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4 Lqwurgxfwlrq

Vwxglhv rq xqhpsor|phqw gxudwlrqv riwhq irfxv rq zkhwkhu wkh lqglylgxdo

wudqvlwlrq udwh wr hpsor|phqw ghfuhdvhv dv d ixqfwlrq ri wkh hodsvhg gxudwlrq1

Wr h{dplqh wklv rqh kdv wr fruuhfw iru wkh suhvhqfh ri xqrevhuyhg khwhurjhqh0

lw|1 Qhjdwlyh gxudwlrq ghshqghqfh dw wkh lqglylgxdo ohyho dqg xqrevhuyhg

khwhurjhqhlw| erwk ohdg wr qhjdwlyh gxudwlrq ghshqghqfh ri wkh revhuyhg

wudqvlwlrq udwh/ exw wkh| kdyh gl�huhqw srolf| lpsolfdwlrqv1 Qhjdwlyh gxud0

wlrq ghshqghqfh lpsolhv wkdw hpskdvlv vkrxog eh sxw rq wkh suhyhqwlrq ri

orqj0whup xqhpsor|phqw/ zkloh xqrevhuyhg khwhurjhqhlw| fdoov iru vfuhhqlqj

ri qhzo| xqhpsor|hg1

Wr vwxg| wkhvh lvvxhv rqh dovr kdv wr wdnh lqwr dffrxqw wkdw lqglylgx0

dov pd| pdnh wudqvlwlrqv wr gl�huhqw vwdwhv wkdq hpsor|phqw1 Qrwdeo|/ wkh|

pd| pryh lqwr qrqsduwlflsdwlrq +ru �rxw ri wkh oderu irufh�,1 Li rqh oxpsv

wudqvlwlrqv wr hpsor|phqw dqg qrqsduwlflsdwlrq wrjhwkhu/ dqg li wkhvh wudq0

vlwlrqv kdyh gl�huhqw ghwhuplqdqwv/ wkhq wklv pd| ohdg wr lqfruuhfw lqihuhqfh

frqfhuqlqj wkh wudqvlwlrq udwh wr zrun1 Pruhryhu/ li rqh wuhdwv wudqvlwlrqv wr

qrqsduwlflsdwlrq dv uljkw0fhqvrulqj ri wkh gxudwlrq xqwlo zrun/ dqg li wkh xq0

revhuyhg ghwhuplqdqwv ri wkh wudqvlwlrq udwhv wr qrqsduwlflsdwlrq dqg zrun

duh pxwxdoo| ghshqghqw/ wkhq wkh uljkw0fhqvrulqj lv ghshqghqw/ dqg vwdqgdug

gxudwlrq dqdo|vlv ohdgv wr lqfruuhfw lqihuhqfh1
�

Lq wklv sdshu zh hvwlpdwh d prgho zlwk vhsdudwh wudqvlwlrq udwhv wr qrq0

sduwlflsdwlrq dqg zrun/ doorzlqj erwk wr ghshqg rq xqrevhuyhg khwhurjhqh0

lw| whupv wkdw fdq eh pxwxdoo| ghshqghqw wkhpvhoyhv1 Wklv lv d ghshqghqw

frpshwlqj ulvnv prgho lq zklfk wkh lqglylgxdo ghvwlqdwlrq0vshfl�f wudqvlwlrq

udwhv +ru �h{lw udwhv�, kdyh pl{hg sursruwlrqdo kd}dug +PSK, vwuxfwxuhv +vhh

Odqfdvwhu/ 4<<3/ dqg Ydq ghq Ehuj/ 5334/ iru ryhuylhzv,1 Lq frqwlqxrxv wlph/

vxfk prghov duh lghqwl�hg zlwkrxw wkh qhhg wr lpsrvh sdudphwulf ixqfwlrqdo

irup dvvxpswlrqv rq wkh gxudwlrq ghshqghqfh whupv ru wkh elyduldwh glvwul0

exwlrq ri wkh wzr xqrevhuyhg khwhurjhqhlw| whupv +Khfnpdq dqg Krqruì/

4<;</ dqg Deeulqj dqg Ydq ghq Ehuj/ 5336,1 Wkh pdlq lghqwli|lqj dvvxps0

wlrq lv edvlfdoo| wkdw wkh wzr h{lw udwhv vkrxog qrw ydu| zlwk wkh revhuyhg

fryduldwhv lq h{dfwo| wkh vdph zd|1

Zh xvh udwkhu xqltxh Iuhqfk dgplqlvwudwlyh srsxodwlrq gdwd ryhu wkh
�
Lqihuhqfh lv dovr lqfruuhfw li rqh oxpsv wkh vwdwhv ri xqhpsor|phqw dqg qrqsduwlfl0

sdwlrq wrjhwkhu> Iolqq dqg Khfnpdq +4<;6, vkrz wkdw wkh wudqvlwlrq udwhv wr zrun gl�hu

ehwzhhq xqhpsor|phqw dqg qrqsduwlflsdwlrq1
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shulrg 4<;;�4<<71 Wkhvh gdwd duh txduwhuo| dqg fryhu lqglylgxdov zkr duh

orrnlqj iru ixoo wlph shupdqhqw mrev1 Ehfdxvh ri wkh glvfuhwh qdwxuh ri wkh

gdwd zh vshfli| dqg hvwlpdwh d glvfuhwh wlph prgho1 Wkh pdlq h{sodqdwru|

fryduldwh lv fdohqgdu wlph/ fdswxulqj exvlqhvv f|foh dqg vhdvrqdo h�hfwv1 Wkh

prgho dqg wkh qrqsdudphwulf hvwlpdwlrq phwkrg wkdw zh ghyhors dqg dsso|

h{whqg wkrvh lq Ydq ghq Ehuj dqg Ydq Rxuv +4<<9, wr d frpshwlqj ulvnv vhw0

wlqj1 Wkh zd| lq zklfk wkh ghshqghqfh ehwzhhq wkh xqrevhuyhg khwhurjhqhlw|

whupv lv hvwlpdwhg surylghv lqwxlwlrq ehklqg wkh lghqwl�fdwlrq ri ghshqghqw

frpshwlqj ulvnv prghov lq jhqhudo1

Wkh rxwolqh lv dv iroorzv1 Lq wkh qh{w vhfwlrq/ wkh prgho dqg hvwlpdwlrq

phwkrg duh lqwurgxfhg1 Zh ghvfuleh rxu gdwd lq vhfwlrq 61 Khuh/ zh dovr vkrz

krz wkh h{lw suredelolwlhv duh frqvwuxfwhg iurp wkh gdwd1 Hvwlpdwlrq uhvxowv

duh uhsruwhg lq vhfwlrq 71 Frqfoxglqj uhpdunv duh pdgh lq vhfwlrq 81

5 Wkh prgho dqg wkh hvwlpdwlrq phwkrg

514 Wkh Prgho

D vshoo ri xqhpsor|phqw fdq hqg zlwk dq h{lw wr hpsor|phqw +H, ru wr qrq0

sduwlflsdwlrq +Q,1 Zh dvvxph wkdw dw wkh lqglylgxdo ohyho/ wkh wzr frqglwlrqdo

h{lw suredelolwlhv vdwlvi| PSK0w|sh vshfl�fdwlrqv +vhh h1j1 Ydq ghq Ehuj dqg

Ydq Rxuv/ 4<<9/ dqg Deeulqj/ Ydq ghq Ehuj dqg Ydq Rxuv/ 5335,1 Zh rqo|

kdyh wzr revhuyhg h{sodqdwru| yduldeohv= wkh jhqghu ri wkh lqglylgxdo dqg

fdohqgdu wlph1 Zh hvwlpdwh wkh prghov vhsdudwho| iru erwk jhqghu w|shv/ dqg

wkhuhiruh vxssuhvv wkh frqglwlrqlqj rq wkh jhqghu w|sh1 Wkh +frqglwlrqdo,

h{lw suredelolw| wr ghvwlqdwlrq l diwhu w shulrgv ri xqhpsor|phqw/ jlyhq wkh

fxuuhqw ydoxh ri fdohqgdu wlph � / dqg jlyhq wkh xqrevhuyhg khwhurjhqhlw|

whup y � wkdw d�hfwv wkh h{lw wr ghvwlqdwlrq l/ El ' H> Q�/ lv qrz vshfl�hg dv

� � Ewm� > y � � ' # � � Ew� # � � E� � y � +4,

Wkh lqglylgxdo ryhu0doo h{lw suredelolw| rxw ri xqhpsor|phqw lv gh�qhg dv
S

� � � Ewm� > y � �/ vr wkdw zh uhtxluh wkh prgho ghwhuplqdqwv wr vdwlvi| wkh lq0

htxdolw| f ?
S

� � � Ewm� > y � � ? �1 Wkh ixqfwlrqv # � � dqg # � � uhsuhvhqw wkh h�hfw

ri xqhpsor|phqw gxudwlrq dqg fdohqgdu wlph1 Wkh xqrevhuyhg khwhurjhqhlw|

whupv y � dqg y 	 duh doorzhg wr eh fruuhodwhg1 Zh dvvxph wkdw wkh glvwulex0

wlrq J ri Ey � > y 	 � dqg wkh lqglylgxdo uhdol}dwlrqv gr qrw fkdqjh ryhu wlph1
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515 Hpslulfdo lpsohphqwdwlrq

Zh duh sulpdulo| lqwhuhvwhg lq hvwlpdwlqj wkh gxudwlrq ghshqghqfh ixqfwlrqv

dqg wkh xqrevhuyhg khwhurjhqhlw| glvwulexwlrq1 Dv zloo eh h{sodlqhg lq vhfwlrq

6/ wkh gdwd surylgh ghvwlqdwlrq0vshfl�f h{lw suredelolwlhv dw fdohqgdu wlphv

� dqg dw gxudwlrqv w +zh wdnh w dqg � wr kdyh wkh vdph phdvxuhphqw vfdoh/

dsduw iurp wkh gl�huhqfh lq ruljlq,1 Wkhvh suredelolwlhv � � Ewm�� duh ri frxuvh

djjuhjdwhg ryhu xqrevhuyhg khwhurjhqhlw|1 Wr h{suhvv wkhp lq whupv ri wkh

prgho ghwhuplqdqwv/ zh kdyh wr lqwhjudwh ryhu y � > y 	 1 Frqvlghu � � Ewm�� iru

w ' f/ l ' H> Q >

� � Efm�� ' H 
��
k

# � � Ef� # � � E� � y �
l

' # � � Ef� # � � E�� � � �

zkhuh/

� 
 � G' H
k

y


�

l

> n ' �> 2= +5,

Iru w ' �> l 9' m ' H> Q zh jhw

�hEw ' � a lm�� '

' H 
 ��� 
��

�

�

� � # � � Ef�# � � E� � ��y � � # ��� Ef�# ��� E� � ��y�
�

� # � � E��# � � E��y �

�

' # � � E��# � � E�� � H 
�� � 
 �

�

y � � # � � Ef�# � � E� � ��y
�
� � # ��� Ef�# ��� E� � ��y � y�

�

' # � � E��# � � E�� �

�

� � � � # � � Ef�# � � E� � ��� � � � # ��� Ef�# ��� E� � ��� � � ���

�

+6,

zkhuh/

� � � ��� G' H
k

y � y�
l

' FryEy � > y� � n � � � � ��� +7,

vr wkdw

� � E�m�� '
�hEw ' � a lm� �

�hEw � �m� �

' # � � E��# � � E�� �
� � � � � � Efm� � ��

��� �
��� � � � � Efm� � ��

��� � � �
��� �

� � � � Efm� � �� � � � Efm� � ��
+8,
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Zh h{dplqh udwlrv ri revhuyhg h{lw suredelolwlhv1 Glylglqj htxdwlrq +8,

e| � � Efm��/ uhi1 +5,/ zh jhw

� � E�m��

� � Efm��
' � � � �

� � � � � � � Efm� � �� � � ��� � � Efm� � ��

� � � � Efm� � �� � � � Efm� � ��
+9,

zkhuh/

� � � G'
# � � E��

# � � Ef�
> l ' H> Q +:,

� � � G'
� � �

�
�
� �

> l ' H> Q +;,

� ��� G'
� � � ���

� � � � ���
> l 9' m ' H> Q +<,

Li y 	 � y � dqg # � 	 � # � � wkhq wkh prgho ghwhuplqdqwv ri lqwhuhvw

fdq eh hvwlpdwhg iurp d vlqjoh0ulvn dqdo|vlv1 Rwkhuzlvh rqh kdv wr hvwlpdwh d

elyduldwh prgho1 Zh duh sduwlfxoduo| lqwhuhvwhg lq wkh uhodwlrq ehwzhhq y 	 dqg

y � / ehfdxvh wklv lv lqirupdwlyh rq wkh ydolglw| ri lqghshqghqw uljkw0fhqvrulqj

ri wkh gxudwlrq wr zrun lq d frqwlqxrxv0wlph vhwwlqj1

Li y � B y 	 wkhq FryEy � > y 	 � ' f dqg � ��� ' �1 Lq jhqhudo/ wkh sdudphwhu

� ��� lq htxdwlrq +9, lv lghqwl�hg iurp wkh h�hfw ri wkh sdvw fdohqgdu wlph

yduldwlrq lq wkh h{lw wr ghvwlqdwlrq m rq wkh fxuuhqw h{lw suredelolw| wr ghvwl0

qdwlrq l/ l1h1 rq � � E�m��> l 9' m1 Wklv idlov li # � � E�� � # � 	 E� �/ l1h1 li wkhuh lv qr

lqghshqghqw yduldwlrq lq fdohqgdu wlph1 Lq wklv fdvh � � Efm� ��� 2 � 	 Efm� ���/

vr rqo| � � � . frqvwdqw�� ��� > l ' H> Q duh lghqwl�hg iurp gdwd rq w ' f> �1

Wkxv/ lghqwl�fdwlrq uhtxluhv wkdw wkh h{lw suredelolwlhv iurp vkruw0whup xq0

hpsor|phqw wr qrqsduwlflsdwlrq dqg wr zrun gr qrw ghshqg lq h{dfwo| wkh

vdph zd| rq fdohqgdu wlph1 Wklv fdq ri frxuvh eh uhdglo| h{dplqhg iurp

wlph vhulhv ri � � Efm�� dqg � 	 Efm� �1

Wkh lghqwl�fdwlrq frqglwlrq lv uhplqlvfhqw ri wkh lghqwl�fdwlrq frqglwlrq

iru frqwlqxrxv0wlph prghov phqwlrqhg lq vhfwlrq 41 Li wkh fryduldwh sduw ri

wkh h{lw suredelolw| wr vwdwh l grhv qrw gluhfwo| d�hfw wkh lqglylgxdo h{lw

suredelolw| wr vwdwh m 9' l exw grhv d�hfw wkh revhuyhg h{lw suredelolw| wr vwdwh

m wkhq wklv lqglfdwhv wkdw wkhuh lv d vsxulrxv uhodwlrq ehwzhhq wkh gxudwlrqv

e| zd| ri wkhlu xqrevhuyhg ghwhuplqdqwv1 Wkh frpsrvlwlrq ri wkh vxuylyruv

dw w ' � wkhq ghshqgv rq wkh vshhg ri wkh vhohfwlrq surfhvv iru erwk h{lw

ghvwlqdwlrqv dw w ' f1
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Iru w ' 2 rqh fdq ghulyh vlplodu h{suhvvlrqv dv deryh/ ohdglqj wr htxdwlrqv

iru � � E2m��@� � E�m�� lq whupv ri revhuydeohv � � Efm� � ��> � � Efm� � 2�> � � E�m� �

��Em ' Q> H� dqg dgglwlrqdo sdudphwhuv

� � � '
# � � E2�

# � � E��
> l ' H> Q +43,

� � � '
� � �

�
�
� �

> l ' H> Q +44,

� ��� '
H

k

y � y
�
�
l

� � � �
�
���

> � ��� '
H

k

y
�
� y�

l

�
�
� � � ���

> l 9' m ' H> Q +45,

zklfk kdv wkh vdph txdolwdwlyh ihdwxuhv dv +9,1

Zh vshfli| *L}
�

� � Ewm��@� � Ew � �m��
�

+zlwk w ' �> 2, wr htxdo wkh orj ri

wkh fruuhvsrqglqj prgho h{suhvvlrq soxv dq huuru whup1 Wklv jlyhv d v|vwhp

ri 7 htxdwlrqv1 Wkh huuru whupv uhsuhvhqw vshfl�fdwlrq huuruv wkdw duh dv0

vxphg wr eh lghqwlfdoo| QEf> P� glvwulexwhg ryhu wlph shulrgv1 Zh doorz wkh

huuruv lq wkh irxu htxdwlrqv wr eh frqwhpsrudqhrxvo| uhodwhg1 Wkh v|vwhp

lv hvwlpdwhg e| pd{lpxp olnholkrrg1 Zh h�hfwlyho| hvwlpdwh 44 sdudphwhuv/

zklfk duh lq idfw ydoxhv ri wkh qrqsdudphwulf ixqfwlrq # � � Ew� dqg prphqwv

ri wkh qrqsdudphwulfdoo| vshfl�hg J1 Qrwh wkdw wkhvh prphqwv gr qrw do0

orz iru lghqwl�fdwlrq ri wkh ixoo khwhurjhqhlw| glvwulexwlrq1 Dffruglqjo|/ zh

fdq rqo| whvw iru xqfruuhodwhgqhvv ri wkh khwhurjhqhlw| whupv/ exw qrw iru

lqghshqghqfh1 Dovr qrwh wkdw wkh sdudphwhuv ghvfulelqj wkh khwhurjhqhlw|

glvwulexwlrq dsshdu lq doo irxu htxdwlrqv dqg duh ryhulghqwl�hg1

6 Gdwd

Zh xvh Iuhqfk dgplqlvwudwlyh gdwd rq lqglylgxdov orrnlqj iru ixoo wlph shu0

pdqhqw mrev1 Wkh gdwd duh djjuhjdwhg e| gxudwlrq fodvv1 Iru wkh prgho wr

eh dssolfdeoh/ wkh iuhtxhqf| dw zklfk wkh gdwd duh froohfwhg kdv wr htxdo rqh

ryhu wkh vl}h ri wkh xqhpsor|phqw gxudwlrq fodvvhv1 Lq rxu hpslulfdo dqdo|vlv/

zh xvh txduwhuo| gdwd rq wkh h{lw suredelolwlhv rxw ri wkh �uvw wkuhh txduwhuo|

gxudwlrq fodvvhv/ ryhu wkh shulrg 4<;;1604<<7171

Wr ghulyh wkh revhuyhg h{lw suredelolwlhv iurp wkh gdwd/ zh xvh wzr gl�hu0

hqw gdwd vhwv1 Wkh �uvw gdwd vhw glvwlqjxlvkhv xqhpsor|phqw e| hodsvhg gxud0
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wlrq dqg jhqghu w|sh1 Wkhvh vwrfn gdwd hqdeoh xv wr fdofxodwh h{lw suredelol0

wlhv/ djjuhjdwhg ryhu doo srvvleoh ghvwlqdwlrqv1 Ohw XEwm�� ghqrwh wkh qxpehu

ri xqhpsor|hg lq gxudwlrq fodvv w dw wkh hqg ri txduwhu � 1 Wkhq wkh revhuyhg

h{lw suredelolw| htxdov

�Ewm� � '
XEwm� � � XEw n �m� n ��

XEwm��
+46,

Wkh vhfrqg gdwd vhw frqwdlqv wkh qxpehu ri xqhpsor|hg wkdw ohiw xqhp0

sor|phqw lq d jlyhq txduwhu/ vwudwl�hg e| ghvwlqdwlrq/ gxudwlrq ri wkh sdvw

vshoo ri xqhpsor|phqw dqg jhqghu w|sh1 Ilyh srvvleoh ghvwlqdwlrqv duh glv0

wlqjxlvkhg/ yl}1 qrqsduwlflsdwlrq/ h{sxovlrq/ wudlqlqj/ hpsor|phqw dqg rwk0

huv1 Ehfdxvh ri wkh vpdoo qxpehu ri lqglylgxdov lq vrph ri wkh fdwhjrulhv/

zh jurxs wkh ghvwlqdwlrqv= hpsor|phqw dqg wudlqlqj ghqrwh wkh ghvwlqdwlrq

hpsor|phqw/ zkloh wkh rwkhu wkuhh ghvwlqdwlrqv duh wdnhq wrjhwkhu lq wkh

ghvwlqdwlrq qrqsduwlflsdwlrq1

Wkh revhuyhg ghvwlqdwlrq0vshfl�f h{lw suredelolwlhv duh qrz fdofxodwhg

lq wkh iroorzlqj zd|1 Ghqrwh wkh shufhqwdjh ri wkh rxw rz wr ghvwlqdwlrq l

gxulqj txduwhu � kdylqj ehhq xqhpsor|hg w txduwhuv e| i � Ewm��
�
1

� � Ewm� � '
XEwm� � �� � XEw n �m��

XEwm� � ��
i � Ewm� � +47,

Lq rughu wr flufxpyhqw prghoolqj vhdvrqdo h�hfwv/ zh fruuhfw wkh udz

gdwd rq wkh h{lw suredelolwlhv iru vhdvrqdo h�hfwv/ xvlqj wkh Fhqvxv [44 �owhu

+Vklvnlq/ \rxqj dqg Pxvjudyh/ 4<9:,1 Lw fdq eh vkrzq wkdw vhdvrqdo h�hfwv lq

wkh lq rz duh dovr fruuhfwhg iru e| wklv surfhgxuh1 Wkh gdwd fohduo| ghprq0

vwudwh wkdw wkh wlph vhulhv ri wkh ghvwlqdwlrq0vshfl�f h{lw suredelolwlhv duh

gl�huhqw/ vr wkdw wkh lghqwl�fdwlrq frqglwlrq lv vdwlv�hg1

7 Hvwlpdwlrq uhvxowv

Wkh hvwlpdwlrq uhvxowv duh vkrzq lq Wdeoh 41 Wkh h{lw udwh wr hpsor|phqw

vkrzv qhjdwlyh gxudwlrq ghshqghqfh gxulqj wkh vhfrqg txduwhu ri xqhpsor|0

phqw iru erwk pdohv dqg ihpdohv1 Pruhryhu/ iru pdohv wkhuh lv qhjdwlyh gxud0

wlrq ghshqghqfh lq wkh h{lw udwh wr qrqsduwlflsdwlrq gxulqj wkh �uvw txduwhu
 
Dq dowhuqdwlyh dssurdfk lv wr glylgh wkh revhuyhg  rzv lq wkh vhfrqg gdwd vhw e| dq

dssursuldwh ulvn vhw/ edvhg rq wkh vwrfnv lq wkh �uvw gdwd vhw1 Wkh ulvn vhw iru wkh  rz

iurp fodvv w lq txduwhu � lv ri wkh irup �X+wm� � 4, . �X+w � 4m� � 4,/ zlwk � . � @ 41 Iru

uhdvrqdeoh ydoxhv ri � dqg �/ wklv jlyhv vlplodu hvwlpdwlrq uhvxowv1

9



ri xqhpsor|phqw1 Wkh rwkhu gxudwlrq ghshqghqfh sdudphwhuv gr qrw gl�hu

vljql�fdqwo| iurp rqh1

Wkh hvwlpdwhv ri wkh xqrevhuyhg khwhurjhqhlw| glvwulexwlrq sdudphwhuv

duh fkdudfwhul}hg e| odujh vwdqgdug huuruv1 Wkh hvwlpdwhv ri � ��� lqglfdwh wkdw

wkh xqrevhuyhg khwhurjhqhlw| glvwulexwlrqv duh xqfruuhodwhg/ iru erwk jhqghu

w|shv1 Li wkhuh lv lqghshqghqfh/ wkh iroorzlqj uhvwulfwlrqv vkrxog krog=

� ��� ' �> � ��� ' � � 	 > � ��� ' � � � +48,

Wdeoh 4 dovr vkrzv wkh hvwlpdwlrq uhvxowv ri wkh prgho lq zklfk wkhvh uhvwulf0

wlrqv duh lpsrvhg1 Wkh olnholkrrg udwlr whvw vwdwlvwlf htxdov 31<; iru pdohv dqg

518; iru ihpdohv1 Dv wkh 43(0fulwlfdo ydoxh ri wkh "
�
E�� glvwulexwlrq lv 9158/

zh gr qrw uhmhfw wkh lqghshqghqfh dvvxpswlrq dw dq| uhdvrqdeoh vljql�fdqfh

ohyho1 Wkh sdudphwhu hvwlpdwhv ri wkh gxudwlrq ghshqghqfh sdudphwhuv duh

forvh wr wkh hvwlpdwhv lq wkh xquhvwulfwhg prgho1 Gxudwlrq ghshqghqfh lq wkh

h{lw udwh wr hpsor|phqw lv vlplodu iru pdohv dqg ihpdohv/ zlwk vljql�fdqw

qhjdwlyh gxudwlrq ghshqghqfh gxulqj wkh vhfrqg txduwhu ri xqhpsor|phqw1

Frqfhuqlqj wkh xqrevhuyhg khwhurjhqhlw| sdudphwhuv/ qrwh wkdw d � � �

hvwlpdwh vljql�fdqwo| odujhu wkdq rqh lpsolhv wkdw yduEy � � A f/ l1h1 wkdw

xqrevhuyhg khwhurjhqhlw| lv suhvhqw1 Iru erwk pdohv dqg ihpdohv/ zh �qg

xqrevhuyhg khwhurjhqhlw| lq wkh h{lw udwh wr erwk hpsor|phqw dqg qrqsdu0

wlflsdwlrq/ zklfk lv kdugo| vxusulvlqj/ jlyhq wkh kljk ohyho ri djjuhjdwlrq lq

wkh gdwd1 Ixuwkhu/ � � � � �
�
� � grhv qrw gl�hu vljql�fdqwo| iurp }hur/ iru hdfk

jhqghu1 Iurp Vkrkdw dqg Wdpdunlq +4<:3,/ wklv lpsolhv wkdw wkh pdujlqdo

glvwulexwlrqv ri y � fdq eh dffxudwho| ghvfulehg e| d glvfuhwh glvwulexwlrq zlwk

rqh srvlwlyh srlqw ri vxssruw dqg rqh srlqw ri vxssruw htxdo wr }hur1 Wklv

lv frqyhqlhqw iru wkh lqwhusuhwdwlrq ri wkh uhvxowv/ iru wzr uhdvrqv1 Iluvw/ iru

elyduldwh glvfuhwh glvwulexwlrqv zlwk wzr e| wzr srlqwv ri vxssruw/ xqfruuh0

odwhgqhvv lv htxlydohqw wr lqghshqghqfh1 Vhfrqgo|/ lw lv hdv| wr vxppdul}h wkh

elyduldwh glvwulexwlrq lq zrugv1 Wkhuh lv qrw pxfk gl�huhqfh dfurvv jhqghu1

Derxw wzr wklug kdv d kljk suredelolw| ri �qglqj d mre/ zkloh rqh wklug qhyhu

�qgv mre1 Wkh suredelolw| ri ehfrplqj qrqsduwlflsdqw lv srvlwlyh iru doprvw

doo xqhpsor|hg1 Wklv pdnhv vhqvh/ jlyhq wkh idfw wkdw rqh fdq shuvrqdoo|

ghflgh wr ehfrph qrqsduwlflsdqw1

:



8 Frqfoxvlrq

Wkh lqglylgxdo frqglwlrqdo h{lw suredelolwlhv wr hpsor|phqw dqg qrqsduwlfl0

sdwlrq duh xqfruuhodwhg dfurvv lqglylgxdov/ iru pdohv dv zhoo dv ihpdohv1 Wklv

vxjjhvwv wkdw rqh pd| wuhdw h{lwv wr qrqsduwlflsdwlrq dv lqghshqghqw uljkw0

fhqvrulqj ri wkh gxudwlrq xqwlo zrun/ dw ohdvw xqghu wkh fxuuhqw vhw ri fr0

yduldwhv1 Wkhvh uhvxowv gr qrw ghshqg rq duelwudu| ixqfwlrqdo0irup dvvxps0

wlrqv frqfhuqlqj gxudwlrq ghshqghqfh ru wkh xqrevhuyhg khwhurjhqhlw| glv0

wulexwlrq1 Pruhryhu/ zh �qg wkdw wkh gxudwlrq ghshqghqfh sdwwhuqv dqg khw0

hurjhqhlw| glvwulexwlrqv ri wkh frqglwlrqdo h{lw suredelolwlhv wr hpsor|phqw

dqg qrqsduwlflsdwlrq duh gl�huhqw iurp hdfk rwkhu1 Wkh h{lw wr hpsor|phqw

glvsod|v qhjdwlyh gxudwlrq ghshqghqfh diwhu rqh txduwhu ri xqhpsor|phqw/

zkloh wkh h{lw wr qrqsduwlflsdwlrq grhv qrw glvsod| gxudwlrq ghshqghqfh iru

ihpdohv/ dqg qhjdwlyh gxudwlrq ghshqghqfh gxulqj wkh �uvw txduwhu iru pdohv1

Wkhuhiruh/ lq wkh rxw rz iurp xqhpsor|phqw/ lw lv lpsruwdqw wr glvwlqjxlvk

ehwzhhq h{lwv wr hpsor|phqw dqg h{lwv wr qrqsduwlflsdwlrq1 Wkh gl�huhqfhv

lq g|qdplfv ehwzhhq wkh wzr wudqvlwlrqv kdyh wr eh wdnhq lqwr dffrxqw1

;



Uhihuhqfhv

Deeulqj/ M1K1/ J1M1 ydq ghq Ehuj dqg M1F1 ydq Rxuv +5335,/ �Wkh dqdwrp|

ri xqhpsor|phqw g|qdplfv�/ Hxurshdq Hfrqrplf Uhylhz/ 79/ 4:;8�4;571

Deeulqj/ M1K1 dqg J1M1 ydq ghq Ehuj +5336,/ �Wkh lghqwl�delolw| ri wkh pl{hg

sursruwlrqdo kd}dugv frpshwlqj ulvnv prgho�/ Mrxuqdo ri wkh Ur|do Vwd0

wlvwlfdo Vrflhw| Vhulhv E/ 98/ :34�:431

Iolqq/ F1M1 dqg M1M1 Khfnpdq +4<;6,/ �Duh xqhpsor|phqw dqg rxw ri wkh

oderu irufh ehkdylrudoo| glvwlqfw oderu irufh vwdwhv�/ Mrxuqdo ri Oderu Hfr0

qrplfv/ 4/ 5;�751

Khfnpdq/ M1M1 dqg E1H1 Krqruì +4<;<,/ �Wkh lghqwl�delolw| ri wkh frpshwlqj

ulvnv prgho�/ Elrphwulnd/ :9/ 658�6631

Odqfdvwhu/ W1 +4<<3,/ Wkh Hfrqrphwulf Dqdo|vlv ri Wudqvlwlrq Gdwd/ Fdp0

eulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Vklvnlq/ M1/ D1K1 \rxqj dqg M1F1 Pxvjudyh +4<9:,/ �Wkh [044 yduldqw ri

wkh fhqvxv phwkrg LL vhdvrqdo dgmxvwphqw surjudp�/ Whfkqlfdo sdshu 48/

Exuhdx ri wkh Fhqvxv/ X1V1 Ghsduwphqw ri Frpphufh1

Vkrkdw/ M1D1 dqg M1G1 Wdpdunlq +4<:3,/ Wkh sureohp ri prphqwv / Dphulfdq

Pdwkhpdwlfdo Vrflhw|/ Surylghqfh1

Ydq ghq Ehuj/ J1M1 dqg M1F1 ydq Rxuv +4<<9,/ �Xqhpsor|phqw g|qdplfv

dqg gxudwlrq ghshqghqfh�/ Mrxuqdo ri Oderu Hfrqrplfv/ 47/ 433�4581

Ydq ghq Ehuj/ J1M1 +5334,/ �Gxudwlrq prghov= Vshfl�fdwlrq/ lghqwl�fdwlrq/

dqg pxowlsoh gxudwlrqv�/ lq M1M1 Khfnpdq dqg H1 Ohdphu/ hglwruv/ Kdqg0

errn ri Hfrqrphwulfv/ Yroxph Y/ Qruwk Kroodqg/ Dpvwhugdp1

<



Wdeoh 41 Sdudphwhu hvwlpdwhv

+vwdqgdug huuruv lq sduhqwkhvhv,

Xquhvwulfwhg prgho Uhvwulfwhg prgho

Pdohv Ihpdohv Pdohv Ihpdohv

xqrevhuyhg khwhurjhqhlw| glvwulexwlrq

� � � 4=6:5 +3=46:, 4=657 +3=47;, 4=779 +3=3:3, 4=84< +313<;,

� � � 4=335 +3=3:<, 4=338 +3=49:, 5=363 +3=595, 5=4:3 +3179<,

� � 	 4=587 +3=647, 4=548 +3=575, 4=765 +3=45<, 4=8:3 +3145:,

� � 	 4=338 +3=4;<, 4=33: +3=668, 4=763 +3=983, 4=:<6 +31;9:,

� ��� 4=453 +3=4<5, 4=5;7 +3=49:,

� �!� 3=<6< +3=8:5, 4=69; +3=:35,

� ��� 5=6:5 +3=75<, 5=756 +3=8:7,

gxudwlrq ghshqghqfh

� � � 4=386 +3=36:, 4=38; +3=365, 4=374 +3=35;, 4=37: +31365,

� � � 3=<5< +3=364, 3=<6; +3=35;, 3=<5; +3=356, 3=<65 +3135;,

� � 	 3=<3: +3=374, 3=<;8 +3=363, 3=<4; +3=36:, 3=<;9 +31363,

� � 	 3=<<4 +3=37;, 4=357 +3=36:, 3=<<3 +3=36;, 4=35; +3136:,

orj0olnholkrrg

664=:4 684=7< 664=55 683=53
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