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Devwudfw

Lq wklv sdshu zh vshfli| dqg hvwlpdwh d g|qdplf idfwru ghpdqg prgho

iru wkh Vzhglvk sxos lqgxvwu|1 Ilupv duh dvvxphg wr kdyh udwlrqdo h{shf0

wdwlrqv dqg frvwv ri dgmxvwphqw zloo dulvh zkhq wkh fdslwdo vwrfn lv dowhuhg1

Wkh hvwlpdwhv duh edvhg rq sodqw ohyho sdqho gdwd iru wkh shulrg 4<:504<<31

Zh �qg zhdn hylghqfh ri wkh suhvhqfh ri dgmxvwphqw frvwv1 Doo wkh hvwl0

pdwhg rzq sulfh hodvwlflwlhv duh qhjdwlyh dqg wkh hpslulfdo frvw ixqfwlrq

kdyh doo wkh ghvluhg surshuwlhv iurp wkhru|1 Wkh uhvxow vxjjhvw wkdw xvhu

frvw ri fdslwdo lv d vljql�fdqw ghwhuplqdqw ri sxos lqgxvwu| lqyhvwphqw/

zkloh rxwsxw ohyho lv qrw1 Zh dovr �qg wkdw sxos lqgxvwu| lqyhvwphqw lv

lqvhqvlwlyh wr yduldwlrqv lq wkh sulfh ri hohfwulflw|1

Nh|zrugv= idfwru ghpdqg/ g|qdplf rswlpl}dwlrq/ sdqho gdwd/ errw0

vwuds1

MHO= F66/ F94/ G541

�Wkh dxwkruv dfnqrzohgjh frpphqwv iurp Ehqjw Nulvwuùp dqg Uxqdu Euçqqoxqg1 Ilqdqfldo
vxssruw kdv ehhq surylghg e| Wruh Eurzdogk Uhvhdufk Irxqgdwlrq dqg Oduv0Huln Wkxqkrop
Irxqgdwlrq1



41 Lqwurgxfwlrq

Wkh iruhvw vhfwru lv rqh ri wkh pdmru lqgxvwulhv lq Vzhghq/ dqg lwv zhoo ehlqj lv
fuxfldo iru wkh zkroh hfrqrp| wr eh lq edodqfh1 Wkhuhiruh/ jryhuqphqw srolf| dqg
h{whuqdo vkrfnv wkdw d�hfw wkh ghflvlrq sdudphwhuv iru wkh iruhvw lqgxvwu| zloo prvw
suredeo| dovr kdyh vxevwdqwldo pdfurhfrqrplf h�hfwv1 Wkxv/ lw lv lpsruwdqw wr
dftxluh dq xqghuvwdqglqj ri krz wkh iruhvw lqgxvwu| �up zloo uhvsrqg wr fkdqjhv
lq lwv hfrqrplf hqylurqphqw1 Wkh iruhvw lqgxvwu| lv Vzhghq*v odujhvw frqvxphu
ri hohfwulflw|1 Lq 4<;3 Vzhghq ghflghg wr skdvh rxw qxfohdu srzhu lq idyru ri
dowhuqdwlyh hqhuj| vrxufhv1 Wkh skdvh rxw surfhvv kdv ehhq ghod|hg exw dffruglqj
wr wkh suhvhqw jryhuqphqw wkh vkxw grzq ri wzr qxfohdu srzhu sodqwv lq wkh vrxwk
ri Vzhghq lv lpplqhqw1 Wkhuh lv xqfhuwdlqw| derxw krz wklv zloo d�hfw hqhuj|0
lqwhqvlyh lqgxvwu|/ vxfk dv wkh iruhvw vhfwru1 Wkh Vzhglvk iruhvw vhfwru lv fdslwdo
lqwhqvlyh1 Wkh fdslwdo vwrfn lv rq dyhudjh 418 ploolrq VHN shu hpsor|hh lq wkh
sxos ) sdshu lqgxvwu|/ zklfk lv pruh wkdq 518 wlphv wkh dyhudjh fdslwdo0oderu udwlr
lq wkh Vzhglvk pdqxidfwxulqj lqgxvwu| dv d zkroh1 Iruhvw lqgxvwu| lqyhvwphqwv
duh 53058( ri wrwdo lqyhvwphqwv lq pdqxidfwxulqj1 Lw lv lpsruwdqw wr xqghuvwdqg
wkh gulylqj irufhv ehklqg wkh lqyhvwphqw ghflvlrq1 Wklv sdshu lv dq dwwhpsw wr
lqfuhdvh wklv xqghuvwdqglqj1

Zh xvh d g|qdplf prgho ri wkh surgxfwlrq vwuxfwxuh zlwk dq dgmxvwphqw
surfhvv iru txdvl0�{hg lqsxw idfwruv1 Wklv hqdeohv xv wr dqdo|}h erwk vkruw dqg
orqj whup hodvwlflwlhv1 Vwxglhv ri idfwru ghpdqg kdv ehhq shuiruphg erwk lq d
vwdwlf dqg d g|qdplf iudphzrun1 Wkh g|qdplf prgho iudphzrun fdq eh glylghg
lqwr wkuhh vxe jurxsv= �uvw/ vhfrqg dqg wklug jhqhudwlrq g|qdplf prghov ri idfwru
ghpdqgv14 Iluvw jhqhudwlrq g|qdplf prghov duh vlqjoh htxdwlrq prghov xvlqj wkh
Nr|fn w|sh ri sduwldo dgmxvwphqw surfhvv/ ru vlplodu dgmxvwphqw surfhvvhv/ iru doo
lqsxw idfwruv1 Wkhvh prghov odfn wkhruhwlfdo xqghuslqqlqjv1 Lq dgglwlrq/ lqwhugh0
shqghqfh ehwzhhq lqsxwv duh qhjohfwhg1 Vhfrqg jhqhudwlrq g|qdplf prghov lq0
frusrudwh lqwhuuhodwhg idfwru ghpdqgv lqwr wkh �up*v vkruw uxq ghpdqg uhvsrqvhv/
exw wkh uroh ri hfrqrplf wkhru| lv vwloo olplwhg/ vlqfh hfrqrplf idfwruv d�hfwlqj wkh
wlph sdwk ri dgmxvwphqw iurp vkruw uxq wr orqj uxq duh qrw irupdoo| lqwurgxfhg1
Wkh glvwlqjxlvklqj ihdwxuh ri wkh Wklug jhqhudwlrq g|qdplf prghov lv wkdw wkh|
duh edvhg h{solflwo| xsrq g|qdplf rswlpl}dwlrq/ lqfrusrudwlqj dgmxvwphqw frvwv
iru txdvl0�{hg idfwruv ri surgxfwlrq/ dqg wkhuhiruh surylgh zhoo gh�qhg phdvxuhv
ri vkruw dqg orqj uxq hodvwlflwlhv1 Wkh wkhruhwlfdo irxqgdwlrqv ri wklug jhqhudwlrq
g|qdplf prghov duh pdlqo| gudzq iurp Oxfdv +4<9:d/ e,/ Odx +4<:9, ) PfIdg0

4Vhh wkh vxuyh| lq Kduwpdq +4<:<,1
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ghq +4<:;,1 D qlfh ryhuylhz ri wklv wkhru| fdq eh irxqg lq fkdswhu 45 lq Ehuqgw
) Ilhog +4<;4,1

Wkh prgho zh ghyhors lq wklv sdshu lv edvhg rq wkh prghov lq Slqg|fn )
Urwhpehuj +4<;6d, dqg Slqg|fn ) Urwhpehuj +4<;6e,1 Ilupv rshudwh lq d vwr0
fkdvwlf hqylurqphqw/ kdyh udwlrqdo h{shfwdwlrqv dqg pd{lpl}h wkh h{shfwhg ixwxuh
glvfrxqwhg  rz ri sur�wv dqg plqlpl}h wkh h{shfwhg glvfrxqwhg  rz ri frvwv1 E|
vshfli|lqj d uhvwulfwhg frvw ixqfwlrq zh fdq ghulyh d vwrfkdvwlf Hxohu htxdwlrqv iru
wkh txdvl0�{hg lqsxwv1 Zh hvwlpdwh d wudqvorj uhvwulfwhg frvw ixqfwlrq wrjhwkhu
zlwk dq Hxohu htxdwlrq iru d txdvl0�{hg lqsxw dqg wkh frvw vkduh htxdwlrqv iru
wkh  h{leoh lqsxwv/ xvlqj d wzr0vwdjh lqvwuxphqwdo yduldeoh hvwlpdwlrq whfkqltxh
dssolhg wr d sdqho gdwd vhw1 Wkh Hxohu htxdwlrq grhv qrw surylgh xv zlwk d frp0
sohwh vroxwlrq wr wkh g|qdplf rswlpl}dwlrq sureohp/ exw zh duh deoh wr hvwlpdwh lw
gluhfwo| jlyhq dq| sdudphwulf vshfl�fdwlrq ri wkh whfkqrorj|1 Wklv zloo hqdeoh xv
wr whvw li wkh hpslulfdo frvw ixqfwlrq kdv wkh surshuwlhv ri wkh wkhruhwlfdo frvw ixqf0
wlrq/ frqvwdqw uhwxuqv wr vfdoh/ wkh h{lvwhqfh ri dgmxvwphqw frvwv iru txdvl0�{hg
lqsxwv1 Zh surylgh d frpsohwh ghvfulswlrq ri wkh surgxfwlrq whfkqrorj| lq wkh
sxos lqgxvwu|/ lqfoxglqj vkruw whup dqg orqj whup ghpdqg hodvwlflwlhv frqvlvwhqw
zlwk udwlrqdo h{shfwdwlrqv1

Wkh iroorzlqj vhfwlrq frqwdlqv wkh wkhruhwlfdo xqghuslqqlqjv ri rxu dssurdfk1
Lq vhfwlrq 6 zh ghyhors wkh hpslulfdo prgho e| vshfli|lqj ixqfwlrqdo irupv iru
wkh uhvwulfwhg frvw ixqfwlrq dqg wkh dgmxvwphqw frvw ixqfwlrq1 Lq vhfwlrq 7 zh
suhvhqw sdudphwhu hvwlpdwhv dqg ghpdqg hodvwlflwlhv wrjhwkhu zlwk hfrqrphwulf
vshfl�fdwlrq whvwv dqg whvwv ri wkhruhwlfdo frvw ixqfwlrq fxuydwxuh frqglwlrqv1 Wkh
hvwlpdwlrq uhvxowv dqg hodvwlflwlhv duh suhvhqwhg lq vhfwlrq 81 Lq vhfwlrq 9 zh r�hu
d vkruw vxppdu| dqg d ihz frqfoxglqj uhpdunv1

51 Wkhru|

Gh�qh d surgxfwlrq ixqfwlrq ri d vlqjoh rxwsxw uhsuhvhqwdwlyh �up dv

t ' 8 E�c c 3c|� c +514,

zkhuh t lv rxwsxw/ � lv d yhfwru ri yduldeoh lqsxwv/  lv d yhfwru ri txdvl0�{hg
lqsxwv/ 3 lv d yhfwru ri jurvv fkdqjhv lq wkh txdvl0�{hg lqsxwv/ dqg | uhsuhvhqwv
vwdwh whfkqrorj|1

D fkdqjh lq wkh ohyhov ri wkh txdvl0�{hg idfwruv zloo uhvxow lq frvwv ri dgmxvw0
phqw gxh wr wkh qhfhvvlw| ri ghyrwlqj uhvrxufhv wr fkdqjh wkh lqsxw vwrfn udwkhu
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wkdq surgxflqj rxwsxw1 Wkh frvwv ri dgmxvwphqw duh uhsuhvhqwhg e| wkh frqyh{
yhfwru ixqfwlrq

�E3c c|� '

5
9997

�E5�c|c %�c|�
�E52c|c %2c|�
111
�E5,c|c %,c|�

6
:::8 c +515,

zkhuh , lv wkh qxpehu ri txdvl0�{hg lqsxwv1 Wkh hyroxwlrq ryhu wlph iru wkh
txdvl0�{hg lqsxwv lv uhsuhvhqwhg e| wkh ixqfwlrq/

5�c|'%�c| � E�� B��%�c|3� ( � ' �c ��c , +516,

zkhuh 5� dqg %� duh wkh jurvv dgglwlrq dqg ohyho ri wkh �|� vwrfn uhvshfwlyho|/ dqg
f � B� 	 � lv wkh udwh ri ghsuhfldwlrq iru wkh �|�txdvl0�{hg lqsxw1

Lq wkh vkruw uxq/ �upv pd{lpl}h uhvwulfwhg yduldeoh sur�wv +uhyhqxh plqxv
yduldeoh frvwv, frqglwlrqdo rq d yduldeoh lqsxw sulfh yhfwru T/ rxwsxw sulfh � / wkh
yhfwru ri txdvl0�{hg lqsxwv  dqg rxwsxw ohyho t 1 Dowhuqdwlyho|/ �upv plqlpl}h
yduldeoh frvwv/

S&

�'� R�c|��c|/ frqglwlrqdo rq T/  / t dqg |1 Wkh uhvwulfwhg frvw
ixqfwlrq/ C/ lv wkhq irupxodwhg dv

C| ' CETc c tc |� +517,

Wklv ixqfwlrq fdq eh vkrzq/ xqghu uhdvrqdeoh uhjxodulw| frqglwlrqv rq 8|/ wr eh
lqfuhdvlqj dqg frqfdyh lq T dqg ghfuhdvlqj dqg frqyh{ lq  1 Wkh frvw0plqlpl}lqj
ghpdqg htxdwlrqv iru wkh yduldeoh lqsxwv/ ��c|/ duh jlyhq e| wkh Vkhsdug0X}dzd0
PfIdgghq ohppd/

YC|

YR�c|
' ��c| +518,

iru � ' �c ���c &1
Wkh orqj0whup g|qdplf sureohp idflqj wkh �up/ lv wr plqlpl}h wkh h{shfwhg

suhvhqw ydoxh ri wkh ixwxuh vwuhdp ri frvwv zlwk uhvshfw wr wkh ohyho dqg jurvv
dgglwlrq ri wkh txdvl0�{hg lqsxwv/

.�T Ef� '4�?
t c3�

0|

+
"[
|'f

-|

%
C ETc c tc |� n

,[
�'�

@�c|%�c| n
,[

�'�

�E5�c|c %�c|�

&,
+519,

vxemhfw wr d vhw ri htxdwlrqv ri prwlrq/ +516,/ zklfk duh gulyhq e| wkh frqwuro
yhfwru 3/ dqg dq| frqvwudlqwv rq vwrfn ru  rz yduldeohv lq wkh prgho1 Wkh wlph
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| h{shfwdwlrqv rshudwru lv ghqrwhg 0|/ -| lv d glvfrxqw idfwru dqg @� lv wkh xvhu
frvwv/ ru uhqwdo frvwv/ ri wkh �|� txdvl0�{hg idfwru15

Wkh rswlpl}dwlrq sureohp idflqj wkh �up lv wr �qg frpelqdwlrqv dprqj doo
wkh srvvleoh CETc c tc |�/ vr wkdw wlph sdwkv ri wkh vwdwh yhfwru  dqg wkh frqwuro
yhfwru 3/ plqlpl}hv wkh h{shfwhg suhvhqw ydoxh ri wrwdo frvwv1 D vroxwlrq fdq
eh rewdlqhg xvlqj phwkrgv ri g|qdplf rswlpl}dwlrq16 Krzhyhu/ lq wkh hpslulfdo
prgho zh rqo| xwlol}h wkh pdujlqdo frqglwlrq/ ru Hxohu htxdwlrq iru fdslwdo/ vr
wkhuh lv qr qhhg wr h{solflwo| �qg wkh rswlpdo wlph sdwkv iru wkh frqwuro dqg vwdwh
yduldeohv zlwklq wkh iudphzrun ri wklv sdshu1

61 Hpslulfdo Prgho

Ilupv lq wkh sxos lqgxvwu| fkrrvh wkh rswlpdo ohyhov ri fdslwdo Eg�/ oderu Eu�/
hohfwulflw| E.� dqg sxoszrrg E��1 Wkh lqsxw sulfhv duh ghqrwhg ^/ �/ e/ 6
uhvshfwlyho|1 Oderu/ hohfwulflw| dqg sxoszrrg duh wuhdwhg dv  h{leoh idfwruv/ zkloh
fdslwdo lv txdvl0�{hg1 Wkh whfkqrorj| iru hdfk �up lv ghvfulehg e| wkh wzlfh
gl�huhqwldeoh surgxfwlrq ixqfwlrq/

t�c| ' 8 Eg�c|c u�c|c .�c|c��c|�c +614,

zkhuh � lv d �up vxevfulsw dqg | lv wkh wlph vxevfulsw1 Dvvxplqj d frvw plqlpl}lqj
ehkdylru zh zulwh wkh uhvwulfwhg frvw ixqfwlrq dv=

C�c| ' C E��c|c e�c|c6�c|cg�c|c t�c|� � +615,

Yduldeoh frvw ghshqg xsrq  h{leoh lqsxw sulfhv dqg ohyhov ri wkh txdvl0�{hg ydul0
deoh1 Fkdqjhv lq g zloo uhvxow lq frvwv ri dgmxvwphqw jlyhq e| wkh frqyh{ ixqfwlrq
��c| ' �EU�c|cg�c|�/ zkhuh U lv jurvv lqyhvwphqw gh�qhg dw wlph | dv/

U�c| ' g�c| � E�� Bg�g�c|3�� +616,

Fdslwdo lv dvvxphg wr ghwhulrudwh dw d frqvwdqw udwh jlyhq e| Bg1
Doo yduldeohv lq wkh fxuuhqw shulrg duh nqrzq/ zkhuhdv ixwxuh yduldeohv duh

vwrfkdvwlf1 Wkh pdqdjhphqw ri wkh �upv lv ulvn qhxwudo/ kdyh udwlrqdo h{shfwd0
wlrqv/ dqg dfw rq ehkdoi rq wkhlu vkduhkroghuv wr pd{lpl}h wkh ydoxh ri wkh �up
e| plqlpl}lqj frvwv1

5Iru h{dpsoh/ lq wkh fdvh ri fdslwdo/ xvhu frvw lv xvxdoo| gh�qhg dv t

s
+u . �, zkhuh t lv

dftxlvlwlrq sulfh iru qhz fdslwdo/ s lv rxwsxw sulfh/ u lv uhdo �qdqfldo frvw ri fdslwdo dqg � lv
ghsuhfldwlrq udwh1 Vhh Mrujhqvrq +4<96,1

6Ehoopdq*v g|qdplf surjudpplqj ru Srqwu|djlq*v pd{lpxp sulqflsoh1
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Wkh frvw plqlpl}lqj yduldeoh idfwru ghpdqgv duh=

u�c| '
YC�c|

Y��c|

c +617,

.�c| '
YC�c|

Ye�c|
dqg

��c| '
YC�c|

Y6�c|

�

Wkh vwrfkdvwlf g|qdplf rswlpl}dwlrq sureohp idflqj wkh �up lv wr vroyh/

4�?
tg|cU|�

0�c|

+
"[
|'f

-| dC E��c|c e�c|c6�c|cg�c|c t�c|� n ^�c|g�c| n � EU�c|cg�c|�o

,
c +618,

vxemhfw wr wkh htxdwlrq ri prwlrq iru fdslwdo/ +616,1 Wkh h{shfwdwlrq rshudwru/ 0�c|/
iru �up � lv frqglwlrqdo rq lqirupdwlrq dydlodeoh wr �up pdqdjhphqw lq shulrg |1
Wlph hqwhu wkh ixqfwlrq h{solflwo| lq wkh irup ri d glvfrxqw idfwru -| ' E�no|�

3|/
zkhuh o| lv wkh uhdo glvfrxqw udwh1

Wklv rswlpl}dwlrq sureohp fdq eh uhsuhvhqwhg zlwk wkh iroorzlqj ydoxh ixqf0
wlrq=7

T Eg�c|c |� ' } Eg�c|c U�c|c |� n 0�c| i-| dT Eg�c|n�c |n ��oj c +619,

zkhuh

} Eg�c|c U�c|c |� ' C E��c|c e�c|c6�c|cg�c|c t�c|� n ^�c|g�c| n � EU�c|cg�c|� � +61:,

E| gl�huhqwldwlqj wkh ydoxh ixqfwlrq zlwk uhvshfw wr g/ zh rewdlq wkh vwrfkdvwlf
Hxohu htxdwlrq /

YC�c|

Yg�c|

n ^�c| n
Y��c|

Yg�c|

n 0�c|

�
-|

�
YT Eg�c|n�c |n ��

Yg�c|

��
' fc +61;,

ru
YC�c|

Yg�c|

n ^�c| n
Y��c|

Yg�c|

n-|

�
Y��c|n�

Yg�c|

�
' "�c|n�c +61<,

zkhuh "�c|n� lv d iruhfdvw huuru zklfk/ xqghu wkh dvvxpswlrq ri udwlrqdo h{shfwd0
wlrqv/ lv ��_Efc j2�1 Wkdw lv/ wkh iruhfdvw huuru kdv d }hur phdq dqg �qlwh yduldqfh1

7Wklv w|sh ri ydoxh ixqfwlrq lv nqrzq dv wkh vwrfkdvwlf Ehoopdq htxdwlrq1 Vhh/ iru h{dpsoh/
Gl{lw +4<<3, fk 43 dqg 44 iru dq lqwxlwlyh glvfxvvlrq ri wklv frqfhsw1
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Wkxv lq rswlpxp wkh pdujlqdo ehqh�w iurp lqfuhdvlqj wkh fdslwdo vwrfn lq wlph |
vkrxog eh htxdo wr wkh uhqwdo sulfh ri fdslwdo soxv wkh pdujlqdo dgmxvwphqw frvw
dw wlph | dqg wkh h{shfwhg glvfrxqwhg vdylqjv lq wkh ixwxuh dgmxvwphqw frvwv e|
lqvwdoolqj fdslwdo qrz lqvwhdg ri lq wkh ixwxuh1 Wkh wudqvyhuvdolw| frqglwlrq lv
zulwwhq dv/

*�4
|<"

0�c|

�
-|

�
YC�c|

Yg�c|

n ^�c| n
Y��c|

Yg�c|

��
' f� +6143,

Zkhq wkh pdqdjhphqw orrnv idu lqwr wkh ixwxuh/ wkh rswlpdo ohyho ri fdslwdo vkrxog
qrw gl�hu iurp wkh ohyho ri fdslwdo wkh �up zrxog krog lq devhqfh ri dgmxvwphqw
frvwv1

Lw vkrxog eh srlqwhg rxw wkdw �upv pxvw dovr fkrrvh t�c| wr vroyh wkhlu lqwhuwhp0
srudo sur�w pd{lpl}dwlrq sureohp18 Wklv zrxog uhtxluh dq dgglwlrqdo �uvw0rughu
frqglwlrq lq rxu prgho1 Wkh fkrlfh ri rswlpdo t�c| ghshqg rq vxfk wklqjv dv rxw0
sxw pdunhw vwuxfwxuh/ frvwv ri sulfh dgmxvwphqwv/ hwf1 Jlyhq dvvxpswlrqv derxw
wkh �upv pdunhw hqylurqphqw lw zrxog eh srvvleoh wr irupxodwh wklv �uvw0rughu
frqglwlrq dqg lqfoxgh lw lq wkh prgho wr lpsuryh wkh h!flhqf| ri wkh hpslulfdo
sdudphwhu hvwlpdwhv1 Krzhyhu/ li wkhvh dvvxpswlrqv duh lqfruuhfw/ wkh hpslulfdo
prgho zrxog jhqhudwh lqfrqvlvwhqw sdudphwhu hvwlpdwhv1 E| olplwlqj rxuvhoyhv wr
wkh frvw0plqlpl}dwlrq sureohp/ wkhuh lv qr qhhg wr uho| rq dvvxpswlrqv derxw
pdunhw vwuxfwxuh1

6141 Prgho vshfl�fdwlrq

Wr hvwlpdwh wkh prgho zh qhhg wr vshfli| wkh ixqfwlrqdo irupv ri C�c| dqg ��c|1 D
frqyhqlhqw ixqfwlrqdo irup iru dgmxvwphqw frvwv/ lqwurgxfhg e| Vxpphuv +4<;4,/
lv9
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Wklv kdv wkh surshuwlhv wkdw dgmxvwphqw frvwv duh vwulfwo| frqyh{ lq U dqg kr0
prjhqrxv ri ghjuhh rqh lq lwv dujxphqwv1 Wrwdo frvwv ri dgmxvwphqw duh txdgudwlf
derxw vrph *qrupdo* udwh ri jurvv lqyhvwphqw /1 Wkdw lv/ wkh udwh ri lqyhvwphqw

8Qrwh wkdw dv orqj dv uhyhqxhv vroho| ghshqg rq wkh ohyho ri rxwsxw dqg qrw rq wkh fkrlfh ri
lqsxwv/ wkh pd{lpl}dwlrq ri sur�wv zrxog lpso| plqlpl}dwlrq ri frvwv1

9Wkh txdgudwlf irup uhgxfhv wkh qxpehu ri sdudphwhuv wr hvwlpdwh1 Iru dq ixuwkhu uhpdun
vhh iru h{dpsoh Nhqqdq +4<:<, dqg Phhvh +4<;3,1 Wklv ixqfwlrqdo irup lv dovr xvhg e| Eoxqghoo
hw do +4<<5,1

:



dw zklfk dgmxvwphqw frvwv dyhudjh }hur1 Pdujlqdo dgmxvwphqw frvwv zlwk uhvshfw
wr jurvv lqyhvwphqw/
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duh olqhdu lq wkh revhuyhg udwh ri lqyhvwphqw1 Wkh dgmxvwphqw frvw sdudphwhu lv
dvvxphg wr eh qrq0qhjdwlyh/ q � f1:

Zkhq vshfli|lqj wkh uhvwulfwhg frvw ixqfwlrq zh xvh wkh wudqvorj irup gh0
yhorshg e| Nphqwd +4<9:, dqg lqwurgxfhg irupdoo| lq d vhulhv ri sdshuv e| lq
wkh hduo| vhyhqwlhv lqfoxglqj Ehuqgw ) Fkulvwhqvhq +4<:5, dqg Fkulvwhqvhq hw do
+4<:6,1 E| lpsrvlqj sdudphwhu uhvwulfwlrqv/ wkh ixqfwlrq lv pdgh v|pphwulf dqg
krprjhqhrxv ri ghjuhh rqh lq sulfhv1 Wklv ixqfwlrqdo irup lv kljko| jhqhudo dqg
qrq0krprwkhwlf1 Lw lv dwwudfwlyh ehfdxvh lwv  h{leoh/ lq wkh vhqvh wkdw grhv qrw
lpsrvh dq| uhvwulfwlrqv rq wkh vxevwlwxwlrq hodvwlflwlhv dv lq wkh fdvh ri Free0
Grxjodv ru FHV whfkqrorjlhv1 Zh zulwh wkh frvw ixqfwlrq iru �up � lq shulrg |
dv=

*L}C�c| ' s� n kf n *L}6�c| n k� *L}

�
e�c|
6�c|

�
n k2 *L}

�
��c|

6�c|

�
+6146,

nk� *L}g�c| n ke *L} t�c| n
�

2
���

�
*L}

�
e�c|
6�c|

��2

n��2 *L}

�
e�c|
6�c|

�
*L}

�
��c|

6�c|

�
n ��� *L}

�
e�c|
6�c|

�
*L}g�c|

n��e *L}

�
e�c|
6�c|

�
*L}t�c| n

�

2
�22

�
*L}

�
��c|

6�c|

��2

n�2� *L}

�
��c|

6�c|

�
*L}g�c| n �2e *L}

�
��c|

6�c|

�
*L} t�c|

n
�

2
���E*L}g�c|�

2 n ��e *L}g�c| *L} t�c|

:Wkh sdudphwhu � lv wkh htxlydohqw wr wkh sdudphwhu lq t0prghov ri lqyhvwphqw1 D frpprqo|
xvhg hfrqrphwulf vshfl�fdwlrq ri wklv prgho lv
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zklfk lv ghulyhg iurp d pd{lpl}dwlrq ri suhvhqw ydoxh ri fdvk0 rz lq suhvhqfh ri wkh dgmxvwphqw
frvw ixqfwlrq vshfl�hg lq wklv sdshu1 tw lv wkh udwlr ri wkh vwrfn pdunhw*v ydoxdwlrq ri wkh �up*v
fdslwdo wr lwv ydoxh dw uhsodfhphqw frvwv1
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Wkh �up vshfl�f h�hfwv duh uhsuhvhqwhg e| s� dqg b lv udwh ri whfkqlfdo surjuhvv1;

Wkh frvw vkduh htxdwlrqv ghulyhg iurp wkh wudqvorj frvw ixqfwlrq duh=
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Zlwk wkh dgmxvwphqw frvw ixqfwlrq dqg wkh uhvwulfwhg frvw ixqfwlrq vshfl�hg dv
deryh/ wkh hpslulfdo vwrfkdvwlf Hxohu htxdwlrq iru fdslwdo ehfrphv/
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zklfk fdq eh zulwwhq pruh frpsdfwo| dv/

C�c|7gc�c|

g�c|

n ^�c| n s

�
Y��c|

Yg�c|

c -|

�
Y��c|n�

Yg�c|

��
' "�c|n�/ +614;,

zkhuh wkh uljkw kdqg vlgh lv wkh |n � iruhfdvw huuru ghvfulehg hduolhu dqg
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+614<,
Wkh frvw ixqfwlrq dqg wkh frvw vkduh htxdwlrqv fdq eh wudqviruphg lqwr uhjuhvvlrq
htxdwlrqv e| dgglqj wkh dssursuldwh huuru whup wr hdfk ri wkhp1

Lq wkh dgmxvwphqw frvw olwhudwxuh wkh *qrupdo udwh* ri lqyhvwphqw sdudphwhu /
hqwhuv wkh hpslulfdo prgho lq gl�huhqw zd|v1 Fklulqnr +4<;:, wuhdw / dv d jlyhq
frqvwdqw dqg vhw lw htxdo wr wkh ghsuhfldwlrq udwh B> Kxeedug hw do1 +4<;8, xvh d

;Qrwh wkdw lq wklv fdvh lw lv qhxwudo glvhperglhg whfkqlfdo surjuhvv1

<



�{hg ydoxh ri 314> dqg Zklwhg +4<<5, hvwlpdwhg / wr dssur{lpdwho| rqh/ zklfk
pxvw eh frqvlghuhg xquhdolvwlf1 Zh kdyh fkrvhq wr iroorz Fklulqnr +4<;:, vlqfh
*qrupdo udwh* ri lqyhvwphqw vkrxog eh forvh wr wkh ghsuhfldwlrq udwh zkhuh wkh
fdslwdo vwrfn lv lq vwhdg| vwdwh1

Wkh prgho fdq eh xvhg wr ghulyh irupxodv iru 48 vkruw0whup dqg 53 orqj0whup
idfwru ghpdqg hodvwlflwlhv11 Vkruw0whup hodvwlflwlhv duh fdofxodwhg jlyhq wkdw rqo|
 h{leoh lqsxwv fkdqjh/ zkloh wkh orqj0whup hodvwlflwlhv dsso| zkhq wkh txdvl0�{hg
lqsxw dovr dgmxvwv1 Lw vkrxog eh qrwhg wkdw wkh orqj0whup hodvwlflwlhv pxvw eh
lqwhusuhwhg zlwk vrph fdxwlrq1 Zh kdyh lpsolflwo| dvvxphg wkdw �upv gr qrw
frqvlghu wkh yduldqfh ri ixwxuh sulfh sdwkv +gxulqj wkh orqj whup wlph lqwhuydo,
zkhq uhvsrqglqj wr lpphgldwh sulfh fkdqjhv1 Li sulfhv hyroyh vwrfkdvwlfdoo|/ wkh
dgmxvwphqw sdwk iru dq| glvfuhwh fkdqjh lq d sulfh wr d qhz orqj0whup h{shfwhg
htxloleulxp/ duh vroxwlrqv wr d vwrfkdvwlf frqwuro sureohp1 Krzhyhu/ vxfk vroxwlrqv
duh uduho| ihdvleoh/ dqg zh kdyh wr xwlol}h wkh vroxwlrq wr d ghwhuplqlvwlf frqwuro
sureohp wr frpsxwh dqg hvwlpdwh wkh orqj0whup hodvwlflwlhv1 Ghulydwlrq ri wkh wzr
vhwv ri hodvwlflw| irupxodv fdq eh irxqg lq Dsshqgl{1

71 Gdwd/ hvwlpdwlrq phwkrgv/ dqg vshfl�fdwlrq whvwlqj

Wr hvwlpdwh wkh prgho zh xvh d xqltxh sodqw ohyho sdqho gdwd vhw1 Lw frqwdlqv
furvv vhfwlrq gdwd iurp 55 sxos ploov zlwk dqqxdo revhuydwlrqv iurp 4<:5 wr 4<<31
Wkh xvh ri gdwd rq lqglylgxdo �upv kdv vhyhudo dgydqwdjhv frpsduhg wr djjuhjdwh
wlph vhulhv dqdo|vlv= eldvhv uhvxowlqj iurp djjuhjdwlrq dfurvv �upv duh holplqdwhg>
furvv vhfwlrqdo yduldwlrq frqwulexwhv wr hqkdqfhg suhflvlrq ri prgho sdudphwhuv
hvwlpdwhv> pdq| yduldeohv fdq eh phdvxuhg pruh dffxudwho| dw wkh lqglylgxdo �up
ohyho> khwhurjhqhlw| dfurvv �upv fdq eh h{solflwo| prghohg1 Xvlqj gdwd dw plfur
ohyho doorzv xv wr pryh dzd| iurp wkh qrwlrq ri wkh uhsuhvhqwdwlyh �up/ vr wkdw
furvv �up gl�huhqfhv fdq eh lqyhvwljdwhg pruh wkrurxjko|11

Wkh idfwru sulfhv e/ �/ dqg 6 duh �up vshfl�f1 Wkdw lv/ wkhvh sulfhv duh
fdofxodwhg xvlqj �up ohyho lqirupdwlrq rq krz pxfk ri hdfk lqsxw wkdw lv xvhg dqg
krz pxfk lw frvw1 Krzhyhu/ qrwh wkdw � grhv qrw ydu| pxfk ryhu �upv1 Wkh xvhu/
ru uhqwdo/ frvw ri fdslwdo ^/ lv qrw �up vshfl�f1 Wkh fdofxodwlrq ri wklv yduldeoh lv
edvhg rq uhdo �qdqfldo frvw ri fdslwdo udwhv iru wkh zkroh pdqxidfwxulqj lqgxvwu|1<

<Wkh xvhu frvw ri fdslwdo zdv fdofxodwhg xvlqj wkh iroorzlqj irupxod=
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Iljxuh 714= Frvw vkduhv dqg hohfwulflw| sulfh +edvh |hdu@4<;4,1

Doo vwrfn yduldeohv zklfk duh phdvxuhg lq VHN/ dqg doo qrplqdo sulfhv/ duh gh dwhg
xvlqj wkh dssursuldwh sulfh lqglfhv +4<;4 dv edvh |hdu,1 Wkh fdslwdo vwrfnv duh
fdofxodwhg xvlqj wkh shushwxdo lqyhqwru| phwkrg zlwk d frqvwdqw ghsuhfldwlrq udwh1
Wkh sdudphwhuv B dqg / duh vhw wr 313;45143 Lqlwldoo| zh kdyh 74; revhuydwlrqv +55
�upv dqg 4; dqqxdo revhuydwlrqv,/ exw diwhu uhprylqj d ihz reylrxv rxwolhuv dqg
vhohfwlqj rqo| qrq0}hur ydoxhv ri idfwru lqsxwv/ idfwru sulfhv dqg jurvv lqyhvwphqw/
zh duh ohiw zlwk 5:; revhuydwlrqv1

Dv fdq eh vhhq lq �jxuh 714 oderu dqg hohfwulflw| duh fohduo| vxevwlwxwhv dqg wkh|
vxp xs wr derxw 63 shufhqw ri wkh wrwdo frvw1 Wkh sxoszrrg frvw vkduh lv vwdeoh dw
derxw :3 shufhqw dqg lv wkhuhiruh qrw lqfoxghg lq wkh �jxuh1 Wkh hohfwulflw| sulfh

/ zkhuh sp dqg se duh lqyhvwphqw jrrg sulfh lqglfhv iru pdfklqhu| dqg exloglqjv uhvshfwlyho|>
s lv d surgxfhu sulfh lqgh{ iru wkh sxos lqgxvwu|> zp dqg ze duh zhljkwv fruuhvsrqglqj wr
phdq ydoxh ri lqyhvwphqw udwlr iru pdfklqhu| dqg exloglqjv +31< dqg 314,> up/ ue/ �p dqg �e duh
uhdo �qdqfldo frvwv dqg ghsuhfldwlrq udwhv iru pdfklqhu| dqg exloglqjv1 Uhdo �qdqfldo frvw ri
fdslwdo udwhv zhuh fdofxodwhg dqg vxssolhg e| Mdq Vùghuvwhq/ Ghsduwphqw ri Hfrqrplfv/ Xssvdod
Xqlyhuvlw|1

43Wkh ghsuhfldwlrq udwh lv fdofxodwhg dv/ � @ zp�p.ze�e1 Wkh ghsuhfldwlrq udwh iru pdfklqhu|
dqg exloglqjv duh 313;: dqg 3135< uhvshfwlyho| +zp @ 3=< dqg ze @ 3=4,1 Wkh ghsuhfldwlrq udwhv
zhuh ghulyhg iru wkh Vzhglvk iruhvw lqgxvwu| iru wkh shulrg 4<;30<3 e| VFE1
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dqg wkh hohfwulflw| frvw vkduh vhhpv/ dw ohdvw gxulqj wkh vhyhqwlhv/ wr eh forvho|
uhodwhg zklfk lv qrw vxusulvlqj1 Rq dyhudjh/ wkh sxos lqgxvwu| hohfwulflw| sulfh lv
1455 VHN2nzk/ zklfk lv derxw kdoi ri wkh lqgxvwu| dv d zkroh1

Ilup vshfl�f �{hg h�hfwv duh dvvxphg suhvhqw lq wkh uhvwulfwhg frvw ixqfwlrq
gxh wr gl�huhqw xqrevhuydeoh pdqdjhuldo vnloov1 Zh hvwlpdwh wkh rqh zd| �{hg
h�hfw prgho e| dgglqj +� � �, �up gxpplhv wr wkh frvw ixqfwlrq1 Wkhuh duh qr
�{hg h�hfwv lq wkh pdujlqdo frqglwlrqv1

Wkh uhjuhvvlrq glvwxuedqfhv iru wkh htxdwlrqv duh dvvxphg wr eh vhuldoo| fru0
uhodwhg dqg khwhurvfhgdvwlf1 Vhuldo fruuhodwlrq lv dvvxphg wr eh htxdo dfurvv doo
�upv/ zkloh khwhurvfhgdvwlflw| lv dvvxphg wr eh suhvhqw zlwklq dqg dfurvv �upv1
D vlpxowdqhrxv hvwlpdwlrq ri htxdwlrq +6146,/ +6147,/ +6148, dqg +614:, lv lqlwldoo|
shuiruphg wr hvwlpdwh d vhw ri sdudphwhuv xvhg wr wudqvirup wkh yduldeohv wr fru0
uhfw iru vhuldo fruuhodwlrq dqg furvv vhfwlrqdo khwhurvfhgdvwlflw| lq hdfk htxdwlrq1
Zh dvvxph wkdw wkh glvwxuedqfh iroorzv dq �-E�� surfhvv dqg hvwlpdwh htxdwlrq
vshfl�f vhuldo fruuhodwlrq frh!flhqwv1 Lq dgglwlrq zh hvwlpdwh �up dqg htxdwlrq
vshfl�f yduldqfhv ri wkh glvwxuedqfh144

Diwhu wudqvirupdwlrq/ htxdwlrq +6146,/ +6147, dqg +6148, duh hvwlpdwhg vlpxo0
wdqhrxvo| wrjhwkhu zlwk wkh uhvwulfwhg frvw ixqfwlrq +614:,/ xvlqj d wzr0vwhs lq0
vwuxphqwdo yduldeoh/ ru Jhqhudol}hg Phwkrgv ri Prphqwv +JPP, hvwlpdwru gh0
yhorshg e| Kdqvhq +4<;5, dqg Kdqvhq ) Vlqjohwrq +4<;5,1 Wkh fryduldqfh pdwul{
lv pdgh khwhurvfhgdvwlf0frqvlvwhqw +Zklwh/ 4<;3,1 Wkh frvw ixqfwlrq/ vkduh dqg
Hxohu htxdwlrq duh dvvxphg wr krog lq h{shfwdwlrq wr vrph frqglwlrqlqj vhw ru
lqvwuxphqwdo yduldeohv1 Wklv frqglwlrqlqj vhw vkrxog eh/ li surshuo| gh�qhg/ d
vxevhw ri wkh vhw wkdw zrxog dsso| wr wkh fdslwdo Hxohu htxdwlrq li wkh frvw ixqf0
wlrq dqg vkduh htxdwlrqv �w zlwkrxw huuru1 Wkhuhiruh zh xvh d vhw ri lqvwuxphqwdo
yduldeohv wkdw grhv qrw lqfoxgh dq| fxuuhqw yduldeohv dsshdulqj lq wkh hfrqrphwulf
prgho1 Iurp vwdwlvwlfdo wkhru| lw lv nqrzq wkdw wkh sdudphwhu hvwlpdwhv vkrxog
qrw ghshqg rq wkh fkrlfh ri lqvwuxphqwv/ dv orqj dv wkh| duh lqghshqghqw ri wkh
uhjuhvvlrq glvwxuedqfhv dw wlph |1 Krzhyhu/ iurp sudfwlfdo h{shulhqfh rqh fdq
revhuyh wkdw wklv lv qrw dozd|v wuxh/ dqg wkhuhiruh zh fkhfn wkh urexvwqhvv ri wkh
uhvxowv e| xvlqj wzr dowhuqdwlyh vhwv ri lqvwuxphqwv 0 Lqvw vhw 4 dqg Lqvw vhw 5
lq WDEOH 4 0 wkdw grhv qrw lqfoxgh dq| fxuuhqw yduldeohv dsshdulqj lq dq| ri
wkh prgho htxdwlrqv1 Wkh �uvw lqvwuxphqw vhw lqfoxghv wkh iroorzlqj yduldeohv=
d frqvwdqw/ t�c|3�c g�c|3�c u�c|3�c .�c|3�c ��c|3�c ^�c|3�c ��c|3�c e�c|3�c 6�c|3�/ -�c|3�/
dqg wkh gxpp| yduldeohv1 Wkh vhfrqg lqvwuxphqw vhw lqfoxghv= d frqvwdqw/ t�c|3�/
odjjhg djjuhjdwhg Vzhglvk iruhvw lqgxvwu| lqyhvwphqw/ odjjhg frqvxphu sulfh lq0

44Iru d frpsuhkhqvlyh glvfxvvlrq vhh Nphqwd +4<:4,

45



gh{/ odjjhg sxos lqgxvwu| surgxfhu sulfh lqgh{/ -�c|3�/ odjjhg lq dwlrq udwh/ odjjhg
vdodu| sdlg wr hpsor|hhv/ odjjhg wrwdo frvw ri hohfwulflw|/ odjjhg wrwdo frvw ri udz
pdwhuldov/ dqg odjjhg gxpp| yduldeohv1 Lq WDEOH 4 zh dovr uhsruw sdudphwhu
hvwlpdwhv iurp d srrohg +uhvwulfwhg prgho, gdwd hvwlpdwlrq1 Lq wklv hvwlpdwlrq
wkh lqvwuxphqw vhwv duh wkh vdph dv deryh exw zh uhpryhg wkh odjjhg gxpp|
yduldeohv145

Wkh hodvwlflwlhv duh kljko| qrqolqhdu ixqfwlrqv ri wkh hvwlpdwhg sdudphwhuv
dqg frvw vkduhv1 Wklv pdnhv lw gl!fxow wr rewdlq dssursuldwh hvwlpdwhv ri wkh
yduldqfhv ri wkh hvwlpdwhg hodvwlflwlhv1 Zh iroorz Gdww +4<;;, dqg Nkdolg Qdlqdu
+4<;<, dqg hvwlpdwh wkh yduldqfhv xvlqj wkh errwvwuds whfkqltxh461

Dorqj zlwk sdudphwhu hvwlpdwhv zh uhsruw wkh Vdujdq0Kdqvhq a0vwdwlvwlf1 Xq0
ghu wkh qxoo ri ydolg uhvwulfwlrqv/ wkh a0vwdwlvwlf lv dv|pwrwlfdoo| glvwulexwhg dv �2

zlwk ghjuhhv ri iuhhgrp htxdo wr wkh qxpehu ri ryhulghqwli|lqj uhvwulfwlrqv147 Dv
wkh gdwd lv wudqviruphg wr uhpryh khwhurvfhgdvwlflw| ehwzhhq �upv/ zh fdq xvh d
vlpsoh Fkrz whvw wr whvw iru �up vshfl�f h�hfwv148

Wkh lqsxwv dqg sdudphwhu hvwlpdwhv jhqhudwh dq hpslulfdo ixqfwlrq C�c| wkdw
pxvw vdwlvi| wkh prqrwrqlflw| dqg fxuydwxuh frqglwlrqv dw doo vdpsoh srlqwv lq wkh
gdwd vhw xvhg wr hvwlpdwh wkh prgho1 Wkdw lv> E�� Vlqfh C�c| vkrxog eh prqrwrql0
fdoo| lqfuhdvlqj lq ��c|/ e�c|/ dqg 6�c| dqg ghfuhdvlqj lq g�c|/ wkh hvwlpdwhg ydoxhv
ri wkh frvw vkduhv pxvw vdwlvi| f � 7uc�c|/ 7.c�c|/ 7�c�c| � �/ dqg wkh �uvw sduwldo
ghulydwlyh ri C�c| zlwk uhvshfw wrg�c| vkrxog eh ohvv wkdq }hur1 E2� Vlqfh C�c| vkrxog
eh frqfdyh lq wkh  h{leoh lqsxw sulfhv/ wkh Khvvldq pdwul{ ri C�c| zlwk uhvshfw wr

45Wlph vhulhv iru djjuhjdwhg Vzhglvk iruhvw lqgxvwu| lqyhvwphqw/ sulfh lqglfhv/ dqg wkh lq d0
wlrq udwh duh wdnhq iurp Vwdwlvwlfv Vzhghq +VFE,1

46Lq vkruw wklv lv grqh lq wkh iroorzlqj pdqqhu= Diwhu hvwlpdwlqj wkh v|vwhp ri htxdwlrqv
zh uhvdpsoh wkh 5;9 revhuydwlrqv zlwk uhsodfhphqw iurp wkh uhvlgxdo pdwul{1 Dgglqj wkhvh
yhfwruv ri uhvlgxdov wr wkh uljkw kdqg vlgh ri wkh htxdwlrqv jlyhv xv d vhw ri svhxgrgdwd ri wkh
hqgrjhqhrxv yduldeohv1 Hvwlpdwlqj wkh v|vwhp ri svhxgrgdwd dqg uljkw kdqg vlgh yduldeohv jlyhv
d qhz sdudphwhu yhfwru dqg d qhz vhw ri hodvwlflwlhv1 Wklv surfhgxuh lv uhshdwhg 83 wlphv zklfk
jlyhv xv 83 hvwlpdwhv ri hdfk hodvwlflw|1 Wkh yduldqfhv ri wkh hvwlpdwhg hodvwlflwlhv duh wkhq
vlpso| fdofxodwhg dv wkh yduldqfh lq hdfk svhxgrvdpsoh ri hodvwlflwlhv1
Iru dq ryhuylhz ri wklv whfkqlth vhh/ iru h{dpsoh/ Hiurq dqg Wlevkludql +4<;9, dqg +4<<6,1
47Wkh qxpehu ri lqvwuxphqwv wlphv wkh qxpehu ri htxdwlrqv plqxv wkh qxpehu ri sdudphwhuv1
48Wkdw lv/ d I 0whvw rq �up gxpplhv/

I3 @
+UUVV � XUVV,@+Q � 4,

XUVV@+QW �Q �N,

K3

9 IQ�4>Q+W�4,�N

zkhuh UUVV lv wkh uhvwulfwhg uhvlgxdov vxpv ri vtxduhv +srrohg hvwlpdwlrq, dqg XUVV lv wkh
xquhvwulfwhg vxpv ri vtxduhv +�{hg h�hfw hvwlpdwlrq,1
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��c|/ e�c|/ dqg 6�c| pxvw eh qhjdwlyh vhplgh�qlwh1 E�� Vlqfh C�c| vkrxog eh frqyh{
lq wkh txdvl0�{hg lqsxw fdslwdo/ wkh vhfrqg sduwldo ghulydwlyh ri C�c| zlwk uhvshfw
wr g�c| vkrxog eh srvlwlyh1

Zh whvw frqvwdqw uhwxuqv wr vfdoh e| whvwlqj wkh uhvwulfwlrq EY *L}C�c|*Y *L} t�c|�
3��

� ' f/ zkhuh Y *L}C�c|*Y *L} t�c| ' 7+ +Fkdpehuv 4<<7/ fk 5,1 Xqghu wkh qxoo �upv
whfkqrorj| h{klelw frqvwdqw uhwxuqv wr vfdoh1

81 Uhvxowv

Sdudphwhu hvwlpdwhv duh vkrzq lq froxpqv 4 wr 7 lq WDEOH 41

WDEOH 4 0 JPP SDUDPHWHU HVWLPDWHV

Srrohg prgho Il{hg h�hfwv prgho
Sdudphwhu Lqvw vhw 4@ Lqvw vhw 5@ Lqvw vhw 4 Lqvw vhw 5
kf 4165< +6147, 316:6 +513<, 071868 +0316<, 046164; +06195,

k� 0313:3 +0:1<:, 031346 +05133, 031338 +05135, 031335 +04168,

k2 31334 +313;, 31396 +618:, 3134; +6178, 31347 +8184,

k� 0313;8 +04149, 03138: +031:4, 03134; +04138, 031364 +07175,

ke 3197; +7163, 31:;6 +;15<, 41;64 +41:3, 51<99 +71;4,

��� 31348 +61:8, 31355 +519:, 31353 +;195, 31348 +617:,

��2 031377 +0:13<, 031448 +091<;, 031375 +0;1<3, 031365 +09143,

��� 31334 +313:, 31338 +3154, 031338 +031;3, 3133: +319:,

��e 31398 +61;7, 31375 +5144, 31366 +7168, 31348 +417:,

�22 03133; +0318;, 031489 +061:9, 31366 +61:8, 31365 +6145,

�2� 03134< +031<7, 031447 +05196, 31343 +31<9, 031334 +0313:,

�2e 31353 +4133, 313<< +5156, 031356 +05135, 03133; +0319<,

��� 31383 +31;6, 3156; +41:9, 03134; +03187, 31365 +4143,

��e 031398 +04139, 031589 +041;<, 03133< +3157, 031387 +0419<,

�ee 31478 +5169, 31645 +515:, 031343 +03149, 031384 +031;:,

b 31344 +31:;, 3134: +6135, 3135< +614<, 31356 +5169,

q 31456 +4153, 0315:6 +04164, 3154< +5144, 31356 +3176,

M0vwdwlvwlf <:1<:W 6<147W 47519:W 483168W

FUWV0whvwK +4<;<, 4;144W 315<8 3134: 71;65W

|0udwlrv zlwklq sduhqwkhvhv1 @ Gxpp| yduldeohv duh uhpryhg1 W H{fhhgv fulwlfdo ydoxh1
K Xqghu qxoo , frqvwdqw uhwxuqv wr vfdoh1

Wkh dgmxvwphqw frvw sdudphwhu q/ lv rqo| vljql�fdqw lq wkh �{hg h�hfw prgho
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hvwlpdwhg zlwk lqvwuxphqw vhw 4 +froxpq 6,1 Wkh srlqw hvwlpdwh lv 3155 zklfk
lv derxw kdoi ri wkh Kdqvhq dqg Olqgehuj +4<<:, hvwlpdwh edvhg rq d sdqho gdwd
vhw ri Vzhglvk pdqxidfwxulqj �upv1 Wklv uhvxow vxjjhvwv wkdw dgmxvwphqw frvwv
dvvrfldwhg zlwk fkdqjlqj wkh fdslwdo vwrfn/ lv ohvv lpsruwdqw lq wkh Vzhglvk sxos
lqgxvwu| wkdq lq wkh lqgxvwu| dv d zkroh1 Krzhyhu/ wkh xvh ri d frqyh{ dgmxvwphqw
frvw ixqfwlrq pljkw qrw eh dssursuldwh gxh wr wkh fkdudfwhulvwlfv ri wkh lqyhvw0
phqw ghflvlrq lq wkh sxos lqgxvwu|1 Dffruglqj wr wkh �up ohyho gdwd lqyhvwphqw
h{shqglwxuhv iroorz d kljko| glvfrqwlqrxv sdwk zlwk vkdus vslnhv1 Wklv ehkdylru
grhv qrw ixoo| frpso| zlwk frqyh{lw| lq dgmxvwphqw frvw1 Wkh dgmxvwphqw frvw
wkhru| lv edvhg rq wkh revhuydwlrq wkdw djjuhjdwh lqyhvwphqw gdwd lv frqwlqxrxv
dqg vprrwk1 Wkh dvvxpswlrq ri frqyh{lw| zloo shqdol}h oxps| lqyhvwphqw zkloh
vpdoo vxevhtxhqw lqyhvwphqw lv idyruhg1 Wklv lv suredeo| zk| wkh sxos lqgxvwu| q
lv frpsdudwlyho| orz1 Wkh vwuxfwxuh ri wkh plqlpl}dwlrq sureohp olplwv xv wr xvh
rqo| frqyh{ dgmxvwphqw frvw ixqfwlrqv1 Rq dyhudjh/ wkh dgmxvwphqw frvw lv derxw
5 shufhqw ri lqyhvwphqw1 Wkh glvwulexwlrq ri wkh shufhqwdjh dgmxvwphqw frvw lv
yhu| vnhz/ zklfk pljkw vhhp vxusulvlqj1 Wklv lv/ djdlq/ d frpelqhg uhvxow ri wkh
vwuxfwxuh ri wkh gdwd dqg wkh xvh ri d frqyh{ dgmxvwphqw frvw ixqfwlrq1

Wkh a0vwdwlvwlf zrxog vxjjhvw d uhmhfwlrq ri wkh ryhulghqwli|lqj uhvwulfwlrqv dw
wkh 8 shufhqw ohyho lq doo irxu hvwlpdwhg prghov1 Srvvleoh h{sodqdwlrqv iru wklv
zrxog eh plvvshfl�fdwlrq ri wkh frvw ixqfwlrq ru luudwlrqdo h{shfwdwlrqv ehkdylru
ri wkh �upv1 Zh fdq qrw uhmhfw wkh suhvhqfh ri �{hg h�hfwv lq wkh frvw ixqfwlrq
+froxpq 6 dqg 7,1

Surshuw| whvwv ri wkh hpslulfdo frvw ixqfwlrq duh suhvhqwhg lq WDEOH 51

WDEOH 5 0 FRVW IXQFWLRQ SURSHUWLHV@

Srrohg prgho Il{hg h�hfwv prgho
Lqvw vhw 4 Lqvw vhw 5 Lqvw vhw 4 Lqvw vhw 5

Khvvldq pdwul{ whvwK Qr Qr \hv \hv
Cgg � f \hv Qr \hv \hv
7.c 7uc 7� � f dqg 7g � f Qr Qr \hv \hv
@ Wkh fxuydwxuh frqglwlrqv kdv wr krog lq hyhu| vdpsoh srlqw1
K Qhjdwlyh vhplgh�qlwhqhvv uhtxluhg1

Qrwh wkdw rqo| wkh �up h�hfwv prghov kdyh ghvluhg frvw ixqfwlrq surshuwlhv1
Wzr vhwv ri hodvwlflwlhv duh fdofxodwhg xvlqj wkh sdudphwhu hvwlpdwhv iurp wkh

�{hg h�hfwv prgho +froxpq 6 wdeoh 4,1 Vkruw dqg orqj0whup hodvwlflwlhv duh suh0
vhqwhg lq WDEOH 61 Vhh Dsshqgl{ iru ghulydwlrq ri hodvwlflw| irupxodv1
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WDEOH 6 0 GHPDQG HODVWLFLWLHV +4<;<,

Vkruw0whup
. � u

e 031:3; +049176, 3153: +7156, 031493 +05158,

6 31;54 +<1:<, 03158: +08195, 31::7 +:13<,

� 031447 +04195, 3146; +7167, 031947 +071<:,

g 031694 +07135, 031669+08197, 03157< +0417<,

t 418;7 +4/97, 416:; +416:, 41547 +414:,

Orqj0whup
. � u g

e 031:68 +04619;, 03138; +0415:, 0314;9+0518:, 313<5 +515:,

6 31335 +3157, 0313<9 +0414:, 41344 +61<8, 41478 +915;,

� 314:: +5155, 31498 +71::, 03199; +08168, 3154: +7146,

^ 31548 +41;9, 31554+8144, 314:< +4174, 031:4< +0914<,

t 31;65 +31<5, 31<65 +4156, 31<37 +4138, 41576 +415;,

w0udwlrv zlwklq sduhqwkhvhv1

Zh kdyh fkrvhq wr hydoxdwh wkh hodvwlflwlhv dw wkh phdqv ryhu �upv iru 4<;<1
Doo vkruw dqg orqj whup rzq0sulfh hodvwlflwlhv kdyh wkh h{shfwhg vljq/ dqg lq wkh
fdvh ri hohfwulflw| dqg oderu wkh| duh dovr derxw wkh vdph vl}h lpso|lqj idvw dg0
mxvwphqw wr orqj whup vwhdg| vwdwh ohyhov149 Wkh rzq sulfh hodvwlflw| ri sxoszrrg
lv vxevwdqwldoo| orzhu wkdq wkh rwkhuv/ lqglfdwlqj d uhodwlyh lqhodvwlf ghpdqg iru
udz pdwhuldov1 Rxu lqwhusuhwdwlrq ri wklv uhvxow lv wkdw wkh sxos lqgxvwu| sodqwv
kdyh olplwhg srvvlelolwlhv wr ydu| wkh lqsxw ri sxoszrrg jlyhq d fhuwdlq surgxfwlrq
ohyho1 Qrqh ri wkh hodvwlflwlhv/ wkdw duh vljql�fdqwo| gl�huhqw iurp }hur lq erwk
vkruw dqg orqj uxq/ dowhuqdwh vljqv1 Wkh hodvwlflw| hvwlpdwhv lpso| wkdw/ h{fhsw od0
eru ghpdqg zlwk uhvshfw wr hohfwulflw|/ doo wkh  h{leoh lqsxwv duh vxevwlwxwhv erwk
lq wkh vkruw dqg orqj uxq1 Qrwh wkdw fdslwdo ghpdqg lv idluo| qrq0vhqvlwlyh wr hohf0
wulflw| sulfh fkdqjhv lq wkh orqj uxq1 Oderu dqg hohfwulflw| duh plog frpsohphqwv
erwk lq wkh vkruw dqg orqj whup1

Ehuqgw ) Zrrg +4<:8, �qg wkdw fdslwdo dqg hqhuj| duh frpsohphqwv dqg wkdw
oderu dqg hqhuj| duh plog vxevwlwxwhv +XV pdqxidfwxulqj,1 Wkhlu uhvxowv duh edvhg
rq d vwdwlf idfwru ghpdqg prgho dqg wlph vhulhv gdwd1 Slqg|fn ) Urwhpehuj

49Lq dq dowhuqdwlyh prgho vshfl�fdwlrq/ lqfoxglqj frqyh{ oderu dgmxvwphqw frvwv/ zh irxqg qr
hylghqfh vxssruwlqj wkh suhfhqfh ri frvwv dvvrfldwhg zlwk fkdqjlqj wkh vwrfn ri oderu +krxuv
zrunhg,1
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+4<;6, xvh wkh vdph gdwd vhw dv Ehuqgw ) Zrrg +4<:8, dqg d prgho vshfl�fdwlrq
doprvw lghqwlfdo wr rxuv1 Wkh| dovr �qg fdslwdo0hqhuj| frpsohphqwdulw| dqg plog
oderu0hqhuj| vxevwlwxwdelolw|1

Wkh uhvxowv lqglfdwhv wkdw wkh fdslwdo vwrfn zloo ghfuhdvh li wkh xvhu frvw ri fdsl0
wdo lqfuhdvhv/ zkloh fkdqjhv lq rxwsxw zloo kdyh qr vljql�fdqw h�hfw rq lqyhvwphqw1
Wkhvh uhvxowv frqwudglfwv wkh uhvxowv lq Oxqgjuhq +4<<;,/ zkhuh rxwsxw yduldeohv
vwurqjo| d�hfwv sxos dqg sdshu lqgxvwu| djjuhjdwh lqyhvwphqw zkloh fkdqjhv lq
xvhu frvw ri fdslwdo ohdyhv wkh fdslwdo vwrfn xqd�hfwhg11 Krzhyhu/ Oxqgjuhqv hv0
wlpdwhv duh edvhg rq d gl�huhqw prghov4: dqg djjuhjdwhg wlph vhulhv gdwd1 Wkh
txdolwdwlyh uhvxowv pd| gl�hu gxh wr wkhvh gl�huhqfhv14;

Lq d vwxg| shuiruphg rq d vhohfwhg vdpsoh ri wkh Vzhglvk sulqwlqj sdshu
lqgxvwu| +Uhkq/ 4<<8,/ wkh hvwlpdwhg hodvwlflwlhv gl�huv lq vl}h/ vljq dqg vwdwlvwlfdo
vljql�fdqfh1 Iru h{dpsoh/ Ukhq hvwlpdwhv wkh rzq sulfh hodvwlflw| ri fdslwdo wr
eh srvlwlyh dqg hodvwlf +:4,4<1 Dowkrxjk sxos dqg sdshu surgxfwlrq surfhvvhv
pd| gl�hu voljkwo|/ zh eholhyh wkdw wkh pdlq uhdvrq iru wkh frqwudglfwru| uhvxowv
lv Uhkqv xvh ri d qrq0g|qdplf prgho/ zklfk suredeo| jhqhudwhv ohvv dffxudwh
uhvxowv1

91 Frqfoxvlrq

Lq wklv sdshu zh kdyh vkrzq krz d g|qdplf idfwru ghpdqg prgho/ wkdw lv frq0
vlvwhqw zlwk udwlrqdo h{shfwdwlrqv/ fdq eh hvwlpdwhg dqg xvhg wr vwxg| wkh h�hfwv
ri vxgghq pryhphqwv lq wkh sulfh ri dq lqsxw idfwru ru fkdqjhv lq rxwsxw ohyho1
Wkh uhvxowv jhqhudwhg iurp rxu hpslulfdo prgho surylgh ghwdlohg lqvljkw lqwr wkh
surgxfwlrq vwuxfwxuh lq wkh Vzhglvk sxos lqgxvwu|/ dqg wkh uhohydqfh ri dgmxvw0
phqw frvw dvvrfldwhg zlwk fkdqjhv lq wkh fdslwdo vwrfn1 Wkh g|qdplf iudphzrun
ri wkh prgho jlyhv vkruw dqg orqj whup hodvwlflwlhv/ zklfk hqdeohv xv wr dqdo|}h
wkh h�hfwv ryhu wlph1

Lq rxu uhvxowv zh �qg qr hylghqfh vxssruwlqj wkh zlghvsuhdg uhfrjqlwlrq wkdw
lqyhvwphqw zloo gurs vljql�fdqwo| li wkh hohfwulflw| sulfh lqfuhdvh dv d frqvhtxhqfh
ri wkh qxfohdu skdvh rxw1 Wkh fdslwdo ghpdqg hodvwlflw| zlwk uhvshfw wr hohfwulflw|

4:Dq dffhohudwru w|sh prgho dqg wkh vwdqgdug Mrujhqvrq w|sh qhrfodvvlfdo prgho1
4;Djjuhjdwlrq ri �up ohyho gdwd pd| uhvxow l orvv ri lqirupdwlrq1
4<Krzhyhu/ dv Uhkq srlqw rxw/ wkhuh duh d ihz srvvleoh h{sodqdwlrqv iru wklv1 Iluvw/ wkh sodqwv

lqyhvwphqw ghflvlrq pljkw eh lqghshqghqw ri wkh xvhu frvw ri fdslwdo1 Lqyhvwphqw duh pdgh lq
wkh xszdug vorsh ri wkh exlvqhvv f|foh/ zklfk lv qrupdoo| zkhq wkh frvw ri fdslwdo +lqwhuhvw udwh,
ulfhv1 Vhfrqg/ wkh lqyhvwphqw ghflvlrq dqg wkh dfwxdo lqyhvwphqw pd| eh vhsduhwdghg lq wlph1

4:



sulfh lv lqhodvwlf dqg srvlwlyh/ zklfk lpsolhv d voljkw lqfuhdvh lq sxos lqgxvwu|
lqyhvwphqw vshqglqj lq fdvh ri dq hohfwulflw| sulfh lqfuhdvh1 Rxu lqwhusuhwdwlrq
lv wkdw/ lq wkh orqj uxq/ �upv zloo uhsodfh h{lvwlqj pdfklqhu| zlwk ohvv hqhuj|
lqwhqvlyh pdfklqhu|/ zkhq wkh hohfwulflw| sulfh ulvhv1

Rqh ri wkh vkruwfrplqjv zlwk wklv sdshu lv wkh dvvxpswlrq ri h{rjhqrxv rxw0
sxw sulfh1 Wkdw lv/ zh kdyh qrw lqfrusrudwhg d �uvw rughu frqglwlrq ghvfulelqj
wkh rswlpdo rxwsxw ohyho jlyhq d pdunhw vwuxfwxuh1 Wr ehwwhu fdswxuh wkh fkdu0
dfwhulvwlfv ri wkh *uhdo zruog*/ d qdwxudo h{whqvlrq ri wkh prgho zrxog eh wr dgg
lqirupdwlrq derxw wkh frpshwlwlyh hqylurqphqw lq zklfk wkh sxos lqgxvwu| sodqw
rshudwhv1 Dqrwkhu vkruwfrplqj lv wkh dvvxpswlrq ri frpshwlwlyh idfwru pdunhwv/
hvshfldoo| sxoszrrg1 Dw ohdvw gxulqj vrph shulrgv wkh sxos sodqwv kdyh kdg
prqrsvrq|2roljrsvrq| srzhu lq wkh sxoszrrg pdunhw +Ehujpdq dqg Euçqqoxqg/
4<<8,1

Dv zh phqwlrqhg lq wkh uhvxow vhfwlrq/ zh duh olplwhg wr xvh frqyh{ ru txdvl0
frqyh{ dgmxvwphqw frvw ixqfwlrqv1 Vhhplqjo|/ rxu vshfl�hg ixqfwlrq/ htxdwlrq
+6144,/ grhv qrw fdswxuh wkh wuxh qdwxuh ri wkh dgmxvwphqw frvwv lq wklv lqgxv0
wu|1 Oxps| lqyhvwphqw vxjjhvw vfdoh hfrqrplhv/ dqg d surshuo| vshfl�hg frqfdyh
dgmxvwphqw frvw ixqfwlrq zrxog suredeo| pdwfk wkh sxos lqgxvwu| lqyhvwphqw
ehkdylru pruh dffxudwho|1

Rxu prgho vshfl�fdwlrq/ dqg srvvleoh h{whqvlrqv wr lw/ frxog hdvlo| eh xvhg wr
vlpxodwh fkdqjhv lq idfwru sulfhv dqg rxwsxw1 Zh ohdyh wklv iru ixwxuh uhvhdufk1

:1 Uhihuhqfhv

Ehujpdq/ P1 D1 ) U1 Euçqqoxqg/ 4<<8 *Phdvxulqj Roljrsvrq| Srzhu= Dq Dssol0
fdwlrq wr wkh Vzhglvk Sxos dqg Sdshu Lqgxvwu|/*Uhylhz ri Lqgxvwuldo Rujd0
ql}dwlrq 43+6,/ 63:06541

Ehuqgw/ H1U1 ) O1 Fkulvwhqvhq/ 4<:5 *Wkh Wudqvorj Ixqfwlrq dqg wkh Vxevwlwxwlrq
ri Htxlsphqw/ Vwuxfwxuhv/ dqg Oderu lq wkh X1V1 Pdqxidfwxulqj/ 4<5<04<9;/*
Mrxuqdo ri Hfrqrphwulfv 4/ ;40447

Ehuqgw/ H1U1 ) E1F1 Ilhog/ 4<;4 *Prgholqj dqg Phdvxulqj Qdwxudo Uhvrxufh
Vxevwlwxwlrq*1 Wkh PLW suhvv/ Fdpeulgjh Pdvvdfkxvhwwv/ XVD1

Fkdpehuv/ U1/ J1/ 4<<7 *Dssolhg Surgxfwlrq Dqdo|vlv 0 D Gxdo Dssurfk*1 Fdp0
eulgjh Xqlyhuvlw| Suhvv/ Qhz \run/ Q\/ XVD1

Fklulqnr/ U1 V1/ 4<;: *Wrelq*v T dqg �qdqfldo srolf|/* Mrxuqdo rq Prqhwdu| Hfr0
qrplfv/ 4<+4,/ 9<0;:1

4;



Fkulvwhqvhq/ O1/ G1 Mrujhqvhq ) O1 Odx/ 4<:6 *Wudqvfhqghqwdo Orjdulwkplf Sur0
gxfwlrq Iurqwlhuv/* Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 88/ 5;0781

Gl{lw/ D1N1/ 4<<3 *Rswlpl}dwlrq lq Hfrqrplf Wkhru|/* R{irug Xqlyhuvlw| Suhvv
Lqf1/ Qhz \run/ XVD1

Gdww/ Jdxudy/ 4<;; *Sudwfwlwlrqhuv Fruqhu= Hvwlpdwlqj Hqjho Hodvwlflwlhv zlwk
Errwvwuds Vwdqgdug Huuruv/* R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/
83+6,/ 65806661

Hiurq/ E1 ) U1 Wlevkludql/ 4<;9 *Errwvwuds Phwkrgv iru Vwdqgdug Huuruv/ Frq0
�ghqfh Lqwhuydov/ dqg Rwwkhu Phdvxuhv ri Vwdwlvwlfdo Dffxudf|/* Vwdwlvwlfdo
Vflhqfh/ 4+4,/ 870::1

bbb)bbb/ 4<<6 *Dq Lqwurgxfwlrq wr wkh Errwvwuds/* Fkdspdq ) Kdoo/ Qhz
\run1

Kdqvhq/ V1 ) V1 Olqgehuj/ 4<<: *Djhqf| Frvwv/ Ilqdqfldo ghuhjxodwlrq/ dqg Fru0
srudwh Lqyhvwphqw 0 Dq Hxohu Htxdwlrq Dssurdfk wr Sdqho Gdwd iru Vzhglvk
Ilupv/* Zrunlqj Sdshu 53 0 Ghsduwphqw ri Hfrqrplfv/ Xssvdod Xqlyhuvlw|/
Vzhghq1

Kduwpdq/ U1V1/ 4<:< *Iurqwlhuv lq Hqhuj| Ghpdqg Prgholqj*/ Dqqxdo Uhylhz ri
Hqhuj|/ 7/ Sdor Dowr Fdoliruqqld1

Kxeedug J1 U1/ D1 N1 Ndvk|ds ) W1 P1 Zklwhg/ 4<<8 *Lqwhuqdo Ilqdqfh dqg Ilup
Lqyhvwphqw/* Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 5:+6,/ 9;60:341

Nkdolg Qdlqdu/ V1P1/ 4<;< *Errwvwudsslqj iru frqvlvwhqw vwdqgdug huuruv iru wudqvorj
sulfh hodvwlflwlhv Vrph hylghqfh iurp lqgxvwuldo hohfwulflw| ghpdqg/* Hqhuj|
Hfrqrplfv/ [[/ 64<06551

Nphqwd/ M1/ 4<9: *Rq Hvwlpdwlrq ri wkh FHV Surgxfwlrq Ixqfwlrq/* Lqwhuqdwlrqo
Hfrqrplf Uhylhz ;/ 4;304;<1

Odx/ O1 M1/ 4<:9 *D Fkdudfwhul}dwlrq ri wkh Qrupdol}hg Uhvwulfwhg Sur�w Ixqfwlrq*1
Mrxuqdo ri Hfrqrplf Wkhru| 45/ 46404961

Oxfdv/ U1H1/ Mu1/ 4<9:d *Rswlpdo Lqyhvwphqw Srolf| dqg wkh Ioh{leoh Dffhohudwru*1
Lqwhuqdwlrqdo Hfrqrplf Uhylhz ;/ :;0;81

Oxfdv/ U1H1/ Mu1/ 4<9:e *Dgmxvwphqw Frvwv dqg wkh Wkhru| ri Vxsso|*1 Mrxuqdo ri
Srolwlfdo Hfrqrp| :8/ 65406671

Oxqgjuhq/ W1/ 4<<; *Fdslwdo Vshqglqj lq wkh Vzhglvk Iruhvw Lqgxvwu| Vhfwru 0 Irxu
Fodvvlfdo Lqyhvwphqw Prghov*1 Mrxuqdo ri Iruhvw Hfrqrplfv 7+4,/ 940;61

PfIdgghq/ G1 *Frvwv/ Uhyhqxh dqg Sur�w Ixqfwlrqv*1 Lq P1 Ixvv dqg G1 PfIdg0
ghq/ hgv1/ Surgxfwlrq Hfrqrplfv= D Gxdo Dssurdfk wr Wkhru| dqg Dssol0
fdwlrqv/ Yro 41 Dpvwhugdp/ 4<:;1

Slqgu|fn/ U1V ) M1M1 Urwhpehuj/ 4<;6 *G|qdplf Idfwru Ghpdqgv dqg wkh H�hfwv

4<



ri Hqhuj| Sulfh Vkrfnv/*Dphulfdq Hfrqrplf Uhylhz :6+8,/ 4399043:<1
bbb ) bbb/ 4<;6 *G|qdplf Idfwru Ghpdqgv xqghu Udwlrqdo H{shfwdwlrqv/*

Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv ;8+5,/ 556056;1
Uhkq/ P1/ 4<<8 *Whfkqrorj| lq wkh Sxos dqg Sdshu Lqgxvwu| 0 Hpslulfdo Vwxglhv

ri Vfdoh Hfrqrplfv/ Surgxfwlylw| Jurzwk dqg Vxevwlwxwlrq Srvvlelolwlhv/*
Olfhqfldwh wkhvlv 53 Vzhglvk Xqlyhuvlw| ri Djulfxowxudo Vflhqfhv1

Vxpphuv/ O1 K1/ 4<;4 *Wd{dwlrq dqg Frusrudwh Lqyhvwphqw= D ^0wkhru| Ds0
surdfk/* Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4/ 9:045:1

Ylqrg/ K1G1 ) E1G1 PfFxoorxjk/ 4<<7 *Errwvwudsslqj Ghpdqg dqg Vxsso| Hodv0
wlflwlhv= Wkh Lqgldq Fdvh/* Mrxuqdo ri Dvldq Hfrqrplfv/ 8+6,/ 69:06:<1

Zklwh/ K1/ 4<;3 *D Khwurvfhgdvwlflw|0Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpdwru
dqg d Gluhfw Whvw iru Khwurvnhgdvwlflw|/* Hfrqrphwulfd 7;/ ;4:0;6;1

Zklwhg/ W1 P1/ 4<<5 *Ghew/ Oltxlglw| Frqvwdulqwv/ dqg Frusrudwh Lqyhvwphqw=
Hylghqfh iurp Sdqho Gdwd/* Mrxuqdo ri Ilqdqfh 7:+7,/ 4758047931
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