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Devwudfw

Lq d g|qdplf/ vwrfkdvwlf/ jhqhudo htxloleulxp prgho/ zh h{soruh wkh

rswlpdo uhvsrqvh ri wkh lqkdelwdqwv ri d forvhg hfrqrp| wr dq lqh!flhqw

dg krf �qdqfldo v|vwhp wkdw lq lwv lqwhuphgldwlrq gxw| orrvhv d iudfwlrq

ri djjuhjdwh vdylqjv zklfk rwkhuzlvh zrxog ehfrph djjuhjdwh lqyhvwphqw1

Wkh lqflghqfh ryhu wkh f|foh ri vkrfnv wr dyhudjh �qdqfldo lqh!flhqf| dqg

whfkqrorj| lv dqdo|}hg/ dv zhoo dv wkh vwhdg| vwdwh zhoiduh jdlq ri d uhgxf0

wlrq lq dyhudjh �qdqfldo lqh!flhqf|1 Wkh ghvfulswlyh srzhu ri wkh prgho lv

dvvhvvhg zlwk Frorpeldq gdwd ehwzhhq 4<:3 dqg 4<<51 Wkh uhvxowv lq wkh

sdshu vxjjhvw wkdw wkh prgho*v suhglfwlrqv duh odujho| frqvlvwhqw zlwk dj0

juhjdwh ehkdylru ri wkh Frorpeldq hfrqrp|/ pdnlqj lw srvvleoh wr h{soruh

vhyhudo lvvxhv ri �qdqfldo olehudol}dwlrq dqg ghhshqlqj1

MHO Fodvvl�fdwlrq= H65> H6:> H55> J471

Nh|zrugv= Exvlqhvv F|fohv/ Ilqdqfldo Lqh!flhqf|/ Duwl�fldo Hfrqrp|1

41 Lqwurgxfwlrq

Vlqfh wkh ehjlqqlqj ri wkh 4<:3*v/ dq lpsruwdqw exon ri olwhudwxuh kdv ghyhorshg
wr uhh{dplqh wkh uhodwlrqvkls ehwzhhq wkh �qdqfldo vhfwru dfwlylw| dqg hfrqrplf

�Wklv sdshu lv sduw ri p| judgxdwh Pdvwhu*v Ghjuhh zrun dw wkh Xqlyhuvlgdg gh orv Dq0
ghv/ Frorpeld1 L judwhixoo| dfnqrzohgh Urguljr Vxhvfýq*v dgylfh/ dqg lpsruwdqw frpphqwv
e| Urehuwr Vwhlqhu dqg Pdxulfh Nxjohu1 L dovr wkdqn Yhuöqlfd Qdydv/ Jxvwdyr Vxäuh}/ Mdylhu
Elufkhqdoo/ Mxolr Hvfredu/ DOydur Uldvfrv/ Dqguìv Jrq}äoh}/ Mdlur Qýôh}/ Gldqd Ohdo dqg Vhp0
lqdu Sduwlflsdqwv dw Edqfr gh od Uhsýeolfd dqg Glvfuhwh Wlph Pdfurhfrqrplf G|qdplfv dw
Xqlyhuvlgdg gh orv Dqghv1 Wkh xvxdo fdyhdw dssolhv1



jurzwk/ zklfk kdv ehhq vwurqjo| prwlydwhg e| wkh lpsruwdqw hpslulfdo hylghqfh
r�huhg e| ghyhorslqj frxqwulhv1 Lq wkrvh frxqwulhv erwk lqh!flhqf| dqg uhsuhvvlrq
lq wkh �qdqfldo vhfwru vxjjhvwhg dq revwdfoh iru hfrqrplf jurzwk1 Krzhyhu/ wkh
uhohydqfh ri wkhvh idfwruv lq wkh h{sodqdwlrq ri wkh exvlqhvv f|foh ri ghyhorslqj
qdwlrqv uhpdlqv dq xqh{soruhg lvvxh1 Zlwk wklv lq plqg/ wkh suhvhqw sdshu lqwhqgv
wr dqdo|}h vrph dvshfwv ri wkh lqflghqfh ri �qdqfldo lqh!flhqf| lq wkh frqwh{w ri d
Uhdo Exvlqhvv F|foh +UEF, prgho/ zlwk dq hpslulfdo dssolfdwlrq sduwlfxodu wr wkh
Frorpeldq fdvh1 Dq duwl�fldo forvhg hfrqrp| lv exlow/ vxemhfw wr vwrfkdvwlf vkrfnv
lq d g|qdplf/ jhqhudo htxloleulxp frqwh{w/ zklfk lqfoxghv dq dg krf lqh!flhqw
�qdqfldo vhfwru41

Wkh uhvw ri wkh sdshu ghyhorsv dv iroorzv1 Lq wkh vhfrqg sduw d uhylvlrq ri wkh
wkhruhwlfdo iudphzrun wkdw irupdol}hv wkh phdvxuhphqw ri �qdqfldo lqh!flhqf| lv
suhvhqwhg1 Lq wkh wklug sduw wkh Frorpeldq hylghqfh frqfhuqlqj �qdqfldo lqh!0
flhqf| lv uhylhzhg/ wrjhwkhu zlwk d eulhi vxppdu| ri sdshuv suhylrxvo| ghyhorshg
lq wkh vdph gluhfwlrq1 Lq wkh irxuwk sduw/ wkh prgho/ lwv vroxwlrq dqg fdoleudwlrq
duh suhvhqwhg1 Lq wkh �iwk sduw wkh f|folfdo surshuwlhv ri wkh duwl�fldo hfrqrp|
duh ghvfulehg dqg frpsduhg zlwk wkrvh ri wkh pdlq uhdo Frorpeldq gdwd ehwzhhq
4<:3 dqg 4<<51 Lq wkh vl{wk sduw wkh zhoiduh jdlq ri d uhgxfwlrq lq wkh dyhudjh
lqh!flhqf| ri wkh �qdqfldo v|vwhp lv dqdo|}hg1 Lq wkh odvw vhfwlrq/ frqfoxvlrqv duh
gudzq dqg srvvleoh ixwxuh h{whqvlrqv ri wkh prgho duh vwdwhg1

51 Phdvxuhphqw ri Ilqdqfldo Lqh!flhqf|

Wkhuh duh wzr hfrqrplf shuvshfwlyhv iru wkh phdvxuhphqw ri �qdqfldo lqh!flhqf|
dw d plfur ohyho1 Wkh �uvw ri wkhvh dvvrfldwhv wkh sureohp wr wkh h{lvwhqfh ri vfdoh
dqg vfrsh hfrqrplhv lq edqnlqj �upv1 Wkh vhfrqg dqg prvw lqqrydwlyh lv wkh
[0h!flhqf| dssurdfk1 Zh qrz glvwlqjxlvk erwk frqfhswv dqg eulh | uhylhz wkh
ehqh�wv dqg gl!fxowlhv ri hdfk phdvxuhphqw1

Wkh slrqhhulqj olwhudwxuh lq wkh phdvxuhphqw ri lqh!flhqf| e| vfdoh hfrqrplhv
lv edvhg rq wkh dvvxpswlrq wkdw wkh dyhudjh frvw fxuyh iru edqnv lv uhodwlyho|  dw/
X0vkdshg/ zkhuh phglxp vl}hg �upv duh pruh h!flhqw lq vfdoh whupv wkdq wkrvh
zklfk duh hlwkhu vpdoo ru odujh1 Wkh lqh!flhqf| lv d surgxfw ri wkh qrqh{sorlwdwlrq
ri sur�wv +lq frvw uhgxfwlrq, zklfk pdnhv vxfk vfdoh hfrqrplhv srvvleoh1 Dq|krz
wklv phwkrg suhvhqwv ydulrxv lqfrqyhqlhqfhv +pdq| ri wkhvh duh hfrqrphwulf/ dv lw

4Wkhuh duh qr grphvwlf ru lqwhuqdwlrqdo sdshuv wkdw wdfnoh wklv pdwwhu/ lq wkh oljkw ri Uhdo
Exvlqhvv F|fohv +UEF, prghov1 Ixuwkhupruh/ UEF prghov fdoleudwhg iru Frorpeld duh vfdufh/
ehlqj lpsruwdqw Vxhvfýq +4<<:,/ dqg Kdppdq dqg Uldvfrv +4<;;,1
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lv vkrzq lq Ehujhu/ Kxqwhu dqg Wlpph/ 4<<6,/ zkhuh wkh prvw uhohydqw lv wkh idfw
wkdw lw lv dvvxphg wkdw �upv �qg wkhpvhoyhv rq wkhlu h!flhqw frvw iurqwlhu dqg dq|
ghyldwlrq iurp lw lv udqgrp/ zklfk lv reylrxvo| frqwudglfwv wkh lqh!flhqf| lvvxh1
Wkh prvw lpsruwdqw sdshuv wkdw h{dplqh wkh h{lvwhqfh ri wklv w|sh ri lqh!flhqf|
lq Frorpeld duh Ehuqdo dqg Khuuhud +4<;6,/ Vxhvfýq +4<;:,/ Yloohjdv dqg Dfrvwd
+4<;<, dqg Ihuux�qr +4<<4,1

Wkh olwhudwxuh wkdw ghdov zlwk wkh phdvxuhphqw ri [0lqh!flhqf|/ vhhnv iru
wkh lqh!flhqf| wkdw dulvhv iurp wkh lpsrvvlelolw| ri �upv wr frqwuro frvwv1 Wklv
phdqv wkdw wkh [0h!flhqf| ghvfulehv doo wkh whfkqlfdo dqg glvwulexwlyh h!flhqflhv/
gl�huhqw wr wkrvh ri vfdoh dqg vfrsh1 Wkhuh h{lvwv frqvhqvxv xsrq wkh idfw wkdw
�qdqfldo lqh!flhqf| lv sulpdulo| fkdudfwhul}hg e| [0lqh!flhqf| dqg qrw vfdoh ru
vfrsh lqh!flhqf|1 Ehujhu/ Kxqwhu dqg Wlpph +4<<6, vkrz wkdw [0lqh!flhqf|
fdq uhsuhvhqw d 53( ru pruh ri edqnlqj frvwv/ zkloh vfdoh dqg vfrsh lqh!flhqf|
uhsuhvhqw rqo| d 6( ru 7( ri vxfk frvwv51 Dq|krz/ wklv phwkrgrorj| suhvhqwv
sureohpv lq wkh vhqvh wkdw wkhuh h{lvw ydulrxv hpslulfdo dssur{lpdwlrqv iru lwv
phdvxuhphqw/ dqg wkhvh rffdvlrqdoo| gl�hu lq wkhlu uhvxowv1 Wkh rqo| sdshu iru
Frorpeld wkdw xvhv wklv uhvxow lv wkdw ri Plvdv dqg Vxhvfýq +4<<9, dqg wkhlu
frqfoxvlrq lqglfdwhv wkdw wkh lqh!flhqf| lq wkh Frorpeldq �qdqfldo vhfwru pd|
zhoo eh forvh wr �hdw� 4( ri wkh JGS1 Wklv uhvxow zloo eh xvhg lq wkh fdoleudwlrq
ri wkh prgho odwhu rq1

61 Hylghqfh ri Ilqdqfldo Lqh!flhqf| lq Frorpeld

Wkh olwhudwxuh rq �qdqfldo lqh!flhqf| kdv udslgo| jurzq hyhu vlqfh wkh vhplqdo
frqwulexwlrqv ri PfNlqqrq +4<:6, dqg Vkdz +4<:6,1 Edvhg xsrq wkhvh sdshuv/
wklv eudqfk ri hfrqrplf wkhru| kdv vxeglylghg/ dv Iu| +4<;5, lqglfdwhv/ lq frq0
wulexwlrqv dgguhvvhg wrzdugv uhodwlqj lqh!flhqf| dqg �qdqfldo uhsuhvvlrq zlwk
prqhwdu|/ �vfdo dqg suhfdxwlrqdu| wrslfv +frlqflghqw zlwk wkh srwhqwldo xvhv ri
wkh edqn uhvhuyh/ zklfk lv frqvlghuhg e| pdq| dv dq lpsruwdqw sduw ri wkh lqh!0
flhqf| ri wkh �qdqfldo v|vwhp,1

Lq wkh Frorpeldq fdvh/ lw lv srvvleoh wr phqwlrq vrph sdshuv zklfk kdyh
dwwhpswhg wr ghyhors ixuwkhu dqdo|vlv lq wklv pdwwhu1 ]xohwd +4<<8, suhvhqwv dq
rshq hfrqrp| prgho lq zklfk hohphqwv wkdw pd| eulqj wr olih d �qdqfldo fulvlv duh
h{soruhg lq wkh idfh ri �qdqfldo ghhshqlqj/ zklfk hdvlo| uhvxow lq d ghwhulrudwlrq
ri ordqv ehfdxvh ri wkh uhod{dwlrq ri ohqglqj fulwhuld e| edqnv/ dqg lq sduwlfxodu

5Plvdv dqg Vxhvfýq +4<<9,/ srlqw wklv gl�huhqfh lq Frorpeld wr eh 6( wr 7( ri vfrsh dqg
vfdoh lqh!flhqf|/ dqg 58( wr 68( [0lqh!flhqf|/ ri wrwdo edqnlqj frvwv1
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ehfdxvh ri wkh lqfuhdvlqj wudgh gh�flw zklfk ulvhv wkh ghpdqg iru prqh|1 Jrph}
+4<<:, exlogv d sduwldo htxloleulxp prgho edvhg lq Fkdul/ Mrqhv dqg Pdqxhool
+4<<9,/ zlwk edqnv exw zlwkrxw prqh|/ lq zklfk wkh lqflghqfh rq wkh vsuhdg ri d
uhgxfwlrq ri wkh uhvhuyh uhtxluhphqwv dqg dq lqfuhdvh lq h!flhqf| ri wkh �qdqfldo
v|vwhp/ duh h{dplqhg1 Wkh prgho lv fdoleudwhg iru Frorpeld1 Ydujdv +4<<:,
suhvhqwv d wzr shulrg prgho lq zklfk �qdqfldo lqwhuphgldwlrq/ vxemhfw wr frvwv
ru glvwruwlrqv zklfk jhqhudwh d jds ehwzhhq ordqv dqg ghsrvlw lqwhuhvw udwhv/
lv lqwurgxfhg lq dq dg krf pdqqhu1 Zlwk wklv prgho/ wkh �vfdo dqg prqhwdu|
vlwxdwlrqv uhodwhg wr wkh �qdqfldo ghhshqlqj lq Frorpeld/ duh vwxglhg1

Dgglwlrqdoo|/ wkh sdshu e| Fduydmdo dqg ]xohwd +4<<9,/ pxvw eh phqwlrqhg/
dv lw frqvwlwxwhv wkh lqvsludwlrq wr wkh w|sh ri h{rjhqrxv lqh!flhqf| zklfk lv
hpsor|hg lq wklv prgho/ iroorzlqj lq vslulw Sdjdqr +4<<6,61 Wklv sdshu suhvhqwv
d Udpvh|0Fdvv dqg Nrrspdqv w|sh prgho/ sursrvhg e| Sdjdqr/ lq rughu wr �qg
hylghqfh rq wkh lqflghqfh ri �qdqfldo lqwhqvl�fdwlrq lq wkh Frorpeldq fdvh/ xqghu
wkh suhvhqfh ri lqh!flhqw hohphqwv lq wkh v|vwhp1

Lq wkh iroorzlqj prgho/ zklfk lv fdoleudwhg zlwk Frorpeldq gdwd/ d vfkhph ri
�qdqfldo lqh!flhqf| lv lqwurgxfhg/ zlwkrxw vshfli|lqj lwv ruljlq/ vlqfh wkh remhfwlyh
sxuvxhg lv wkh dqdo|vlv ri wkh lqflghqfh ri vxfk lqh!flhqf| xsrq wkh exvlqhvv f|foh/
ohdylqj dvlgh wkh uhdvrqv ri lwv h{lvwhqfh1

71 Wkh Prgho

Vxssrvh dq hfrqrp| zklfk lv vxemhfw wr wzr vwrfkdvwlf vkrfnv7/ erwk ri zklfk
duh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg1 Wkhvh vkrfnv d�hfw whfkqrorj| dqg
dyhudjh �qdqfldo lqh!flhqf|/ wkh iruphu h{sodlqhg odwhu rq1

Wkh duwl�fldo hfrqrp| lv lqkdelwhg e| d frqwlqxxp ri lghqwlfdo krxvhkrogv
zklfk olyh lq�qlwho|81 Wkh uhsuhvhqwdwlyh krxvhkrog lv ri phdvxuh �| dqg wkh
qxpehu ri phpehuv shu krxvhkrog jurzv dw d udwh ri #� � �1 Oderu lv hodvwlfdoo|

6Sdjdqr +4<<6, sursrvhv dq hqgrjhqrxv jurzwk whfkqrorj| ri wkh DN w|sh/ lq zklfk wkh
�qdqfldo v|vwhp*v ehwwhu lqirupdwlrq ohwv lw dfw dv dq lqyhvwphqw0sur|hfwv0ulvn0ydoxdwru/ lq d
zd| zklfk hvwdeolvkhv dq rughulqj ri wkrvh srwhqwldoo| vxffhvvixo1 Wkh ulvn0vsuhdglqj wdvn ri
�qdqfldo lqwhuphgldwlrq vwlpxodwhv ulvn| exw pruh sur�wdeoh surmhfwv/ irvwhulqj orqj uxq jurzwk1
Lq Sdjdqr*v zrugv/ d ghyhorshg �qdqfldo v|vwhp ryhuulghv wkh dv|pphwu| sureohpv wkdw jhqhudwh
fuhglw udwlrqlqj/ dv vwdwhg e| Vwljolw} dqg Zhlvv +4<;4,1

7Vkrfnv duh uhyhdohg wr djhqwv lq hdfk shulrg1 Krzhyhu/ ixwxuh vkrfnv duh xqnqrzq1
8Eodqfkdug +4<;8, sursrvhv dqrwkhu dssur{lpdwlrq wr vpdoo hfrqrp| prgholqj/ lq zklfk

djhqwv olyh �qlwho|/ idflqj d srvlwlyh ghdwk suredelolw| lq hdfk shulrg ri wlph/ wkdw iroorzv d
Srlvvrq surfhvv1

7



vxssolhg lq wkh lqwhqvlyh pdujlq/ l1h1/ lw lv glylvleoh/ frqwudu| wr Kdqvhq +4<;8,91
Suhihuhqfhv duh gh�qhg xsrq vwrfkdvwlf vwuhdpv ri wkh frqvxpswlrq jrrg dqg
shu fdslwd ohlvxuh l1h1/ iS|j

"

|'f/ i,|j
"

|'f1 Wkh sureohp vroyhg e| wkh uhsuhvhqwdwlyh
krxvhkrog/ wkhq fruuhvsrqgv wr wkh pd{lpl}dwlrq ri wkh h{shfwhg olihwlph xwlolw|/
jlyhq e|=

` ' .f

+
"[
|'f

q|L ES|c ,|�

,
+714,

zkhuh q 5 Efc �� uh hfwv wlph suhihuhqfh1 .f lv wkh pdwkhpdwlfdo h{shfwdwlrqv
rshudwru/ frqglwlrqdo rq lqirupdwlrq dydlodeoh dw wlph }hur1 H{shfwdwlrqv duh
edvhg rq wkh nqrzq suredelolw| glvwulexwlrq ri wkh vwrfkdvwlf surfhvvhv zklfk
d�hfw wkh hfrqrp|1 Wkh xwlolw| ixqfwlrq dgrswv wkh idploldu frqvwdqw hodvwlflw| ri
vxevwlwxwlrq +F1H1V,: irupdw=

L ES|c ,|� '

�
S�3k| ,k|

��3j
�� j

+715,

zkhuh wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq lv jlyhq e| �
j
dqg k uhsuhvhqwv

wkh uhodwlyh zhljkw ri ohlvxuh zlwklq wkh xwlolw| ixqfwlrq1 Wkh exgjhw dqg wlph
frqvwudlqwv duh=

�|S| n U| � t| +716,

� ' ,| n ?|

zkhuh U fruuhvsrqgv wr lqyhvwphqw/ t lv lqfrph +erwk dw dq djjuhjdwh ohyho, dqg
? duh krxuv zrunhg1 Zlwkrxw orvv ri jhqhudolw|/ lw lv dvvxphg wkdw krxvhkrogv rzq
dqg pdqdjh wkh surgxfwlyh vhfwru wdnlqj wkh qhfhvvdu| lqyhvwphqw dqg hpsor|0
phqw ghflvlrqv1 Wkh xqltxh vhfwru/ frpelqhv fdslwdo dqg h�hfwlyh oderu xqlwv lq

9Wkh glvwlqfwlrq frqvlvwv lq wkdw lq wkh suhvhqw frqwh{w/ djhqwv pd| zrun sduw ri hdfk xqlw
ri wlph/ zkloh lq wkh lqglylvleoh oderu dssurdfk wkh| zrun wkh frpsohwh xqlw ri wlph/ dqg idfh
d srvlwlyh suredelolw| ri ehlqj xqhpsor|hg1 Wkdw lv/ wkh h{sodqdwlrq ri wkh yduldwlrq lq wrwdo
krxuv zrunhg lq wkh iruphu uholhv rq wkh qxpehu ri zrunhuv hqwhulqj wkh oderu irufh/ zkloh lq
wkh odwwhu/ dulvhv ehfdxvh ri wkh yduldwlrq lq krxuv zrunhg lwvhoi1

:Wklv w|sh ri ixqfwlrqv ixo�o Lqdgd +4<97, frqglwlrqv wkdw dvvxuh lqwhulru vroxwlrqv/ dv zhoo
dv wkh vwdqgdug qhrfodvvlfdo frqglwlrqv1
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lwv frqvwdqw uhwxuqv surgxfwlrq; ixqfwlrq<=

t| ' e5|8|Eg|c ?|�|M|� +717,

zkhuh 5| lv d vkrfn wr whfkqrorj|/ zklfk iroorzv d Pdunry surfhvv/ l1h1/

5|n� ' 45| n 0|n�

dqg 0 lv ����_ � �Efc /0�1 Wkh fdslwdo wudqvlwlrq ixqfwlrq lv fkdudfwhul}hg dv=

g|n� ' E�� B�g| n E�� }U|�U| +718,

;Zh dovr xvhg dgmxvwphqw frvwv lq wkh prgho/ dv lv qrz vwdqgdug lq UEF olwhudwxuh1 Wkrvh
frvwv duh lqwurgxfhg wr uhgxfh wkh h{fhvvlyh yrodwlolw| ri lqyhvwphqw lq uhvsrqvh wr vkrfnv/ dw
f|foh iuhtxhqflhv1 Krzhyhu/ wkh hfrqrp| duulyhv wr wkh vwhdg| vwdwh zlwk ru zlwkrxw wkrvh
dgmxvwphqw frvwv1 Iru uhdvrqv wkdw zh vkrz odwhu lq wkh sdshu/ dgmxvwphqw frvwv wxuqhg rxw wr
eh xqqhfhvvdu| lq wkh fdoleudwlrq ri rxu prgho1 Lq sduwlfxodu/ zh prgl�hg wkh duwl�fldo hfrqrp|
wr lqfrusrudwh wkh dgmxvwphqw frvwv lq wkh surgxfwlrq ixqfwlrq/ dv iroorzv=

\w @ h}wIw+Nw> qwQwKw,�FDw

zkhuh

FDw @
*

5

�+ Nw.4
�
Q
�
K

�Nw,
5

QwKw

�

FDw duh dgmxvwphqw frvwv ri fdslwdo/ * lv wkh dgmxvwphqw sdudphwhu dqg wkh FD ixqfwlrq lv
vxssrvhg frqyh{1 Dv zh looxvwudwh lq vhfwlrq 61614 dkhdg/ wkh prgho kdv wr eh wudqviruphg wr
lwv vwdwlrqdu| uhsuhvhqwdwlrq/ zklfk lpsolhv wkdw fdw @

FDw
QwKw

/ vr wkdw FD ehfrphv=

fdw @
*

5
+nw.4 � nw,

5

Lq wkh h{suhvvlrq deryh/ lw lv yhul�hg wkdw dgmxvwphqw frvwv ydqlvk lq vwhdg| vwdwh/ zkhq n

grhvq*w fkdqjh1 Wdnlqj wklv lqwr dffrxqw/ htxdwlrq 61; fdq eh uhzulwwhq dv +qrwlqj wkdw wlph
vxevfulswv duh holplqdwhg/ dqg yduldeohv lq w .4 duh ghqrwhg zlwk sulphv +3,=

�
f@ h}n�q4�� �

*

5

�
n

3

� n
�5
� l 1

Iru d mxvwl�fdwlrq ri dgmxvwphqw frvwv dv h{sodlqhg e| lqwhuvhfwruldo oderu pryhphqwv/ vhh wkh
wkuhh vhfwru prgho lq Vxhvfýq +4<<:,1

<Frqvwdqw uhwxuqv wr vfdoh shuplw d qdwxudo djjuhjdwlrq/ lq d zd| wkdw N dqg KO ehfrph
frpsohphqwdu| lq dq Hgjhzruwk vhqvh +vhh Nlqj/ Sorvvhu | Uhehor/ 4<;:/ sj1 5,1 Wklv w|sh
ri ixqfwlrq ixo�o Lqdgd +4<97, frqglwlrqv wkdw dvvxuh lqwhulru vroxwlrqv/ dv zhoo dv wkh vwdqgdug
qhrfodvvlfdo frqglwlrqv1

9



khuh/ g fruuhvsrqgv wr fdslwdo/ B 5 Efc�� lv wkh ghsuhfldwlrq udwh dqg lqyhvw0
phqw lv frqvlghuhg wr eh luuhyhuvleoh/ l1h1/ U| � f� Dv lw zdv suhylrxvo| phqwlrqhg/
dqg iroorzlqj Sdjdqr +4<<6, dqg Fduydmdo dqg ]xohwd +4<<9,/ lq wkh lqwhuph0
gldwlrq surfhvv wxuqlqj vdylqjv lqwr lqyhvwphqw/ wkh �qdqfldo v|vwhp dssursul0
dwhv d iudfwlrq }U ri djjuhjdwh vdylqjv lq hdfk shulrg/ zklfk dffrxqwv iru wkh
lqwhuphgldwlrq pdujlq/ frpplvvlrqv/ lqvxudqfh hwf1 dqg zh vxssrvh khuh wkhvh
uhvrxufhv duh �gxpshg lq wkh jduedjh�1 Wkh w|sh ri lqh!flhqf| zh duh vxjjhvw0
lqj lv [0lqh!flhqf|/ dv lw ghdov zlwk d edg frvwv frqwuro1 Wkhq/ wkh sdudphwhu
}U fruuhvsrqgv wr wkh vkrfn xsrq wkh ohyho ri lqh!flhqf|43 lq wkh �qdqfldo v|vwhp
dqg iroorzv d Pdunry surfhvv/ mxvw dv whfkqrorj| grhv/ exw lqghshqghqw iurp wkh
iruphu/ vr wkdw }U|n� ' E����7}U n �}U|n l |n�/ zkhuh 7}U lv wkh dyhudjh ohyho ri wkh
surfhvv dqg l |n� lv l1l1g1 � �Efc /l�1

Dv zh vdlg/ krxvhkrogv frpelqh fdslwdo dqg oderu h!flhqf| xqlwv lq surgxf0
wlrq1 D Free0Grxjodv irup lv wkhq vxssrvhg iru wkh surgxfwlrq ixqfwlrq/ lq wkh
iroorzlqj zd|=

8 Eg|c u|� ' gw
| E?|�|M|�

�3w +719,

Wkh sdudphwhu w 5 Efc�� uhsuhvhqwv/ dv xvxdo/ wkh iudfwlrq ri wkh surgxfw
ghyrwhg wr fdslwdo uhpxqhudwlrq1 Iroorzlqj Vxhvfýq +4<<:,/ M fruuhvsrqgv wr wkh
kxpdq fdslwdo lqfrusrudwhg lq hdfk zrunhu/ zklfk jurzv dw dq h{rjhqrxv udwh
judwhu wkdq 4/ l1h1/ #M ' M|n�*M| : �/ dqg lv qrw ghsuhfldwhg1

7141 Fhqwudo Sodqqhu Htxloleulxp44

Wkh sureohp vroyhg e| wkh fhqwudo sodqqhu lv wkh pd{lpl}dwlrq ri +614, jlyhq +615,/
vxemhfw wr +616, 0 +619, dqg wkh vwrfkdvwlf vkrfnv wkdw d�hfw wkh hfrqrp|1 Wkh
suhihuhqfhv dqg whfkqrorj| duh frqvlvwhqw zlwk wkh vwhdg| vwdwh jurzwk/ dffrug0
lqj wr wkh frqglwlrqv lpsrvhg lq Nlqj/ Sorvvhu dqg Uhehor +4<<;,1 Wkh prgho
vkdoo dgglwlrqdoo| eh wudqviruphg lq d vwdwlrqdu| uhsuhvhqwdwlrq/ qrupdol}lqj wkh
yduldeohv dffruglqj wr wkhlu jurzwk vrxufhv1 Qrwh wkdw wkh hfrqrp| jurzv lq srs0
xodwlrq dqg oderu h!flhqf|451 Wkh wudqviruphg yduldeohv duh uhsuhvhqwhg lq orzhu
fdvh ohwwhuv +dqg frqvxpswlrq suhvhqwv d vtxljjoh,=

43Zh lqwurgxfh wkh vkrfn lq fdslwdo*v wudqvlwlrq htxdwlrq/ iru lw lv lqghhg d glvwxuedqfh wr
dffxpxodwlrq1

44Qrwh wkdw lq wkh suhvhqw frqwh{w/ jlyhq wkh h{rjhqhlw| ri �qdqfldo lqh!flhqf| wkh fhqwudo
sodqqhu*v sureohp uhvxowv lq dq doorfdwlrq lghqwlfdo wr wkdw ri wkh ghfhqwudol}hg hfrqrp|/ zklfk
lv sduhwr rswlpdo1

45Krzhyhu/ lq wkh xwlolw| ixqfwlrq ohlvxuh lv d vwdwlrqdu| yduldeoh/ vr lw grhvq*w kdyh wr eh
wudqviruphg1
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Wkh glvfrxqw idfwru lv wudqviruphg46 dv �q ' qE#�3kM ��3j dqg uhtxluhv wkdw
�q 	 � vr wkdw wkh uhwxuq ixqfwlrq lv �qlwh1 Dv d frqvhtxhqfh wkh qrq0vwrfkdvwlf
wudqviruphg prgho/ frqyhujhv wr d ihdvleoh vwhdg| vwdwh1

Dv lw lv wr eh h{shfwhg lq wklv w|sh ri prghov/ wkh suhvhqw grhv qrw kdyh dq
h{dfw dqdo|wlfdo vroxwlrq/ wkhuhiruh d qxphulfdo vroxwlrq lv uhtxluhg1 Wkh wkhru|
vxjjhvwv vhyhudo dojrulwkpv1 Wkh rqh xvhg lq wklv fdvh lv d yhuvlrq ri wkh Rswlpdo
Olqhdu Uhjxodwru Dojrulwkp +vhh Whfkqlfdo Dsshqgl{ iru ghwdlov rq wkh wkhruhwlfdo
irxqgdwlrq ri wkh dojrulwkp,1

Wkh uhohydqw lqirupdwlrq iru wkh sodqqhu lq khu sureohp lv d wulsohw ri vwdwh
yduldeohv zklfk fdq eh vhsdudwhg ehwzhhq hqgrjhqrxv dqg h{rjhqrxv1 Wkh h{rjh0
qrxv vwdwhv duh � ' E}U c 5�/ l1h1/ wkh h{rjhqrxv vkrfnv1 Wkh hqgrjhqrxv vwdwh lv &1

Wkh sodqqhuv ghflvlrq ru frqwuro yhfwru lv wkhq \ ' E
�
Sc �c ,�/ wdnlqj wkh h{rjhqrxv

vkrfnv* prwlrq odzv dv jlyhq1 Iurp qrz rq/ wkh wlph vxevfulswv zloo eh vxssuhvvhg
dqg d +�, vkdoo ghvljqdwh wkh ydoxhv ri yduldeohv lq | n �1 Wkh g|qdplf vwuxfwxuh
li wkh sureohp vdwlv�hv wkh iroorzlqj Ehoopdq htxdwlrq=

�E&c 5c }U� ' 4@ 
\

�
�E

�
Sc ,� n �q. dE&�c 5�c } �U� m �o

�
+71:,

vxemhfw wr=
�
S' e5&w?�3w � � +71;,

&�E#�#M� ' E�� B�& n E� � }U�� +71<,

� ' , n ? +7143,

5� ' 45 n 0� +7144,

}�U ' E�� ��7}U n �}U n l � +7145,

7151 Fdoleudwlrq dqg Prgho Vroxwlrq

Lq rughu wr rewdlq d vroxwlrq wr wkh vhtxhqwldo sureohp ri wkh djhqw/ d txdgudwlf
+vhfrqg rughu, dssur{lpdwlrq pxvw eh dssolhg wr wkh ixqfwlrqdo sureohp h{srvhg
suhylrxvo|/ pdnlqj wkh frpsxwdwlrqdo fdofxoxv ri olqhdu ghflvlrq uxohv srvvleoh1

46Xvlqj wkh dvvxpswlrq wkdw Q3 @ K3 @ 4=

;



Wkhuhiruh d vhfrqg rughu Wd|oru h{sdqvlrq durxqg wkh vwhdg| vwdwh lv pdgh/ diwhu
vxevwlwxwlqj wkh qrq0olqhdu frqvwudlqwv ri wkh vhtxhqwldo sureohp lq wkh Ehoopdq
htxdwlrq/ ru vlpso| olqhdul}lqj wkrvh wkdw duh qrq0olqhdu dqg h{foxglqj wkhp iurp
wkh uhwxuq ixqfwlrq1 Wkh odwwhu surfhgxuh lv wkh rqh zh hpsor| lq wkh suhvhqw
sdshu471 Rqfh grqh wklv surfhgxuh/ wkh Ulffdwwl htxdwlrq lv exlow/ dqg gluhfwo|
lwhudwhg xqwlo wkh �{hg srlqw ri wkh v|vwhp lv irxqg/ zklfk ghwhuplqhv wkh ydoxh
ixqfwlrq/ hyhq wkrxjk lw lv qrw qhfhvvdu| wr pdnh d ixqfwlrqdo glvwlqfwlrq ri lw/
ixo�oolqj lq hdfk vwhs ri wkh surfhvv wkh olqhdul}hg qrq0olqhdu frqvwudlqwv dqg wkh
prwlrq odzv ri h{rjhqrxv vkrfnv +vhh Whfkqlfdo Dsshqgl{,1

Lq wklv vhfwlrq zh dovr lghqwli| wkh sdudphwhu ydoxhv wkdw duh frqvlvwhqw zlwk
wkh prgho hfrqrp| klwwlqj fhuwdlq txdqwlwdwlyh wdujhwv revhuyhg lq wkh Frorpeldq
hfrqrp|/ vr wkdw wkh duwl�fldo hfrqrp| uhsolfdwhv wkh vw|ol}hg idfwv ru hpslulfdo
uhjxodulwlhv revhuyhg lq wkh uhdo vhulhv1 Lq sduwlfxodu/ wkh jurzwk ydoxhv ri srsx0
odwlrq +#� , dqg kxpdq fdslwdo +#M, shu krxvhkrog/ �qc jc k lq wkh suhihuhqfhv/ w lq
whfkqrorj|/ wkh ghsuhfldwlrq udwh B/ dqg wkrvh dvvrfldwhg wr wkh vkrfnv +lqfoxglqj
wkhlu phdq ydoxhv/ lq wkh fdvh ri lqh!flhqf| ri wkh �qdqfldo vhfwru 7}U / dqg wkh
yduldqfh ri wkh glvwxuedqfhv 0 dqg l rq wkh vkrfnv, duh wr eh ghwhuplqhg1

Dv Vxhvfýq +4<<:, lqglfdwhv/ wkh odfn ri hpslulfdo hylghqfh uhjduglqj wkh srvvl0
eoh ydoxhv wkdw wkh phqwlrqhg sdudphwhuv pd| wdnh iru wkh Frorpeldq fdvh/ pdnhv
wkh prvw frpprqo| hpsor|hg fdoleudwlrq phwkrg vlqfh wkh zrun ri N|godqg dqg
Suhvfrww +4<;5, gl!fxow wr hpsor|1 Iru wkh sdudphwhuv wkdw duh qrw nqrzq iurp
suhylrxv sdshuv/ wkh surfhgxuh hpsor|hg khuh frqvlvwv ri wdnlqj vxfk ydoxhv iurp
wkh orqj whup uhodwlrqv lq wkh Frorpeldq hfrqrp|/ l1h1/ iurp krxvhkrog*v �uvw
rughu frqglwlrqv hydoxdwhg dw wkh ghwhuplqlvwlf vwhdg| vwdwh/ dqg lpsrvlqj vrph
wdujhw ydoxhv1 Wkhvh zloo nqrz eh frqvlghuhg1

Wkh shu fdslwd JGS dqg srsxodwlrq jurzwk udwhv +#M ' ��f�2ec #� ' ��f��S,
duh fdofxodwhg iurp wkh Frorpeldq vhulhv ehwzhhq 4<:304<<51 Wkh shu fdslwd JGS
lv zhljkwhg e| wkh hpsor|hg srsxodwlrq1 Wkh gdwd vrxufh lv Ghsduwdphqwr Qd0
flrqdo gh Sodqhdflöq +GQS,1 Iru wkh vdph gdwd vhulhv/ ydoxhv ri fdslwdo0surgxfw
udwlr +&

+
' ��Hbfb,c frqvxpswlrq0surgxfw udwlr + S

+
' f�H�.�, dqg wkh lqyhvwphqw0

surgxfw udwlr + �
+
' f��b�e, zklfk fruuhvsrqg wr dyhudjhv/ duh fdofxodwhg1 Lq0

yhvwphqw lv gh�qhg dv wrwdo jurvv fdslwdo irupdwlrq soxv frqvxpswlrq ri gxudeoh
jrrgv/ wdnhq iurp wkh QLSD1

47Wkh �uvw rughu h{sdqvlrq ri wkh odz ri prwlrq ri fdslwdo/ durxqg wkh ghwhuplqlvwlf vwhdg|
vwdwh uhvxowv=

nw.4+�Q�K, @ �jL l. +4� �,nw . +4� jL,lw � ljLw
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Wkh uhdo lqwhuhvw udwh o lv �{hg lq 43( dv lw lv vxjjhvwhg e| Kduehujhu +4<:6,481
Lq wkh vdph zd|/ wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq �

j
lv wdnhq iurpRjdnl/

Rvwu| dqg Uhlqkduw +4<<9,/ zklfk fruuhvsrqgv wr 318;;1

Kdylqj irxqg wdujhw ydoxhv iru #� / #M / o/ &*+/
�
S *+/ �*+/ dqg j/ zh surfhhg wr

�qg ydoxhv iru wkh uhpdlqlqj sdudphwhuv ri wkh prgho iurp wkh orqj whup uhodwlrqv
ri wkh hfrqrp|/ l1h1/ iurp wkh �uvw rughu frqglwlrqv hydoxdwhg dw wkh ghwhuplqlvwlf
vwhdg| vwdwh1 Wkh uhdvrq iru wklv lv edvhg xsrq wkh idfw wkdw xqghu vxfk frqgl0
wlrqv/ wkh rewdlqhg sdudphwhuv vkdoo eh ghhs/ zkdw pdnhv wkh prgho lqyduldqw wr
wkh fkdqjhv lq srolf| vwdqfhv/ dqg wkhuhiruh uhsuhvhqwv wkh lghdo oderudwru| iru
wkh dqdo|vlv ri gl�huhqw srolflhv1 Lq wklv zd|/ wkh sdudphwhu k ri suhihuhqfhv/
zklfk fruuhvsrqgv wr wkh uhodwlyh lpsruwdqfh ri ohlvxuh dqg frqvxpswlrq zlwklq
wkh xwlolw| ixqfwlrq/ lv rewdlqhg iroorzlqj Frroh| dqg Suhvfrww +4<<8, iurp wkh rs0
wlpdolw| frqglwlrqv ri wkh uhsuhvhqwdwlyh krxvhkrog1 Iurp wkh �uvw rughu frqglwlrq
iru oderu lw lv hdvlo| irxqg wkdw=

E�� w�
+
�
S
'

k

� � k

?

�� ?
+7146,

iurp zklfk d ydoxh ri k ' f�S2Sb lv rewdlqhg/ vxssrvlqj ? ' f��e/ l1h1/ wkh
uhsuhvhqwdwlyh krxvhkrog zrunv rqh wklug ri wkh gd|1 Ixuwkhupruh/ wkh Hxohu
htxdwlrq lq vwhdg| vwdwh/ iru wkh krxvhkrog*v sureohp fkdudfwhul}hg lq wkh Ehoopdq
htxdwlrq/ lpsolhv=

E#�#M�
�q

� � ' w
+

&
E� � }U�� B +7147,

Iru d fdslwdo vkduh lq surgxfw ri w ' f��/ dqg d ydoxh iru B ' f�fD.H/ wkh dyhudjh
�qdqfldo v|vwhp lqh!flhqf| 7} +uhgh�qlqj } dv 7} zklfk dsshduv lq 6145 dv wkh
surfhvv* phdq ydoxh, lv rewdlqhg iurp wkh suhylrxv htxdwlrq/ wdnlqj lqwr dffrxqw

wkdw wkh uhdo lqwhuhvw udwh lv htxdo wr E#�#M�
�q

� � ' o/

7}U ' � �

#
o � B

w

&

+

$
+7148,

iurp zklfk d ydoxh ri 7} ' f�ffD� lv irxqg1 Wklv ydoxh zdv fdoleudwhg vr dv wr
eh derxw 53( kljkhu wkdq wkh 4( ri wkh JGS vxjjhvwhg e| Vxhvfýq dqg Plvdv

48Wkhuh duh rwkhu hvwlpdwhv iru wkh uhdo lqwhuhvw udwh lq Frorpeld/ ehlqj wkh prvw uhfhqw wkdw
lq Srper +4<<<,1 Kh �qgv wkdw iru wkh 4<:304<<8 shulrg/ vxfk udwh lv 46/7(/ zklfk dffrxqwlqj
iru ghsuhfldwlrq uhvxowv lq d udwh qhdu 43(/ wkdw zh dgrsw lq wkh sdshu1
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+4<<9,491
Dv iru wkh h{rjhqrxv vkrfnv/ lw lv frqvlghuhg iru vlpsolflw| wkdw wkh furvv h�hfwv

ehwzhhq wkhp duh qhjoljleoh/ vr wkdw lw lv qrw qhfhvvdu| wr exlog dq dxwruuhjuhvvlyh
yhfwru +YDU, iru wkhvh1 Hpsor|lqj wkh sdudphwul}hg whfkqrorj| +l1h1/ zlwk w '
f���/ wkh surfhvv iru wkh surgxfwlylw| vkrfn lv fdofxodwhg iurp wkh hvwlpdwlrq
ri d �uvw rughu dxwruhjuhvvlyh surfhvv iru +wkh orj ri, Vrorz uhvlgxdo vhulhv iru
wkh shulrg lq txhvwlrq/ mxvw dv lw lv lqglfdwhg lq h{suhvvlrq 61441 Dq lpsruwdqw
shuvlvwhqfh lq wkh vkrfn lv irxqg +4 ' f�bS.e/ zlwk d vwdqgdug huuru ri f�f�eD,�

Wkh shuvlvwhqfh �/ ri wkh vkrfn wr dyhudjh lqh!flhqf| 7}/ dv h{suhvvhg lq 6145/
lv irxqg iroorzlqj Fduydmdo | ]xohwd +4<<9,/ e| xvlqj wkh vhulhv ri pdqdjhuldo dqg
oderu h{shqvhv dv d iudfwlrq ri djjuhjdwh vdylqjv/ iru wkh ryhudoo Frorpeldq �qdq0
fldo lqvwlwxwlrqv/ ehwzhhq 4<:3 dqg 4<<51 Iurp wkhvh/ d shuvlvwhqfh sdudphwhu ri
� ' f�.�f� +vwdqgdug huuru ri f��D��, lv rewdlqhg iru wkh �uvw rughu dxwruhjuhvvlyh
surfhvv iru wkh phdq ydoxh1 Wkh yduldqfhv ri wkh glvwxuedqfhv wr erwk vkrfnv duh
slqqhg grzq e| iruflqj wkh hfrqrp| wr plplf wkh yrodwlolw| ri lqyhvwphqw dqg
lqfrph/ nhhslqj wkh uhodwlyh vl}h ehwzhhq wkhp4:1 Wkh sdudphwhuv ri wkh prgho
duh vxppdul}hg lq wdeoh Qr141

81 F|folfdo Surshuwlhv ri wkh Duwl�fldo Hfrqrp|

Wkh delolw| ri wkh prgho hfrqrp| wr plplf nh| txdolwdwlyh dqg vrph txdqwlwdwlyh
dvshfwv ri djjuhjdwh dqg vhfwruldo f|folfdo ehkdylru ri wkh Frorpeldq hfrqrp| lv
uhpdundeoh/ wdnlqj lqwr dffrxqw wkdw wkh vhfrqg prphqwv ri wkh vlpxodwhg vhulhv
duh forvh dqg ri htxdo vljqv wr wkrvh ri wkh uhdo vhulhv +Wdeohv Qr1 5 dqg 6,1
Lq sduwlfxodu/ lw lv lpsruwdqw wr kljkoljkw wkh vlplodulw| ehwzhhq wkh fryduldqfh
ri lqfrph dqg lqyhvwphqw/ dqg lqfrph dqg frqvxpswlrq/ zlwk wkrvh revhuyhg
lq Frorpeld1 Dv lq wkh suhvhqw frqwh{w ohlvxuh lv qrw lqwurgxfhg lq wkh xwlolw|
ixqfwlrq lq wkh Kdqvhq +4<<8, pdqqhu/ wkh prgho idlov wr fdswxuh lwv uhodwlrq

49Zh ghflghg wr wdnh wklv ydoxh iurp Plvdv | Vxhvfýq +4<<9, dv zh phqwlrqhg lq sduw wzr
deryh/ ehfdxvh lw lv wkh rqo| fdofxodwlrq iru Frorpeld wkdw xvhv wkh qrwlrq ri [0lqh!flhqf|/ zklfk
dsshduv wr eh wkh prvw uhohydqw w|sh ri �qdqfldo lqh!flhqf|/ grphvwlfdoo| dqg deurdg1 Wkh
dgglwlrqdo 53( zh xvhg ghulyhv iurp wkh idfw wkdw wkh [0lqh!flhqf| wdnhv wkh ehvw lqwhuphgldulh
ri wkh jurxs lq vwxg| dv shuihfwo| h!flhqw/ wkh uhvw ehlqj txdol�hg dv lqh!flhqw uhodwlyh wr iruphu1
Krzhyhu/ wkh prvw h!flhqw lqwhuphgldulh pd| zhoo eh lqh!flhqw/ zklfk prwlydwhv xv wr xvh d
voljkw kljkhu ydoxh wkdq Vxhvfýq | Plvdv +4<<9,1 Wklv kljkhu ydoxh lv ri 313386/ zklfk dffrxqwv
iru 415( ri JGS1

4:Rxu sur{| ri �qdqfldo lqh!flhqf| lv 46 wlphv pruh yrodwloh wkdq Vrorz uhvlgxdov1 Zh wkhq
nhhs wkdw uhodwlyh vl}h lq wkh duwl�fldo yduldqfhv1
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zlwk lqfrph +qrw vkrzq lq wdeohv,/ lq vslwh ri wkh kljk hodvwlflw| ri vxevwlwxwlrq
ri wkh Frorpeldq hfrqrp| +41:33:,/ exw shukdsv ehfdxvh ri wkh orz wudqvlwru|
frpsrqhqw ri uhdo zdjhv +vhh Eodqfkdug dqg Ilvfkhu +4<;<,/ fkds1:,1

Wkh uhvw ri wkh djjuhjdwhv ehkdyh lq d vdwlvidfwru| pdqqhu/ hyhq wkrxjk wkh
fryduldqfh ehwzhhq wkh �qdqfldo lqh!flhqf| dqg wkh surgxfw lv orzhu/ d skhqrp0
hqrq wkdw fdq eh zhoo h{sodlqhg e| wkh sur{| hohfwlrq1 Ehvlghv/ zh frxogq*w xvh
rwkhuv ehfdxvh ri wkh qrq0h{lvwhqfh ri gdwd ru orz uholdelolw| rq wkh h{lvwhqw vhulhv1
Lw lv srvvleoh wkdw dw dq djjuhjdwh ohyho wkh fryduldqfh lv pxfk juhdwhu wkdq wkdw
vxjjhvwhg e| wkh prgho dqg wkdw wklv frxog eh gxh wr krprjhqhlw| sureohpv lq
wkh phdvxuhphqw grqh e| wkh lqwhuphgldulhv1

Wkh vwdqgdug ghyldwlrqv suhvhqw dq hyhq ehwwhu ehkdylru1 Wklv lv gxh wr wkh
idfw ri wkh qr ghhg ri dgmxvwphqw frvwv/ zklfk suryhg wr eh dq revwdfoh iru wkh
jrrg shuirupdqfh ri wkh �qdqfldo lqh!flhqf| yduldeoh lq wkh prgho1 Pruhryhu/ lw
fdq eh vdlg wkdw lqh!flhqf| hqwhuv wkh prgho dv d fdslwdo dgmxvwphqw frvw/ dqg
wkh lqwurgxfwlrq ri dq dgglwlrqdo irup ri lw uhvxowv lq d orvv d dffxudf|1

Lq Iljxuh Qr1 4/ wkh g|qdplf h�hfw ri vhsdudwh lqqrydwlrqv xsrq wkh whfk0
qrorjlfdo dqg �qdqfldo lqh!flhqf| shuvlvwhqw vkrfnv +l1h1/ xvlqj wkh hvwlpdwhg
shuvlvwhqfh sdudphwhuv zlwklq wkh vkrfnv,/ htxlydohqw wr wzr srvlwlyh vwdqgdug
ghyldwlrqv lq wkh �uvw shulrg dqg }hur iurp wkhq rq wr wkh odwwhu/ dqg 4243 ri
d vwdqgdug ghyldwlrq dqg }hur iurp wkhq rq wr wkh iruphu4;/ fdq eh revhuyhg1
Lw lv lpsruwdqw wr phqwlrq wkdw doo ri wkh vhulhv duh h{suhvvhg lq orjdulwkpv dqg
ghwuhqghg zlwk Krgulfn0Suhvfrww �owhu/ zlwk wkh h{fhswlrq ri vkrfnv/ zklfk duh
Krgulfn0Suhvfrww �owhuhg lq ohyhov1

Zkloh wkh uhvsrqvh wr wkh lqqrydwlrq lq whfkqrorj| lv iru frqvxpswlrq/ lqyhvw0
phqw dqg lqfrph wr jurz xsrq wkhlu lqlwldo vwhdg| vwdwh dqg wkhq uhwxuqlqj wr
wkhlu uhvshfwlyh vwhdg| vwdwh diwhu 83 shulrgv/ dv lv vwdqgdug lq UEF olwhudwxuh/ lw
lv zruwk phqwlrqlqj wkh h�hfw ri wkh lqqrydwlrq wr dyhudjh �qdqfldo lqh!flhqf|1
Wkh hfrqrp| glvsod|v dq lqwhuhvwlqj dowkrxjk h{shfwhg h�hfw/ lq whupv ri wkh
pdlq djjuhjdwhv1 Erwk lqfrph dqg lqyhvwphqw uhdfk kljkhu vwhdg| vwdwhv diwhu
wkh uhgxfwlrq lq �qdqfldo lqh!flhqf|/ dssur{lpdwho| 63 shulrgv diwhu lw +lqfrph
jurzlqj dqg wkhq idoolqj surqrxqfhgo| wr wkh qhz vwhdg| vwdwh/ dqg lqyhvwphqw
jurzlqj vprrwko| wr wkh qhz vwhdg| vwdwh,1 Frqvxpswlrq uhdfkhv d kljkhu vwhdg|
vwdwh ohyho dovr/ idoolqj vlqfh wkh lqqrydwlrq xqwlo wkh qhz dqg kljkhu vwhdg| vwdwh1

4;Wkh uhdvrq zk| zh fkrvh 4243 ri d +qhjdwlyh, vwdqgdug ghyldwlrq dv wkh pdjqlwxgh ri wkh
lqqrydwlrq wr dyhudjh �qdqfldo lqh!flhqf|/ uholhv rq wkh idfw wkdw lw dvvxuhv wkdw wkh iruphu
frqwlqxhv wr eh srvlwlyh/ l1h1/ lq vslwh ri wkh glplqlvkhg dyhudjh �qdqfldo lqh!flhqf|/ wkhuh lv
vwloo d srvlwlyh iudfwlrq ri djjuhjdwh vdylqjv wkdw lv orvw1
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91 Ilqdqfldo Lqh!flhqf| dqg Zhoiduh

Zh qrz wxuq wr txdqwli| wkh vwhdg| vwdwh zhoiduh jdlq ri d uhgxfwlrq lq dyhudjh
�qdqfldo lqh!flhqf|1 Iurp wkh �uvw rughu frqglwlrqv lw lv revhuyhg wkdw wkh dy0
hudjh �qdqfldo lqh!flhqf| lv d ixqfwlrq ri wkh fdslwdo vkduh lq wkh surgxfw/ wkh
uhdo lqwhuhvw udwh/ wkh ghsuhfldwlrq udwh dqg wkh fdslwdo0surgxfw udwlr1 Vxssrvh
wkdw wklv phdq ydoxh lv uhgxfhg lq d shufhqwdjh i : f1 Iurp htxdwlrq +618,/
fdslwdo lqfuhdvhv lq hdfk shulrg h{dfwo| lq wkh vdph sursruwlrq/ lqfuhdvlqj wkh
uhsuhvhqwdwlyh krxvhkrog*v xwlolw| ehfdxvh ri kljkhu frqvxpswlrq/ zlwkrxw dpel0
jxlw|1 Hyhq lq +715, lw lv revhuyhg wkdw wkh vwhdg| vwdwh uhdo lqwhuhvw udwh +jlyhq
e| w +

&
E�� 7}U�� B/ lqfuhdvhv dv zhoo,1 Vdylqjv duh juhdwhu gxulqj wkh wudqvlwlrq dqg

lq vwhdg| vwdwh1 Reylrxvo|/ wkh hfrqrp| h{shulhqfhv d juhdwhu jurzwk ehfdxvh ri
juhdwhu fdslwdo dffxpxodwlrq1

Htxdoo|/ iurp wkh �uvw rughu frqglwlrqv iru fdslwdo dqg oderu/ lw lv srvvleoh wr
�qg wkdw frqvxpswlrq lv htxdo wr=

�
S' E�� w�

%
E#�#M�� �qE� � B�

?�3wE� � 7}U�

& w

w3�

?�3w
� � k

k

�� ?

?
+914,

Lq vwhdg| vwdwh/ lw lv irxqg wkdw d uhgxfwlrq ri 83( +i ' f�D, lq wkh dyhudjh
�qdqfldo lqh!flhqf|/ lqfuhdvhv frqvxpswlrq lq 314487(1 Lq rughu/ uhgxfwlrqv ri
73(/ 63(/ 53( dqg 43(/ lqfuhdvh vwhdg| vwdwh frqvxpswlrq lq 313<56(/ 3139<5(/
313794(/ dqg 313563( uhvshfwlyho|1 Wkhvh uhsuhvhqw hylghqw lpsuryhphqwv lq
zhoiduh/ vlqfh/ iru h{dpsoh/ wkh lqfuhdvh lq frqvxpswlrq iru wkh fdvh ri d 83(
uhgxfwlrq lq �qdqfldo lqh!flhqf|/ dffrxqwv iru 427 ri d shufhqwdjh srlqw ri wkh
JGS1

:1 Frqfoxvlrqv

D vwrfkdvwlf/ duwl�fldo/ vpdoo dqg forvhg hfrqrp| lv lqwurgxfhg/ lqkdelwhg e| dq
shushwxdo g|qdvw|/ lq zklfk vdylqjv duh lqwhuphgldwhg e| dq dg krf �qdqfldo
v|vwhp1 Lq wkh surfhvv ri vxfk lqwhuphgldwlrq/ wkh v|vwhp dssursuldwhv d iudfwlrq
wkdw lv qrw wudqviruphg lqwr lqyhvwphqw exw �zdvwhg� lq wkh irup ri pdujlq/
frpplvvlrq/ lqvxudqfh srolflhv hwf1/ ehfrplqj [0lqh!flhqf|1 Wkh hfrqrp|/ zklfk
lv htxlydohqw lq lwv fhqwudol}hg dqg ghfhqwudol}hg vroxwlrq gxh wr wkh h{rjhqhlw| ri
wkh surfhvv ri �qdqfldo lqh!flhqf|/ lv fdoleudwhg wr uhsolfdwh wkh Frorpeldq pdlq
hpslulfdo uhjxodulwlhv iru wkh shulrg 4<:304<<51
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Lw lv irxqg wkdw wkh delolw| ri wkh prgho hfrqrp| wr plplf Frorpeldq uhdo
vhulhv lv uhpdundeoh/ lq whupv ri wkhlu vhfrqg prphqwv1 Wkh vlplodulw| lq frydul0
dqfh ehwzhhq lqfrph dqg lqyhvwphqw/ dqg lqfrph dqg frqvxpswlrq lv kljkoljkwhg/
dowkrxjk fryduldqfh ehwzhhq lqfrph dqg �qdqfldo lqh!flhqf| idoov d vkruw1 Dg0
glwlrqdoo|/ fryduldqfh ehwzhhq krxuv zrunhg dqg lqfrph +qrw vkrzq lq wdeohv, lv
vwurqjo| xqghuhvwlpdwhg/ dqg wklv pd| eh h{sodlqhg/ lq vslwh ri wkh kljk Frorp0
eldq lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ e| wkh orz wudqvlwru| frpsrqhqw lq
djjuhjdwh zdjhv1

Lq dgglwlrq/ hvwlpdwhv ri vwhdg| vwdwh lqfuhdvhv lq zhoiduh/ lq whupv ri dq
lqfuhdvh lq vwhdg| vwdwh frqvxpswlrq/ duh fdofxodwhg/ edvhg rq srwhqwldo uhgxfwlrqv
lq dyhudjh �qdqfldo lqh!flhqf|1 Wklv jdlqv duh vljql�fdqw exw gl!fxow wr dfklhyh1
Iru h{dpsoh/ d 83( uhgxfwlrq lq dyhudjh lqh!flhqf|/ zklfk e| dq| phdqv lv d yhu|
dpelwlrxv wdujhw iru uhiruplvwv ri wkh �qdqfldo v|vwhp/ lqfuhdvhv frqvxpswlrq e|
derxw 427 ri d JGS shufhqwdjh srlqw1 Ohvv djjuhvvlyh srolflhv lq wkdw gluhfwlrq/ ri
vd|/ d uhgxfwlrq lq 43( ri wkh �qdqfldo lqh!flhqf|/ zrxog uhdfk d jdlq lq vwhdg|
vwdwh frqvxpswlrq ri dssur{lpdwho| 424: ri d JGS shufhqwdjh srlqw1

Dv d uhvxow ri wkh jrrg dssur{lpdwlrq ri wkh ghvfulehg hfrqrp| wr wkh Frorp0
eldq fdvh/ wklv prgho pd| eh hpsor|hg dv d oderudwru| wr yhuli| ydulrxv w|shv ri
�qdqfldo olehudol}dwlrq11 Qdwxudo h{whqvlrqv ri wkh prgho fdq eh gluhfwhg wr wkh lq0
wurgxfwlrq ri prqh| dqg wkh rshqlqj ri wkh hfrqrp| wr lqwhuqdwlrqdo wudgh/ zkhuh
fxuuhqf| dqg iruhljq erqgv duh vxevwlwxwhv ri sk|vlfdo lqyhvwphqw1 Htxdoo|/ wkh
�qdqfldo lqh!flhqf| pd| eh gh�qhg lq d gl�huhqw pdqqhu/ hpsor|lqj gl�huhqw
[0lqh!flhqf| hvwlpdwlrqv/ mxvwl�hg e| wkh ghvfulehg uhdvrqv ri khwhurjhqhlw| eh0
wzhhq wkh gl�huhqw hpslulfdo phdvxuhphqwv1

;1 Uhihuhqfhv

Ehujhu/ D1/ Z1 Kxqwhu dqg V1 Wlpph +4<<6,1 �Wkh H!flhqf| ri Ilqdqfldo Lqvwl0
wxwlrqv= D Uhylhz dqg Suhylhz ri Uhvhdufk Sdvw/ Suhvhqw dqg Ixwxuh�1 Mrxuqdo
ri Edqnlqj dqg Ilqdqfh14:/ 554057<1

Ehuqdo/ R1 | V1 Khuuhud +4<;6,1 �Surgxfflöq Frvwrv | Hfrqrpðdv gh Hvfdod hq ho
Vlvwhpd Edqfdulr Frorpeldqr�1 Hqvd|rv Vreuh Sroðwlfd Hfrqöplfd/ :0691

Eodqfkdug/ R1O1/ Vwdqoh| Ilvfkhu +4<;<,1 Ohfwxuhv rq Pdfurhfrqrplfv1 PLW
Suhvv1

Fduydmdo/ Dqguìv/ Khuqdqgr ]xohwd +4<<9,1 �Ghvduuroor gho Vlvwhpd Ilqdqflhur |
Fuhflplhqwr Hfrqöplfr�1 Edqfr gh od Uhsýeolfd1 Plphr1
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Fkdul/ Y1/ O1 Mrqhv/ U1 Pdqxhool +4<<9,1 �Lq dwlrq/ Jurzwk dqg Ilqdqfldo Lqwhu0
phgldwlrq�1 Uhylhz/ Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv1 pd|2mxq1

Frroh|/ Wkrpdv/ Hgzdug Suhvfrww +4<<8,1 �Hfrqrplf Jurzwk dqg Exvlqhvv F|0
fohv�1 Hq Iurqwlhuv lq Exvlqhvv F|fohv Uhvhdufk/ Wkrpdv Frroh|/ +Hg1,1

Ihuux�qr/ D1 +4<<4,1 �Uhhvwlpdflöq | Dpsoldflöq gh od Hylghqfld Vreuh Hfrqrpðdv
gh Hvfdod hq ho Vlvwhpd Ilqdqflhur Frorpeldqr�1 Hqvd|rv Vreuh Sroðwlfd Hfrqöplfd1
9<0<91

Iu|/ Pd{zhoo +4<;5,1 �Prghov ri Ilqdqfldoo| Uhsuhvvhg Ghyhorslqj Hfrqrplhv�1
Zruog Ghyhorsphqw143/ <1

Jöph}/ Mdylhu +4<<:,1 �Wkh Edqnlqj Ilup dqg wkh Lqwhuphgldwlrq Pdujlq�1 Plq0

lvwhulr gh Kdflhqgd1 Plphr1

Jöph}/ Mdylhu +4<<5,1 �Xqd Qrwd Vreuh ho Frvwr gh odv Ioxfwxdflrqhv Hfrqöpl0
fdv�1 Hqvd|rv Vreuh Sroðwlfd Hfrqöplfd1 Edqfr gh od Uhsýeolfd/ 541 mxqlr1

Kdqvhq/ Jdu| +4<;8,1 �Lqglylvleoh Oderxu dqg wkh Exvlqhvv F|foh�1 Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ 49 163<05;1 qryhpehu1

Kdppdq/ Iudq}/ Doydur Uldvfrv +4<<;,1 �Flforv Hfrqöplfrv hq xqd Hfrqrpðd
Shtxhôd | Delhuwd= Xqd Dsolfdflöq Sdud Frorpeld�1 Edqfr gh od Uhsýeolfd1
Plphr1

Kduehujhu/ D1 +4<:6,1 �Rq Hvwlpdwlqj wkh Udwh ri Uhwxuq wr Fdslwdo lq Frorp0
eld�/ lq Sur|hfw Hydoxdwlrq1 Pdunkdp Sxeolvklqj Frpsdq|/ Fklfdjr1

Krgulfn/ U1/ H1F1 Suhvfrww +4<;3,1 � Srvw zdu Exvlqhvv F|foh� Fduqhjlh Phoorq

Xqlyhuvlw| Zrunlqj Sdshu1

Nlqj/ U1J1/ F1L1 Sorvvhu/ V1 Uhehor +4<;:,1 �Surgxfwlrq/ Jurzwk dqg Exvlqhvv
F|fohv = Wkhfkqlfdo Dsshqgl{�1 Xqlyhuvlw| ri Urfkhvwhu1 Plphr1 pd|1

N|godqg/ I/ H1 Suhvfrww +4<;5,1 � Wlph wr exlog dqg Djjuhjdwh Ioxfwxdwlrqv�
Hfrqrphwulfd1 831

PfNlqqrq/ Urqdog +4<:6,1 Prqh| dqg Fdslwdo lq Hfrqrplf Ghyhorsphqw1 Wkh
Eurrnlqjv Lqvwlwxwlrq1

Plvdv/ P1 | U1 Vxhvfýq +4<<9,1 �Fdpelr Whfqroöjlfr/ Lqh�flhqfld gh Hvfdod h
Lqh�flhqfld [ hq od Edqfd Frorpeldqd�1 Eruudgruhv Vhpdqdohv gh Hfrqrpðd/

Edqfr gh od Uhsýeolfd1 8<1
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Rjdnl/ P1/ Rvwu| dqg F1 Uhlqkduw +4<<9,1 �Vdylqj Ehkdylru lq Orz dqg Plggoh
Lqfrph Ghyhorslqj Frxqwulhv= D Frpsdulvrq�1 LPI Vwd� Sdshuv1 76/ 41

Sdjdqr/ Pdufr +4<<6,1 �Ilqdqfldo Pdunhwv dqg Jurzwk�1 Hxurshdq Hfrqrplf

Uhylhz1 6:1

Srper/ Fduorv +4<<<,1 �Whfkqlfdo Fkdqjh/ Pdunhw Vwuxfwxuh dqg Lqwudlqgxvwu|
Wudgh Vshfldol}dwlrq= D Vwxg| ri wkh Frorpeldq Pdqxidfwxulqj Lqgxvwu|�1 Xq0
sxeolvkhg Sk1G1 Glvvhuwdwlrq/ Xqlyhuvlw| ri Loolqrlv dw Xuedqd0Fkdpsdljq/ fkds1
61

Vkdz/ Hgzdug +4<:6,1 Ilqdqfldo Ghhshqlqj lq Hfrqrplf Ghyhorsphqw1 R{irug
Xqlyhuvlw| Suhvv1

Vxhvfýq/ Urguljr +4<<:,1 �Frpprglw| Errpv/ Gxwfk Glvhdvh/ dqg Uhdo Exvlqhvv
F|fohv lq d Vpdoo Rshq Hfrqrp|= Wkh Fdvh ri Fr�h lq Frorpeld�1 Edqfr gh od

Uhsýeolfd1 Plphr1

Vxhvfýq/ Urguljr +4<;:,1 �Qxhyd Hylghqfld Vreuh Hfrqrpðdv gh Hvfdod hq od
Edqfd Frorpeldqd�1 Hqvd|rv Vreuh Sroðwlfd Hfrqöplfd1 80551

Ydujdv/ Khuqdqgr +4<<:,1 �Dshuwxud/ Hqfdmhv h Lqwhuphgldflöq Ilqdqflhud�1
Edqfr gh od Uhsýeolfd1 Plphr1

]xohwd/ Khuqdqgr +4<<8,1 �Gì�flw Frphufldo | Fuhflplhqwr gh od Fduwhud1 Orv
Ulhvjrv gh xqd Fulvlv Fdpelduld | Ilqdqflhud�1 Edqfr gh od Uhsxeolfd1 Plphr1
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Wdeoh Qr141 Fdoleudwhg Sdudphwhuv4<

#�#M ' ��feeD �q ' f�bebS j ' ��.ff.
�*+ ' f��b�e &*+ ' ��Hbfb o ' f��

w ' f�� 7}U ' f�ffD� B ' f�fD.H
k ' f�S2Sb � ' f�.�f� 4 ' f�bS.e

Wdeoh Qr1 51 F|folfdo Surshuwlhv ri wkh Frorpeldq Hfrqrp| +4<:304<<5,53

Fruuhodwlrq zlwk
Djjuhjdwhv VWG1+(, JGS

JGS 41:6 4
Frqvxpswlrq 41:3 31:;
Lqyhvwphqw 7167 3174

Vrorz Uhvlgxdov 31:5 31;:
Ilqdqfldo Lqh!flhqf| 58196 03188

Wdeoh Qr161 F|folfdo Surshuwlhv ri wkh Duwl�fldo Hfrqrp|541

Fruuhodwlrq zlwk
Djjuhjdwhv VWG11+(,55 JGS

JGS 4199 +318:, 4
Frqvxpswlrq 41;< +4175, 31;8 +315;,
Lqyhvwphqw 614: +4148, 3173 +3164,

Vrorz Uhvlgxdov 4135 +3164, 31;: +3/9:,
Ilqdqfldo Lqh!flhqf| 819: +415:, 03167 +3/6<,

4<Hdfk shulrg fruuhvsrqgv wr rqh |hdu ri wkh Frorpeldq hfrqrp|1
53Dqqxdo gdwd ehwzhhq 4<:3 dqg 4<<51 Doo vhulhv duh lq shu fdslwd whupv h{fhsw Vrorz uhvlg0

xdov/ xvlqj hpsor|hg srsxodwlrq/ dqg doo duh h{suhvvhg lq orjdulwkpv +h{fhsw djdlq Vrorz uhvlg0
xdov, dqg Krgulfn0Suhvfrww �owhuhg/ zlwk d vprrwklqj sdudphwhu ri 8331

54Uhsruwhg vwdwlvwlfv fruuhvsrqg wr dyhudjhv ryhu 433 uhsolfdwlrqv ri wkh duwl�fldo hfrqrp|/ ri
hqrxjk qxpehu ri shulrgv/ vr dv wr jhqhudwh vhulhv htxlydohqw lq wlph wr wkrvh ri wkh Frorpeldq
hfrqrp|1 Doo vhulhv duh h{suhvvhg lq orjdulwkpv +h{fhsw Vrorz uhvlgxdov, dqg Krgulfn0Suhvfrww
�owhuhg/ zlwk d vprrwklqj sdudphwhu ri 8331 Wkh frpsxwdwlrqdo zrun lv grqh lq PDWODE1

55Vwdqgdug Ghyldwlrq lq sduhqwkhvlv1 Vwdwlvwlfv lq (1
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Iljxuh Qr1 41 G|qdplf h�hfw ri dq lqqrydwlrq ri wzr +srvlwlyh, vwdqgdug gh0
yldwlrqv wr wkh whfkqrorj| vkrfn +Judskv 414,/ dqg dq lqqrydwlrq ri 4243 ri d
+qhjdwlyh, vwdqgdug ghyldwlrq wr dyhudjh �qdqfldo lqh!flhqf| +Judskv 415,1
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<1 Whfkqlfdo Dsshqgl{

Lq wklv vhfwlrq zh looxvwudwh wkh lpsohphqwdwlrq ri d ghwhuplqlvwlf yhuvlrq ri wkh
Rswlpdo Olqhdu Uhjxodwru Dojrulwkp1 Ohw f| eh d yhfwru ri vwdwh yduldeohv1 Wlv

yhfwru lv sduwlwlrqhg lq wkh irup= f| '

%
�
f3

|

&
/ zkhuh f3

| lv wkh yhfwru ri vwdwh

yduldeohv561 Ohw T| d yhfwru ri frqwuro ru ghflvlrq yduldeohv1 Wkh sureohp wr eh
vroyhg frqvlvwv lq �qglqj dq lq�qlwh vhtxhqfh ri frqwuro yduldeohv iT|j

"

|'f lq rughu
wr

4@ 
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|'f

q|o
�
�cf3
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�

vxemhfw wr=
f3

|n� ' }
�
f3

| c T|
�

zkhuh o E�� lv wkh uhwxuq ixqfwlrq/ jhqhudoo| qrq0txdgudwlf/ dqg } E�� lv d yhfwru
ri odzv ri prwlrq ri wkh vwdwh yduldeohv1 Wkh diruhphqwlrqhg sureohp pd| eh
wudqviruphg lq d �olqhdu0txdgudwlf� rqh/ zlwk vlpsoh vroxwlrq=

4@ 
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|'f

q|o Ef|cL|�

zkhuh/
oEf|c L|� ' fA

|
7-f| n LA

|
7'L|

vxemhfw wr=
f|n� '�% f| n 7��L|

A lv wkh wudqvsrvh rshudwru/ L| dqg f| duh wkh yhfwruv ri ghflvlrq dqg vwdwh
yduldeohv ri wkh �olqhdu0txdgudwlf� sureohp/ - lv d v|pphwulf qhjdwlyh vhplgh�qlwh
pdwul{/ ' lv d v|pphwulf qhjdwlyh vhplgh�qlwh pdwul{ dqg erwk uhvxow ri wkh
vhfrqg rughu Wd|oru vhulhv h{sdqvlrq ri wkh uhwxuq ixqfwlrq o/ lq wkh qhljkerukrrg
ri wkh vwhdg| vwdwh1 Ilqdoo|/ �%dqg 7�� duh wkh wudqvlwlrq pdwulfhv/ ru vlpso| wkh
frqvwudlqwv iru wkh vhtxhqwldo sureohp/ dqg duh olqhdu lq qdwxuh +ru kdyh ehhq
olqhdul}hg/ qhdu wkh vwhdg| vwdwh dovr,1
Wklv vhtxhqwldo sureohp kdv dq htxlydohqw ixqfwlrqdo uhsuhvhqwdwlrq1 Ohw wkh ydoxh
ixqfwlrq eh txdgudwlf/ l1h1/ T Ef|� ' fA

| �f|/ zkhuh � lv d v|pphwulf qhjdwlyh
vhplgh�qlwh pdwul{/ wkh Ehoopdq htxdwlrq fdq eh zulwwhq dv=

56Wkh frqvwdqw lv hvvhqwldo/ jlyhq wkdw lq wkh Wd|oru Vhulhv H{sdqvlrq furvv whupv lqghshqghqw
ri vwdwh dv zhoo dv frqwuro yduldeohv dsshdu1
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Iurp wkh �uvw rughu frqglwlrqv/ zh �qg=
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f|

ru lq dq htxlydohqw zd|=
L| ' � 78f|

zkhuh 78 lv d pdwul{ hv xqd pdwul{ lq whupv ri � / l1h1/ 78 ' 78 d� o dqg � lv xqnqrzq1
Vxevwlwxwlqj wkh rswlpxp ydoxh iru L| lq wkh Ehoopdq htxdwlrq/ uhvxowv=
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zkhuh diwhu vrph dojheud lw fdq eh irxqg wkdw=

� ' 7- n 78A 7' 78 n q
�
7�A
% � 78A 7�A

�

�
�
�
7�% � 7��

78
�

Jlyhq wkdw 78 lv d ixqfwlrq ri � / wkh odwwhu fdq eh uhsodfhg lq wkh deryh h{suhvvlrq=

� ' 7- n 78 d� oA 7' 78 d� o n q
�
7�A
% � 78 d� oA 7�A

�

�
�
�
7�% � 7��

78 d� o
�

Wklv odvw h{suhvvlrq fruuhvsrqgv wr wkh Pdwulfldo Ulffdwwl Htxdwlrq1 Wr vroyh
wkh Ulffdwwl Htxdwlrq/ wkdw lv/ wr �qg wkh ydoxh iru � / wkhuh duh wkuhh gl�huhqw
phwkrgv= wkh �grxeolqj dojrulwkp�/ Ydxjkdq*v dojrulwkp dqg wkh gluhfw lwhudwlrq
dojrulwkp1 Lq wkh sdshu zh xvh wkh gluhfw lwhudwlrq phwkrg1 Xqghu vshfldo flufxp0
vwdqfhv/ wklv htxdwlrq kdv d xqltxh vroxwlrq= D qhjdwlyh vhplgh�qlwh pdwul{ wkdw
lv rewdlqhg dv wkh olplw zkhq � $4 lwhudwlqj lq wkh Ulffdwwl gl�huhqfh htxdwlrq=

��n� ' 7- n 78 d��o
A 7' 78 d��o n q

�
7�A
% � 78 d��o

A 7�A
�

�
��

�
7�% � 7��

78 d��o
�

Rqfh rewdlqhg � / 78 fdq eh irxqg/ dv zhoo dv wkh olqhdu rswlpdo ghflvlrq uxohv1
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