh dqg shu fdslwd lqfrph frqyhujhqfh +Ehq0Gdylg/ 4<<6/ 4<<9> Vdfkv dqg

Zduqhu/ 4<<8,1 Krzhyhu/ pruh uhfhqw vwxglhv whqg wr �qg wkh h�hfwv ri rshqqhvv

rq jurzwk dqg frqyhujhqfh dpeljxrxv ru lqvljql�fdqw +Urguljxh} dqg Urguln/

4<<<> Vodxjkwhu/ 5333,1

Jhrjudsklf Glvwdqfh1 Rqh shuvshfwlyh lv wkdw jhrjudsklfdo glvwdqfh olplwv

wkh h{whqw ri whfkqrorj| vslooryhuv1 Frxqwulhv idu dzd| iurp wkh U)G fhqwhuv

ehqh�w ohvv wkdq qhljkerulqj frxqwulhv vlqfh whfkqrorj| vslooryhuv whqg wr eh orfdo

udwkhu wkdq joredo +Nhoohu/ 5333,1 Wkh glvwdqfh yduldeoh lv dovr frpprqo| xvhg

;



lq wkh vwxglhv wkdw h{dplqh/ iru h{dpsoh/ sulfh frqyhujhqfh dqg uhodwlyh wudgh

dfwlylw| +Hqjho dqg Urjhuv/ 4<<9> PfFdooxp/ 4<<8,1 Krzhyhu/ jlyhq wkh dgydqfh

lq lqirupdwlrq whfkqrorj|/ jhrjudsklf glvwdqfh pd| qrw frqvwlwxwh d ghwhuplqlqj

idfwru ri nqrzohgjh  rzv1

6 Shuvlvwhqfh ri Surgxfwlylw| Gl�huhqwldov

Lqgxvwu|0ohyho gdwd iurp 4: RHFG frxqwulhv duh frqvlghuhg= Dxvwudold/ Dxvwuld/

Ehojlxp/ Fdqdgd/ Ghqpdun/ Ilqodqg/ Iudqfh/ Jhupdq|/ Juhhfh/ Lwdo|/ Mdsdq/

Qhwkhuodqgv/ Qruzd|/ Sruwxjdo/ Vzhghq/ Xqlwhg Nlqjgrp/ dqg Xqlwhg Vwdwhv1

Wkh vdpsoh fryhuv 44 lqgxvwulhv wkdw vsdq wkh pdqxidfwxulqj vhfwru1 Wdeoh 4 olvwv

wkhvh lqgxvwulhv dqg wkhlu LVLF frghv1 Wkh dqqxdo gdwd iurp 4<:3 wr 4<<8 zhuh

uhwulhyhg iurp wkh VWDQ gdwdedvh +RHFG/ �bbb@,1

Iru wkh �0wk lqgxvwu| ri frxqwu| �/ wkh surgxfwlylw| dw wlph | lv phdvxuhg e|

*?A8��c�c| ' E*? T ��c�c| � *?T ��c�c|�� ��c�c| E*?u�c�c| � *?u�c�c|�

�
�
�� ��c�c|

�
E*?g�c�c| � *?g�c�c|� +4,

� ' �c ���c�� > � ' �c ���c �. > | ' �b.fc ���c �bbDc

zkhuh ��c�c| lv

��c�c| '
k�c�c| n k�c�c|

2
/ +5,

YD lv ydoxh dgghg/ O lv wrwdo hpsor|phqw/ N lv wkh fdslwdo vwrfn/ dqg k lv wkh

oderu frpshqvdwlrq vkduh ri wkh ydoxh dgghg1 ]�c�c| lv wkh dyhudjh ri ]�c�c| dfurvv �1

Htxdwlrq +4, lv wkh pxowlodwhudo wrwdo idfwru surgxfwlylw| +WIS, lqgh{ sursrvhg e|

Fdyhv/ Fkulvwhqvhq/ dqg Glhzhuw +�bH2@c K,1 Wklv WIS lqgh{ kdv vrph ghvludeoh

surshuwlhv lqfoxglqj vxshuodwlyhqhvv dqg wudqvlwlyhqhvv/ zklfk pdnh lw srvvleoh wr

frpsduh qdwlrqdo surgxfwlylw| ohyhov1 Vhh Kxowhq +2fff,/ iru h{dpsoh/ iru ixuwkhu

glvfxvvlrq rq wkh lqgh{1

<



Wkh ydoxhv ri wkh dyhudjh WIS lqgh{ iru hdfk frxqwu| dqg hdfk lqgxvwu| duh

jlyhq lq Wdeoh 51 Gdwd rq wkh dyhudjh surgxfwlylw| ri d frxqwu| duh jlyhq lq wkh

odvw froxpq1 Wkhuh duh frqvlghudeoh yduldwlrqv lq wkh surgxfwlylw| gdwd dfurvv

erwk lqgxvwulhv dqg frxqwulhv1 Lq prvw lqgxvwulhv/ wkh XV lv wkh prvw surgxfwlyh

hfrqrp|1 Zkhq doo wkh 44 lqgxvwulhv duh frqvlghuhg/ whq frxqwulhv kdyh d qhj0

dwlyh dyhudjh surgxfwlylw| lqgh{ zkloh vhyhq kdyh d srvlwlyh rqh1 Wkh XV kdv

wkh kljkhvw dyhudjh surgxfwlylw| lqgh{ +3175, dqg Sruwxjdo lv wkh ohdvw surgxfwlyh

hfrqrp|1 Ehfdxvh ri lwv surgxfwlylw| ohdghuvkls/ wkh XV lv xvhg dv d ehqfkpdun

lq frqvwuxfwlqj wkh surgxfwlylw|0gl�huhqwldo gdwd +Ehuqdug dqg Mrqhv/ �bbS@c K,1

Iurp d wkhruhwlfdo ylhzsrlqw/ wkh surgxfwlylw| odjjdugv fdwfk xs wr wkh ohdghuv/

iru h{dpsoh/ e| dgrswlqj wkh ohdghu*v whfkqrorj| +Eduur dqg Vdod0l0Pduwlq/ 4<<:>

Krzlww/ 5333,1 Wkhuhiruh/ lw lv ghvludeoh wr xvh wkh XV/ wkh surgxfwlylw| ohdghu/

dv wkh ehqfkpdun frxqwu| lq dvvhvvlqj wkh ghjuhh ri surgxfwlylw|0gl�huhqwldo shu0

vlvwhqfh1

Iroorzlqj wkh frpprq sudfwlfh/ zh xvh d wlph vhulhv vshfl�fdwlrq wr fkdudf0

whul}h gdwd shuvlvwhqfh1 Ohw f�c�c| @ ,?A8��c�c| eh wkh orjdulwkp ri wkh lqgxvwu| �*v

surgxfwlylw| lq frxqwu| � dw wlph |/ dqg f�cWc| lv wkh surgxfwlylw| yduldeoh ri wkh

ehqfkpdun frxqwu|1 Wkh surgxfwlylw| gl�huhqwldo lv jlyhq e| %�c�c| @ f�c�c|�f�cWc|1

Dvvxplqj wkdw wkh surgxfwlylw|0gl�huhqwldo vhulhv fdq eh dssur{lpdwhg e| d �qlwh0

rughu dxwruhjuhvvlyh surfhvv/

%�c�c| ' @�c� n K�c�cf%�c�c|3� n
R�c�3�[
&'�

K�c�c&{%�c�c|3& n 0�c�c| | ' �c ���c A +6,

Iru lqgxvwu| � ri frxqwu| �/ wkh phdq uhyhuvlrq frh!flhqw +�-��c� ' K�c�cf, lv xvhg

wr phdvxuh wkh ghjuhh ri shuvlvwhqfh18 Vshfl�fdoo|/ d odujh PUF lpsolhv d kljk

ohyho ri shuvlvwhqfh dqg d orqj wlph shulrg wr qduurz d surgxfwlylw| jds1 Wr jdlq

8 Wkh phdq uhyhuvlrq frh!flhqw lv frpprqo| xvhg wr jdxjh wkh shuvlvwhqfh ri d wlph vhulhv1
D vlplodu phdvxuh lv hpsor|hg e|/ iru h{dpsoh/ Fdpsd dqg Zroi +4<<:, wr phdvxuh wkh vshhg
ri frqyhujhqfh1
Lq wkh hvwlpdwlrq ri htxdwlrq +6,/ zh dovr doorzhg iru d wlph wuhqg1 Dv lw wxuqhg rxw wr eh

vwdwlvwlfdoo| lqvljql�fdqw/ wkh wlph wuhqg zdv gursshg wr jdlq h!flhqf|1
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h!flhqf|/ zh srrohg gdwd dfurvv frxqwulhv wr hvwlpdwh wkh frh!flhqwv1 Wkh Dndlnh

lqirupdwlrq fulwhulrq lv xvhg wr ghwhuplqh wkh odj ohqjwk sdudphwhu R�c�1 Wdeoh 6

frqwdlqv vrph ghvfulswlyh vwdwlvwlfv iru wkh hvwlpdwhg PUF1 Dfurvv lqgxvwulhv/

wkh dyhudjh PUF hvwlpdwhv duh ehwzhhq 31;6 +WDO, dqg 3167 +QIP,1 Dprqj

wkh frxqwulhv lq wkh vdpsoh/ Ghqpdun/ Lwdo|/ dqg Mdsdq kdyh wkh odujhvw dyhudjh

PUF hvwlpdwhv/ dqg Qruzd| kdv wkh vpdoohvw dyhudjh shuvlvwhqfh phdvxuh1 Wkh

vwdqgdug ghyldwlrqv dqg udqjh phdvxuhv +pd{lpxp dqg plqlpxp, frq�up wkdw

wkhuh lv d zlgh ydulhw| ri frqyhujhqfh ehkdylru dfurvv lqgxvwulhv dqg frxqwulhv

+Jdufld Sdvfxdo dqg Zhvwhupdqq/ 5334,19

7 Srwhqwldo Ghwhuplqdqwv

714 Pdunhw Vwuxfwxuh dqg Whfkqrorj| Gl�xvlrq

Wzr phdvxuhv ri frpshwlwlyhqhvv duh xvhg dv sur{lhv iru pdunhw vwuxfwxuh1 Wkh

�uvw yduldeoh lv wkh sulfh0frvw pdujlq +SFP,/ zklfk lv frpprqo| xvhg wr jdxjh

wkh ghjuhh ri prqrsrolvwlf ehkdylru ru pdunhw frpshwlwlyhqhvv +Grprzlw} hw do1/

�bHS> Fdpsd dqg Jrogehuj/ �bbD> Fkhxqj hw do1/ 2ff�,1 Iru lqgxvwu| � ri frxqwu|

� dw wlph |/ wkh SFP lv gh�qhg dv

����c�c| '
T ��c�c| �`�c�c|

8�c�c|

+7,

zkhuh Z lv wkh oderu frpshqvdwlrq dqg I lv wkh ydoxh ri wrwdo surgxfwlrq1 D kljk

ydoxh ri SFP uh hfwv d orz ghjuhh ri frpshwlwlrq lq wkh lqgxvwu|1 Wdeoh 7 suhvhqwv

vrph ghvfulswlyh vwdwlvwlfv iru wkh wlph dyhudjhv ri SFP hvwlpdwhv1 Wkh lqgxv0

wu| dqg frxqwu| dyhudjhv duh/ uhvshfwlyho|/ jlyhq lq wkh xsshu dqg orzhu sdqhov1

9 Xqlw urrw whvwv duh urxwlqho| dssolhg wr surgxfwlylw|0gl�huhqwldo vhulhv wr lqihu frqyhujhqfh1
Jlyhq wkh qrwrulrxvo| orz srzhu ri xqlw urrw whvwv/ lw lv yhu| gl!fxow iru wkh uhodwlyho| vkruw
dqqxdo gdwd vhulhv xqghu h{dplqdwlrq wr uhmhfw wkh xqlw urrw k|srwkhvlv1 Krzhyhu/ wkh frqvhq0
vxv dqg h{lvwlqj olwhudwxuh vxjjhvw wkdw pdqxidfwxulqj lqgxvwulhv lq wkhvh RFGH frxqwulhv duh
frqyhujlqj1 Khqfh/ frqyhujhqfh lv dvvxphg lq wkh vxevhtxhqw dqdo|vlv1 Dv d urexvwqhvv fkhfn/
zh dovr uhsruw wkh vshfl�fdwlrq wkdw dffrpprgdwhv gl�huhqw frqyhujhqfh ehkdylru lq Vhfwlrq
8151
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Dffruglqj wr wkh SFP phdvxuh/ wkh qrq0phwdoolf plqhudo +QPP, lqgxvwu| lv wkh

ohdvw frpshwlwlyh lqgxvwu| dqg wkh lurq dqg vwhho +LVW, lqgxvwu| lv wkh prvw frp0

shwlwlyh rqh1 Wkh prvw dqg ohdvw frpshwlwlyh frxqwulhv duh/ uhvshfwlyho|/ Vzhghq

dqg Juhhfh1 Dv uh hfwhg e| vwdqgdug ghyldwlrqv dqg udqjhv/ wkhuh lv frqvlghudeoh

yduldwlrq ri SFP lq wkh gdwd wkrxjk lw lv qrw dv yduldeoh dv PUF1

Wkh lqgh{ ri lqwud0lqgxvwu| wudgh +LLW, lv rxu vhfrqg sur{| iru pdunhw vwuxf0

wxuh1 Lw xvhv wkh ghjuhh ri surgxfw gl�huhqwldwlrq wr fkdudfwhul}h wkh qdwxuh ri

frpshwlwlrq lq d pdunhw1 Iru lqgxvwu| � ri frxqwu| � dw wlph |/ wkh LLW lqgh{ lv

+Juxeho dqg Oor|g/ �b.D,

UUA�c�c| ' ��
m.f�c�c| � U��c�c|m

.f�c�c| n U��c�c|

+8,

zkhuh H[ dqg LP uhsuhvhqw h{sruwv dqg lpsruwv/ uhvshfwlyho|1 Wkh lqwud0lqgxvwu|

wudgh lqfuhdvhv dv wkh lqgh{ lqfuhdvhv iurp 3 wr 41 D kljk ohyho ri lqwud0lqgxvwu|

wudgh lv v|perolf ri d kljk ghjuhh ri surgxfw gl�huhqwldwlrq +Khospdq dqg Nuxj0

pdq/ �bHD,/ zklfk lv dvvrfldwhg zlwk d vwurqj suhvhqfh ri prqrsrolvwlf frpshwl0

wlrq lq wkh lqgxvwu| +Gl{lw dqg Vwljolw}/ �b..,1:

Vrph ghvfulswlyh vwdwlvwlfv iru lqgxvwu| dqg frxqw| dyhudjhv ri LLW hvwlpdwhv

duh jlyhq lq Wdeoh 81 Dffruglqj wr wkh lqgxvwu| dyhudjhv/ wkh fkhplfdo surgxfwv

lqgxvwu| +FKS, kdv wkh prvw lqwhqvlyh lqwud0lqgxvwu| wudgh1 Wkh vdph lqgxvwu|

dovr kdv d uhodwlyho| qduurz udqjh ri LLW hvwlpdwhv/ zklfk duh doo odujhu wkdq 318

dqg lqglfdwlyh ri d kljk ohyho ri lqwud0lqgxvwu| wudgh dfurvv wkh vdpsoh frxqwulhv1

Wkh zrrg surgxfwv dqg ixuqlwxuh +ZRG, lqgxvwu| kdv wkh orzhvw dyhudjh LLW

hvwlpdwh/ exw wkh hvwlpdwhv glvsod| d zlgh udqjh +ehwzhhq 3144<7 dqg 31;3;;,

dfurvv frxqwulhv1 Rq frxqwu| dyhudjhv/ wkh fruh Hxurshdq Xqlrq frxqwulhv kdyh

wkh odujhvw LLW hvwlpdwhv +Ehojlxp/ Iudqfh/ Qhwkhuodqgv/ dqg Jhupdq|, zkloh

Dxvwudold kdv wkh vpdoohvw1

Wkh wzr sur{lhv/ SFP dqg LLW/ iru pdunhw vwuxfwxuh duh frqvwuxfwhg gl�hu0

: Wkh LLW lqgh{ lv xvhg wr phdvxuh wkh ghjuhh ri frpshwlwlyhqhvv e|/ iru h{dpsoh/ Fkhxqj
hw do1 +5334,1
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hqwo|1 Wkh iruphu rqh irfxvhv rq wkh sulfh dqg frvw vwuxfwxuh dqg wkh odwwhu rq

surgxfw khwhurjhqhlw|1 Wkh| uhsuhvhqw wzr gl�huhqw dssurdfkhv wr ghvfuleh wkh

pdunhw vwuxfwxuh ri dq lqgxvwu|1 Lw lv olnho| wkdw wkhvh wzr phdvxuhv fdswxuh gli0

ihuhqw dvshfwv ri prqrsrolvwlf ehkdylru1 Lq idfw/ wkh vdpsoh fruuhodwlrq ehwzhhq

SFP dqg LLW lv txlwh vpdoo/ 03135/ dqg lv qrw vljql�fdqwo| gl�huhqw iurp }hur1

Wkxv/ wkh xvh ri erwk SFP dqg LLW r�huv d ehwwhu fkdqfh wr uhyhdo wkh pdunhw

vwuxfwxuh h�hfw1

Wzr gl�huhqw sur{| yduldeohv/ wkh qxpehu ri sdwhqw dssolfdwlrqv dqg sd|phqw

iru ur|dowlhv dqg olfhqvhv/ duh xvhg wr txdqwli| whfkqrorj| gl�xvlrq1 Wkh gdwd

zhuh uhwulhyhg iurp wkh Edvlf Vflhqfh dqg Whfkqrorj| Vwdwlvwlfv +RHFG/ �bbbK�

dqg XV Ghsduwphqw ri Frpphufh +5334,1 Wkh gdwd rq wkhvh wzr sur{| yduldeohv

duh dydlodeoh dw wkh frxqwu| ohyho exw qrw wkh lqgxvwu| ohyho1 Wkh xvh ri frxqwu|0

ohyho gdwd pd| ohdg wr lpsuhflvh hvwlpdwlrq ri wkh h�hfw ri whfkqrorj| gl�xvlrq

rq surgxfwlylw|0gl�huhqwldo shuvlvwhqfh1

Vlqfh wkh XV lv wkh ehqfkpdun frxqwu|/ wkh sdwhqw dssolfdwlrq yduldeoh lv gh0

�qhg dv wkh udwlr ri wkh qxpehu ri XV sdwhqw dssolfdwlrqv wr wkh wrwdo qxpehu

ri sdwhqw dssolfdwlrqv lq wkh pdqxidfwxulqj lqgxvwu| ri frxqwu| � +Md�h dqg Wud0

mwhqehuj/ �bHS> Hdwrq dqg Nruwxp/ �bbS/ �bbb> Eudqvwhwwhu/ 2fff,1 Wkh yduldeoh

lv ghqrwhg dv ��AbL7�c|1 E| wkh vdph wrnhq/ wkh ur|dowlhv dqg olfhqvhv yduldeoh

lv gh�qhg dv wkh dprxqw ri ur|dowlhv dqg olfhqvh ihhv sdlg e| wkh XV d!oldwhv

qrupdol}hg e| wkh XV iruhljq gluhfw lqyhvwphqw srvlwlrq lq d jlyhq frxqwu| +[x/

2fff, dqg lv ghqrwhg dv 8(Ub-�t�c|1

Wdeoh 9 suhvhqwv wkh hvwlpdwhv ri wkhvh wzr sur{| yduldeohv dqg vrph ghvfuls0

wlyh vwdwlvwlfv1 Lw lv lqwhuhvwlqj wr qrwh wkdw Fdqdgd kdv d odujh ��AbL7�c|

hvwlpdwh exw d uhodwlyho| vpdoo 8(Ub-�t�c| qxpehu1 Lq wkh fdvh ri Mdsdq/ wkh

��AbL7�c| hvwlpdwh lv vpdoo exw 8(Ub-�t�c| lv dprqj wkh odujhvw1 Dssduhqwo|/

��AbL7�c| dqg 8(Ub-�t�c| duh wzr dowhuqdwlyh zd|v wr fdswxuh whfkqrorj| gli0

ixvlrq1 Lq idfw/ wkh vdpsoh fruuhodwlrq ehwzhhq ��AbL7�c| dqg 8(Ub-�t�c| lv

031895> lqglfdwlqj wkdw wkhvh wzr sur{lhv duh wzr frpsohphqwdu| phdvxuhv1
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715 Frqwuro Yduldeohv

Iroorzlqj Ehqkdele dqg Vslhjho +�bbe,/ wkh dyhudjh |hdu ri vfkrrolqj lv xvhg dv

wkh sur{| iru wkh frxqwu|*v vwrfn ri kxpdq fdslwdo dqg lv ghqrwhg dv M��c| +Shqq

Zruog Wdeohv 819,1 U)G lqwhqvlw| +-:(�c�c|, lv phdvxuhg dv wkh udwlr ri wkh U)G

h{shqglwxuh wr wkh wrwdo surgxfwlrq lq lqgxvwu| � ri frxqwu| � dw wlph |1; Vlplodu

phdvxuhv kdyh ehhq xvhg wr lqyhvwljdwh wkh h�hfw ri grphvwlf dqg iruhljq U)G

h{shqglwxuhv rq surgxfwlylw| dqg jurzwk +Frh dqg Khospdq/ �bbD> Frh hw do1/

�bbS,1 Wkh sk|vlfdo lqyhvwphqw qrupdol}hg e| wrwdo surgxfwlrq lq lqgxvwu| � ri

frxqwu| � dw wlph |/ zklfk phdvxuhv wkh sk|vlfdo lqyhvwphqw lqwhqvlw|/ lv xvhg dv

wkh sur{| iru vxqn frvwv +7L�g�c�c|,1< Gdwd rq erwk -:(�c�c| dqg 7L�g�c�c|

duh iurp wkh Pdlq Lqgxvwuldo Lqglfdwruv/ RHFG +�bbbS,1

Wkh jryhuqphqw vshqglqj +C�T�c|, yduldeoh iru frxqwu| � dw wlph | lv gh�qhg e|

wkh jryhuqphqw frqvxpswlrq dv d vkduh ri JGS +Lqwhuqdwlrqdo Ilqdqfldo Vwdwlv0

wlfv/ FG0URP/ 2ff�,1 Wkh yduldeoh lv frpprqo| xvhg lq wkh hpslulfdo jurzwk

olwhudwxuh wr h{sodlq furvv0frxqwu| gl�huhqfhv lq shu fdslwd lqfrph +Eduur dqg

Vdod0l0Pduwlq/ �bbD,1 Wkh ghjuhh ri rshqqhvv +��.��c�c|, lq hdfk lqgxvwu| lv

phdvxuhg e| lpsruwv ryhu wrwdo surgxfwlrq lq lqgxvwu| � ri frxqwu| � dw wlph |

+Urphu/ 4<<6,1 Wkh uhtxluhg gdwd zhuh gudzq iurp RHFG +�bbb@,1 Ilqdoo|/ wkh

glvwdqfh yduldeoh +(U7A�� lv gh�qhg e| wkh jhrjudsklfdo glvwdqfh ehwzhhq wkh

vwdwh fdslwdo ri frxqwu| � dqg wkdw ri wkh XV +Eduur dqg Ohh/ 4<<6,1

8 Hvwlpdwlrq Uhvxowv

Xvlqj wkh hpslulfdo yduldeohv glvfxvvhg lq wkh suhylrxv vhfwlrqv/ zh h{dplqh wkh

ghwhuplqdqwv ri surgxfwlylw|0gl�huhqwldo shuvlvwhqfh1 Zh frqvlghu wkh iroorzlqj

; Iru vrph lqgxvwulhv lq Sruwxjdo dqg Juhhfh/ wkh gdwd duh qrw dydlodeoh1 Lq wkhvh fdvhv/ wkh
U)G lqwhqvlw| yduldeohv lq wkh fruuhvsrqglqj Vsdqlvk lqgxvwulhv duh xvhg1

< Fdpsd +4<<6,/ iru h{dpsoh/ xvhv wkh udwlr ri wkh h{shqglwxuhv rq lqirupdwlrq dqg dg0
yhuwlvlqj wr vdohv dv d phdvxuh ri vxqn frvwv iru wkh lqgxvwulhv zlwk d uhodwlyho| vpdoo sk|vlfdo
lqyhvwphqw1
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zkhuh � +@ 4/111/44, lv wkh lqgxvwuldo lqgh{/ � +@4/111/49, lv wkh frxqwu| lqgh{/ k

lv d frqvwdqw whup/ B� lv d lqgxvwu|0vshfl�f gxpp| yduldeoh/ dqg 0 lv wkh uhvlgxdo

whup1 Doo wkh uljkw0kdqg0vlgh yduldeohv duh wkh vdpsoh dyhudjhv ryhu wkh 4<:30

4<<8 shulrg dqg duh h{suhvvhg lq qdwxudo orjdulwkpv/ d frpprq sudfwlfh lq wkh

olwhudwxuh143 Zlwk wkh frqwuro yduldeohv lq doo wkh wkuhh vshfl�fdwlrqv/ htxdwlrq

+9, vwxglhv wkh pdunhw vwuxfwxuh h�hfw/ +:, irfxvhv rq wkh whfkqrorj| gl�xvlrq

h�hfw/ dqg +;, h{dplqhv wkh frpelqhg h�hfwv1

814 Pxowlsoh0Htxdwlrq Uhjuhvvlrq

Lq wklv vxevhfwlrq/ zh hvwlpdwh wkh wkuhh vshfl�fdwlrqv xvlqj doo wkh dydlodeoh gdwd1

Wzr gl�huhqw hvwlpdwlrq surfhgxuhv duh frqvlghuhg= vhhplqjo| xquhodwhg uhjuhv0

vlrq +VXU, dqg ixoo lqirupdwlrq pd{lpxp olnholkrrg hvwlpdwlrq1 Wkh uhvxowv iurp

wkhvh wzr hvwlpdwlrq phwkrgv wxuq rxw wr eh txlwh vlplodu1 Iru euhylw|/ zh rqo|

uhsruwhg wkh VXU uhvxowv lq Wdeoh :1

43 Lqghhg/ wkh xvh ri wkh gdwd wkhpvhoyhv |lhogv txdolwdwlyho| vlplodu uhvxowv/ zklfk duh dydlodeoh
iurp wkh dxwkruv1
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Wkh hvwlpdwhv iurp wkh �uvw prgho vshfl�fdwlrq duh jlyhq xqghu +V4,1 Wkh

+V4*, froxpq uhsruwv wkh fdvh lq zklfk wkh lqvljql�fdqw frqwuro yduldeohv duh h{0

foxghg1 Wkh hvwlpdwlrq uhvxowv lqglfdwh d vwurqj pdunhw vwuxfwxuh h�hfw rq wkh

ohyho ri surgxfwlylw|0gl�huhqwldo shuvlvwhqfh1 Iru lqvwdqfh/ lq wkh suhvhqfh ri doo

wkh frqglwlrqlqj yduldeohv/ erwk SFP dqg LLW +wkh sur{lhv iru pdunhw prqrsrolv0

wlf ehkdylru, kdyh d vljql�fdqw srvlwlyh h�hfw rq wkh shuvlvwhqfh ri surgxfwlylw|

gl�huhqwldov1 Wklv �qglqj lv uhodwhg wr wkrvh ri Qlfnhoo +�bbS, dqg Eoxqghoo hw do1

+�bbD,/ zkr �qg d srvlwlyh uhodwlrqvkls ehwzhhq surgxfw pdunhw frpshwlwlrq dqg

surgxfwlylw| jurzwk dqg ohqg vxssruw wr wkh suhglfwlrq ri Djklrq hw do1 +�bb.@c K,1

Wkh frh!flhqwv ri prvw frqglwlrqlqj yduldeohv kdyh wkh h{shfwhg vljq1 Krz0

hyhu/ rqo| jryhuqphqw vshqglqj +JRY, dqg kxpdq fdslwdo +KF, duh olnho| wr kdyh

d vwdwlvwlfdoo| vljql�fdqfh h�hfw rq surgxfwlylw|0gl�huhqwldo shuvlvwhqfh1 Lq idfw/

zkhq wkh rwkhu lqvljql�fdqw frqwuro yduldeohv duh h{foxghg/ wkh jryhuqphqw vshqg0

lqj yduldeoh lv pdujlqdoo| vljql�fdqw dqg wkh kxpdq fdslwdo yduldeoh lv vljql�fdqw

dw wkh frqyhqwlrqdo ohyho1 D kljkhu ohyho ri jryhuqphqw vshqglqj lv dvvrfldwhg zlwk

d kljkhu ghjuhh ri surgxfwlylw|0gl�huhqwldo shuvlvwhqfh/ d uhvxow wkdw lv frpsdudeoh

wr wkh rqh lq Eduur dqg Vdod0l0Pduwlq +4<<8,1 Rq wkh kxpdq fdslwdo h�hfw/ wkh

qhjdwlyh h�hfw lv frqvlvwhqw zlwk wkh �qglqj wkdw kxpdq fdslwdo lv d vrxufh ri

oderu surgxfwlylw| gl�huhqfhv dfurvv frxqwulhv +Kdoo dqg Mrqhv/ �bbb,1

Wkh h�hfw ri whfkqrorj| gl�xvlrq rq wkh shuvlvwhqfh ri surgxfwlylw| gl�huhqfhv/

dv jlyhq lq htxdwlrq +:,/ lv uhsruwhg xqghu +V5, dqg +V5*, lq Wdeoh :1 Hyhq

wkrxjk wkh wzr sur{lhv iru whfkqrorj| gl�xvlrq kdyh d qhjdwlyh frh!flhqw/ erwk

yduldeohv duh vwdwlvwlfdoo| lqvljql�fdqw1 Wkh frh!flhqwv ri frqwuro yduldeohv kdyh

wkh h{shfwhg vljq/ exw doo ri wkhp duh lqvljql�fdqw1 Zkhq wkh lqvljql�fdqw frqwuro

yduldeohv duh h{foxghg/ wkh sdwhqw yduldeoh lv pdujlqdoo| vljql�fdqw1

Lq dq hpslulfdo vwxg|/ Nhoohu +2fff, �qgv zhdn hylghqfh lq idyru ri lqwhuqd0

wlrqdo whfkqrorj| vslooryhuv lq wkh RHFG frxqwulhv iru d vlplodu vdpsoh shulrg1

Klv hpslulfdo vwxg| ohqgv pruh vxssruw wr wkh jhrjudsklfdo orfdolw| ri whfkqrorj0

lfdo vslooryhuv1 \hw/ kh dovr srlqwv rxw wkdw wkh joredol}dwlrq ri vslooryhuv vhhp wr
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kdyh lqfuhdvhg ryhu wlph1 Wkh zhdn hylghqfh uhyhdohg lq +V5, dqg +V5*, pd| eh

uhodwhg wr gdwd txdolw|1 Xqolnh wkh pdunhw vwuxfwxuh sur{| yduldeohv/ wkh whfkqro0

rj| gl�xvlrq sur{lhv duh frxqwu|0ohyho exw qrw lqgxvwu|0vshfl�f gdwd1 Wklv pd|

pdnh lw gl!fxow wr hvwlpdwh wkh whfkqrorj| gl�xvlrq h�hfw suhflvho|1

Zkdw duh wkh h�hfwv ri pdunhw vwuxfwxuh dqg whfkqrorj| gl�xvlrq rq wkh shu0

vlvwhqfh ri surgxfwlylw| gl�huhqwldov zkhq erwk w|shv ri sur{lhv duh vlpxowdqhrxvo|

lqfoxghg lq wkh uhjuhvvlrqB Wkh hvwlpdwhv uhsruwhg xqghu +V6, dqg +V6*, lq Wdeoh :

lqglfdwh wkdw wkh pdunhw vwuxfwxuh sur{| yduldeohv uhpdlq srvlwlyh dqg vljql�fdqw

lq wkh frpelqhg prgho1 Dssduhqwo|/ wkh suhvhqfh ri whfkqrorj| gl�xvlrq yduldeohv

kdv qr reylrxv lpsdfw rq wkh hvwlpdwhg h�hfwv ri erwk SFP dqg LLW1 Wkh frhi0

�flhqw hvwlpdwhv ri SFP dqg LLW duh yhu| vlplodu wr wkrvh xqghu vshfl�fdwlrqv

+V4, dqg +V4*, lq whupv ri pdjqlwxgh dqg ohyho ri vljql�fdqfh1 Wkh vljql�fdqfh

ri wkh whfkqrorj| gl�xvlrq sur{| yduldeohv ghshqgv rq wkh frqwuro yduldeohv1 Wkh

h{foxvlrq ri wkh kljko| lqvljql�fdqw frqwuro yduldeohv hqkdqfhv wkh ohyho ri vljql�0

fdqfh ri wkh sdwhqw yduldeoh +SDWbXV,1 Lw vhhpv wkh SDWbXV lv wkh whfkqrorj|

gl�xvlrq yduldeoh wkdw kdv d frqvlvwhqw lpsdfw rq surgxfwlylw|0gl�huhqwldo shuvlv0

whqfh dfurvv vshfl�fdwlrqv1 Djdlq/ wkh frh!flhqwv ri wkh frqwuro yduldeohv kdyh wkh

h{shfwhg vljq exw rqo| wkh JRY dqg KF yduldeohv duh +pdujlqdoo|, vljql�fdqw1

Ryhudoo/ wkhuh lv vwurqj hylghqfh rq wkh h�hfw ri pdunhw vwuxfwxuh rq wkh

surgxfwlylw|0gl�huhqwldo shuvlvwhqfh1 D kljkhu ghjuhh ri prqrsrolvwlf frpshwl0

wlrq lpsolhv d kljkhu ohyho ri shuvlvwhqfh dqg d orqjhu wlph wr dfklhyh rxwsxw

frqyhujhqfh dfurvv frxqwulhv1 Wkh whfkqrorj| gl�xvlrq h�hfw lv/ krzhyhu/ qrw xq0

dpeljxrxv1 Zkloh wkh sdwhqw yduldeoh pd| eh vljql�fdqw/ wkh ur|dowlhv dqg olfhqvh

ihhv yduldeoh grhv qrw dsshdu wr h�hfw surgxfwlylw|0gl�huhqwldo shuvlvwhqfh1 Iru

wkh frqwuro yduldeohv/ wkh| whqg wr kdyh wkh h{shfwhg h�hfw1 Krzhyhu/ lw lv olnho|

wkdw rqo| wzr ri wkh vl{ frqwuro yduldeohv/ jryhuqphqw vshqglqj dqg kxpdq fdslwdo/

kdyh d vwdwlvwlfdoo| vljql�fdqw lpsdfw rq surgxfwlylw|0gl�huhqwldo shuvlvwhqfh1
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815 Txdolwdwlyh Uhvsrqvh Dqdo|vlv

Lq wklv vxevhfwlrq/ zh frqvlghu d prgl�hg phdq uhyhuvlrq frh!flhqw +�-�W

�c�,

zklfk dffrxqwv iru gl�huhqw w|shv ri frqyhujhqfh ehkdylru1 Wkh prgl�hg phdq

uhyhuvlrq frh!flhqw lv gh�qhg dv

�-�W
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;AAAAA?
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f li �-��c� � f
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� li �-��c� � �
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D sulrul/ zh dqwlflsdwh wkh surgxfwlylw|0gl�huhqwldo shuvlvwhqfh lv d�hfwhg e| pdu0

nhw vwuxfwxuh dqg whfkqrorj| gl�xvlrq zkhq qdwlrqdo rxwsxw gdwd duh frqyhujlqj>

l1h1 zkhq f 	 �-��c� 	 �1 Zkhq �-��c� � �/ wkh uhodwlrqvkls pd| h{shulhqfh

d fkdqjh ru lv qr orqjhu gh�qhg1 Rq wkh rwkhu kdqg/ zkhq �-��c� � f/ wkh

surgxfwlylw|0gl�huhqwldo vhulhv pd| glvsod| rvfloodwlqj ehkdylru/ zklfk lpsolhv do0

whuqdwlrq ri whfkqrorj| ohdghuvkls ehwzhhq frxqwulhv1 Xqghu vxfk flufxpvwdqfhv/

lw pd| eh d fkdqjh lq wkh qdwxuh ri wkh pdunhw vwuxfwxuh dqg whfkqrorj| gl�xvlrq

h�hfwv1 Wkh xvh ri wkh prgl�hg phdq uhyhuvlrq frh!flhqw h{solflwo| doorzv iru wkh

txdolwdwlyh fkdqjhv dvvrfldwhg zlwk wkh uhjuhvvdqg144

Wkh txdolwdwlyh uhvsrqvh dqdo|vlv lv xvhg wr vwxg| wkh prgho zlwk �-�W

�c�

dv wkh uhjuhvvdqg1 Vshfl�fdoo|/ wkh fhqvruhg0uhjuhvvlrq prgho lv xvhg dqg lwv orj

olnholkrrg ixqfwlrq lv +Dphpl|d/ 4<;8,
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+43,

zkhuh wkh uhvlgxdo whup 0 iroorzv d qrupdo glvwulexwlrq � Efc j2�/ s d�o dqg 8 d�o duh

wkh qrupdo ghqvlw| dqg fxpxodwlyh glvwulexwlrq ixqfwlrqv/ ��c� frqwdlqv wkh uhoh0

44 Iru d wrwdo ri 4:6 revhuydwlrqv/ wkhuh duh 43 fdvhv lq zklfk PUFl>m � 3 dqg : fdvhv
PUFl>m � 41
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ydqw h{sodqdwru| yduldeohv/ dqg � lv wkh dvvrfldwhg yhfwru ri sdudphwhuv1 Wkh xvh

ri orjlw glvwulexwlrq/ dqrwkhu frpprqo| xvhg vshfl�fdwlrq lq txdolwdwlyh uhvsrqvh

prghov/ jlyhv yhu| vlplodu hvwlpdwlrq uhvxowv145

Wkh fhqvruhg0uhjuhvvlrq uhvxowv iru wkh wkuhh vshfl�fdwlrqv duh uhsruwhg lq

Wdeoh ;1 Djdlq/ iru hdfk vshfl�fdwlrq/ zh �uvw lqfoxgh doo wkh vl{ frqwuro yduldeohv

dqg wkhq h{foxgh wkh lqvljql�fdqw rqhv1 Wkh uhvxowv fdq eh vxppdul}hg dv iroorzv1

Iluvw/ erwk sur{lhv iru pdunhw vwuxfwxuh/ SFP dqg LLW/ kdyh d vljql�fdqw dqg

srvlwlyh h�hfw rq surgxfwlylw|0gl�huhqwldo shuvlvwhqfh1 Wkh uhvxow lv vlplodu wr wkh

VXU rqh1 Wkh hvwlpdwhv fohduo| vkrz wkdw erwk phdvxuhv ri frpshwlwlyhqhvv

duh kljko| vljql�fdqw dqg frpshwlwlrq uhgxfhv wkh shuvlvwhqfh ri surgxfwlylw|

gl�huhqwldov1

Vhfrqg/ wkh wzr whfkqrorj| gl�xvlrq sur{lhv/ SDWbXV dqg IGLbUR\/ ehkdyh

gl�huhqwo|1 Rq wkh rqh kdqg/ wkh sdwhqw yduldeoh SDWbXV glvsod|v d vljql�fdqwo|

qhjdwlyh h�hfw rq surgxfwlylw|0gl�huhqwldo shuvlvwhqfh> dq hylghqfh wkdw lv frqvlv0

whqw zlwk wkh qrwlrq ri furvv0frxqwu| whfkqrorj| gl�xvlrq hqfrxudjhv surgxfwlylw|

fdwfk0xs1 Rq wkh rwkhu kdqg/ wkh IGL yduldeoh/ IGLbUR\/ kdv d qhjdwlyh exw

lqvljql�fdqw frh!flhqw1

Wklug/ lq prvw fdvhv/ wkh frh!flhqwv ri wkh vl{ frqwuro yduldeohv kdyh wkh

h{shfwhg vljq1 Zlwk wkh h{fhswlrqv ri JRY dqg KF/ krzhyhu/ wkhvh frh!flhqwv

duh qrw vwdwlvwlfdoo| vljql�fdqw1 Wkh jryhuqphqw vshqglqj yduldeoh/ JRY/ vkrzv

d pdujlqdoo| vljql�fdqw h�hfw lq wkh suhvhqfh ri sur{lhv iru erwk pdunhw vwuxfwxuh

dqg whfkqrorj| gl�xvlrq1

Lq vxp/ wkh pdunhw vwuxfwxuh dqg whfkqrorj| gl�xvlrq h�hfwv duh txlwh urexvw

wr yduldwlrqv lq prgho vshfl�fdwlrq dqg hvwlpdwlrq phwkrg1

45 Uhvxowv edvhg rq wkh Orjlw glvwulexwlrq duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1
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9 Frqfoxglqj Uhpdunv

Zh hpslulfdoo| lqyhvwljdwh wkh ghwhuplqdqwv ri furvv0frxqwu| gl�huhqfhv lq wkh

shuvlvwhqfh ri surgxfwlylw| gl�huhqwldov1 Vshfl�fdoo|/ zh irfxv rq wkh pdunhw vwuxf0

wxuh dqg whfkqrorj| gl�xvlrq/ wzr idfwruv wkdw kdyh uhfhlyhg olplwhg dwwhqwlrq lq

wkh hpslulfdo jurzwk olwhudwxuh1 Gdwd iurp 44 pdlq pdqxidfwxulqj lqgxvwulhv

ri 4: RHFG frxqwulhv duh h{dplqhg1 Xvlqj wkh XV dv wkh ehqfkpdun/ zh �qg

vljql�fdqw yduldwlrqv lq wkh frqyhujhqfh ehkdylru dfurvv lqgxvwulhv dprqj wkhvh

frxqwulhv1 Wkh frqyhujhqfh udwh udqjhv iurp d yhu| orz wr d yhu| kljk ohyho1

Rxu hpslulfdo dqdo|vlv uhyhdov d vljql�fdqw pdunhw vwuxfwxuh h�hfw exw d zhdn

whfkqrorj| gl�xvlrq lq xhqfh1 Lw lv irxqg wkdw wkh wzr sur{lhv iru pdunhw lp0

shuihfwlrq +wkh sulfh0frvw pdujlq dqg lqwud0lqgxvwu| wudgh lqgh{, kdyh d qhjdwlyh

h�hfw rq surgxfwlylw|0gl�huhqwldo shuvlvwhqfh1 D prqrsrolvwlf pdunhw vwuxfwxuh

whqgv wr klqghu frqyhujhqfh dqg surorqj wkh suhvhqfh ri surgxfwlylw| jds1 Wkh

pdunhw vwuxfwxuh h�hfw dsshduv urexvw wr ydulrxv prgho vshfl�fdwlrqv dqg hvwl0

pdwlrq phwkrgv1

Iru wkh wzr whfkqrorj| gl�xvlrq sur{| yduldeohv/ rqo| wkh XV sdwhqw dssol0

fdwlrqv yduldeoh lv zhdno| vljql�fdqw lq vrph vshfl�fdwlrqv1 Wkh rwkhu sur{|

yduldeoh/ wkh dprxqw ri ur|dowlhv dqg olfhqvh ihhv/ glvsod|v qr glvfhuqleoh h�hfw

rq wkh shuvlvwhqfh ri surgxfwlylw| gl�huhqwldov1 Dprqj wkh vl{ frqwuro yduldeohv/

rqo| jryhuqphqw vshqglqj dqg kxpdq fdslwdo duh olnho| wr kdyh d vljql�fdqw h�hfw1

Vshfl�fdoo|/ lw lv irxqg wkdw surgxfwlylw| frqyhujhqfh lv hqkdqfhg e| lpsuryhphqw

lq kxpdq fdslwdo exw ghwhuuhg e| jryhuqphqw vshqglqj1

Zkloh wkh fxuuhqw vwxg| suhvhqwv vrph vljql�fdqw uhvxowv/ d odujh sursruwlrq

ri yduldwlrq lq furvv0frxqwu| dqg furvv0lqgxvwu| surgxfwlylw| gl�huhqwldov uhpdlqv

xqh{sodlqhg1 Ixuwkhu uhvhdufk/ iru h{dpsoh/ hpsor|lqj ehwwhu gdwd rq whfkqrorj|

gl�xvlrq dqg rwkhu lqgxvwu|0ohyho idfwruv lv zduudqwhg wr jdlq ixuwkhu lqvljkwv rq

wkh ghwhuplqdqwv ri wkh shuvlvwhqfh ri surgxfwlylw| gl�huhqwldov1
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Uhihuhqfhv

Djklrq S1/ Ghzdwulsrqw P1/ Uh| S1/ 4<<:d1 Frusrudwh jryhuqdqfh/ frpsh0
wlwlrq srolf| dqg lqgxvwuldo srolf|1 Hxurshdq Hfrqrplf Uhylhz 74= :<:0;381

Djklrq S1/ Kduulv F1/ Ylfnhuv M1/ 4<<:e1 Frpshwlwlrq dqg jurzwk zlwk vwhs0
e|0vwhs lqqrydwlrq= dq h{dpsoh1 Hxurshdq Hfrqrplf Uhylhz 74=::40;51

Djklrq S1/ Krzlww S1/ 4<<51 D prgho ri jurzwk wkurxjk fuhdwlyh ghvwuxfwlrq1
Hfrqrphwulfd 93 = 65606841

Dphpl|d W1/ 4<;81 Dgydqfhg Hfrqrphwulfv1 Edvlo Eodfnzhoo1

Eduur U1M1/ 4<<31 Jryhuqphqw vshqglqj lq d vlpsoh prgho ri hqgrjhqrxv
jurzwk1 Mrxuqdo ri Srolwlfdo Hfrqrp| <; = 43604581

Eduur U1M1/ 4<<41 Hfrqrplf jurzwk lq d furvv vhfwlrq ri frxqwulhv1 Txduwhuo|
Mrxuqdo ri Hfrqrplfv 439= 73:07761

Eduur U1M1/ Ohh O1/ 4<<61 Lqwhuqdwlrqdo frpsdulvrqv ri hgxfdwlrqdo dwwdlq0
phqw1 Mrxuqdo ri Prqhwdu| Hfrqrplfv 65= 69606<7

Eduur U1M1/ Pdqnlz J1/ Vdod0l0Pduwlq [1/ 4<<81 Fdslwdo prelolw| lq qhrfodv0
vlfdo jurzwk prghov1 Dphulfdq Hfrqrplf Uhylhz ;8= 43604481

Eduur U1M1/ Vdod0l0Pduwlq [1/ 4<<81 Hfrqrplf Jurzwk1 PfJudz Kloo Lqf1

Eduur U1M1/ Vdod0l0Pduwlq [1/ 4<<:1 Whfkqrorjlfdo gl�xvlrq/ frqyhujhqfh/
dqg jurzwk1 Mrxuqdo ri Hfrqrplf Jurzwk 5= 40591

Edxpro Z1/ 4<;91 Surgxfwlylw| jurzwk/ frqyhujhqfh/ dqg zhoiduh1 Dphulfdq
Hfrqrplf Uhylhz :9= 43:5043;81

Edxpro Z1/ Eodfnpdq V1D1/ Zroi H1/ 4<;<1Surgxfwlylw| dqg Dphulfdq Ohdg0
huvkls= Wkh Orqj Ylhz1 PLW Suhvv/ Fdpeulgjh PD1

Ehq0Gdylg G1/ 4<<61 Htxdol}lqj h{fkdqjh= Wudgh olehudol}dwlrq dqg lqfrph
frqyhujhqfh1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;= 98609:<1

Ehq0Gdylg G1/ 4<<91 Wudgh dqg frqyhujhqfh dprqj frxqwulhv1 Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv 73= 5:<05<;

Ehqkdele M1/ Vslhjho P1/ 4<<71 Wkh Uroh ri kxpdq fdslwdo lq hfrqrplf ghyho0
rsphqw= Hylghqfh iurp djjuhjdwh furvv0frxqwu| gdwd1 Mrxuqdo ri Prqhwdu|

Hfrqrplfv 67= 47604:61

Ehuqdug D1E1/ Mrqhv F1L1/ 4<<9d1 Frpsdulqj dssohv dqg rudqjhv= surgxfwly0
lw| frqyhujhqfh dqg phdvxuhphqw dfurvv lqgxvwulhv dqg frxqwulhv1 Dphulfdq
Hfrqrplf Uhylhz ;9 = 45490456;1
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Ehuqdug D1E1/ Mrqhv F1L1/ 4<<9e1 Surgxfwlylw| dfurvv lqgxvwulhv dqg frxq0
wulhv= wlph vhulhv wkhru| dqg hylghqfh1 Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlv0

wlfv :; = 46804791

Eoxqghoo U1/ Jul!wk U1/ Ydq Uhhqhq M1/ 4<<81 G|qdplf Frxqw Gdwd Prghov
ri Whfkqrorjlfdo Lqqrydwlrq1 Wkh Hfrqrplf Mrxuqdo 438= 66606771

Eudqvwhwwhu O1/ 53331 Lv IGL d fkdqqho ri nqrzohgjh vslooryhuvB Hylghqfh
iurp Mdsdq*v IGL lq wkh XV1 QEHU Zrunlqj Sdshu Qr1 ;3481

Fdpsd M1P1/ 4<<61 Hqwu| e| iruhljq �upv lq wkh XV xqghu h{fkdqjh udwh
xqfhuwdlqw|1 Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :8= 94709551

Fdpsd M1P1/ Jrogehuj O1V1/ 4<<81 Lqyhvwphqw lq pdqxidfwxulqj/ h{fkdqjh
udwhv dqg h{whuqdo h{srvxuh1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 6;= 5<:0
6531

Fdpsd M1P1/ Zroi K1/ 4<<:1 Lv uhdo h{fkdqjh udwh phdq uhyhuvlrq fdxvhg e|
duelwudjhB QEHU Zrunlqj Sdshu Qr1 94951

Fdyhv G1Z1/ Fkulvwhqvhq O1/ Glhzhuw H1/ 4<;5d1 Wkh hfrqrplf wkhru| ri
lqgh{ qxpehuv dqg wkh phdvxuhphqw ri lqsxw/ rxwsxw/ dqg surgxfwlylw|1
Hfrqrphwulfd 83= 46<6047451

Fdyhv G1Z1/ Fkulvwhqvhq O1/ Glhzhuw H1/ 4<;5e1 Pxowlodwhudo frpsdulvrqv
ri rxwsxw/ lqsxw/ dqg surgxfwlylw| xvlqj vxshuodwlyh lqgh{ qxpehuv1 Wkh
Hfrqrplf Mrxuqdo <5= :60;91

Fkhxqj \10Z1/ Fklqq P1/ Ixmll H1/ 53341 Pdunhw vwuxfwxuh dqg wkh shuvlv0
whqfh ri vhfwrudo uhdo h{fkdqjh udwhv1 Lqwhuqdwlrqdo Mrxuqdo ri Ilqdqfh dqg
Hfrqrplfv 9/ <804471

Frh G1W1/ Khospdq H1/ 4<<81 Lqwhuqdwlrqdo U)G vslooryhuv1 Hxurshdq Hfr0

qrplf Uhylhz 6<= ;8<0;;:1

Frh G1W1/ Khospdq H1/ Kr�pdlvwhu D1/ 4<<91 Qruwk0Vrxwk vslooryhuv1 Wkh
Hfrqrplf Mrxuqdo 43:= 467047<1

Gl{lw D1N1/ 4<;<1 Hqwu| dqg h{lw xqghu xqfhuwdlqw|1 Mrxuqdo ri Srolwlfdo
Hfrqrp| <:= 953096;1

Gl{lw D1N1/ Vwljolw}/ M1H1/ 4<::1 Prqrsrolvwlf frpshwlwlrq dqg rswlpxp
surgxfw glyhuvlw|1 Dphulfdq Hfrqrplf Uhylhz 9:= 5<:063;1

Grprzlw} L1/ Kxeedug U1J1/ Shwhuvrq E1F1/ 4<;91 Exvlqhvv f|fohv dqg wkh
uhodwlrqvkls ehwzhhq frqfhqwudwlrq dqg sulfh0frvw pdujlqv1 Udqg Mrxuqdo ri
Hfrqrplfv 4:= 404:1
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Hdwrq M1/ Nruwxp V1/ 4<<91 Wudgh lq lghdv= Sdwhqwlqj dqg surgxfwlylw| lq
wkh RHFG1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 73= 58405:;

Hdwrq M1/ Nruwxp V1/ 4<<<1 Lqwhuqdwlrqdo whfkqrorj| gl�xvlrq= Wkhru| dqg
phdvxuhphqw1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz 73= 86:08:31

Hqjho F1/ Urjhuv M1K1/ 4<<91 Krz zlgh lv wkh erughuB Dphulfdq Hfrqrplf

Uhylhz ;9=4445044581

Jdoru R1/ 4<<91 FrqyhujhqfhB Lqihuhqfhv iurp wkhruhwlfdo prghov1 Wkh Hfr0
qrplf Mrxuqdo 439 = 43890439;1

Jdoru R1/ ]hlud M1/ 4<<61 Lqfrph glvwulexwlrq dqg pdfurhfrqrplfv1 Wkh
Uhylhz ri Hfrqrplf Vwxglhv 93= 680851

Jdufld Sdvfxdo/ D1/ Zhvwhupdqq I1/ 53341 Surgxfwlylw| frqyhujhqfh lq Hx0
urshdq pdqxidfwxulqj1 Uhylhz ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj1

Jurvvpdq J1P1/ Khospdq H1/ 4<<4d1 Lqqrydwlrq dqg Jurzwk lq wkh Joredo

Hfrqrp|1 Wkh PLW Suhvv1

Jurvvpdq J1P1/ Khospdq H1/ 4<<4e1 Txdolw| odgghuv lq wkh wkhru| ri
jurzwk1 Uhylhz ri Hfrqrplf Vwxglhv 8;/ 760941

Juxeho/ K1J1/ Oor|g S1M1/ 4<:81 Lqwud0lqgxvwu| Wudgh= Wkh Wkhru| dqg Phd0

vxuhphqw ri Lqwhuqdwlrqdo Wudgh lq Gl�huhqwldwhg Surgxfwv1 Mrkq Zloh| dqg
Vrqv1

Kdoo U1/ Mrqhv F1L1/ 4<<<1 Zk| gr vrph frxqwulhv surgxfh vr pxfk pruh
rxwsxw shu zrunhu wkdq rwkhuv1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 447= ;604491

Khospdq H1/ Nuxjpdq S1/ 4<;81 Pdunhw Vwuxfwxuh dqg Iruhljq Wudgh1 Wkh
PLW Suhvv1

Khmd}l Z1/ Vdiduldq H1/ 4<<91 Wudgh/ lqyhvwphqw dqg X1V1 U)G vslooryhuv1
Wkh Fdqdgldq Lqvwlwxwh iru Dgydqfhg Uhvhdufk/ Zrunlqj Sdshu Qr1 981

Krzlww S1/ 53331 Hqgrjhqrxv jurzwk dqg furvv0frxqwu| lqfrph gl�huhqfhv1
Dphulfdq Hfrqrplf Uhylhz <3= ;5<0;791

Kxowhq F1/ 53331 Wrwdo idfwru surgxfwlylw|= d vkruw elrjudsk|1 QEHU Zrun0
lqj Sdshu Qr1 :7:41

Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv/ 53341 Lqwhuqdwlrqdo Prqhwdu| Ixqg/
Zdvklqjwrq/ G1F1
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Md�h D1/ Wudmwhqehuj P1/ Khqghuvrq U1/ 4<<61 Jhrjudsklf orfdol}dwlrq ri
nqrzohgjh vslooryhuv dv hylghqfhg e| sdwhqw flwdwlrqv1 Txduwhuo| Mrxuqdo ri
Hfrqrplfv 43;= 8::08<;1

Md�h D1/ Wudmwhqehuj P1/ 4<<91 Lqwhuqdwlrqdo nqrzohgjh  rzv= Hylghqfh
iurp sdwhqw flwdwlrqv1 QEHU Zrunlqj Sdshu Qr1 983:1

Nhoohu F1/ 53331 Jhrjudsklf orfdol}dwlrq ri lqwhuqdwlrqdo whfkqrorj| gl�x0
vlrq1 QEHU Zrunlqj Sdshu Qr1 :83<1

Ohylqh U1/ Uhqhow G1/ 4<<51 D vhqvlwlylw| dqdo|vlv ri furvv0frxqwu| jurzwk
uhjuhvvlrqv1 Dphulfdq Hfrqrplf Uhylhz ;5= <750<961

Olfkwhqehuj I1/ ydq Srwwhovehujkh gh od Srwwhulh E1/ 4<<91 Lqwhuqdwlrqdo
U)G vslooryhuv= D Uh0h{dplqdwlrq1 QEHU Zrunlqj Sdshu Qr1 899;1

Oxfdv U1H1/ 4<<61 Pdnlqj d pludfoh1 Hfrqrphwulfd 94= 58405:51

Pdqnlz Q1J1/ Urphu G1/ Zhlo G1/ 4<<51 D frqwulexwlrq wr wkh hpslulfv ri
hfrqrplf jurzwk1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 43:= 73:076:1

PfFdooxp E1/ 4<<81 Qdwxudo erughuv Pdwwhu= Fdqdgd0XV uhjlrqdo wudgh
sdwwhuqv1 Dphulfdq Hfrqrplf Uhylhz ;8= 94809561

Ph|hu/ P1D1/ Ylfnhuv M1/ 4<<81 Shuirupdqfh frpsdulvrqv dqg g|qdplf lq0
fhqwlyhv1 FHSU Glvfxvvlrq Sdshu Vhulhv +X1N1, Qr1 443:=40661

Qhovrq U1/ Skhosv H1/ 4<991 Lqyhvwphqw lq kxpdqv/ whfkqrorjlfdo gl�xvlrq/
dqg hfrqrplf jurzwk1 Dphulfdq Hfrqrplf Uhylhz 94= 9<0:81

Qlfnhoo V1/ 4<<91 Frpshwlwlrq dqg frusrudwh shuirupdqfh1 Mrxuqdo ri Srolw0
lfdo Hfrqrp| 437=:570:791

RHFG/ 4<<<d1 VWDQ Gdwdedvh iru Lqgxvwuldo Dqdo|vlv1 RHFG/ Vwdwlvwlfdo
Frpshqglxp/ FG0URP1

RHFG/ 4<<<e1 Edvlf Vflhqfh dqg Whfkqrorj| Vwdwlvwlfv1 RHFG Vwdwlvwlfdo
Frpshqglxp/ FG0URP1

RHFG/ 4<<<f1 Pdlq Lqgxvwuldo Lqglfdwruv1 RHFG Vwdwlvwlfdo Frpshqglxp/
FG0URP1

Ulyhud0Edwl} O1/ Urphu S1/ 4<<41 Hfrqrplf lqwhjudwlrq dqg hqgrjhqrxv
jurzwk1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 439= 86408881

Urguljxh} I1/ Urguln G1/ 4<<<1 Wudgh srolf| dqg hfrqrplf jurzwk= D vnhs0
wlf*v jxlgh wr furvv0qdwlrqdo hylghqfh1 QEHU Zrunlqj Sdshu Qr1 :3;41
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Urphu S1/ 4<<31 Hqgrjhqrxv whfkqlfdo fkdqjh1 Mrxuqdo ri Srolwlfdo Hfrqrp|
<; = :404351

Urphu/ S1/ 4<<61 Rshqqhvv dqg lq dwlrq= Wkhru| dqg hylghqfh1 Txduwhuo|
Mrxuqdo ri Hfrqrplfv 43;= ;9<0<361

Vdfkv M1/ Zduqhu D1/ 4<<81 Hfrqrplf uhirup dqg wkh surfhvv ri joredo lqwh0
judwlrq1 Eurrnlqjv Sdshuv rq Hfrqrplfv Dfwlylw| 4= 4044;1

Vodxjkwhu P1/ 53331 Lqwhuqdwlrqdo wudgh dqg shu fdslwd lqfrph frqyhujhqfh=
D gl�huhqfh0lq0gl�huhqfhv dssurdfk1 QEHU Zrunlqj Sdshu Qr1 988:1

Vpluorfn P1O1/ Pduvkdoo Z1M1/ 4<;61 Prqrsro| srzhu dqg h{shqvh0
suhihuhqfh ehkdylru= Wkhru| dqg hylghqfh wr wkh frqwudu|1 Ehoo Mrxuqdo ri
Hfrqrplfv 47= 49904:;1

XV Ghsduwphqw ri Frpphufh1 53341 X1V1 gluhfw lqyhvwphqw deurdg1 Exuhdx
ri Hfrqrplf Dqdo|vlv1

[x E1/ 53331 Pxowlqdwlrqdo hqwhusulvhv/ whfkqrorj| gl�xvlrq dqg krvw frxq0
wu| surgxfwlylw| jurzwk1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 95= 7::07<61
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Wdeoh 4= Pdqxidfwxulqj lqgxvwulhv

LVLF frgh Pdqxidfwxulqj lqgxvwulhv Deeuhyldwlrq
64 Irrg/ Ehyhudjhv dqg Wredffr IRG
65 Wh{wlohv/ Dssduho dqg Ohdwkhu WDO
66 Zrrg Surgxfwv dqg Ixuqlwxuh ZRG
67 +674.675, Sdshu/ Sulqwlqj dqg Sxeolvklqj
674 Sdshu dqg Sdshu Surgxfwv SDS
675 Sulqwlqj dqg Sxeolvklqj SXE
68 Fkhplfdo Surgxfwv FKS
69 Qrq Phwdoolf Plqhudo Surgxfwv QPP
6: +6:4.6:5, Edvlf Phwdo Lqgxvwulhv
6:4 Lurq dqg Vwhho LVW
6:5 Qrq Ihuurxv Phwdov QIP
6; Ideulfdwhg Phwdo Surgxfwv IPS
6< Rwkhu Pdqxidfwxulqj RPD
Qrwh= Wkh pdqxidfwxulqj lqgxvwulhv/ wrjhwkhu zlwk wkhlu LVLF frghv dqg

deeuhyldwlrqv/ duh olvwhg1
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Wdeoh 6 = Ghvfulswlyh vwdwlvwlfv iru �-��c�

Phdq V1G1 Plq Pd{

LQGXVWU\= FKS 319376 3159;5 3154;; 415898

IPS 318879 31693; 0314848 31<695

IRG 31:58< 316659 0316553 41339:

LVW 317::8 3158;9 03144;9 31:;6;

QIP 316786 318553 031;43< 31<38:

QPP 31954< 316365 0316:<; 41397<

RPD 318757 314;48 315744 31;577

SDS 319;9< 3155:5 3158:7 413545

SXE 3175:; 316:<< 031738; 31<348

WDO 31;647 315;69 314358 415:<5

ZRG 3189<; 314<46 314833 31;86;

FRXQWU\= Dxvwudold 319584 315<79 315354 415:<5

Dxvwuld 319648 31658< 0315699 31<589

Ehojlxp 3184<5 318394 031;43< 31<733

Fdqdgd 319369 315;9< 313385 31<65;

Ghqpdun 319;9; 31498; 316<:7 31<374

Ilqodqg 31835< 315:;8 3136<3 41339:

Iudqfh 319879 315:83 313887 31;;8<

Jhupdq| 3186<4 3187<7 0318;74 413545

Juhhfh 317;4< 316584 03144;9 413854

Lwdo| 319;94 3153<3 3159:5 31<8<6

Mdsdq 319;77 314:95 316984 413487

Qhwkhuodqgv 31943: 316<5: 0316553 41397<

Qruzd| 317586 3164;6 0313;<; 31<<97

Sruwxjdo 317;35 317434 0315:55 415898

Vzhghq 319486 3157;; 314:<5 31<5<<

XN 3188<7 3174<4 0316:<; 31<<::

Qrwh= Wkh furvv0lqgxvwu| dqg furvv0frxqwu| ghvfulswlyh vwdwlvwlfv ri wkh

phdq uhyhuvlrq frh!flhqw/ �-��c� / hvwlpdwhv duh uhsruwhg1 Vhh Wdeoh 4

iru wkh lqgxvwu| deeuhyldwlrqv1
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Wdeoh 7 = Ghvfulswlyh vwdwlvwlfv iru ����c�

Phdq V1G1 Plq Pd{

LQGXVWU\= FKS 314835 313773 313<84 31579;

IPS 314645 31378: 3139;5 315469

IRG 314374 313658 31378< 3149<7

LVW 313<93 313944 0313374 315;5:

QIP 314358 31393: 0313546 315385

QPP 3148<3 313793 313::7 315745

RPD 31465; 314:98 0317::; 316;6:

SDS 314665 313797 313:;3 315:39

SXE 3145:9 313787 3139;< 315933

WDO 3143:: 31367< 313:8< 31544;

ZRG 314598 313768 31396: 315775

FRXQWU\= Dxvwudold 3147:< 3135:6 314344 314;:9

Dxvwuld 31446< 3136:8 3138;; 314;54

Ehojlxp 313;89 313963 0313546 315456

Fdqdgd 314459 31363: 313:4< 3149;;

Ghqpdun 314377 313799 313658 315438

Ilqodqg 3145<: 3136;9 3138;3 314<6:

Iudqfh 3146;3 313686 313;53 31535<

Jhupdq| 31464; 313774 313;46 3153:4

Juhhfh 315443 313:5: 314537 316;6:

Lwdo| 314857 313569 3144<9 31536;

Mdsdq 314947 313774 313;9< 3155<3

Qhwkhuodqgv 314499 313639 3139;5 3149<6

Qruzd| 313<:8 31355; 31394; 314676

Sruwxjdo 314;89 313964 314353 315;5:

Vzhghq 3136<; 314:75 0317::; 3147:5

XN 313:88 313634 3135:< 3144:;

XV 314467 313639 313:76 314945

Qrwh= Wkh furvv0lqgxvwu| dqg furvv0frxqwu| ghvfulswlyh vwdwlvwlfv ri wkh

dyhudjh sulfh0frvw pdujlq/ ����c� / hvwlpdwhv duh uhsruwhg1 Vhh Wdeoh 4

iru wkh lqgxvwu| deeuhyldwlrqv1
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Wdeoh 8= Ghvfulswlyh vwdwlvwlfv iru UUA�c�
Phdq V1G1 Plq Pd{

LQGXVWU\= FKS 31:;5< 3146;6 3186;3 31<94:

IPS 31:3<; 3158<< 314669 31<776

IRG 31:354 314<99 315975 31<5;7

LVW 319<;3 315555 315665 31<77:

QIP 319848 315776 314863 31<953

QPP 31:387 314;:7 315798 31<875

RPD 319;:6 315466 31673: 31<979

SDS 318465 315:45 313995 31;5<8

SXE 319::4 3155:6 315849 31<755

WDO 3199:7 315385 3158;5 31<774

ZRG 3176:3 3155<4 3144<7 31;3;;

FRXQWU\= Dxvwudold 316<89 31536; 314863 31;494

Dxvwuld 31:678 3146:4 317974 31<355

Ehojlxp 31;95; 3146;4 317<;6 31<979

Fdqdgd 318938 315:39 314<78 31<357

Ghqpdun 319<46 314;47 31764< 31<5;3

Ilqodqg 3199<9 315<48 313995 31;:4;

Iudqfh 31;937 313;93 31:4:: 31<94:

Jhupdq| 31:983 31449: 318;4; 31<59:

Juhhfh 31879; 315854 314669 31;5;<

Lwdo| 3194<< 314999 3175:6 31;:7:

Mdsdq 31879: 315;74 314<<; 31<576

Qhwkhuodqgv 31:;6: 31489; 316<78 31<77:

Qruzd| 318;4; 31555< 315849 31<678

Sruwxjdo 318435 3154;5 314734 31;747

Vzhghq 3195<; 3156;3 3147<6 31;989

XN 31:634 315835 3144<7 31<557

XV 319;:9 314:8< 317839 31<6:5

Qrwh= Wkh furvv0lqgxvwu| dqg furvv0frxqwu| ghvfulswlyh vwdwlvwlfv ri wkh

dyhudjh lqwud0lqgxvwu| wudgh lqgh{/ UUA�c� / hvwlpdwhv duh uhsruwhg1 Vhh
Wdeoh 4 iru wkh lqgxvwu| deeuhyldwlrqv1
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Wdeoh 9 = Ghvfulswlyh vwdwlvwlfv iru SDWbXV�dqg IGLbUR\�

Frxqwu| SDWbXV� IGLbUR\�

Dxvwudold 31683 31355

Dxvwuld 31655 31354

Ehojlxp 31687 3136:

Fdqdgd 31838 31355

Ghqpdun 316<: 3135<

Ilqodqg 3166; 31387

Iudqfh 315:: 313;7

Jhupdq| 3154< 31399

Juhhfh 31745 31364

Lwdo| 315;7 313:6

Mdsdq 3138; 31449

Qhwkhuodqgv 31679 313;3

Qruzd| 316;: 31366

Sruwxjdo 31768 31394

Vzhghq 3165< 31453

XN 31586 3137;

Dyj 3165< 31389

Plq 3138; 31354

Pd{ 31838 31453

V1G1 31558 31383

Qrwh= Wkh frxqwu|0ohyho XV sdwhqw dssolfdwlrq +��AbL7�, dqg
ur|dowlhv dqg olfhqvhv +8(Ub-�t�, hvwlpdwhv dqg wkhlu ghvfulswlyh

vwdwlvwlfv duh uhsruwhg1
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Wdeoh : = VXU hvwlpdwhv

+V4, +V4*, +V5, +V5*, +V6, +V6*,
SFP�c� 31755: 31759; 317764 31786<

+313339, +313336, +313336, +313335,

LLW�c� 31444: 31438< 31435: 313<<:

+313585, +313637, +313787, +313753,

SDWbXV� 0314698 03145:; 03147;; 031477:

+314:;8, +314383, +314664, +313886,

IGLbUR\� 031355; 03134<7 031379: 0313746

+319944, +31:369, +316855, +31734:,

JRY� 314<55 314;:< 314<84 31478; 31676< 3163;9

+314797, +31457:, +3156<:, +3163;8, +3136<<, +31367;,

KF� 0314656 0314834 0313794 03143<3 0313;86

+313:<7, +3135;5, +318945, +314948, +3145:7,

U)G�c� 313455 031354; 03133;9

+31:449, +3188:7, +31;3<<,

GLVW� 31388; 313974 3133<4 3135:3

+316554, +315686, +31;;9<, +31993<,

RSHQ�c� 0313485 031336: 0313336

+318<83, +31<384, +31<<53,

VXQN�c� 31336; 313;39 313:94 313696

+31<896, +315::3, +315<7:, +319476,

U0vtu 315697 315675 314:99 314:69 315799 315778

Dgmxvwhg U0vtu 3147:5 314944 313;36 314337 3147:8 3149:3

Qrwh= Wkh wdeoh suhvhqwv VXU hvwlpdwhv �V4/ V5 dqg V6 � ri htxdwlrqv

+9,/ +:,/ dqg +;,1 Froxpqv V4*/ V5*/ dqg V6* h{foxgh wkh frqwuro yduleohv

zlwk s0ydoxhv deryh 83(1 Wkh s0ydoxhv duh jlyhq lq sduhqwkhvhv1
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Wdeoh ;= Hvwlpdwhv iru wkh txdoldwlyh uhvsrqvh vshfl�fdwlrqv

+V4, +V4*, +V5, +V5*, +V6, +V6*,
SFP�c� 315:<7 315;38 3165:4 31643;

+31349:, +3133<:, +31338:, +313377,

LLW�c� 314473 314465 314395 3143:7

+313436, +31343;, +3134:<, +313488,

SDWbXV� 03147:6 031449< 0314;55 0314778

+3144:9, +313;99, +313863, +313689,

IGLbUR\� 031349< 0313435 0313759 0313686

+31:49<, +31;54;, +316865, +317639,

JRY� 313<43 313<;5 314:64 3143;5 31595; 315695

+317979, +316:;<, +315793, +316;35, +313;69, +313:8;,

KF� 0313<46 031443; 0313483 0313959 0313889

+314;89, +313:75, +31;66:, +316:78, +315:57,

U)G�c� 313499 031348< 03133;4

+318;57, +319659, +31;369,

GLVW� 313734 313837 0313438 313368

+3176:4, +316379, +31;86<, +31<7<6,

RSHQ�c� 0313435 031338< 31359<

+31:<56, +31;;94, +318664,

VXQN�c� 0313334 3138:7 313549

+31<<;:, +316;::, +31:787,

orj olnholkrrg 06713<34 06716338 06;13494 06;185<5 065156<: 065188<3

O1U1 761<963 7618754 6914444 6813;7< 7:1996; 7:13584

+313339, +313334, +31339;, +31333;, +313338, +313334,

Qrwh= Hvwlpdwhv iru wkh fhqvruhg uhjuhvvlrq prgho zlwk �-�W

�c� +htxdwlrq <, dv

wkh OKV yduldeoh1 V4/ V5 dqg V6 duh jlyhq e| htxdwlrqv +9,/ +:,/ dqg +;,1 Froxpqv

V4*/ V5*/ dqg V6* h{foxgh wkh frqwuro yduldeohv zlwk s0ydoxhv deryh 83(1 Wkh

urz �O1U1� uhsruwv wkh OU vwdwlvwlfv iru wkh k|srwkhvlv wkdw doo wkh UKV yduldeohv

duh mrlqwo| lqvljql�fdqw1 Wkh s0ydoxhv duh jlyhq lq sduhqwkhvhv1
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