
Ed|hvldq Dqdo|vlv ri Gxudwlrq Prghov=

Dq Dssolfdwlrq wr Fkdswhu 44 Edqnuxswf|

Ndl Ol W

Idfxow| ri Frpphufh
Xqlyhuvlw| ri Eulwlvk Froxpeld

5386 Pdlq Pdoo/ Ydqfrxyhu/ E1F1
Fdqdgd Y9W 4]5

Skrqh= +937, ;550;686
Id{= +937, ;550;854

H0pdlo= ndl1olCfrpphufh1xef1fd

Wklv Yhuvlrq= Iheuxdu|/ 4<<<

Devwudfw

Zh ghyhors d Ed|hvldq dssurdfk wr hvwlpdwlqj gxudwlrq prghov dqg dsso| lw wr wkh ghidxow

gdwd ri kljk |lhog erqgv1 Wkh lqvwdqwdqhrxv suredelolw| ri d �up frpsohwlqj Fkdswhu 44

lqfuhdvhv xs wr wkh wzhqw|0�uvw prqwk lq Fkdswhu 44 wkhq ghfolqhv wrzdugv }hur1

Nh|zrugv= Gxudwlrq prghov> Ed|hvldq lqihuhqfh> Odsodfh dssur{lpdwlrq> Fkdswhu 44 edqn0

uxswf|> Kljk |lhog erqgv

MHO fodvvl�fdwlrq= F74> J66

W L wkdqn Urq Jldppdulqr/ Ure Khlqnho/ Exuwrq Krool�hog/ Jdu| Nrrs dqg Gdoh Srlulhu
iru ydoxdeoh frpphqwv dqg glvfxvvlrqv1 L dovr zlvk wr wkdqn Mhdq Khozhjh iru surylglqj wkh
kljk |lhog erqgv ghidxow gdwd1 Ilqdqfldo vxssruw iurp wkh XEF0KVV qhz idfxow| judqw/ wkh
Exuhdx ri Dvvhw Pdqdjhphqw dqg wkh Vrfldo Vflhqfhv dqg Kxpdqlwlhv Uhvhdufk Frxqflo ri
Fdqdgd lv judwhixoo| dfnqrzohgjhg1 Wkh xvxdo glvfodlphu dssolhv1



41 Lqwurgxfwlrq

Wkh uhfrug qxpehu ri edqnuxswflhv lq wkh Xqlwhg Vwdwhv gxulqj wkh odwh 4<;3v dqg hduo| 4<<3v kdv

fuhdwhg dq rssruwxqlw| iru uhvhdufkhuv wr h{dplqh ydulrxv dvshfwv ri Fkdswhu 44 edqnuxswf|1 Wklv

sdshu h{dplqhv d prgho ri wkh lqvwdqwdqhrxv suredelolw| +kd}dug udwh, ri d �up*v hphujhqfh iurp

Fkdswhu 44 xvlqj Ed|hvldq phwkrgv1

Wkh prwlydwlrq iru rxu dqdo|vlv frphv iurp wkh hpslulfdo revhuydwlrq wkdw wkh ohqjwk ri wlph

�upv vshqg lq Fkdswhu 44 edqnuxswf| ydulhv zlgho| +vhh Ol +4<<;, iru d vxuyh|,/ zklfk ohdgv wr

vrph lqwhuhvwlqj txhvwlrqv= Zk| gr zh revhuyh vxfk odujh yduldwlrq lq wkh wlph vshqw xqghu irupdo

uhrujdql}dwlrqB Fdq wklv yduldwlrq lq edqnuxswf| gxudwlrq eh h{sodlqhg e| wkh �qdqfldo2lqgxvwuldo

fkdudfwhulvwlfv ri wkh glvwuhvvhg �upvB Lv lw wuxh wkdw wkh orqjhu d �up vwd|v lq Fkdswhu 44/ wkh

pruh olnho| lw h{lwv iurp Fkdswhu 44B Dqvzhuv wr txhvwlrqv vxfk dv wkhvh duh ri juhdw lqwhuhvw wr

srolf| pdnhuv/ sudfwlwlrqhuv/ ohqglqj lqvwlwxwlrqv/ wkh fodlpdqwv dqg rzqhuv ri wkh edqnuxsw �up1

Wklv sdshu xvhv d qryho hfrqrphwulf prgho iudphzrun wr h{dplqh wkh ohqjwk ri wlph wkdw glv0

wuhvvhg ruljlqdo lvvxhuv ri kljk |lhog erqgv vshqg lq Fkdswhu 44 edqnuxswf|1 Rxu zrun glvwlqjxlvkhv

lwvhoi iurp wkh h{lvwlqj olwhudwxuh lq wkh iroorzlqj zd|1 Iluvw/ wkh gxudwlrq prgho dssurdfk hqdeohv

xv wr ghdo zlwk vdpsoh �upv wkdw zhuh vwloo lq wkhlu Fkdswhu 44 surfhhglqjv dw wkh hqg ri wkh vdpsoh

shulrg +fhqvruhg revhuydwlrqv,1 Vhfrqg/ wkh Orj0Orjlvwlf kd}dug irupxodwlrq fdswxuhv wkh lqvwlwx0

wlrqdo ihdwxuh ri Fkdswhu 44 edqnuxswf| dqg dffrxqwv iru vrph ri wkh yhu| ohqjwk| Fkdswhu 44 fdvhv

lq wkh vdpsoh1 Ilqdoo|/ lq wklv sdshu zh ghyhors d Ed|hvldq dssurdfk wr wkh gxudwlrq gdwd dqdo|vlv1

Wkh Ed|hvldq phwkrgrorj| wdnhv lqwr dffrxqw erwk wkh sdudphwhu xqfhuwdlqw| +e| frpsxwlqj wkh

srvwhulru ghqvlw|, dqg wkh prgho vshfl�fdwlrq xqfhuwdlqw| +e| frqvlghulqj wkuhh sodxvleoh kd}dug

irupxodwlrqv,1 Dqg wkh Ed|hvldq hvwlpdwhv srvvhvv �qlwh vdpsoh surshuwlhv zklfk duh lpsruwdqw wr

rxu vpdoo gdwd vhw1

Wkh rxwolqh ri rxu sdshu lv dv iroorzv1 Lq wkh qh{w vhfwlrq/ zh glvfxvv rxu Ed|hvldq lqihuhqfh

whfkqltxh1 Lq Vhfwlrq 6/ zh dsso| wklv wr wkh ghidxow gdwd ri kljk |lhog erqgv1 Vhfwlrq 7 frqfoxghv1
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51 Ed|hvldq Lqihuhqfh

Lq wklv vhfwlrq zh �uvw glvfxvv wkh wkuhh kd}dug irupxodwlrqv/ wkhq zh ghdo zlwk rxu Ed|hvldq

phwkrg1

5141 Prgho Iudphzrun

Wkh shulrg iurp d �up �olqj Fkdswhu 44 +�lq� Fkdswhu 44, xqwlo lwv hphujhqfh +�rxw� ri Fkdswhu

44, lv wkh irfxv ri rxu vwxg|1 Wkh kd}dug udwh lv gh�qhg dv wkh suredelolw| ri d �up h{lwlqj Fkdswhu

44 edqnuxswf| dw wlph w frqglwlrqdo rq lw kdylqj vwd|hg wkhuh iru w shulrgv1

Gxh wr wkh odfn ri wkhruhwlfdo jxlgdqfh rq wkh ixqfwlrqdo irup ri wkh kd}dug/ zh vwduw zlwk wkuhh

prvw frpprqo| dgrswhg kd}dug irupxodwlrqv�wkh H{srqhqwldo/ wkh Zhlexoo/ dqg wkh Orj0Orjlvwlf

+Nlhihu +4<;;,/ Odqfdvwhu +4<<3,/ s1 4:/ ss1 77078,1 Wkh kd}dug ixqfwlrq ri wkh H{srqhqwldo

glvwulexwlrq/ frqglwlrqdo rq wkh uhjuhvvruv/ [/ lv

k+w>[, @ �> +4,

zkhuh w lv wkh ohqjwk ri wlph vshqw lq Fkdswhu 44/

� @ h{s+�[�,> dqg [� @ �f . {��� . � � �. {g�g = +5,

Wkh kd}dug ixqfwlrq ri wkh Zhlexoo glvwulexwlrq/ frqglwlrqdo rq wkh uhjuhvvruv/ [/ lv

k+w>[, @ ���w�3�> +6,

dqg wkh kd}dug ixqfwlrq ri wkh Orj0Orjlvwlf glvwulexwlrq lv

k+w>[, @
���w�3�

4 . +�w,�
= +7,

Lq Htv1 +4,/ +6, dqg +7,/ wkh vfdoh sdudphwhu/ �/ fdswxuhv wkh h�hfw ri d jlyhq uhjuhvvru rq wkh

kd}dug udwh +wkh gxudwlrq,1 D srvlwlyh +qhjdwlyh, �& lq Ht1 +5, lpsolhv wkdw wkh fruuhvsrqglqj

uhjuhvvru/ {&> kdv d qhjdwlyh +srvlwlyh, h�hfw rq wkh kd}dug/ khqfh d srvlwlyh +qhjdwlyh, h�hfw rq

wkh Fkdswhu 44 gxudwlrq1 Wkh vkdsh sdudphwhu/ �/ fdswxuhv wkh wlph hyroxwlrq ri wkh kd}dug1 Iru
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lqvwdqfh/ lq wkh Zhlexoo fdvh/ � A 4 +� ? 4, lpsolhv srvlwlyh +qhjdwlyh, gxudwlrq ghshqghqfh iru wkh

kd}dug/ l1h1/ wkh suredelolw| ri d �up h{lwlqj Fkdswhu 44 lqfuhdvhv +ghfuhdvhv, dv wkh Fkdswhu 44

surfhgxuh lqfuhdvhv lq ohqjwk> zkhq � @ 4 wkh Zhlexoo uhgxfhv wr wkh H{srqhqwldo zlwk d frqvwdqw

kd}dug1 Lq wkh Orj0Orjlvwlf fdvh/ � � 4 lpsolhv qhjdwlyh gxudwlrq ghshqghqfh iru wkh kd}dug>

� A 4 lpsolhv wkh kd}dug lv lqyhuwhg X0vkdshg/ l1h1/ wkh kd}dug ulvhv zlwk wkh gxudwlrq iurp wkh

shulrg 3 wr d pd{lpxp dw wkh shulrg wW� @ E�3���*�

b�
wkhq lw ghfolqhv wrzdugv }hur wkhuhdiwhu1 Wkh

Orj0Orjlvwlf glvwulexwlrq surylghv d pruh  h{leoh kd}dug irupxodwlrq wkdq erwk wkh Zhlexoo dqg

wkh H{srqhqwldo1

5151 Ed|hvldq Phwkrg

Xqghu wkh sulru lqghshqghqfh dvvxpswlrq

i+�> �, � i+�, � i+�,> +8,

zh dgrsw d pxowlyduldwh qrupdo sulru PYQ+�f>�
3�
f , iru wkh uhjuhvvlrq sdudphwhu � +zklfk lv

gluhfwo| uhodwhg wr wkh vfdoh sdudphwhu � @ h{s+�[�,, dqg d Jdppd sulru J+df> ef, iru wkh

vkdsh sdudphwhu �= Rxu uhdvrq iru dgrswlqj d Jdppd sulru iru wkh vkdsh sdudphwhu � lv gxh wr

wkh frqvlghudwlrq wkdw e| prgho frqvwuxfwlrq/ � lv qrqqhjdwlyh1 D Jdppd0glvwulexwhg udqgrp

yduldeoh vdwlv�hv wklv frqvwudlqw1 Jlyhq � � J+df> ef,> wkh sulru phdq H+�, @ dfef> dqg wkh sulru

yduldqfh Y du+�, @ dfe
2
f=

Dw wkh rxwvhw wkh txhvwlrq dulvhv ri zklfk kd}dug irupxodwlrq�wkh H{srqhqwldo +P�,/ wkh

Zhlexoo +P2, ru wkh Orj0Orjlvwlf +P�, vkrxog eh dgrswhg iru rxu �qdo hvwlpdwlrq1 Zh dsso|

wkh Ed|hvldq prgho frpsdulvrq fulwhulrq�wkh Ed|hv idfwru +Ndvv dqg Udiwhu| +4<<8,, wr wkhvh

wkuhh kd}dug ixqfwlrqv1 Wkh Ed|hv idfwru EI�, lv gh�qhg dv wkh udwlr ri wkh pdujlqdol}hg olnholkrrg

ixqfwlrqv ri wkh gdwd xqghu prghovP� dqgP,1 Wdeoh 4 uhsruwv vrph Ed|hv idfwruv dqg zh h{dplqh

wkh urexvwqhvv ri rxu prgho frpsdulvrq uhvxowv xvlqj irxu gl�huhqw sulru vshfl�fdwlrqv1 Zh �qg wkdw

qr pdwwhu krz gl�huhqw wkh sulru vshfl�fdwlrqv duh/ zh fdq ghflvlyho| uhmhfw erwk wkh H{srqhqwldo

dqg wkh Zhlexoo prghov jlyhq wkh vdpsoh gdwd1 Khqfhiruwk/ rxu irfxv zloo eh jlyhq wr hvwlpdwlqj
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wkh uhjuhvvlrq sdudphwhu � dqg wkh vkdsh sdudphwhu � xvlqj wkh Orj0Orjlvwlf kd}dug irupxodwlrq

lq Ht1 +7,1

^Lqvhuw Wdeoh 4 khuh`

Dvvxplqj lqghshqghqfh dfurvv revhuydwlrqv/ wkh olnholkrrg ixqfwlrq ri wkh revhuyhg wlph lq

Fkdswhu 44/ w/ ri wkh vdpsoh �upv lv

o+�> �> w>[, 2
\
_�'�

i+w�>[�m�> �,
\
_�'f

V+w�>[�m�> �,> +9,

zkhuh g� @ 4 li wkh �up*v Fkdswhu 44 surfhgxuh lv frpsohwh/ }hur rwkhuzlvh1 Wkh �uvw frpsrqhqw

ri wkh deryh olnholkrrg/ i+w�>[�m�> �,> dffrxqwv iru wkh suredelolw| frqwulexwlrq iurp wkh �upv

wkdw kdyh hphujhg iurp Fkdswhu 44 edqnuxswf|1 Zkloh wkh vhfrqg frpsrqhqw ri wkh olnholkrrg

ixqfwlrq/ V+w�>[�m�> �,> dffrxqwv iru wkh suredelolw| frqwulexwlrq iurp wkh �upv wkdw zhuh vwloo lq

wkhlu Fkdswhu 44 surfhhglqjv dw wkh hqg ri wkh vdpsoh shulrg1 Vxevwlwxwlqj wkh Orj0Orjlvwlf ghqvlw|

ixqfwlrq dqg vxuylyru ixqfwlrq wr i+�, dqg V+�, uhvshfwlyho|/ zh rewdlq wkh olnholkrrg ixqfwlrq ri

wkh vdpsoh �upv dv

o+�> �> w>[, 2
\
_�'�

���� w
�3�
�

4 . +��w�,�

\
�

4

4 . +��w�,�
> +:,

zkhuh �� @ h{s+�[��,=

Frpelqlqj wkh sulru dqg wkh olnholkrrg ixqfwlrq lq Ht1 +:,/ zh jhw wkh srvwhulru suredelolw|

ghqvlw| ixqfwlrq

i+�> �mw>[, 2 h{s

�
�
+� � �f,

��f+� � �f,

5

�
�@f3� h{s+��e3�

f ,
\
_�'�

���� w
�3�
�

4 . +��w�,�

\
�

4

4 . +��w�,�
=

+;,

Wkhuh lv qr dqdo|wlfdo irupxod iru rewdlqlqj wkh srvwhulru hvwlpdwhv ri � @ +��> �,�= Lq wklv

sdshu/ zh dgrsw wkh Wlhuqh|0Ndgdqh Odsodfh dssur{lpdwlrq wr frpsxwh doo wkh srvwhulru prphqwv

+Wlhuqh|/ Ndvv dqg Ndgdqh +4<;<,/ dqg uhihuhqfhv wkhuhlq,1

Wkh Wlhuqh|0Ndgdqh dssur{lpdwlrq lv edvhg rq Odsodfh*v phwkrg iru dv|pswrwlf h{sdqvlrq ri

lqwhjudov1 Dvvxplqj s lv d vprrwk ixqfwlrq ri dq p0glphqvlrqdo sdudphwhu � zlwk �s kdylqj d
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pd{lpxp dw e�/ Odsodfh*v phwkrg dssur{lpdwhv dq lqwhjudo ri wkh irup

L @

]
X
h{s^�qs+�,`g� +<,

e|

eL @ +
5�

q
,�*2+ghw	,�*2 h{s^�qs+e�,` +43,

zkhuh � lv wkh grpdlq ri �> e� pd{lpl}hv s+�,> 	3� lv wkh fruuhvsrqglqj Khvvldq hydoxdwhg dw e�> dqg
q lv wkh vdpsoh vl}h1 Lq d qxwvkhoo/ wkh Wlhuqh|0Ndgdqh Odsodfh phwkrg wudqvirupv dq lqwhjudwlrq

sureohp lq Ht1 +<, wr d vwudljkwiruzdug rswlpl}dwlrq sureohp ri s+�, lq Ht1 +43,1

Jlyhq wkh srvwhulru ghqvlw| i+�m|, rq � lv xqlprgdo dqg sursruwlrqdo wr h{s^�qs+�,`> j+�, lv d

ixqfwlrq ri lqwhuhvw1 Wkh jhqhudo wdvn ri Ed|hvldq lqihuhqfh lv wr rewdlq wkh h{shfwhg ydoxh ri j+�,

xqghu wkh srvwhulru ghqvlw| lq Ht1 +;,

H^j+�,` @
]

j+�,i+�m|,g� @

U
j+�,i+�,o+�> |,g�U
i+�,o+�> |,g�

> +44,

zklfk fdq eh dssur{lpdwhg e| dsso|lqj Odsodfh*v phwkrg wr erwk wkh qxphudwru dqg ghqrplqdwru

ri Ht1 +44, dw wkh vdph wlph1 Lq sduwlfxodu/ ohw �s @ ^oq i+�, . oq o+�> |,`@q>�sW @ ^oq i+�, .

oq o+�> |, . oq j+�,`@q> Ht1 +44, fdq eh uhzulwwhq dv

H^j+�,` @

U
h{s+�qsW,g�U
h{s+�qs,g�

> +45,

dsso|lqj wkh Wlhuqh|0Ndgdqh Odsodfh dssur{lpdwlrq/

eH^j+�,` @
+ghw	W,�*2 h{s^�qsW+f�W,`
+ghw	,�*2 h{s^�qs+e�,` > +46,

zkhuh e� dqg f�W duh wkh pd{lpd> 	 dqg 	W> plqxv wkh lqyhuvh Khvvldqv ri �s dqg �sW> uhvshfwlyho|1

Dq dssur{lpdwlrq iru wkh srvwhulru yduldqfh ri j+�, fdq dovr eh rewdlqhg e| vhwwlqj

eY ^j+�,` @ eH^j2+�,`� eH^j+�,`2= +47,

Zkhq j+�, lv qrqsrvlwlyh/ wkh Wlhuqh|0Ndgdqh phwkrg vwloo dssolhv e| dgglqj d odujh frqvwdqw wr

j+�, dqg vxewudfwlqj lw odwhu +Wlhuqh|/ Ndvv dqg Ndgdqh +4<;<,,1
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Wkh frpsxwdwlrqdo uhtxluhphqw ri wkh Wlhuqh|0Ndgdqh dssur{lpdwlrq lv udwkhu plqlpdo= zh

rqo| qhhg wr hydoxdwh �uvw dqg vhfrqg ghulydwlyhv dqg pd{lpl}h wkh wzr lqwhjudov �s>�sW/ zklfk

duh vlpso| prgl�hg olnholkrrg ixqfwlrqv1 Pdq| h{lvwlqj rswlpl}dwlrq sdfndjhv fdq shuirup wkh

wdvn1

61 Vrph Hpslulfdo Uhvxowv

Lq wklv vhfwlrq zh suhvhqw rxu uhvxowv rewdlqhg iru d vdpsoh ri glvwuhvvhg ruljlqdo lvvxh kljk |lhog

erqgv ehwzhhq 4<;304<<4 lq zklfk wkh lvvxhuv �ohg Fkdswhu 44 +vhh Ol +4<<;, iru ghwdlohg ghvfulswlrq

ri wkh gdwd,1

^Lqvhuw Wdeoh 5 khuh`

Wdeoh 5 jlyhv wkh srvwhulru sdudphwhu hvwlpdwhv xvlqj wkh Orj0Orjlvwlf kd}dug irupxodwlrq1 Zh

�qg d qhjdwlyh h�hfw ri d suhsdfndjhg Fkdswhu 44 +SUHSDFN, rq wkh Fkdswhu 44 gxudwlrq zklfk lv

frqvlvwhqw zlwk suhylrxv hpslulfdo revhuydwlrqv +Wdvkmldq hw do1 +4<<9,,1 Suhsdfnv w|slfdoo| vshqg

ohvv wlph lq Fkdswhu 44 ehfdxvh wkh edqnuxswf| shwlwlrq dqg wkh uhrujdql}dwlrq sodq duh �ohg

wrjhwkhu lq suhsdfndjhg Fkdswhu 44 fdvhv1 Wkh qhjdwlyh h�hfw ri wkh SUHFK44 yduldeoh frq�upv

wkh wudgh0r� ehwzhhq wkh ohqjwk ri Fkdswhu 44 dqg wkh ohqjwk ri suh0Fkdswhu 44 qhjrwldwlrq +Jlovrq

hw do1 +4<<3,/ Wdvkmldq hw do1 +4<<9,,1 Wkh orqjhu d �up vshqgv lq rxw0ri0frxuw qhjrwldwlrq sulru wr

d Fkdswhu 44 �olqj/ wkh vrrqhu lw hphujhv iurp Fkdswhu 441

Zh dovr �qg wkdw wkh suhvhqfh ri odzvxlwv +GLVSXWH, h{whqgv d �up*v vwd| lq Fkdswhu 441 Wkh

qhjdwlyh frh!flhqw rq wkh HELWGD2VDOHV yduldeoh lv frqvlvwhqw zlwk Mhqvhq*v +4<<4, ylhzsrlqw

wkdw �up ydoxh pdwwhuv lq uhvroylqj �qdqfldo glvwuhvv1 Lw lv uhodwlyho| hdvlhu dqg idvwhu iru sur�wdeoh

�upv wr h{lw iurp Fkdswhu 441 Wkh WO yduldeoh phdvxuhv wkh �up vl}h sulru wr glvwuhvv1 Odujhu

�upv whqg wr vwd| orqjhu lq Fkdswhu 441

Ilupv wkdw zhqw lqwr ghidxow lq wkh 4<<3v dqg vxevhtxhqwo| �ohg Fkdswhu 44 vshqw ohvv wlph

lq Fkdswhu 44 wkdq �upv zhqw lqwr ghidxow sulru wr 4<<3 +SRVW<3,1 Zh vxvshfw wkdw wkh frxuwv

dqg edqnuxswf| surihvvlrqdov ehfdph pruh h{shulhqfhg lq ghdolqj zlwk odujh edqnuxswflhv vxfk dv
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wkrvh lq rxu vdpsoh dw wkh hqg ri wklv edqnuxswf| zdyh +hduo| 4<<3v,1

Ilqdoo|/ wkh srvwhulru phdq iru wkh vkdsh sdudphwhu � lv 616<4<1 Xqghu wkh Orj0Orjlvwlf kd}dug

prgho/ � A 4 lpsolhv dq lqyhuwhg X0vkdshg kd}dug1 Wkdw lv/ wkh uhsuhvhqwdwlyh �up kdv dq lqfuhdvlqj

kd}dug xqwlo wkh wzhqw|0�uvw prqwk lq Fkdswhu 44 +wW� ,1 Diwhuzdugv/ wkh lqvwdqwdqhrxv suredelolw|

ri lwv h{lwlqj iurp Fkdswhu 44 ghfolqhv wrzdugv }hur1

Wkh �qglqj ri dq lqyhuwhg X0vkdshg kd}dug udwh lv frqvlvwhqw zlwk wkh lqvwlwxwlrqdo ihdwxuh

ri Fkdswhu 44 +Jldppdulqr +4<;<,/ Zklwh +4<;<,,1 Diwhu d Fkdswhu 44 �olqj/ wkhuh lv d 453

gd| h{foxvlyh shulrg jlyhq wr pdqdjhphqw ri wkh edqnuxsw �up iroorzhg e| 93 gd|v wr jhw lwv

uhrujdql}dwlrq sodq dssuryhg li d sodq lv vxeplwwhg/ khqfh iru wkh �uvw 9 prqwkv ru orqjhu/ wkh

suredelolw| ri h{lwlqj iurp Fkdswhu 44 lv orz +|hw qrw }hur gxh wr vrph txlfn h{lwv e| wkh suhsdfnv

lq rxu vdpsoh,1 Rqo| diwhu wkh uhrujdql}dwlrq sodq lv irupxodwhg/ lv wkhuh d vkdus lqfuhdvh lq

wkh kd}dug udwh1 Wkh lqvwlwxwlrqdo vhwxs ri Fkdswhu 44 khosv h{sodlq wkh ulvlqj kd}dug sruwlrq

+zlwk uhvshfw wr wkh wlph vshqw lq Fkdswhu 44, ri wkh lqyhuwhg X0vkdsh1 Krzhyhu dv wlph jrhv

rq/ lw ehfrphv kdughu dqg kdughu iru wkh glvwuhvvhg �up wr vhoo dvvhwv/ ru frqwlqxrxvo| rewdlq

srvw0shwlwlrq �qdqflqj lq rughu wr jhw rxw ri Fkdswhu 441 Wkh lqvwdqwdqhrxv suredelolw| ri h{lwlqj

Fkdswhu 44 vwduwv wr ghfuhdvh wrzdugv }hur diwhu wkh wxuqlqj srlqw wW� > zklfk h{sodlqv wkh ghfolqlqj

kd}dug sruwlrq ri wkh lqyhuwhg X0vkdsh1 Wkdw lv/ wkh orqjhu d �up vwd|v lq Fkdswhu 44 +eh|rqg

wkh shulrg wW� ,/ wkh ohvv olnho| iru lw wr h{lw iurp Fkdswhu 441 Wklv ghfolqlqj sruwlrq ri wkh kd}dug

dffrxqwv iru vrph ri wkh yhu| ohqjwk| Fkdswhu 44 fdvhv lq rxu vdpsoh/ vxfk dv DQDF Phujhu +7:

prqwkv,/ OWY Frus1 +;6 prqwkv,/ hwf1

71 Frqfoxglqj Uhpdunv

Lq wklv sdshu/ zh kdyh sursrvhg d Ed|hvldq dssurdfk wr h{dplqlqj wkh ohqjwk ri wlph glvwuhvvhg

kljk |lhog ghew lvvxlqj frpsdqlhv vshqg lq Fkdswhu 44 edqnuxswf|1 Wkurxjk d prgho ri wkh

lqvwdqwdqhrxv suredelolw| +kd}dug udwh, ri d �up*v hphujhqfh iurp Fkdswhu 44/ zh �qg wkdw wkh

ohqjwk ri Fkdswhu 44 edqnuxswf| lv vljql�fdqwo| d�hfwhg e| d �up*v fkrlfh ri wkh suhsdfndjhg

:



Fkdswhu 44/ wkh wlph lw vshqgv lq suh0Fkdswhu 44 qhjrwldwlrq/ wkh lqwhuuxswlrq ri ohjdo glvsxwhv/ lwv

jurvv sur�w pdujlq/ vl}h dqg wkh fkdqjlqj edqnuxswf| hqylurqphqw lq wkh 4<<3v1 Zh dovr frqfoxgh

wkdw iru d uhsuhvhqwdwlyh vdpsoh �up/ wkh wlph lw vshqgv lq Fkdswhu 44 lqfuhdvhv lwv lqvwdqwdqhrxv

suredelolw| ri frpsohwlqj Fkdswhu 44 xs wr lwv wzhqw|0�uvw prqwk lq Fkdswhu 441 Diwhu wkdw/ wklv

lqvwdqwdqhrxv suredelolw| ri h{lwlqj Fkdswhu 44 ghfolqhv wrzdugv }hur1

;



Uhihuhqfhv

^4` Jldppdulqr/ U1P1/ 4<;</ Wkh uhvroxwlrq ri �qdqfldo glvwuhvv/ Uhylhz ri Ilqdqfldo Vwxglhv 5/

5807:1

^5` Jlovrq/ V1F1/ N1 Mrkq dqg O1K1S1 Odqj/ 4<<3/ Wurxeohg ghew uhvwuxfwxulqjv= Dq hpslulfdo vwxg|

ri sulydwh uhrujdql}dwlrq ri �upv lq ghidxow/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 5:/ 64806861

^6` Mhqvhq/ P1/ 4<<4/ Frusrudwh frqwuro dqg wkh srolwlfv ri �qdqfh/ Mrxuqdo ri Dssolhg Frusrudwh

Ilqdqfh 7/ 460661

^7` Ndvv/ U1H1 dqg D1H1 Udiwhu|/ 4<<8/ Ed|hv idfwru/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfld0

wlrq <3/ :<60:<81

^8` Nlhihu/ Q1P1/ 4<;;/ Hfrqrplf gxudwlrq gdwd dqg kd}dug ixqfwlrqv/ Mrxuqdo ri Hfrqrplf Olw0

hudwxuh 59/ 97909:<1

^9` Odqfdvwhu/ W1/ 4<<3/ Hfrqrphwulf dqdo|vlv ri wudqvlwlrq gdwd/ Fdpeulgjh Xqlyhuvlw| Suhvv/

Fdpeulgjh1

^:` Ol/ N1/ 4<<;/ Dq hpslulfdo h{dplqdwlrq ri X1V1 �upv lq Fkdswhu 44 edqnuxswf|/ XEF zrunlqj

sdshu/ dydlodeoh dw kwws=22�qdqfh1frpphufh1xef1fd2uhvhdufk2devwudfwv2XEFILQ<:0:1kwpo1

^;` Wdvkmldq H1/ U1F1 Ohdvh dqg M1M1 PfFrqqhoo/ 4<<9/ Suhsdfnv= Dq hpslulfdo dqdo|vlv ri suhsdfn0

djhg edqnuxswflhv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 73/ 46804951

^<` Wlhuqh|/ O1/ Ndvv/ U1H1 dqg M1E1 Ndgdqh/ 4<;</ Ixoo| h{srqhqwldo Odsodfh dssur{lpdwlrqv

wr h{shfwdwlrqv dqg yduldqfhv ri qrqsrvlwlyh ixqfwlrqv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq ;7/ :430:491

^43` Zklwh/ P1M1/ 4<;</ Wkh frusrudwh edqnuxswf| ghflvlrq/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 6/

45<04841

<



Wdeoh 4
Uhvxowv iurp Prgho Frpsdulvrq

Sdqho D1 Sulru Vshfl�fdwlrq

Sulru 4 Sulru 5 Sulru 6 Sulru 7

�f 3^ 3^ 3^ 3^
�3�

f 43�L^ 433�L^ 43�L^ 43�L^
df 7 7 43 5
ef 7 7 43 43

Sdqho E1 Prgho Frpsdulvrq

EI�� 916:h.43 <15;h.43 61:6h.47 :159h.<
EI�2 5981<: 6381:3 9154h.6 4661;:

Hdfk froxpq fruuhvsrqgv wr d gl�huhqw vhw ri sulru vshfl�fdwlrqv rq wkh

uhjuhvvlrq sdudphwhu � � PYQ+�f>�
3�
f , dqg wkh vkdsh sdudphwhu

� � J+df> ef,= t @ 4 .N lv wkh glphqvlrq ri �> 3^ wkh yhfwru ri }hurv/

L^ wkh lghqwlw| pdwul{1

EI�� lv wkh Ed|hv idfwru frpsdulqj wkh Orj0Orjlvwlf kd}dug prgho +P�,
zlwk wkh H{srqhqwldo kd}dug prgho +P�,1 EI�2 lv wkh Ed|hv idfwru

frpsdulqj wkh Orj0Orjlvwlf kd}dug prgho +P�, zlwk wkh Zhlexoo

kd}dug prgho +P2,1

43



Wdeoh 5
Uhvxowv iurp wkh Orj0Orjlvwlf Kd}dug Prgho +xqghu Sulru 4,

Yduldeoh Frh!flhqw v1h1

SUHSDFN 041679: 3145;9
SUHFK44 03134<6 3133:4
FRPSOH[LW\ 313<:: 313<:6
KOW 0314747 313<88
K\2WO 0315865 31598<
GLVSXWH 317565 31485;
HELWGD2VDOHV 031837: 315<;;
WO 313;:< 313774
SRVW<3 0316666 314388
LHELWGD2VDOHV 3196<6 318:43
WHUPSUHP 0313479 3136;6
Frqvwdqw 616439 316548
� 616<4< 31859:

SUHSDFN lv rqh iru �upv �ohg iru d suhsdfndjhg Fkdswhu 44 edqnuxswf|/ }hur rwkhuzlvh1

SUHFK44 phdvxuhv wkh ohqjwk ri wlph d �up vshqgv lq rxw0ri0frxuw qhjrwldwlrq sulru

wr lwv Fkdswhu 44 �olqj1

FRPSOH[LW\ lv rqh iru �upv zlwk pruh wkdq rqh od|hu ri vxeruglqdwlrq dprqj wkhlu

ruljlqdo lvvxh kljk |lhog ghew/ }hur rwkhuzlvh1

KOW lv rqh iru �upv kdg d kljko| ohyhudjhg wudqvdfwlrq/ }hur rwkhuzlvh1

K\2WO lv d �up*v rxwvwdqglqj ruljlqdo lvvxh kljk |lhog ghew glylghg e| lwv wrwdo oldelolwlhv1

GLVSXWH lv rqh iru �upv lqyroyhg lq hlwkhu xqghuixqghg shqvlrqv/ hqylurqphqwdo oldelolwlhv/

vxeruglqdwlrq odzvxlwv dprqj fuhglwruv/ ru pdmru wruwv/ }hur rwkhuzlvh1

HELWGD lv hduqlqjv ehiruh lqwhuhvw/ wd{hv/ ghsuhfldwlrq dqg dpruwl}dwlrq1

HELWGD2VDOHV lv d �up*v HELWGD glylghg e| lwv vdohv1

WO lv wrwdo oldelolwhv lq errn ydoxh1

SRVW<3 lv rqh iru ghidxowv wkdw wrrn sodfh diwhu 4<;</ }hur rwkhuzlvh1

LHELWGD2VDOHV lv wkh ghidxow �up*v lqgxvwu| dyhudjh HELWGD2VDOHV1

WHUPSUHP lv wkh gl�huhqfh ehwzhhq wkh 630|hdu X1V1 jryhuqphqw erqg lqwhuhvw udwh

dqg wkh 60prqwk Wuhdvxu| eloo udwh1

Sulru 4 uhihuv wr d vhw ri sulru vshfl�fdwlrq rq wkh uhjuhvvlrq sdudphwhu � � PYQ+�f>�
3�
f ,

dqg wkh vkdsh sdudphwhu � � J+df> ef,> zlwk �f @ 3^>�
3�
f @ 43 � L^> df @ 7> ef @ 7=

t @ 4.N lv wkh glphqvlrq ri �> 3^ wkh yhfwru ri }hurv/ L^ wkh lghqwlw| pdwul{1

v1h1 jlyhv wkh fruuhvsrqglqj srvwhulru vwdqgdug huuru1
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