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Devwudfw

Diwhu glvfxvvlqj vrph uhfhqw prgholqj dssurdfkhv lq hqylurqphqwdo wlph vh0
ulhv dqdo|vlv/ d qhz wlph0ydu|lqj khwhurvfhgdvwlf prgho lv lqwurgxfhg1 Lw lv edvhg
rq h{srqhqwldoo| zhljkwhg uhfxuvlyh ohdvw vtxduhv dgmxvwhg iru hvwlpdwhg khw0
hurvfhgdvwlflw|1 H{dpsohv edvhg rq vlpxodwhg gdwd vkrz vrph ri lwv fdsdelolwlhv
erwk iru dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw| hvwlpdwlrq dqg iru urexvw
uhfxuvlyh hvwlpdwlrq lq suhvhqfh ri vprrwk khwhurvfhgdvwlflw|1 Dq hqylurqphq0
wdo dssolfdwlrq/ uhodwhg wr jurxqg r}rqh krxuo| gdwd/ vkrzv wkdw wklv phwkrg lv
fdsdeoh ri wudfnlqj khwhurvfhgdvwlf wlph ydu|lqj hqylurqphqwdo v|vwhpv1

4 Lqwurgxfwlrq
Lq hqylurqphqwdo wlph vhulhv dqdo|vlv/ d qxpehu ri g|qdplfdo vwrfkdvwlf prghov kdyh
ehhq xvhg vr idu1 Lq sduwlfxodu/ iru prghoolqj kljk iuhtxhqf| dlu srooxwlrq dqg phwh0
rurorjlfdo gdwd/ h1j1 gdlo| ru krxuo| gdwd/ erwk sdudphwulf dqg qrqsdudphwulf prghov
ri lqfuhdvlqj frpsoh{lw| kdyh ehhq sursrvhg1
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Iru h{dpsoh/ sdudphwulf frqglwlrqdoo| dxwruhjuhvvlyh khwhurvfhgdvwlf prghov Eø-äMä
kdyh ehhq xvhg e| Wro E�bbSä iru gdlo| whpshudwxuh prghoolqj dqg e| Jud>0Mdfrwwhw
) Mdxqlq E�bbHä iru gdlo| vxoskxu glr{lgh dqg r}rqh olqhdu iruhfdvwlqj dqg e| Idvvõ )
Qhjul E2fff@ dqg Kä iru krxuo| jurxqg r}rqh wlph vhulhv qrqolqhdu prghoolqj zlwk orqj
phpru| dqg khwhurvfhgdvwlflw|1

Pruhryhu/ vrph qrqsdudphwulf krprvfhgdvwlf prghov kdyh ehhq frqvlghuhg lq hqyl0
urqphqwdo olwhudwxuh1 Iru h{dpsoh/ Erugljqrq ) Olvl E2fffä xvhg wkh qhduhvw qhljkeru
edvhg vprrwklqj iru prghoolqj k|gurorjlfdo wlph vhulhv1 Fdl ) Wlzdul E2fffä frqvlghuhg
îï( zhhno| gdwd qrqsdudphwulf prghoolqj dqg/ xvlqj orfdo olqhdu nhuqho vprrwklqj
ryhu wlph/ wkh| irxqg d wlph0ydu|lqj krprvfhgdvwlf dxwruhjuhvvlyh prgho ghvfulswlrq1

Qrqsdudphwulf khwhurvfhgdvwlf prghov kdyh ehhq xvhg lq hqylurqphqwdo uhjuhvvlrq
dqdo|vlv zlwk lqghshqghqw gdwd1 Iru h{dpsoh lq dlu srooxwlrq uhprwh vhqvlqj/ d vhpl0
sdudphwulf khwhurvfhgdvwlf nhuqho uhjuhvvlrq prgho kdv ehhq sursrvhg e| Krovw hw do1
E�bbSä dqg/ uhfhqwo|/ Olqgvwuùp hw do1 E2fffä xvhg wkh dssurdfk ri Uxsshuw hw do1
E�bb.ä iru orfdo sro|qrpldo yduldqfh hvwlpdwlrq ri vxoskxu glr{lgh frqfhqwudwlrqv dw
yrofdqr Hwqd/ Vlflo|1 Lq wkh Hfrqrphwulfv olwhudwxuh/ orfdo sro|qrpldo khwhurvfhgdvwlf
wlph vhulhv prghov kdyh ehhq frqvlghuhg iru h{dpsoh lq Kçugoh hw do1 E�bbHä dqg Kdiqhu
E�bbHä1

Iru iudplqj wkh deryh prghov/ lw lv lpsruwdqw wr glvwlqjxlvk ehwzhhq suhglfwlyh dqg
uhwurvshfwlyh prghov1 Lq wklv sdshu/ zh fdoo suhglfwlyh d wlph vhulhv prgho zklfk xvhv
rqo| sdvw ydoxhv ri wkh revhuyhg surfhvv +| wr frpsxwh erwk wkh iruhfdvwlqj ixqfwlrq
dqg wkh dfwxdo hvwlpdwhg iruhfdvw1 Wklv nlqg ri prgho fdq eh xvhg lq sudfwlfh iru rq0
olqh iruhfdvwlqj1 Erwk lq wkh sdudphwulf ru qrqsdudphwulf vhwxs*v/ wklv xvxdoo| ohdgv
wr lqyduldqw fdxvdo prghov1 Lq wklv fdvh d prgho lv ?wwhg rq dq hvwlpdwlrq gdwd vhw dqg
wkhq xvhg iru iruhfdvwlqj dv li lw zdv wkh 4wuxh prgho4 rq qhz gdwd1

Uhwurvshfwlyh prghov xvh erwk sdvw dqg ixwxuh gdwd wr ?w wkh iruhfdvwlqj ixqfwlrq
dqg2ru wkh dfwxdo hvwlpdwhg iruhfdvwv1 Iru h{dpsoh/ Fdl ) Wlzdul E2fffä xvhg vprrwk0
lqj ryhu wlph prghov edvhg rq d v|pphwulf nhuqho1 Khqfh dw hdfk wlph | wkh surfhvv
g|qdplfv lv h{sodlqhg xvlqj erwk ixwxuh dqg sdvw revhuydwlrqv lq d v|pphwulf zd|1

Dv orqj dv rqh lv lqwhuhvwhg lq wlph0ydu|lqj ru hyroxwlrqdu| suhglfwlyh prghov/ wkh
sdudphwulf dssurdfk qhhgv wr eh frpsohwhg zlwk vrph uhfxuvlyh hvwlpdwlrq whfkqltxhv1
Uhfxuvlyh hvwlpdwlrq dqg suhglfwlyh prghoolqj zlwk krprvfhgdvwlf lqqrydwlrqv duh lq0
khuhqwo| uhodwhg wr ohdvw vtxduhv Eu7ä dqg wkh Ndopdq ?owhu1 Wkhvh phwkrgv kdyh ehhq
uhfhqwo| glvfxvvhg e| Juloohq}rql E�bb.@ä dqg [lqj0Tl Mldqj E�bbbä zlwk pdlq hpskd0
vlv rq hqjlqhhulqj dssolfdwlrqv1 Lq hqylurqphqwdo dqdo|vlv/ prqlwrulqj dqg iruhfdvwlqj/
wkhvh phwkrgv pd| eh xvhixo iru wlph0ydu|lqj sureohpv gxh wr folpdwlf dqg dqwkurslf
fkdqjhv ru iru shulrglfdo prylqj ri dlu srooxwlrq vwdwlrqv dqg wkh uhodwhg uh0vwduw xs1

Lq wklv sdshu/ zh frqvlghu uhfxuvlyh hvwlpdwlrq ri vprrwko| fkdqjlqj dxwruhjuhvvlyh
prghov zlwk khwhurvfhgdvwlf lqqrydwlrqv1 Lq sduwlfxodu lq vhfwlrq 5/ wkh uhfxuvlyh khw0
hurvfhgdvwlf dojrulwkp lv lqwurgxfhg dqg frpphqwhg xsrq1 Lq vhfwlrqv 6140616/ vrph
v|qwkhwlf h{dpsohv looxvwudwh wkh whfkqltxhv zkloh/ lq vhfwlrq 617/ dq hqylurqphqwdo
fdvh vwxg| edvhg rq wursrvskhulf r}rqh gdwd lv suhvhqwhg1 Ilqdoo|/ vrph frqfoxvlrqv
dqg rshq sureohpv duh jlyhq lq vhfwlrq 71
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5 UOV0DUFK Dssurdfk
Lq rughu wr wudfn dqg iruhfdvw d wlph0ydu|lqj khwhurvfhgdvwlf prgho/ zh lqwurgxfh wkh
iroorzlqj ø-äM h{whqvlrq ri wkh vwdqgdug uhfxuvlyh ohdvw vtxduh dssurdfk E-u7ä1

Ohw wkh surfhvv ri lqwhuhvw/ +|/ eh jlyhq e| wkh iroorzlqj wlph0ydu|lqj ø-fýø-äM
htxdwlrqv

+| ' w
â
|)|3� n 0|û|3�

û|3� ' qâ|3�#|3�é
+4,

Lq wkh ?uvw ru phdq htxdwlrq/ 0| lv dqg lqghshqghqw vhtxhqfh zlwk .0 ' f dqg
. m0m ' �/ )|3� lv wkh uhjuhvvru yhfwru lqfoxglqj erwk fryduldwhv dqg odjjhg surfhvv
revhuydwlrqv/ qdpho| )| ' E%|3�c�c éééc %|3�c^c +|3�c éééc +|3Rä

â1 Lq wkh vhfrqg ru vfhgdvwlf
htxdwlrq/ zh kdyh #|3� ' E�c me|3�m c é é é c me|3omäâ c dqg e| ' +| ý wâ|)|3�1 Wkh txdqwlwlhv
w| dqg q| '

ý
qfc|c q�c|c éééc qoc|

ü
duh xqnqrzq vorzo| wlph0ydu|lqj frh!flhqw yhfwruv1

Lq wklv prgho/ wkh wlph0ydu|lqj frqglwlrqdo phdq ixqfwlrq ÷+| ' w|)|3� kdv wlph0
ydu|lqj suhflvlrq jlyhq e| lwv frqglwlrqdo phdq devroxwh huuru û|/ zklfk lv d ixqfwlrq
ri suhylrxv iruhfdvw huuruv1

Zkhq qr khwhurvfhgdvwlf frpsrqhqw lv suhvhqw/ l1h1 û| ' ûW vd|/ e| dvvxplqj vrph
vwrfkdvwlf olqhdu g|qdplfv iru w|/ h1j1 w| lv d udqgrp zdon/ lw lv srvvleoh wr jhw wkh
hvwlpdwh ÷w| xvlqj wkh Ndopdq ?owhu/ vhh h1j1 [lqj0Tl Mldqj E�bbbä1 Wklv lv rswlpdo
iru wkh sduwlfxodu Jdxvvldq prgho dvvxphg1 Dowhuqdwlyho|/ rqh fdq xvh h{srqhqwldoo|
zhljkwhg -u7 wudfnlqj ru urexvwl?hg yhuvlrqv ri lw1

Lq rxu fdvh/ vxssrvh iru d prphqw wkdw q| lv nqrzq1 Khqfh wkh zhljkwhg -u7 dw
wlph | ' �c 2c ééé lv jlyhq e|

÷w|mûr÷| ' @h}4ð?

#
|[
r'�

E+r ý wâ)r3�ä2b|3r� /r3�

$
+5,

zkhuh

f ÷ b� ÷ �c /r3� '
�

û2r3�
é

Wklv lv wkh vroxwlrq ri d zhljkwhg u7 sureohp zkhuh wkh zhljkwv ghfuhdvh erwk zlwk
wlph uhprwhqhvv dqg vl}h ri suhylrxv iruhfdvw huuruv1 Wkh uhfxuvlyh vroxwlrq ri E2ä fdq
eh kdqgohg e| wkh Ndopdq ?owhu dojrulwkp dv lq vhfwlrq 91614 ri Prvfd E�bb.ä1 Lq
sduwlfxodu/ wklv lv wkh vwdwh hvwlpdwhv ri d vwdwh vsdfh uhsuhvhqwdwlrq zkhuh wkh vwdwh
lv wr ' w dqg wkh revhuydwlrq htxdwlrq lv jlyhq e| E�ä zlwk wkh vfhgdvwlf htxdwlrq

uhsodfhg e| ûWr3� '
t
br3|� /3�r3�/ vd|1

Lq sudfwlfh/ qr÷| lv xqnqrzq dqg zh qhhg vrph hvwlpdwh iru ûr1 Dv lq wkh hpslulfdo
`u7 iru wlph0lqyduldqw ø-äM prghov/ wklv fdq eh grqh e| xvlqj wkh iroorzlqj u7
hvwlpdwhv

÷q|m÷wr$| ' @h}4ð?

#
|[
r'�

Emerm ý qâ#r3�ä2b|3r2

$
+6,

6



zkhuh

f ÷ b2 ÷ �é

H{whqglqj wkh vwdqgdug Ndopdq ?owhu whfkqltxhv ghyhorshg iru krprvfhgdvwlf -u7
sureohpv/ hvwlpdwhv E2ä dqg Eôä kdyh uhfxuvlyh irupxodwlrqv dv iroorzv1

514 -u7 ýø-äM dojrulwkp

Il{ lqlwldo ydoxhv iru -fc 7fc ûfc ÷+�c )fc ÷wf dqg ÷qf wkhq/ iru | ' �c 2c ééé/ wkh uhfxuvlyh
dojrulwkp lv dv iroorzv=

41 DU[ frpsxwdwlrqv

e| ' +| ý ÷+|

/|3� '
�

û2|3�

-3�| '
�

b�

ë
-3�|3� ý /|3�

-3�|3�)|3�)
â
|3�-

3�
|3�

b� n /|3�)â|3�-
3�
|3�)|3�

ê

÷w| ' ÷w|3� n-3�| )|3�e|/|3�

51 DUFK frpsxwdwlrqv
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Zkhuh wkh pdwulfhv -| dqg 7| duh hvwlpdwhv ri wkh fryduldqfh pdwulfhv ri ÷w| dqg ÷q|
uhvshfwlyho|1 Zlwk wkhvh ydoxhv wkh rqh vwhs dkhdg iruhfdvw lv vlpso| jlyhq e|

÷+|n� ' ÷w
â
|)|

dqg lwv suhflvlrq fdq eh hydoxdwhg e|

÷û| ' ÷q
â
|#|é

Lq sduwlfxodu/ li 0| lq htxdwlrq E�ä lv Jdxvvldq glvwulexwhg/ wkhq . E02| ä ' Z
2
dqg wkh

bDI dssur{lpdwhg iruhfdvw lqwhuydo lv jlyhq e| ÷+|n� ÷
s
2Z÷û|é
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515 Urexvw Uhfxuvlyh Hvwlpdwhv

Wkh -u7 ýø-äM dojrulwkp/ kdv vrph frqqhfwlrqv wr uhfxuvlyh P0hvwlpdwhv ri Julo0
ohq}rql E�bb.ä zklfk duh urexvw djdlqvw lqqrydwlrq rxwolhuv1 Wkh lqqrydwlrq rxwolhu
vfkhph fdq eh sdudskudvhg e| lqqrydwlrqv zlwk khdy| wdlov ru e| vrph udqgrp phfkd0
qlvp zklfk surgxfhv odujh lqqrydwlrqv lq dq lqghshqghqw pdqqhu1 Iru h{dpsoh zh fdq
xvh prgho E�ä zlwk wkh vfhgdvwlf htxdwlrq uhsodfhg e| lqghshqghqw udqgrp yduldeohv
dv iroorzv

û| '

ã
jf zlwk suredelolw| �ý 0

& :: jf zlwk suredelolw| 0

zkhuh jf lv wkh qrq rxwolhu lqqrydwlrq vwdqgdug ghyldwlrq1 Lq rwkhu vlwxdwlrqv/ wkh
vfhgdvwlf ixqfwlrq û| ydulhv vprrwko| lq dq xqvshfl?hg zd|1 Lq wkhvh fdvhv qrqsdud0
phwulf hvwlpdwhv ri û| pd| eh rewdlqhg iurp wkh -u7ýø-äM dojrulwkp zlwk o ' fé
Khqfh zh kdyh û| ' q| dqg wkh -u7ýø-äM hvwlpdwh ri q| lv vlpso| wkh h{srqhqwldoo|
zhljkwhg prylqj dyhudjh .`�ø ri me|m1

Iurp wklv srlqw ri ylhz/ q| pd| eh frqvlghuhg erwk dv d qxlvdqfh sdudphwhu iru wkh
+urexvw, hvwlpdwlrq ri w| ru dv dq lpsruwdqw sdudphwhu iru suhglfwlqj wkh suhflvlrq ri
÷+|é

6 Fdvh Vwxglhv

Lq rughu wr looxvwudwh wkh phwkrg sursrvhg/ zh glvfxvv erwk v|qwkhwlf dqg uhdo gdwd
fdvhv1 Lq sduwlfxodu lq wkh ?uvw wzr v|qwkhwlf h{dpsohv wkh vprrwklqj idfwruv b� '
b2 ' b ' fébb kdyh ehhq/ wkh wklug rqh lv dq h{dpsoh ri vprrwk khwhurvfhgdvwlflw|
zlwk b� ' � 9' b2 ÷ � dqg b ' fébbD kdv ehhq irxqg dssursuldwh lq wkh odvw uhdo
gdwd h{dpsoh1 Dowkrxjk vrph hvwlpdwlrq whfkqltxhv kdyh dsshduhg lq wkh olwhudwxuh
+vhh h1j1 Juloohq}rql E�bb.Kä,/ zh kdyh fkrvhq wkhvh ydoxhv e| orrnlqj dw wkh iruhfdvwlqj
fdsdelolw|/ jlyhq e| wkh -2 vwdwlvwlf/ dqg dw wkh shulrglf ehkdylru ri wkh gdwd1 D uhjxodu
shulrglf sdwk kdv ehhq xvhg iru wkh ?uvw wkuhh vlpxodwlrq h{dpsohv zklovw wkh odvw uhdo
gdwd h{dpsoh lv fkdudfwhul}hg e| d vwurqj dqg luuhjxodu gdlo| dqg vhdvrqdo sdwwhuq1

614 Vlpxodwlrq ø

Wkh ?uvw v|qwkhwlf h{dpsoh lv jlyhq e| ? ' �fc fff revhuydwlrqv iurp wkh vorzo| rvflo0
odwlqj khwhurvfhgdvwlf ø-E�ä v|vwhp jlyhq e| wkh iroorzlqj htxdwlrqv
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Iljxuh 4= Vlpxodwlrq D1 V|vwhp revhuydwlrqv

Wkh fruuhvsrqglqj kljko| qrqolqhdu vwrfkdvwlf sdwwhuq lv glvsod|hg lq Iljxuh 41 Pruh0
ryhu wkh uhvxowlqj ø- ixqfwlrq w| dqg vfhgdvwlf ixqfwlrq û| duh jlyhq lq Iljxuhv 5 dqg 7
uhvshfwlyho|1 Qrwh wkdw wkh vfhgdvwlf ixqfwlrq lv ghwhuplqlvwlf dqg kdv ehhq hvwlpdwhg
e| wkh .`�ø ri me|m uhsruwhg lq Iljxuh 7 zklfk uhvxowv iurp wkh -u7 ý ø-äM do0
jrulwkp ri suhylrxv vhfwlrq zlwk R ' fé Wdnlqj dffrxqw ri khwhurvfhgdvwlflw| lpsuryhv
erwk sdudphwhu xqfhuwdlqw| dqg vprrwkqhvv1 Wklv fdq eh vhhq iurp Iljxuh 6/ zkhuh
w| lv hvwlpdwhg e| wkh wudglwlrqdo krprvfhgdvwlf -u7 dojrulwkp1

615 Vlpxodwlrq î

Wkh vhfrqg h{huflvh lv jlyhq e| htxdwlrqv Eeä zlwk wkh vfhgdvwlf htxdwlrq uhsodfhg e|
wkh iroorzlqj wlph0ydu|lqj ø-äM frpsrqhqw=

û|3� ' 2 n ULt

ë
|

?
SZ

ê2
m0|3�û|32m é

Wkh vlpxodwhg gdwd/ uhvlgxdov dqg vwxghqwl}hg uhvlgxdov/ jlyhq e| e|
û|3�

c duh uhsruwhg
lq froxpq 4 wr 6 ri Iljxuh 8 uhvshfwlyho|1 Lq Iljxuh 9/ wkh q ixqfwlrqv vkrz wkdw wkh
hvwlpdwlrq ri wkh vfhgdvwlf frpsrqhqw lv pruh huudwlf wkdq ÷w| ixqfwlrq dqg b2 ÷ �
suhyhqwv iurp frqvlvwhqw hvwlpdwlrq ri qfc| ' 21 Dv d pdwwhu ri idfw/ wkh rvfloodwlrqv ri
wkh dfwxdo û| duh vkduhg ehwzhhq ÷qfc| dqg ÷q�c| dqg wkh odwwhu xqghuvfruhv wkh yduldwlrqv
ri wkh dfwxdo q�c|1 Wkh hvwlpdwh ÷w| lv txlwh vlplodu wr Iljxuh 5 ri wkh suhylrxv fdvh dqg
kdv qrw ehhq uhsruwhg1
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Iljxuh 5= Vlpxodwlrq D1 ÷w| zlwk hvwlpdwhg <8( frq?ghqfh lqwhuydov dqg dfwxdo w|é
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Iljxuh 7= Vlpxodwlrq D1 Revhuyhg yrodwlolw| ÷û|
s

Z
2
dqg dfwxdo û|é

616 Vlpxodwlrq ä

Wkh wklug v|qwkhwlf h{dpsoh looxvwudwhv wkh xvh ri -u7ýø-äM dv d vhpl0sdudphwulf
uhfxuvlyh hvwlpdwru urexvw djdlqvw vprrwk khwhurvfhgdvwlflw|1

Wr vhh wklv/ zh frqvlghu wkh wlph0lqyduldqw suhglfwru prgho jlyhq e| htxdwlrq Eeä
zlwk w| ' fé. dqg vfhgdvwlf ixqfwlrq

û|3� ' � n �f ULt

ë
|

?
2Z

êS
é

Zh wkhq xvh wkh -u7 ý ø-äM dojrulwkp zlwk o ' f/ b� ' � dqg b2 ' fébDé Iljxuhv
: dqg ; vkrz wkh hvwlpdwhg sdwk ÷w| iru wkh xvxdo krprvfhgdvwlf -u7 dqg wkh -u7 ý
ø-äM uhvshfwlyho|1 Lw lv fohdu wkdw wkh kljk khwhurvfhgdvwlflw| vkrzq lq Iljxuh < kdv
d uhgxfhg lq xhqfh rq wkh -u7 ýø-äM hvwlpdwru1

617 Wkh R}rqh Gdwd

Wkh wklug h{dpsoh lv frqfhuqhg zlwk jurxqg r}rqh krxuo| gdwd froohfwhg lq Ehujdpr/
Lwdo|/ 4<<604<<:1 Wklv gdwd vhw kdv douhdg| ehhq glvfxvvhg lq ghwdlov +vhh Idvvõ )
Qhjul E2fff@/ Kä dqg lv qrz ghslfwhg lq wkh ?uvw froxpq ri Iljxuh 44 dqg vxppdul}hg
lq Wdeoh 41

M ean Variance Skewness Kur tosi s
O _3 19,064 510, 155 2, 482 12, 049
residuals 0, 367 37, 774 0, 896 13, 647
student ized residulas 0, 037 1, 287 0, 344 4, 339

Wdeoh 41 R}rqh dqg uhvlgxdov vwdwlvwlfv1
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Iljxuh 43= R}rqh Gdwd1 Pd{lpxp devroxwh urrw ixqfwlrq1

Wkh prgho dgrswhg khuh frqwdlqv wkh irxu ø- frpsrqhqwv ri Iljxuh 45 dqg wkh
wkuhh fryduldwhv jlyhq e| wkh odjjhg ydoxhv ri wrwdo vrodu udgldwlrq/ uhodwlyh kxplglw|
dqg qlwurjhq glr{lgh ri Iljxuh 461 Wkhvh ?jxuhv vkrz d pdunhg vhdvrqdo qrqolqhdulw|
ri wkh frqglwlrqdo phdq1 Lq sduwlfxodu/ wkh vhdvrqdo yduldwlrq ri wkh w frh!flhqwv
lv pruh dssduhqw iru wkh fryduldwhv wkhq wkh ø- frpsrqhqwv1 Vlploduo| wkh ø-äM
frpsrqhqwv ri Iljxuh 47 lqglfdwh d vwurqj vhdvrqdo qrqolqhdu khwhurvfhgdvwlflw|1

Wkh ruglqdu| dqg vwxghqwl}hg uhvlgxdo judsklfdo dqdo|vlv lv uhsruwhg lq froxpq 5
dqg 6 ri Iljxuh 441 Dowkrxjk vrph gdlo| shulrglflw| lv vwloo suhvhqw/ wkh vpdoo uhvlgxdo
dxwrfruuhodwlrqv dqg devroxwh vwxghqwl}hg uhvlgxdo dxwrfruuhodwlrqv vxjjhvw wkdw wkh
prgho ?wwlqj lv vdwlvidfwru|1 Iurp wrs uljkw ri Iljxuh 44/ zh vhh wkdw wklv lv jhqhudoo|
wuxh h{fhsw iru dq rxwolhu rffxuulqj lq wkh vwxghqwl}hg uhvlgxdov gxulqj wkh kljko|
srooxwhg vxpphu 4<<81 Pruhryhu/ lq rughu wr shuirup d vwdelolw| dqdo|vlv dv glvfxvvhg
h1j1 e| Juloohq}rql E�bb.@ä/ zh sorwwhg wkh pd{lpxp ri devroxwh urrwv ri wkh ø-
sro|qrpldo dw wlph | lq Iljxuh 431 Wklv txdqwlw| lv jlyhq e|

>| ' 4@ moJJ|Ek|E5ääm

zkhuh

k|E5ä ' �ý 53�w|c^n� ý é é éý 53Rw|c^nR
lv wkh ø- sro|qrpldo dw wlph |é Lw iroorzv wkdw/ ehlqj >| ÷ � h{fhsw iru d vsduvho| ?qlwh
vhw/ wkh v|vwhp lv vwdeoh1 D vlplodu gldjqrvwlf fdq eh grqh rq wkh ø-äM frpsrqhqw
e| sorwwlqj �ýSo

æ'� qæc| dv lq wkh wklug olqh ri Iljxuh 471
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Iljxuh 44= R}rqh gdwd1 Wlph vhulhv/ klvwrjudpv/ dxwrfruuhodwlrqv dqg dxwrfruuhodwlrqv
ri devroxwh ydoxhv1
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Iljxuh 45= R}rqh Gdwd1 w| ixqfwlrq iru ø- frpsrqhqw zlwk dssur{lpdwhg bDI lqwhu0
ydov1
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Iljxuh 47= R}rqh Gdwd1 q| ixqfwlrqv/ Vwdelolw| sorw dqg hvwlpdwhg vfhgdvwlf ixqfwlrq1
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7 Frqfoxvlrqv dqg Ixuwkhu Ghyhorsphqwv
Lq wklv sdshu/ wkh sureohp ri rq0olqh suhglfwlrq zlwk wlph0ydu|lqj khwhurvfhgdvwlf prg0
hov kdv ehhq frqvlghuhg xvlqj d wlph0ydu|lqj vfhgdvwlf ixqfwlrq zklfk pd| eh ri gh0
whuplqlvwlf ru ø-äM w|sh1 Wkh prgho sursrvhg vhhpv dghtxdwh wr wudfn vorzo| wlph0
ydu|lqj khwhurvfhgdvwlf g|qdplfdo v|vwhpv dqg kdv ehhq dssolhg wr dq dlu srooxwlrq
kljk iuhtxhqf| prqlwrulqj sureohp1

Wkh dssurdfk xvhg khuh lv hvvhqwldoo| edvhg rq `u7 dqg pd| eh h{whqghg wr
ixoo| fryhu prgho frpsoh{lw| hvwlpdwlrq e| phdqv/ iru h{dpsoh/ ri wlph0ydu|lqj øUä
vwdwlvwlfv1

Dowkrxjk rxu dssurdfk lv uhodwhg lq vrph zd| wr Ndopdq ?owhulqj/ ixuwkhu h{0
whqvlrqv frxog ohdg wr dq dssursuldwh khwhurvfhgdvwlf vwdwh vsdfh uhsuhvhqwdwlrq dqg
frqqhfwhg qrqolqhdu Ndopdq ?owhu1

Uhihuhqfhv
^4` Erugljqrq V1/ Olvl I1 E2fffä Qrqolqhdu dqdo|vlv dqg suhglfwlrq ri ulyhu  rz wlph

vhulhv/ Hqylurqphwulfv/ 44/ 7/ 79607::1

^5` Fdl ]1/ Wlzdul U1 E2fffä c Dssolfdwlrq ri d orfdo olqhdu dxwruhjuhvvlyh prgho wr
ERG wlph vhulhv1 Hqylurqphwulfv/ 44/ 6/ 67406831

^6` Idvvõ D1/ Qhjul L1 E2fff@ä Qrqolqhdu vwdwlvwlfdo prghoolqj ri kljk iuhtxhqf|
jurxqg r}rqh gdwd1 Hqylurqphwulfv +wr dsshdu,1 JUDVSD zrunlqj sdshu
+kwws=22vlulr1vwdw1xqlsg1lw2judvsd2zrunlqjbsdshuv1kwpo,1

^7` Idvvõ D1/ Qhjul L1 E2fffKä Pxowl vwhs iruhfdvwlqj iru qrqolqhdu prghov ri kljk
iuhtxhqf| jurxqg r}rqh gdwd= d Prqwh Fduor dssurdfk1 Vxeplwwhg wr Txdqwlwdwlyh
Phwkrgv iru Fxuuhqw Hqylurqphqwdo Lvvxhv/ Dqghuvrq F1/ Eduqhww Y1/ Fkdwzlq/ S1/
Ho Vkddudzl D1 hg1v1/ Vsulqjhu1

^8` Judi0Mdffrwwhw P1/ Mdxqlq P1K1 E�bbHä Suhglfwlyh prghov iru jurxqg r}rqh dqg
qlwurjhq glr{lgh wlph vhulhv1 Hqylurqphwulfv/ </ 6<607391

^9` Juloohq}rql E�bb.@ä Rswlpl}hg Dgdswlyh Suhglfwlrq1 M1 Lwdoldq Vwdwlvw1 Vrf1/ 9/ 4/
6:08;1

^:` Juloohq}rql E�bb.Kä Uhfxuvlyh Jhqhudol}hg P0Hvlwlpdwruv ri Vxvwhp Sdudphwhuv1
Whfkqrphwulfvé 6</ 5/ 54405571

^;` Kçugoh Z1/ Wv|ednry D1/ \dqj O1 E�bbHä Qrqsdudphwulf yhfwru dxwruhjuhvvlrq1 M1
Vwdwlvw1 Sodqqlqj dqg Lqihuhqfh1 9;/ 55405781

^<` Kdiqhu F1 E�bbHä Hvwlpdwlqj kljk0iuhtxhqf| iruhljq h{fkdqjh udwh yrodwlolw| zlwk
qrqsdudphwulf ø-äM prghov1 M1 Vwdwlvw1 Sodqqlqj dqg Lqihuhqfh1 9;/ 57:059<1
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^43` Krovw X1/ Kùvvmhu F1/ Emùunoxqg f1/ Udjqduvrq S1/ Hgqhu K1 E�bbSä Orfdoo|
Zhljkwhg Ohdvw Vtxduhv Nhuqho Uhjuhvvlrq dqg Vwdwlvwlfdo Hydoxdwlrq ri OLGDU
Phdvxuhphqwv1 Hqylurqphwulfv/ :/ 7/ 73407491

^44` W1 Olqgvwurp/ X1 Krovw/ S1 Zhleulqj dqg K1 Hgqhu E2fffä Dqdo|vlv ri OL0
GDU phdvxuhphqwv xvlqj qrqsdudphwulf nhuqho uhjuhvvlrq phwkrgv / Gudiw 53331
+kwws=22zzz1pdwkv1owk1vh2pdwvwdw2vwd>2wrujq|2,1

^45` Uxsshuw G1/ Zdqg P1S1/ Krovw X1/ Kùvvmhu R1 E�bb.ä Orfdo sro|qrpldo yduldqfh0
ixqfwlrq hvwlpdwlrq1 Whfkqrphwulfv/ 6</ 6/ 59505:61

^46` Wro U1V1M1E�bbSä c Dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw| lq gdlo| whpshud0
wxuh phdvxuhphqwv/ Hqylurqphwulfv/ :/ 9:0:91

^47` [lqj0Tl Mldqj E�bbbä Wlph Ydu|lqj DU dqg YDU Prghov1 Lq 4Wkh sudfwlfh ri
wlph vhulhv4/ Dndlnh ) Nlwdjdzd Hg1v1 Vsulqjhu0Yhuodj/ Qhz \run1
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