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D �K|eulg� Prqhwdu| Srolf| Prgho= Hylghqfh

iurp wkh Hxur Duhd

Mhdq0Jxloodxph Vdkxf�

Edqtxh gh Iudqfh dqg HSHH/ Xqlyhuvlwì g*Hyu|0Ydo g*Hvvrqqh

Ghfhpehu 5334

Devwudfw

Wkh Qhz LV dqg Skloolsv fxuyhv vwdwh wkdw rxwsxw dqg lq dwlrq duh sxuho|

iruzdug0orrnlqj exw wklv wkhru| lv frq lfwlqj zlwk wkh hpslulfdo uhvxowv1 Wklv

qrwh dqdo|vhv krz vrph dxjphqwhg yhuvlrq ri wkrvh fxuyhv/ fdoohg k|eulg LV

dqg Skloolsv fxuyhv duh pruh frqvlvwhqw zlwk wkh gdwd surshuwlhv1

Nh|zrugv= Hxur duhd/ kdelw irupdwlrq/ LV fxuyh/ Skloolsv fxuyh/ uxoh ri

wkxpe/ prqhwdu| srolf| uxoh

MHO Fodvvl�fdwlrqv= F65/ H4:

�L wkdqn Hulf Mrqghdx/ Khuyì Oh Elkdq/ Fodluh Orxsldv dqg Mhuhp| Uxgg iru ydoxdeoh glvfxvvlrqv
dqg frpphqwv1 Wkh ylhzv h{suhvvhg lq wklv sdshu duh plqh dqg gr qrw qhfhvvdulo| uh hfw wkrvh ri
wkh Edqtxh gh Iudqfh1
Dgguhvv= Edqtxh gh Iudqfh/ Fhqwuh gh Uhfkhufkh/ 74046<4/ 64 uxh Furl{ ghv Shwlwv Fkdpsv/ I0:837<
Sdulv Fhgh{ 341 H0Pdlo= mhdq0jxloodxph1vdkxfCedqtxh0iudqfh1iu
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4 Lqwurgxfwlrq

Uhfhqw |hduv kdyh vhhq wkh surolihudwlrq ri d qhz jhqhudwlrq ri vpdoo0vfdoh prqhwdu|

exvlqhvv prghov fdoohg �Qhz Qhrfodvvlfdo V|qwkhvlv� prghov1 Wkhvh qhz G|qdplf

Vwrfkdvwlf Jhqhudo Htxloleulxp +GVJH, prghov kdyh hqmr|hg d phdvxuh ri vxffhvv

lq dffrxqwlqj vrph ihdwxuhv ri wkh exvlqhvv f|foh  xfwxdwlrqv lq txdqwlwlhv dqg uh0

surgxflqj vrph hylghqfhv rq ghyhorshg frxqwulhv1 Krzhyhu/ wkhvh prghov kdyh ehhq

qrwrulrxvo| xqvxffhvvixo lq h{sodlqlqj wkh gdwd/ sduwlfxoduo| wkh kljk ghjuhh ri shu0

vlvwhqfh lq lq dwlrq dqg rxwsxw1 Wkh pdmru vrxufh ri wkhvh edg hvwlpdwlrqv frphv

iurp wkh wudglwlrqdo rswlpl}lqj ehkdylru ri wkh djhqwv zklfk lpso| wkh vwdwh yduldeohv

wr ghshqg rqo| rq wkhlu dqwlflsdwhg ydoxhv1 Wr jhw urxqg wklv plvvshfl�fdwlrq/ vrph

dxwkruv +Jdol/ Jhuwohu dqg Orsh}0Vdolgr +5334, ru Dpdwr dqg Odxedfk +5334, dprqj

rwkhuv, kdyh sursrvhg wr lqwurgxfh edfnzdug h�hfw lq lpsrvlqj d sduw ri wkh djhqwv/

krxvhkrogv dqg �upv/ wr iroorz uxohv0ri0wkxpe lq fkrrvlqj uhvshfwlyho| wkhlu frq0

vxpswlrq ru sulfhv1 Xvlqj d k|eulg vshfl�fdwlrq iru wkh wzr fxuyhv doorzv d ehwwhu �w

dqg fdswxuh dq hpslulfdo lpsruwdqw nh| ixwxuh ri djjuhjdwh gdwd/ wkh �kxps0vkdshg�

judgxdo uhvsrqvhv ri vshqglqj dqg lq dwlrq wr vkrfnv +Ixkuhu +5333,,1 Lqvwhdg ri wdn0

lqj dq dg0krf uxoh0ri0wkxpe iru wkh krxvhkrogv/ zh sursrvh d wrwdoo| plfurirxqghg

k|eulg LV fxuyh1 Rxu vwudwhj| lv wr whvw zkhwkhu d k|eulg prgho surylghv d ehwwhu

fkdudfwhul}dwlrq ri wkh Hxur duhd wkdq d vwdqgdug qhz0nh|qhvldq rqh1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh prgho dqg ghwdlov pruh

sduwlfxoduo| wkh LV fxuyh ghulydwlrq1 Vhfwlrq 6 sursrvhv vrph hpslulfdo hylghqfhv e|

phdqv ri whvw dqg vlpxodwlrq1 Vhfwlrq 7 frqfoxghv1
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5 Wkh prgho

Wkh �k|eulg� prqhwdu| srolf| prgho lv d vpdoo pdfurhfrqrplf prgho ghvljqhg wr

ghvfuleh wkh ehkdylru ri hfrqrp|0zlgh yduldeohv wkdw hqwhu lq prvw glvfxvvlrqv ri

prqhwdu| srolf|1 Wkhuh duh wkuhh hqgrjhqrxv yduldeohv= wkh rxwsxw jds +|/ wkh lq d0

wlrq Z| dqg wkh qrplqdo lqwhuhvw udwh �|1 Zh suhvhqw lq wklv vhfwlrq wkh fruh htxdwlrqv

wkdw ghvfuleh wkh g|qdplfv ri wkhvh yduldeohv1

514 Wkh k|eulg LV fxuyh

Lqvwhdg ri xvlqj dq dg0krf uxoh0ri0wkxpe dv sursrvhg e| Dpdwr dqg Odxedfk +5334,

wr ghulyh wkh LV fxuyh/ zh sursrvh d wrwdoo| plfurirxqghg LV htxdwlrq edvhg rq wkh

k|srwkhvlv ri kdelw irupdwlrq1 Dv h{sodlqhg e| Fduuroo +5334,/ �wkh uhvxujhqfh ri

lqwhuhvw lq kdelwv kdv ehhq suryrnhg e| wkh hphujhqfh ri hpslulfdo �qglqjv wkdw duh

gl!fxow wr h{sodlq xvlqj wkh wudglwlrqdo prgho lq zklfk xwlolw| lv wlph0vhsdudeoh�1

Khuh/ zh vshfli| wkdw kdelw irupdwlrq lv h{whuqdo/ dv lq Deho +4<<3, �fdwfklqj xs zlwk

wkh Mrqhvhv� irupxodwlrq dqg wkdw wkh kdelw vwrfn M| htxdov wkh ohyho ri djjuhjdwh

frqvxpswlrq lq wkh suhylrxv shulrg 7�|3�

�
M| ' 7�|3�

�
1

Rq wklv edvlv/ wkh vshfl�fdwlrq ri wkh ghpdqg vlgh lv rq wkh vslulw ri wkh rqh xvhg e|

Qhlvv dqg Qhovrq +5334,1 Wkhuh lv d odujh qxpehu ri krxvhkrogv zkr kdyh suhihuhqfhv

gh�qhg ryhu d frpsrvlwh frqvxpswlrq jrrg E�|� ã od Gl{lw0Vwljolw}/ oderu E�|�/ dqg

uhdo prqh| edodqfhv E�|*�|�1 Wkh| gl�hu lq wkdw wkh| vxsso| d gl�huhqwldwhg w|sh

ri oderu1 Prqh| hqwhuv wkh xwlolw| ixqfwlrq gluhfwo| wr fdswxuh wkh lghd wkdw uhdo

edodqfhv surylgh d wudqvdfwlrqv0idflolwdwlqj vhuylfh1
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Wkh uhsuhvhqwdwlyh krxvhkrog fkrrvhv d vhtxhqfh ri frqvxpswlrq E�|�/ oderu E�|�/

qrplqdo prqh| E�|�/ dqg rqh0shulrg erqg E�|n��/ wr pd{lpl}h klv olihwlph xwlolw|=

.|

"[
�'f

q�0R|

+
� E�|n� cM|n��� , E�|n� � n �

#
�|n�

�|n�

$,
+4,

zkhuh q 5 dfc �o/ � E�|n� cM|n��/ , E�|n�� c �
�
�|n�

�|n�

�
c dqg 0R| uhsuhvhqw uhvshfwlyho|

wkh glvfrxqw idfwru/ wkh lqvwdqwdqhrxv frqvxpswlrq xwlolw|/ wkh lqvwdqwdqhrxv zrun

ghvxwlolw|/ wkh xwlolw| dvvrfldwhg wr wkh uhdo fdvk edodqfhv dqg d jhqhudo vkrfn wr

suhihuhqfhv1 Ehfdxvh zh rqo| qhhg wkh Hxohu htxdwlrq wr ghulyh wkh LV fxuyh/ zh mxvw

jlyh wkh frqvxpswlrq xwlolw| irup +wkh vshfl�fdwlrq ri , E�� dqg � E�� kdv qr lpsruwdqfh

khuh,=

� E�|cM|� '
jS

jS � �
E�| � �M|�

jS3�

jS c +5,

zkhuh jS lv wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq ri frqvxpswlrq/ � uhsuhvhqwv

wkh kdelw irupdwlrq sdudphwhu zklfk phdvxuhv wkh h�hfw ri kdelw vwrfn dqg fxuuhqw

xwlolw| Ef � � � ��1 Krxvhkrogv uhvshfw dw hdfk shulrg wkh lqwhuwhpsrudo exgjhw

frqvwudlqw=

�| n
�|

�|

n
�|n�

�|

� MAU| n E� n �|3��
�|

�|

n
�|3�

�|

�
A|
�|

+6,

zkhuh A| ghqrwhv jryhuqphqw wudqvihuv dqg EMAU� lv wkh krxvhkrog*v wrwdo lqfrph

zklfk jhqhudoo| frqvlvwv ri wkuhh frpsrqhqwv= oderu lqfrph/ wkh uhwxuq lq fdslwdo

vwrfn plqxv wkh dgmxvwphqw frvwv ri lqyhvwphqw dqg wkh glylghqgv ghulyhg iurp wkh

lpshuihfw frpshwlwlyh lqwhuphgldwh �upv14

4Exw wr vlpsoli| rxu suhvhqwdwlrq/ zh grhv qrw irupdol}h khuh wkh fdslwdo dffxpxodwlrq1 Vhh
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Suhihuhqfhv ryhu frqvxpswlrq wdnh rq d qrq wlph vhsdudeoh irup wr fdswxuh wkh

lghd wkdw krxvhkrogv pd| h{klelw kdelw irupdwlrq lq wkhlu frqvxpswlrq sdwwhuqv1

Ohwwlqj >| wkh Odjudqjh pxowlsolhu rq E�� / Z| wkh lq dwlrq udwh gh�qhg dv �|n�*�|/

dqg iurp wkh �uvw rughu frqglwlrqv/ wkh krxvhkrog*v rswlpdo fkrlfh pxvw vdwlvi|=

>| ' 0R| E�| � �M|�
3

�

jS +7,

.|

#
� n �|

� n Z|n�

$
'

%
.|

#
q
>|n�
>|

$&
3�

+8,

Htxdwlrqv Ee� dqg ED� h{whqg wkh xvxdo �uvw0rughu frqglwlrq iru frqvxpswlrq

jurzwk e| wdnlqj lqwr dffrxqw wkh h{lvwhqfh ri h{whuqdo kdelw frqvxpswlrq1

Lq olqhdul}lqj htxdwlrq ED� zlwk htxdwlrq E2� c zh �qg lq qhjohfwlqj wkh jryhuqphqw

vshqglqj/ d frqvxpswlrq htxdwlrq zlwk h{whuqdo kdelw htxdwlrq=5

	S| '
�

� n �
	S|3� n

�

� n �
.|	S|n� �

E� � �� jS
E� n ��

E�| � .|Z|n� � oW� n
E� � ��jS

E� n ��
E	0R| � 	0R|n��

+9,

zlwk oW ' � *?q1

Zkhq � ' f/ wklv htxdwlrq uhgxfhv wr wkh wudglwlrqdo iruzdug0orrnlqj frqvxpswlrq

htxdwlrq1 Zlwk h{whuqdo kdelw irupdwlrq/ frqvxpswlrq ghshqgv rq d zhljkwhg dyhudjh

ri sdvw dqg h{shfwhg ixwxuh frqvxpswlrq1 Qrwh wkdw lq wklv fdvh wkh lqwhuhvw hodvwlflw|

Fdvduhv dqg PfFdooxp +5333, iru d zhoo ghwdlohg vshfl�fdwlrq ri wkh dgmxvwhphqw frvwv ri lqyhvwphqw
ixqfwlrq1

5Zh qrwh {w @ oq[w dqg a{w @
�
[w �

�[
�
@ �[ * oq[w� oq

�[/ wkh uhodwlyh jds ehwzhhq wkh yduldeoh
[w dqg lwv vwdwlrqqdu| ydoxh �[1
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ri frqvxpswlrq ghshqgv qrw rqo| rq wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ exw

dovr rq wkh kdelw shuvlvwhqfh sdudphwhu1 D kljk ghjuhh ri shuvlvwhqfh zloo whqg wr

uhgxfh wkh lpsdfw ri wkh uhdo udwh rq frqvxpswlrq iru d jlyhq hodvwlflw| ri vxevwlwxwlrq1

Ehfdxvh wkh joredo ghpdqg iru jrrgv lv wkh vxp ri sulydwh frqvxpswlrq dqg sxeolf

vshqglqj +}|,= 	+| ' ��	S| n �2	}|/ li zh frpelqh wkh odvw wzr htxdwlrqv/ wkh ghpdqg iru

jrrgv lv=6

	+| '
�

� n �
	+|3� n

�

� n �
.|	+|n� �

�� E� � ��jS
E� n ��

E	=| �.|	Z|n�� n 0+c| +:,

Ilqdoo|/ lq qrwlqj k+ � E� n ��3� dqg ko � �
�� E� � ��jS

E� n ��
/ zh rewdlq wkh k|eulg

LV fxuyh=

	+| ' E� � k+� 	+|3� n k+.|	+|n� n ko E	=| � .|	Z|n�� n 0+c| +LV,

515 Wkh k|eulg Skloolsv fxuyh

Jdol/ Jhuwohu dqg Orsh}0Vdolgr +JJO/ 5334, kdyh ghyhorshg d k|eulg yhuvlrq ri wkh

Qhz Nh|qhvldq Skloolsv +vhh wklv sdshu iru wkh ghwdlov ri lwv ghulydwlrq,/ vr zh fkrrvh

d forvh yhuvlrq jlyhq e|

	Z| ' E� � qZ� 	Z|3� n qZ.|	Z|n� n q+	+| n 0Zc| +Skloolsv,

zkhuh f 	 qZ 	 � ghwhuplqhv wkh ghjuhh wr zklfk lpshuihfwo| frpshwlwlyh �upv duh

iruzdug0orrnlqj zkhq vhwwlqj wkhlu sulfhv dqg q+ lv uhodwhg wr wkh ghjuhh ri sulfh vwlfn0

6%|>w lv d frpsrvlwh vkrfn gh�qhg e| %|>w � m5ajw�
k

4.k
m5ajw�4�

m5
4.k

Hwajw.4.
m4+4�k,�f
+4.k,

�
a%sw � a%sw.4

�
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lqhvv +pruh vwlfnlqhvv lpsolhv d orzhu ydoxh ri q+,1 Wr ghulyh wklv uhgxfhg0irup/ zh

dvvxph/ dv lq wkh edvholqh Fdoyr prgho/ wkdw dw hdfk shulrg rqo| iudfwlrq ri vxssolhuv

lv r�huhg wkh rssruwxqlw| wr fkrrvh d qhz sulfh/ zkloh wkh uhpdlqlqj vxssolhuv kdyh

wr pdlqwdlq zklfkhyhu sulfh wkh| fkdujhg ehiruh1 Wkh xqghuo|lqj lghd lv wkdw dprqj

wkh �upv wkdw duh deoh wr fkdqjh wkhlu sulfh/ zh fdq glvwlqjxlvk ehwzhhq �upv wkdw

duh iruzdug0orrnlqj +d iudfwlrq qZ, dqg wkrvh wkdw duh edfnzdug0orrnlqj +d iudfwlrq

E� � qZ�, dqg xvh d vlpsoh uxoh ri wkxpe1 0Zc| lv d frvw0sxvk vkrfn1 Zh lqvlvw rq

wkh idfw wkdw lq rxu irupxodwlrq/ zh lpsrvh wkh vxp ri wkh frh!flhqw ehwzhhq wkh

iruzdug dqg edfnzdug whupv wr eh htxdo wkh xqlw|1 Lw lv zruwk hpskdvl}lqj wkdw wklv

dvvxpswlrq lv qrw uhvwulfwlyh vlqfh wkh vxp ri wkh zhljkwv lq wkh JJO prgho vkrxog

eh yhu| forvh wr rqh17

516 Wkh prqhwdu| srolf| uxoh

Zh forvh wkh prgho e| dgglqj d prqhwdu| srolf| uxoh lq zklfk wkh vkruw qrplqdo

lqwhuhvw udwh lv wkh prqhwdu| dxwkrulwlhv sulylohjhg lqvwuxphqw1 D vwdqgdug lqvwuxphqw

uxoh lv jlyhq e| �| ' s Ef|� zkhuh s Ef|� uhsuhvhqwv d uhdfwlrq ixqfwlrq h{solflw ru

lpsolflw lq zklfk f| ' E+|c Z|c �|� lv d yhfwru ri vwdwh yduldeohv +odjjhg/ suhvhqw ru

dqwlflsdwhg,1 Wklv wudglwlrqqdo uxoh fdqqrw fdswxuh wkh whqghqf| ri fhqwudo edqnv wr

vprrwk fkdqjhv lq lqwhuhvw udwhv18 Zh vlpso| dvvxph wkdw wkh dfwxdo udwh sduwldoo|

dgmxvwv wr wkh wdujhw dqg vr wklv sduwldo dgmxvwphqw irup olqnv wkh lqvwuxphqw wr

lwv rzq odj ydoxh/ dqwlflsdwhg lq dwlrq +wr mxvwli| wkh h{lvwhqfh ri srvvleoh prqhwdu|

7Ixuwkhupruh/ lw dsshduhg lq rxu suholplqdu| uhjuhvvlrqv wkdw iuhh hvwlpdwlrq ri wkh zhljkw sd0
udphwhuv doprvw vdwlv�hg wklv frqvwudlqw1

8Wkh h{sodqdwlrqv pd| eh wkh ihdu ri glvuxswlqj �qdqfldo pdunhwv/ orvv ri fuhglelolw| iurp vxgghq
odujh srolf| uhyhuvdov ru wkh suhvhqfh ri odujh xqfhuwdlqw| lq wkh hfrqrp|1

:



srolf| wudqvplvvlrq ghod|v wr wkh hfrqrp|, dqg rxwsxw jds/ soxv dq huuru 0�c|=
9

	=| ' ��	=|3� n E�� ���
k
�Z.|	Z|n� n �+	+|

l
n 0�c| +Uxoh,

6 Hpslulfdo hylghqfhv

Fxuuhqw rxwsxw0jds dqg lq dwlrq ghshqg rq h{shfwhg ixwxuh rxwsxw0jds dqg lq dwlrq/

vr zh qhhg dq h{shfwdwlrq iru +|n� dqg Z|n�1 D uhodwlyho| vwudljkwiruzdug hfrqrphwulf

surfhgxuh lv wkh Jhqhudol}hg Phwkrg ri Prphqw +JPP,/ lq zklfk h{shfwdwlrqdo

huuruv Z|n��.|Z|n� dqg +|n��.|+|n� duh dvvxphg wr eh xqfruuhodwhg zlwk doo yduldeohv

lq wkh lqirupdwlrq vhw ri djhqwv dydlodeoh dw gdwh |1 Xqghu udwlrqdo h{shfwdwlrqv/ wkh

JPP h{sorlwv wkh ruwkrjrqdolw| frqglwlrqv ehwzhhq wkh h{shfwdwlrqdo huuru dqg wkh

zkroh lqirupdwlrq vhw ri djhqwv zklfk fdq eh frpsrvhg e| lq dwlrq/ rxwsxw0jds dqg

lqwhuhvw udwh1

Iluvwo|/ zh xvh wkh JPP dssurdfk wr uhsolfdwh wkh suhvhqw ydoxh whvw1

Vhfrqgo|/ ehfdxvh wklv dssurdfk vhhpv wr eh sureohpdwlf lq hvwlpdwlqj vxfk w|sh

ri htxdwlrqv ru prghov: 0 +l, wkh JPP hvwlpdwruv duh eldvhg lq vpdoo vdpsoh dqg +ll,

zh fdq rewdlq wkh uhvxow wkdw iruzdug0orrnlqj ehkdylru pdwwhuv hyhq zkhq lw grhv qrw

lq wkh GJS 0/ zh fkrrvh wr dsso| wkh zhoo0nqrzq prgho0frqvlvwhqw dssurdfk ri Ixoo

Lqirupdwlrq Pd{lpxp Olnholkrrg wr hvwlpdwh rxu prgho dqg gr vrph vlpxodwlrqv1

Zh xvh dqqxdo gdwd rq Hxur duhd ryhu wkh shulrg 4<:705333 wdnhq lq wkh RHFG

9Wklv huuru fdq eh ylhz dv dq dvvhvvphqw huuru rq wkh pdunhw lq dwlrq h{shfwdwlrqv grqh e| wkh
prqhwdu| dxwkrulwlhv

:vhh iru h{dpsoh Ioruhqv/ Mrqghdx dqg Oh Elkdq +5334, zkr kdyh lqyhvwljdwhg wkh urexvwqhvv ri
JPP hvwlpdwhv ri d iruzdug0orrnlqj Wd|oru uxoh1

;



gdwd edvh1 Wkh rxwsxw jds lv phdvxuhg dv wkh shufhqwdjh ghyldwlrq ri d olqhdu wuhqg/

wkh lq dwlrq udwh lv wkh dqqxdo shufhqwdjh fkdqjh lq JGS gh dwru dqg wkh qrplqdo

vkruw0whup lqwhuhvw udwh lv wkh txduwhuo| dyhudjh udwh gxulqj d |hdu1

614 Wkh suhvhqw0ydoxh whvw

Zh iroorz wkh suhvhqw0ydoxh whvw suhvhqwhg e| Uxgg dqgZkhodq +5334, wr dqdo|}h wkh

LV dqg Skloolsv fxuyhv surshuwlhv1 Wklv whvw vd|v wkdw li wkh qhz0nh|qhvldq lqwhusuh0

wdwlrq ri wkh uhgxfhg0irupv iru LV dqg Skloolsv fxuyhv duh fruuhfw/ wkhq wkh lqfoxvlrq

ri wkh suhvhqw0ydoxh whup vkrxog uhvxow lq d vxevwdqwldo uhgxfwlrq lq wkh frh!flhqwv

rq odjjhg ydoxhv ri wkh gulylqj0yduldeohv uhodwlyh wr wkrvh rewdlqhg iurp wkh sxuho|

edfnzdug0orrnlqj vshfl�fdwlrqv1

Wkhvh dxwkruv vkrz wkdw zh fdq frqvwuxfw vlpsoh sur{| iru wkh lq�qlwh glvfrxqwhg

vxp ri wkh h{shfwhg ixwxuh ydoxhv ri wkh gulylqj yduldeohv dqg vr uhzulwh wkh �forvhg0

irup� vroxwlrqv iru rxwsxw jds dqg lq dwlrq dv=

+| ' � Eu� +|3� n ko

g[
�'f

.| E�|n� � Z|n�n�� n .| E+|ngn� �� Eu� +|ng�

Z| ' � Eu� Z|3� n q+

g[
�'f

q�.|+|n� n .|q
gn� EZ|ngn� �� Eu�Z|ng�

Wkh uhvxowv jlyhq lq wdeoh 4 +zlwk g ' e dqg q ' f�bD, surylgh olwwoh vxssruw

iru wkh ylhz wkdw iruzdug0orrnlqj ehkdylru lv dq lpsruwdqw ghwhuplqdqw ri rxwsxw

jds dqg lq dwlrq g|qdplfv1; Iru wkh LV fxuyh/ zh vhh wkdw ko +wkh frh!flhqw rq wkh

;Zh xvh wzr odjv ri hdfk lqvwuxphqw ehfdxvh lw vhhpv wr fruuhfwo| fdswxuh wkh hfrqrp| g|qdplfv
+wkh pdlq prwlydwlrq iru wklv fkrlfh frphv iurp YDU olwhudwxuh,1
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suhvhqw0ydoxh whup, grhv qrw uhfhlyh wkh fruuhfw vljq lq wkh prgho wkdw h{foxghv dq|

odjv ri lq dwlrq1 Zkhq wkh odjjhg rxwsxw jds whup ��+|3� lv lqwurgxfhg/ zh rewdlq

ixuwkhu hylghqfh wkdw wkh iruzdug0orrnlqj ehkdylru srvlwhg e| wkh qhz0nh|qhvldq LV

fxuyh lv ri olplwhg hpslulfdo lpsruwdqfh= ko uhfhlyhv wkh fruuhfw vljq +qhjdwlyh, lq

wkhvhv vshfl�fdwlrqv/ wkh vxp ri wkh frh!flhqwv rq odjjhg rxwsxw jds lv derxw 31<;1

Exw lq erwk fdvhv/ wkhvh hvwlpdwhv duh yluwxdoo| lghqwlfdo wr wkh frh!flhqwv rq odjjhg

rxwsxw jds iurp wkh dxwruhjuhvvlrqv1 Iru wkh Skloolsv fxuyh/ zh vhh wkdw q+ uhfhlyhv

wkh fruuhfw vljq lq doo wkh prgho vshfl�fdwlrqv1 Exw qrz djdlq wkh hvwlpdwhv ri

wkh frh!flhqw rq odjjhg lq dwlrq E��Z|3�� duh yluwxdoo| lghqwlfdo wr wkh frh!flhqwv

rq odjjhg rxwsxw jds iurp wkh dxwruhjuhvvlrqv Ef�bH�1 Wkxv/ zh �qg hvvhqwldoo|

qr hylghqfh wkdw wkh uroh dvvljqhg wr odjv ri rxwsxw jds +uhvs1 odjv ri lq dwlrq, lq

uhgxfhg0irup LV fxuyh +uhvs1 uhgxfhg0irup Skloolsv fxuyh,/ frphv iurp wkhlu sur{|lqj

iru h{shfwhg ixwxuh uhdo lqwhuhvw +uhvs1 rxwsxw0jds,/ dv wkh qhz0nh|qhvldq prgho

vxjjhvwv1

615 Hvwlpdwhv dqg vlpxodwlrq

Wdeoh 5 suhvhqwv wkh qhz0nh|qhvldq prgho sdudphwhuv hvwlpdwhv dqg wkrvh ri wkh

k|eulg prqhwdu| srolf| prgho1 Dv vkrzq e| wkh suhvhqw ydoxh whvw/ wkh uhvxowv lpso|

wkdw wkh edfnzdug hohphqwv kdyh d uhdo lpsruwdqfh1 Frqyhuvho| wr wkh qhz0nh|qhvldq

prgho hvwlpdwhg sdudphwhuv/ wkrvh ri wkh k|eulg prgho kdyh wkh h{shfwhg vljq dqg

duh vljql�fdqw1 Zh revhuyh wkdw wkh zhljkw rq wkh iruzdug0orrnlqj yduldeohv lv d elw

pruh wkdq rqh kdoi +3184, iru .|+|n� dqg d elw ohvv wkdq rqh kdoi +3179, iru .|Z|n�/

vkrzlqj wkh orz iruzdug0orrnlqj ehkdylru ri wkh djhqwv1 Vfkhpdwlfdoo|/ wkhvh uhvxowv
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fdswxuh wkh juhdw lpsruwdqfh ri krxvhkrogv kdelw E� ' f�bS� dqg wkh idfw wkdw qhdu

rqh kdoi ri wkh �upv duh edfnzdug0orrnlqj zkhq prgli| wkhlu sulfhv1

Zh xvh wkh hvwlpdwhg sdudphwhuv wr gr vlpxodwlrqv dqg wr jhw d ihholqj iru wkh

w|slfdo g|qdplfv lq wkh hfrqrp|1 Zh revhuyh wkdw wkh qhz nh|qhvldq prgho lv xq0

vxffhvvixo lq h{sodlqlqj wkh vw|ol}hg idfwv/ lq sduwlfxodu wkh uhvsrqvh wr vkrfnv olnh d

ghpdqg vkrfn ru d prqhwdu| srolf| vkrfn1 Iru h{dpsoh/ Iljxuh 4 vkrzv wkdw diwhu d

4 shufhqwdjh srlqw ghpdqg vkrfn 0+c|/ rxwsxw jds lqfuhdvhv lpphgldwho| dqg wdnh ihz

shulrgv wr uhwxuq wr lwv vwhdg| vwdwh1 Wklv uhvxow frphv iurp wkh idfw wkdw wkh vshf0

l�fdwlrq lv sxuho| iruzdug0orrnlqj dqg vr wkh krxvhkrogv dqg �upv h{shfw shuihfwo|

wkh orqj uxq= g|qdplfv lq wklv hfrqrp| lv uhodwlyho| srru1 Frqyhuvho|/ lq wkh k|eulg

prqhwdu| srolf| prgho/ wkh lpsxovh uhvsrqvhv +Iljxuh 5, lqglfdwh d orw ri shuvlvwhqfh

lq wkh hfrqrp| lq uhvsrqvh wr wkh wklug vkrfnv1 Doo vkrfnv glvsod| wkh kxps0vkdshg

sdwwhuq vhhq lq hvwlpdwhg vwdwlrqdu| YDU+5, iru wkh Hxur duhd1<

7 Frqfoxvlrq

Wklv qrwh vkrzv hpslulfdoo| wkdw zlwk vrph k|eulg htxdwlrqv iru rxwsxw dqg lq d0

wlrq/ qrw qhfhvvdulo| dg0krf exw zlwk vrph plfurirxqgdwlrqv/ zh fdq exlog d vlpsoh

prqhwdu| srolf| prgho uhsolfdwlqj txlwh zhoo wkh vw|ol}hg idfwv rq wkh g|qdplfv ri wkh

hfrqrp|1 Ixuwkhu uhvhdufk frxog lqyhvwljdwh wkh lqwurgxfwlrq ri vrph pruh vshfl�f

Hxur0duhd ihdwxuhv dv khwhurjhqhlwlhv ru dqdo|}lv wklv vlpsoh prgho lq dq wzr0frxqwulhv

hfrqrp|1

<Jlyhq xqfhuwdlqw| derxw wkh rughu ri lqwhjudwlrq ri wkh gdwd/ zh fkrrvh d vwdwlrqdu| uhsuhvhq0
wdwlrq ri wkh gdwd1
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Wdeoh 41 Forvhg0irup htxdwlrqv

Vshfl�fdwlrqv
LV fxuyh

ko ��

Skloolsv fxuyh

q+ ��

Suhvhqw0ydoxh f�2f�
Ef�fH��

f�2DH
Ef��bf�

Odjv .Suhvhqw0ydoxh �f��.�
Ef�fee�

f�b.S
Ef�22D�

f�f.S
Ef�fSS�

f�b.2
Ef��De�

Rzq odjv rqo| f�bHe
Ef�f..�

f�bHH
Ef�f2e�

Qrwh= Vwdqgdug huuruv duh lq sduhqwkhvhv1

Wdeoh 51 ILPO hvwlpdwhv

Vshfl�fdwlrqv
Sdudphwhuv

k+ ko qZ q+ �� �Z �+

Qhz Nh|qhvldq prgho 0 �f�fS
Ef�fe�

f�bH
Ef�f.�

�f��f
Ef��e�

f�.S
Ef�fH�

��22
Ef��H�

��bb
E��DD�

K|eulg prqhwdu| srolf| prgho f�D�
Ef��S�

�f�fS
Ef�f��

f�eS
Ef�fH�

f�fS
Ef�f��

f�HH
Ef����

��.�
Ef�2b�

2�S�
Ef�H.�

Qrwh= Vwdqgdug huuruv duh lq sduhqwkhvhv1
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Iljxuh 41 Lpsxovh uhvsrqvhv ri YDU yv1 Qhz Nh|qhvldq prgho

Iljxuh 51 Lpsxovh uhvsrqvhv ri YDU yv1 K|eulg prqhwdu| srolf| prgho
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