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4Hduolhu uhodwhg zrun e| Pdgdq dqg Vhqhwd +4<<3, frqvlghuhg d wlph fkdqjh ri Eurzq0
ldq prwlrq zlwkrxw guliw e| d jdppd surfhvv dqg wklv surfhvv lv khuh whuphg wkh v|pphwulf
yduldqfh jdppd surfhvv1 Pdgdq dqg Ploqh +4<<4, frqvlghuhg htxloleulxp rswlrq sulflqj
iru wkh v|pphwulf yduldqfh jdppd surfhvv lq d uhsuhvhqwdwlyh djhqw prgho/ xqghu d frq0
vwdqw uhodwlyh ulvn dyhuvlrq xwlolw| ixqfwlrq1 Wkh uhvxowlqj ulvn qhxwudo surfhvv lv lghqwlfdo
zlwk wkh pruh jhqhudo yduldqfh jdppd surfhvv sursrvhg khuh/ zlwk wkh guliw lq wkh wlph
fkdqjhg Eurzqldq prwlrq ehlqj qhjdwlyh iru srvlwlyh ulvn dyhuvlrq1 Wklv sdshu wkhruhwl0
fdoo| h{whqgv Pdgdq dqg Ploqh +4<<4,/ e| surylglqj forvhg irupv iru wkh uhwxuq ghqvlw|
dqg wkh sulfhv ri Hxurshdq rswlrqv rq wkh vwrfn1

5Wkh uhvxowlqj vwrfkdvwlf surfhvv lv d rqh glphqvlrqdo wlph krprjhqhrxv Pdunry sur0
fhvv1 Dv vxfk zh gr qrw kdyh d vwrfkdvwlf yrodwlolw| prgho wkdw doorzv iru fkdqjhv lq wkh
frqglwlrqdo yrodwlolw|/ dv iru h{dpsoh lq JDUFK prghov ru wkh Khvwrq vwrfkdvwlf yrodwlolw|
prgho1 Kljkhu glphqvlrqdo Pdunry prghov pd| eh rewdlqhg e| iru h{dpsoh/ wlph fkdqj0
lqj wkh Khvwrq vwrfkdvwlf yrodwlolw| prgho e| d jdppd wlph surfhvv1 Lq wklv sdshu zh
devwudfw iurp lvvxhv ri wlph lqkrprjhqhlw|1
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6Lq wklv uhjdug wkh YJ surfhvv lv d ghsduwxuh iurp h{lvwlqj rswlrq sulflqj olwhudwxuh/
zkhuh wkh pdlq prgh ri dqdo|vlv lv d gl�xvlrq/ wkdw kdv d pduwlqjdoh frpsrqhqw zlwk
vdpsoh sdwkv wkdw duh frqwlqxrxv ixqfwlrqv ri fdohqgdu wlph1 Wkh Eodfn Vfkrohv +4<:6,
rswlrq sulflqj prgho pdnhv wklv dvvxpswlrq/ dv gr prvw rwkhu gl�xvlrq dqg mxps gl�xvlrq
prghov ri Sudhw} +4<:5,/ Phuwrq +4<:9,/ Fr{ dqg Urvv +4<:9,/ Mrqhv +4<;7,/ Kxoo dqg
Zklwh +4<;:,/ Vfrww +4<;:,/ Zljjlqv +4<;:,/ Phoolqr dqg Wxuqexoo +4<<3,/ Qdln dqg Ohh
+4<<3,/ Khvwrq +4<<6d/e, dqg Edwhv +4<<4/ 4<<8,1

7Wkh ohyho ri dfwlylw| pd| khuh orrvho| eh phdvxuhg e| wkh yroxph ru qxpehu ri wudqv0
dfwlrqv/ ru wkh dvvrfldwhg qxpehu ri sulfh fkdqjhv1

8Eurzqldq prwlrq lv d surfhvv ri lq�qlwh yduldwlrq exw �qlwh txdgudwlf yduldwlrq dqg
wkh orj sulfh fkdqjhv pxvw eh vtxduhg ehiruh wkh| duh vxpphg/ wr jhw d �qlwh uhvxow1

9Vxfk d surfhvv kdv dovr ehhq frqvlghuhg e| Khvwrq +4<<6f, lq wkh frqwh{w ri lqwhuhvw
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udwh prgholqj1
:Wkh vwdwlvwlfdo surfhvv lq Pdgdq dqg Ploqh +4<<4, zdv v|pphwulf dqg glg qrw doorz

iru vnhzqhvv/ exw wkh ulvn qhxwudo surfhvv kdg vnhzqhvv rewdlqhg yld uhsuhvhqwdwlyh djhqw
prgho zlwk frqvwdqw uhodwlyh ulvn dyhuvlrq xwlolw|1 Wklv sdshu surylghv dq dowhuqdwlyh
ghulydwlrq ri wklv surfhvv/ vhhq khuh dv Eurzqldq prwlrq zlwk guliw/ wlph fkdqjhg e| d
jdppd surfhvv1
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|L @ ?i}@|��i t!i�?itt� ì ?L|i u�h|�ih |�@| *@h}i �@*�it Lu Dc *L�ih |�i
i TL?i?|�@* _iU@) h@|i Lu |�i w�i�) 4i@t�hi t)44i|h�U@**) @hL�?_ 3ihLc @?_
�i?Ui h@�ti |�i *�!i*��LL_ Lu *@h}i ��4Ttc |�ihiM) h@�t�?} |@�* ThLM@M�*�|�it @?_
!�h|Lt�t� A�i T C ThLUitt U@? |�ihiuLhi Mi i TiU|i_ |L �@||i? |�i �L*@|�*�|)
t4�*it @| |�i *L� i?_ Lu |�i 4@|�h�|) tTiU|h�4�

A�i |��h_ uLh4 Lu |�i w�i�) 4i@t�hi uLh |�i T C ThLUitt �t �? |ih4t Lu
|�i hiThiti?|@|�L? i4T*L)i_ �? �@_@? @?_ ��*?i E�bb��� A�i h�t! ?i�|h@*
T C ThLUitt uLh |�i t|LU! Th�Ui U@? Mi _ih��i_ uhL4 @ w�U@t�|)Ti }i?ih@*
i^��*�Mh��4 iUL?L4) �? ���U� |�i hiThiti?|@|��i @}i?| �@t @ UL?t|@?| hi*@|��i
h�t! @�iht�L? �|�*�|) u�?U|�L? ��|� hi*@|��i h�t! @�iht�L? lc @?_ �? ���U� |�i
t|@|�t|�U@* ThLUitt uLh |�i *L} Th�Ui _)?@4�Ut �t }��i? M) |�i t)44i|h�U T C
ThLUitt Ew ' f�c ��|� �L*@|�*�|) r @?_ |�4i U�@?}i �L*@|�*�|) D� A�i h�t!
?i�|h@* w�i�) 4i@t�hi Etii �@_@? @?_ ��*?i E�bb��� �t }��i? M) ��

&fE%�_% '
i TE�l%�
D m%m i T

#
�
s
2

r
s
D
m%m
$
� E�D�

A��t �t �? @}hii4i?| ��|� |�i _i�?�|�L? Lu i^�@|�L? E�e� L? _i�?�?}

l ' � w

j2
E�S�

@?_
r '

ju
� n

�
w
j

�2
D
2

� E�.�

A�i T@h@4i|iht Lu |�i T C ThLUittc L?*) �?_�hiU|*) hi�iU| |�i t!i�?itt
@?_ !�h|Lt�t Lu |�i hi|�h? _�t|h�M�|�L?� , T*�U�| i Thitt�L?t uLh |�i �ht| uL�h
Ui?|h@* 4L4i?|t Lu |�i hi|�h? _�t|h�M�|�L? L�ih @? �?|ih�@* Lu *i?}|� | @hi

44Wkh phdvxuh fkdqjh ixqfwlrq h{s+��{, lv suhflvho| wkh udwlr ri pdujlqdo xwlolwlhv iru
d uhsuhvhqwdwlyh lqyhvwru kroglqj vwrfn zlwk pdujlqdo xwlolw| ixqfwlrq V

��
= Iru d mxps lq

wkh orj sulfh ri {/ wkh udwlr ri pdujlqdo xwlolwlhv lv +V h{s+{,,��@V�� @ h{s+��{,=

b



_ih��i_ �? |�i �TTi?_� c @?_ @hi @t uL**L�tG

.dfE|�o ' w|c

.dEfE|�� .dfE|�o�2o ' Ew2D n j2�|c E�H�

.dEfE|�� .dfE|�o��o ' E2w�D2 n �j2wD�|c E�b�

.dEfE|�� .dfE|�o�eo ' E�jeD n �2j2w2D2 n SweD��|

nE�je n Sj2w2D n �weD2�|2� E2f�
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46Wkh ydoxh iru $V lv ghwhuplqhg e| hydoxdwlqj wkh fkdudfwhulvwlf ixqfwlrq iru [+w, dw
x @ 4@l/ vr wkdw wkh h{shfwdwlrq ri V+w, @ V+3, h{s+pw,> ru htxlydohqwo| wkh h{shfwdwlrq
ri h{s+[+w,, @ h{s+�$Vw,=

47Lw lv lpsruwdqw wr qrwh/ lq frqwudvw wr wkh vlwxdwlrq iru gl�xvlrq edvhg frqwlqxrxv sulfh
surfhvvhv/ wkh ulvn qhxwudo sdudphwhuv gr qrw kdyh wr htxdo wkhlu vwdwlvwlfdo frxqwhusduwv/
dqg fdq lq sulqflsoh eh vljql�fdqwo| gl�huhqw1 Wkh edvlf lqwxlwlrq iru sxuh mxps surfhvvhv/
olnh wkh YJ/ lv wkdw hdfk lqvwdqw lv olnh d rqh shulrg lq�qlwh vwdwh prgho dqg wkh ulvn
qhxwudo ghqvlw| fdq eh t+{, +zkhuh { lv wkh orj ri wkh vwrfn sulfh dqg �4 ? { ?4, zkloh
wkh vwdwlvwlfdo ghqvlw| lv s+{, zlwk wkh fkdqjh ri phdvxuh ghqvlw| ehlqj �+{, @ t+{,@s+{,=
Li t lv YJ zlwk sdudphwhuv �UQ > �UQ > �UQ dqg s lv YJ zlwk sdudphwhuv �V > �V > �V wkhq
� lv dssursuldwho| gh�qhg dqg wkhuh lv qr olqn ehwzhhq wkh vwdwlvwlfdo dqg ulvn qhxwudo
sdudphwhuv1 Erwk t dqg s fkdujh wkh hqwluh uhdo olqh dqg vr wkh| duh htxlydohqw/ exw rwkhu
wkdq wklv srlqw wkhuh lv qr uhodwlrqvkls ehwzhhq wkhp1 Ri frxuvh/ iru wkh irupdo phdvxuh
fkdqjh ghqvlw| surfhvv lq wkh fxuuhqw frqwh{w/ rqh qhhgv wr frqvlghu wkh udwlr ri O�hy|
phdvxuhv dv rssrvhg wr ghqvlwlhv dqg wkhvh frqvlghudwlrqv duh eh|rqg wkh vfrsh ri wklv
sdshu1
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48Dv qrwhg hduolhu/ wkh lqwhjudqg lq Pdgdq dqg Ploqh +4<<4, hpsor|hg vshfldo ixqfwlrqv
dqg zdv wkhuhiruh d grxeoh lqwhjudo ri hohphqwdu| ixqfwlrqv1
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49Zkhq zh vwduw wkh rswlpl}dwlrq dw wkh hvwlpdwhv rewdlqhg iru wkh v|pphwulf Y J/ wkhuh
lv qr fkdqjh dqg wkh vnhz lv hvwlpdwhg dw }hur1 Wkh uhsruwhg hvwlpdwhv zhuh rewdlqhg
e| xvlqj d vwduwlqj srlqw wkdw vroyhg wkh prphqw htxdwlrqv ghyhorshg lq vhfwlrq 51 Dv d
ixuwkhu fkhfn zh uhsruw wkh prphqw hvwlpdwhv iru wkh vnhzqhvv dqg nxuwrvlv rq rxu vdpsoh1
Wkh vwdqgdug ghyldwlrq lv 13395661 Wkh wklug fhqwudo prphqw glylghg e| wkh fxeh ri wkh
vwdqgdug ghyldwlrq lv 0154381 Wkh irxuwk fhqwudo prphqw glylghg e| wkh irxuwk srzhu ri
wkh vwdqgdug ghyldwlrq lv :1;7961 Wkh prphqw hvwlpdwhv vxjjhvw d vpdoo qhjdwlyh vnhz
dqg nxuwrvlv odujhu wkdq wkdw surylghg e| wkh pd{lpxp olnholkrrg hvwlpdwhv1

4:Zh frxog lpsrvh frqvwdqf| ri wkh ulvn qhxwudo sdudphwhuv dfurvv wlph dqg wkhq hvwl0
pdwh mrlqwo| wkh vwdwlvwlfdo dqg ulvn qhxwudo surfhvvhv iurp wkh srrohg furvv vhfwlrq dqg
wlph vhulhv gdwd rq rswlrq sulfhv dqg wkh xqghuo|lqj lqgh{1 Zh/ krzhyhu/ doorz iru wlph
yduldwlrq lq wkh ulvn qhxwudo sdudphwhuv dv wkhuh lv hqrxjk rswlrq sulfh lqirupdwlrq dw
hdfk wlph srlqw wr shuplw wkh hvwlpdwlrq ri wklv wlph yduldwlrq1 Lq wklv uhjdug zh iroorz
wkh suhfhghqwv vhw e| Uxelqvwhlq +4<<7,/ Mdfnzhuwk dqg Uxelqvwhlq +4<<9,/ Edwhv +4<<4,/
Edwhv +4<<9,/ Vwxw}hu +4<<9, dqg Ednvkl/ Fdr dqg Fkhq +4<<:, iru wkh hydoxdwlrq ri wkh
rswlrq sulflqj prghov1
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