
Vhswhpehu 4<<;

Ghflvlrq Uxohv iru Vhohfwlqj ehwzhhq Orjlvwlf dqg H{srqhqwldo VWDU

PrghovW

Devwudfw

D qhz OP vshfl�fdwlrq surfhgxuh wr fkrrvh ehwzhhq Orjlvwlf dqg H{srqhqwldo Vprrwk Wudqvlwlrq Dxwruh0
juhvvlyh +VWDU, prghov lv lqwurgxfhg1 Wklv surfhgxuh kdv ehwwhu frqvlvwhqf| dqg srzhu surshuwlhv wkdq
wkdw suhylrxvo| dydlodeoh lq wkh olwhudwxuh1 Prqwh0Fduor vlpxodwlrqv dqg hpslulfdo hylghqfh duh surylghg
lq vxssruw ri rxu fodlpv1

� MHO Frghv= F45/ F551

� Nh|zrugv= Odjudqjh pxowlsolhu whvw/ vprrwk wudqvlwlrq dxwruhjuhvvlyh prgho/ qrq0olqhdu prgho1

Doydur Hvfuledqr
Xqlyhuvlgdg Fduorv LLL gh Pdgulg

Rvfdu Mrugä
Xqlyhuvlw| ri Fdoliruqld/ Gdylv

WFruuhvsrqglqj dxwkru= Rvfdu Mrugä/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Gdylv/ Rqh Vklhogv
Dyhqxh/ Gdylv/ FD <89490;8:;1 Whohskrqh= +863, :85 :354> Id{= +863, :85 <6;5> h0pdlo= rmrugdCxfgdylv1hgx1



4 Lqwurgxfwlrq

Wklv sdshu4 lqwurgxfhv dq dowhuqdwlyh vshfl�fdwlrq surfhgxuh wr wkdw sursrvhg lq Whuçvyluwd +4<<7,

iru wkh vshfl�fdwlrq ri Vprrwk Wudqvlwlrq Dxwruhjuhvvlyh +VWDU, prghov1 VWDU prghov duh d

jhqhudo fodvv ri vwdwh0ghshqghqw qrq0olqhdu wlph0vhulhv prghov lq zklfk wkh wudqvlwlrq ehwzhhq

vwdwhv lv hqgrjhqrxvo| jhqhudwhg15 Wrjhwkhu zlwk Kdplowrq*v +4<;<, uhjlph0vzlwfklqj prgho/

zkhuh wkh wudqvlwlrq ehwzhhq vwdwhv lv h{rjhqrxvo| ghwhuplqhg e| dPdunry Fkdlq/ vwdwh0ghshqghqw

prghov duh uhgxfhg0irup prghov wkdw doorz iru gl�huhqw g|qdplf uhvsrqvhv wkdw ghshqg rq wkh

�vwdwh1� Frqvhtxhqwo|/ wkhvh prghov duh sduwlfxoduo| zhoo vxlwhg wr dffrpprgdwh wkh dv|pphwulf

ehkdylru ri hfrqrplf  xfwxdwlrqv uhfhqwo| grfxphqwhg lq d ydulhw| ri vwxglhv16

Wkh wzr pdlq uhvxowv ri wklv sdshu uho| rq d Wd|oru vhulhv dssur{lpdwlrq ri wkh wudqvlwlrq

ixqfwlrq +ehwzhhq vwdwhv, durxqg wkh vfdoh sdudphwhu17 Wkh �uvw uhvxow lv wkh lqwurgxfwlrq ri d qhz

vshfl�fdwlrq vwudwhj| wr fkrrvh ehwzhhq orjlvwlf dqg h{srqhqwldo VWDU prghov1 Wklv dowhuqdwlyh

vwudwhj| lv vlpsohu dqg vljql�fdqwo| pruh vxffhvvixo lq vhohfwlqj wkh fruuhfw prgho zkloh dyrlglqj

wkh slwidoov ri wkh surfhgxuh sursrvhg lq Whuçvyluwd +4<<7,1 Wkh vhfrqg uhvxow frqfhuqv wkh whvw ri

wkh qxoo k|srwkhvlv ri olqhdulw| djdlqvw VWDU0w|sh qrqolqhdulw|18 Zh sursrvh d vlpsoh prgl�fdwlrq

ri wklv whvw wkdw lpsuryhv lwv srzhu djdlqvw dowhuqdwlyhv frqwdlqlqj dq h{srqhqwldo VWDU prgho

dv d vshfldo fdvh1 Rxu fodlpv duh vxssruwhg e| Prqwh Fduor hylghqfh dqg dq hpslulfdo h{dpsoh

edvhg rq Whuçvyluwd dqg Dqghuvrq +4<<5,1

Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 eulh | uhylhzv VWDU prghov dqg qrqolqhdulw|

4 Wkh �uvw dxwkru dfnqrzohgjhv vxssruw iurp Vsdqlvk GJFL\W/ SE<8035<;1 Wkh vhfrqg dxwkru dfnqrzohgjhv
vxssruw iurp �Od Fdl{d� dqg wkh Edqn ri Vsdlq1 Zh zlvk wr wkdqn wzr dqrq|prxv uhihuhhv/ U1 I1 Hqjoh/ M1
Jrq}dor/ F1 Z1 M1 Judqjhu/ M1 G1 Kdplowrq/ P1 K1 Shvdudq dqg W1 Whuçvyluwd iru xvhixo frpphqwv dqg vxjjhvwlrqv1

5 Lq dgglwlrq/ VWDU prghov hqfrpsdvv rwkhu srsxodu idplolhv ri qrq0olqhdu wlph0vhulhv prghov vxfk dv wkh
Wkuhvkrog Dxwruhjuhvvlyh +WDU, dqg wkh H{srqhqwldo Dxwruhjuhvvlyh +HDU,1 Vhh Kdjjdq ) R}dnl +4<;4,/ Wrqj
+4<;6,/ Wvd| +4<;<, dqg Judqjhu dqg Whuçvyluwd+4<<6,1

6 Vhh Qhiwêl +4<;7,/ Urwkpdq +4<<4,/ dqg Whuçvyluwd dqg Dqghuvrq +4<<5, iru h{dpsoh1

7 Oxxnnrqhq/ Vdlnnrqhq dqg Whuçvyluwd +4<;;d,/ edvhg rq Gdylhv +4<::,/ lqwurgxfhg wklv vroxwlrq iru VWDU
prghov1

8 Qrwh= wklv dowhuqdwlyh lv dq dvvxpswlrq lpsrvhg e| wkh sudfwlwlrqhu1 Wklv doorzv rqh wr qduurz grzq jhqhudo
qrqolqhdulw| lqwr d zrundeoh idplo| ri qrq0olqhdu prghov/ qdpho| VWDU prghov1
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whvwlqj1 Vhfwlrq 6 glvfxvvhv wkh ghflvlrq uxoh sursrvhg e| Whuçvyluwd +4<<7, dqg lqwurgxfhv wkh

dowhuqdwlyh surfhgxuh dgydqfhg lq wklv sdshu1 Vhfwlrq 7 uhsruwv rq wkh vpdoo vdpsoh surshuwlhv

ri wkh dowhuqdwlyh whvw surfhgxuhv xvlqj Prqwh0Fduor whfkqltxhv1 Vhfwlrq 8 suhvhqwv dq hpslulfdo

dssolfdwlrq/ dqg Vhfwlrq 9 frqfoxghv1

5 VWDU Prghov dqg Qrqolqhdulw| Whvwlqj

514 Ryhuylhz

Frqvlghu wkh iroorzlqj VWDU prgho=

|w @ Z3{w . I +}w�g> �> f,�
3{w . xw +4,

zkhuh |w lv d vfdodu> {w @ +4> |w�4> ===> |w�s,
3 @ +4> h{3w,3>Z3 @ +�3> �4> ===> �s, @

�
�3> hZ3

�
> �3 @

+�3>�4> ===>�s, @
�
�3> h�3

�
dqg 4 � g � s= }w�g lv xvxdoo| fkrvhq wr eh |w�g/ +dowkrxjk lw frxog

eh dq| rwkhu suhghwhuplqhg ru h{rjhqrxv yduldeoh,/ xw lv d pduwlqjdoh gl�huhqfh vhtxhqfh zlwk

frqvwdqw yduldqfh19 Wkh surfhvv lq +4, lv dvvxphg wr eh vwdwlrqdu| dqg hujrglf1 Wkh ixqfwlrq

I +}w�g> �> f, lv dw ohdvw irxuwk rughu frqwlqxrxvo| gl�huhqwldeoh zlwk uhvshfw wr wkh vfdoh sdudphwhu

�=

Wkh h{srqhqwldo VWDU prgho +HVWDU,: kdv d wudqvlwlrq ixqfwlrq I / gh�qhg e|

I +}w�g> �> f, @
k
4� h{s

q
�� +}w�g � f,5

rl
= +5,

Wkh orjlvwlf VWDU prgho +OVWDU,; kdv dv wudqvlwlrq ixqfwlrq=

I +}w�g> �> f, @

�
i4 . h{s +�� +}w�g � f,,j�4 � 4

5

�
= +6,

9 Wklv dvvxpswlrq lv xvxdoo| lqwurgxfhg wr vlpsoli| wkh ghulydwlrq ri wkh dv|pswrwlf glvwulexwlrq ri wkh OP whvw/
vhh Zklwh +4<;7,1

: Wkh h{srqhqwldo dxwruhjuhvvlyh +HDU, prgho ri Kdjjdq dqg R}dnl +4<;4, lv d sduwlfxodu fdvh ri HVWDU zkhq
wf ' S ' f dqg 5|3_ ' +|3_�

; Wkh whup �

2
lv dgghg khuh phuho| iru frqyhqlhqfh dqg grhv qrw d�hfw wkh uhvxowv1
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Whvwlqj olqhdulw| djdlqvw VWDU0w|sh qrqolqhdulw| lpsolhv whvwlqj wkh qxoo k|srwkhvlv/K3 = �3 @

3 lq +4,1 Krzhyhu/ xqghu wkh qxoo/ wkh sdudphwhuv � dqg f duh qrw lghqwl�hg1 Dowhuqdwlyho|/ zh

frxog fkrrvh K
�

3
= � @ 3 dv rxu qxoo k|srwkhvlv lq zklfk fdvh qhlwkhu f qru �3 zrxog eh lghqwl�hg1

Gdylhv +4<::, �uvw vkrzhg wkdw frqyhqwlrqdo pd{lpxp olnholkrrg wkhru| lv qrw gluhfwo| dssolfdeoh

wr wklv sureohp1 D vroxwlrq sursrvhg lq Oxxnnrqhq hw do1 +4<;;d, dqg dgrswhg lq Whuçvyluwd

+4<<7, lv wr uhsodfh I +}w�g> �> f, zlwk d vxlwdeoh Wd|oru vhulhv dssur{lpdwlrq1 Xqghu wkh qxoo ri

olqhdulw|/ wkh OP whvw lv vkrzq wr srvvhvv wkh xvxdo "5 glvwulexwlrq dv|pswrwlfdoo|1<

Lq sudfwlfh/ wkh whvw lv shuiruphg e| frqvwuxfwlqj wkh iroorzlqj dx{loldu| uhjuhvvlrq=

|w @ Z3{w . I� +}w�g> � @ 3> f,�3{w� . y4w +7,

zkhuh I�+=, lqglfdwhv wkh �uvw ghulydwlyh ri I +}w�g> � @ 3> f, zlwk uhvshfw wr �= Vxevwlwxwlqj wkh

h{suhvvlrq iru I�+=, lqwr +7, jlyhv=

|w @ �3 . B3
4
h{w . q3

4
h{w}w�g . q3

5
h{w}5w�g . y4w +8,

zkhuh wkh qxoo k|srwkhvlv ri olqhdulw| ehfrphvK3

3
= q3

4
@ q3

5
@ 31 Fdoo wklv whvw QO51 Lq wkh vshfldo

fdvh zkhuh I +=, lv wkh orjlvwlf ixqfwlrq q3

5
@ 31 Wkh surfhvv lq +8, fdq eh h{sorvlyh dqg jhqhudoo|

lw lv qrw d phdqlqjixo wlph vhulhv prgho +vhh Judqjhu dqg Dqghuvhq +4<:;,,143 Oxxnnrqhq hw do1

+4<;;d, uhdol}hg wkdw wklv whvw frxog kdyh orz srzhu djdlqvw dowhuqdwlyhv zkhuh h�3 lv �vpdoo� dqg

�3 lv �odujh� lq devroxwh ydoxh li wkh prgho lv OVWDU1 Wr ryhufrph wklv gl!fxow|/ wkh| sursrvhg

wr lqfoxgh xs wr wklug rughu srzhuv= Wkh �qdo yhuvlrq ri wkhlu whvw wkhuhiruh ehfrphv=

|w @ �3 . B34h{w . q3

4
h{w}w�g . q3

5
h{w}5w�g . q3

6
h{w}6w�g . y6w +9,

zkhuh wkh qxoo k|srwkhvlv lv K 33

3
= q3

4 @ q3

5 @ q3

6 @ 31 Wkh OP whvw edvhg rq wkh dx{loldu|

< Wkh ghod| sdudphwhu _ lv xvxdoo| xqnqrzq1 Edvhg rq Wvd| +4<;<,/ Whuçvyluwd +4<<7, sursrvhv fkrrvlqj _ wkdw
plqlpl}hv wkh s0ydoxh ri wkh qrqolqhdulw| whvw1

43 Dovr qrwh wkdw wkh dowhuqdwlyh k|srwkhvlv zloo lqfoxgh prghov rwkhu wkdq wkh VWDU1
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uhjuhvvlrq +9, lv wkh whvw dgrswhg e| Vdlnnrqhq dqg Oxxnnrqhq +4<;;,/ Whuçvyluwd hw do1 +4<<7,/

dqg Whuçvyluwd +4<<7,1 Wkhlu whvw0vwdwlvwlf lv frpsxwhg e| wkh iroorzlqj surfhgxuh= Iluvw/ hvwlpdwh

+9, xqghu wkh qxoo k|srwkhvlvK33

3
e| ROV dqg fdofxodwh wkh vxp ri vtxduhg uhvlgxdov/ VVU31 Vhfrqg/

xvlqj wkh uhvlgxdov iurp wkh suhylrxv vwhs/ hvwlpdwh d prgho wkdw frqwdlqv wkh uhjuhvvruv ri +9, wr

frpsxwh wkh vxp ri vtxduhg uhvlgxdov VVU4= Wkhq/ wkh vwdwlvwlf W+VVU30VVU4,2VVU3 zloo kdyh dq

dv|pswrwlf "5 glvwulexwlrq zlwk ghjuhhv ri iuhhgrp jlyhq e| wkh qxpehu ri sdudphwhu uhvwulfwlrqv

xqghu K 33

3
1 Zh uhihu wr wklv whvw0vwdwlvwlf dv QO6 dqg pdnh lw wkh irfxv ri rxu dqdo|vlv1 Lq sudfwlfh/

wkh xvh ri wkh dssur{lpdwlrq jlyhq e| wkh I0glvwulexwlrq lv uhfrpphqghg ehfdxvh ri wkh ehwwhu

vl}h dqg srzhu surshuwlhv lw kdv lq vpdoo vdpsohv1 Dq dowhuqdwlyh dssurdfk lv wr xvh wkh Zdog whvw

ri Kdqvhq +4<<9,1 Wklv surfhgxuh dssur{lpdwhv wkh xqnqrzq olplwlqj glvwulexwlrq e| jhqhudwlqj

s0ydoxhv edvhg rq vlpxodwlrq phwkrgv144

515 Prgli|lqj wkh Qrqolqhdulw| Whvw

Wkh wudqvlwlrq ixqfwlrq ri d VWDU prgho h{klelwv wzr lpsruwdqw ihdwxuhv1 Iluvw/ wkh orjlvwlf

ixqfwlrq lq +6, kdv d vlqjoh lq hfwlrq srlqw/ zkloh wkh h{srqhqwldo ixqfwlrq lq +5, kdv wzr lq hfwlrq

srlqwv1 Vhfrqg/ wkh hyhq srzhuv ri wkh Wd|oru vhulhv h{sdqvlrq ri d orjlvwlf ixqfwlrq durxqg � @ 3

duh }hur1 Frqyhuvho|/ wkh rgg srzhuv ri wkh Wd|oru vhulhv h{sdqvlrq ri dq h{srqhqwldo ixqfwlrq

durxqg � @ 3 duh }hur1 Lq wklv vhfwlrq zh xvh wkh �uvw ihdwxuh wr lpsuryh wkh srzhu ri QO61 Wkh

vhfrqg ihdwxuh lv h{sorlwhg lq wkh qh{w vhfwlrq wr ghulyh wkh qhz vhohfwlrq surfhgxuh +ghflvlrq uxoh,

lqwurgxfhg lq wklv sdshu1

Wkh srzhu ri wkh qrqolqhdulw| whvw QO6 ghshqgv fuxfldoo| rq wkh txdolw| ri wkh Wd|oru vhulhv

dssur{lpdwlrq wr wkh wudqvlwlrq ixqfwlrq1 Frqvhtxhqwo|/ wkh gl�huhqfh lq vkdsh ehwzhhq wkh

orjlvwlf dqg wkh h{srqhqwldo ixqfwlrqv vxjjhvwv wkdw dw ohdvw d vhfrqg rughu Wd|oru h{sdqvlrq lv

qhfhvvdu| wr fdswxuh wkh wzr lq hfwlrq srlqwv ri wkh h{srqhqwldo ixqfwlrq1 Wkhuhiruh/ irxuwk rughu

whupv vkrxog eh lqfoxghg lq uhjuhvvlrq +9,1 Zh kdyh=

44 Vhh Shvdudq dqg Srwwhu +4<<:, iru dq lqwhuhvwlqj dssolfdwlrq ri wklv whfkqltxh1
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I +}w�g> �> f, * I�+}w�g> � @ 3> f,� .
4

5
I��+}w�g> � @ 3> f,�5 +:,

zklfk iru wkh h{srqhqwldo ehfrphv=

I +}w�g> �> f, * +}w�g � f,5 � � 4

5
+}w�g � f,7 �5= +;,

Wkh vhfrqg whup ri d Wd|oru vhulhv h{sdqvlrq iru wkh orjlvwlf ixqfwlrq lv vlpso| }hur1 Edvhg rq

wkh suhylrxv glvfxvvlrq/ zh uhfrpphqg dxjphqwlqj wkh dx{loldu| uhjuhvvlrq +9, dv iroorzv=

|w @ �3 . B34h{w . q3

4
h{w}w�g . q3

5
h{w}5w�g . q3

6
h{w}6w�g . q3

7
h{w}7w�g . y7w +<,

zkhuh wkh qxoo k|srwkhvlv ri olqhdulw| qrz ehfrphv K 333

3 = q3

4 @ q3

5 @ q3

6 @ q3

7 @ 31 Wkh OP

whvw0vwdwlvwlf ri wklv mrlqw k|srwkhvlv lv fdoohg QO7145 Frpsduhg wr QO6/ QO7 uhtxluhv s h{wud

uhjuhvvruv lq wkh dx{loldu| uhjuhvvlrq1 Whvwlqj qrqolqhdulw| lq sudfwlfh lqyroyhv vhyhudo lpsruwdqw

vwhsv vxfk dv fkrlfh ri odj ohqjwk ri wkh DU prgho dqg fkrlfh ri ghod| sdudphwhu g1 Wkhvh duh

zhoo grfxphqwhg lq Whuçvyluwd +4<<7,1

Lq vlwxdwlrqv zkhuh odfn ri sduvlprq| lv ri frqfhuq/ zh uhfrpphqg d vlpsol�hg yhuvlrq ri QO7

edvhg rq wkh uhvxowv lq Oxxnnrqhq hw do1 +4<;;d,1 Sdudooho wr wkhlu dxjphqwhg �uvw rughu surfhgxuh/

wkh dx{loldu| uhjuhvvlrq lq wkh VWDU fdvh ehfrphv=

|w @ �3 . B34h{w . q3

4
h{w}w�g . ��5}

6

w�g . ��6}
7

w�g . ��7}
8

w�g . y�7w= +43,

Wkh fruuhvsrqglqj qxoo k|srwkhvlv ri olqhdulw| lv KLY
3

= q3

4 @ 3> ��
5
@ ��

6
@ ��

7
@ 3=

6 Fkrrvlqj ehwzhhq OVWDU ru HVWDU

Wklv vhfwlrq h{sorlwv dq dwwudfwlyh ihdwxuh ri Wd|oru vhulhv dssur{lpdwlrqv wr wkh wudqvlwlrq ixqfwlrq

ri d VWDU prgho1 Zh ehjlq e| suhvhqwlqj Whuçvyluwd*v +4<<7, vshfl�fdwlrq surfhgxuh dqg ghwdlolqj

45 Zkhq 5|3_ ' +|3_/ wklv whvw lv vlplodu lq vslulw wr d kljk rughu UHVHW whvw/ vhh Udpvh| +4<9<,1
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lwv gh�flhqflhv1 Lq uhvsrqvh wr wkhvh frqfhuqv/ zh sursrvh dq dowhuqdwlyh surfhgxuh1 Xsrq uhmhfwlqj

wkh qxoo k|srwkhvlv ri olqhdulw| rqh pljkw frqvlghu xvlqj d VWDU prgho dv d xvhixo qrq0olqhdu

dowhuqdwlyh1 Whuçvyluwd +4<<7, vxjjhvwv d prgho vhohfwlrq surfhgxuh +zklfk zh zloo ghqrplqdwh WS

iru vkruw, edvhg rq Htxdwlrq +9,1 Whuçvyluwd prwlydwhv klv surfhgxuh e| revhuylqj wkh iroorzlqj

vhtxhqfh ri qhvwhg I0whvwv=

41 Whvw wkh qxoo= K36 = q3

6
@ 3 zlwk dq I0whvw +I6,1 Whuçvyluwd qrwhv wkdw lq sulqflsoh/ uhmhfwlrq

ri wklv qxoo zrxog lpso| uhmhfwlrq ri wkh HVWDU vshfl�fdwlrq vlqfh fxelf srzhuv ri }w�g lq

d �uvw rughu dssur{lpdwlrq ri I +}w�g> �> f, duh 31

51 Whvw wkh qxoo= K35 = q3

5
@ 3mq3

6
@ 3 zlwk dq I0whvw +I5,= Whuçvyluwd*v uhdvrqlqj lv wkdw wkh

}5w�g whupv ri d �uvw rughu Wd|oru vhulhv dssur{lpdwlrq wr d orjlvwlf ixqfwlrq duh }hur zkhq

f @ �3 @ 3/ vhh +4,1 Krzhyhu/ wkhvh whupv zloo eh qrq}hur lq wkh HVWDU fdvh +h{fhsw lq

wkh xqolnho| fdvh zkhq h�3 @ 3,1 Idloxuh wr uhmhfw wklv qxoo lv wdnhq dv hylghqfh lq idyru ri d

OVWDU prgho1 Qhyhuwkhohvv/ uhmhfwlrq ri K35 lv qrw yhu| lqirupdwlyh rqh zd| ru wkh rwkhu1

61 Whvw wkh qxoo= K34 = q
3

4
@ 3 mq3

5
@ q3

6
@ 3 zlwk dq I0whvw +I4,1 Iroorzlqj Whuçvyluwd/ idlolqj

wr uhmhfw K34 diwhu uhmhfwlqj K35 srlqwv wr dq HVWDU prgho1 Rq wkh rwkhu kdqg/ uhmhfwlqj

K34 diwhu idlolqj wr uhmhfw K35 vxssruwv wkh fkrlfh ri OVWDU1

Edvhg rq wkhvh whvwv/ Whuçvyluwd*v uxoh frqvlvwv rq qrwlqj zklfk k|srwkhvhv duh uhmhfwhg dqg

wkhq frpsdulqj wkh uhodwlyh vwuhqjwkv ri wkh uhmhfwlrqv1 Li wkh prgho lv OVWDU/ w|slfdoo| K34

dqg K36 duh uhmhfwhg pruh vwurqjo| wkdq K35= Wkhuhiruh/ Whuçvyluwd sursrvhg wr vhohfw dq HVWDU

vshfl�fdwlrq li wkh s0ydoxh ri I5 lv wkh vpdoohvw ri I4> I5> I6> rwkhuzlvh wkh OVWDU dowhuqdwlyh lv

suhihuuhg1

Whuçvyluwd uhfrjql}hv wkdw wklv surfhgxuh pljkw fdxvh sureohpv1 Iru h{dpsoh/ hyhq li wkh

prgho lv HVWDU/ K36 pljkw eh uhmhfwhg vlqfh q3

6 @ 3 rqo| li f @ �3 @ 3 lq +4,1 Wkhvh frqfhuqv

dqg rwkhuv duh ehvw looxvwudwhg e| dqdo|}lqj wkh whupv ri wkh Wd|oru vhulhv h{sdqvlrq iru hdfk

qrq0olqhdu vwdwh lq +4,=

9



�3h{w
�
i4 . h{s +�� +}w�g � f,,j�4 � 4

5

�
* �3

4
h{w+}w�g � f, .�3

6
h{w+}w�g � f,6 +44,

iru wkh orjlvwlf wklug rughu h{sdqvlrq/ dqg

�3h{w k4� h{s
q
�� +}w�g � f,5

rl
* �3

5
h{w+}w�g � f,5 .�3

7
h{w+}w�g � f,7 +45,

iru wkh h{srqhqwldo vhfrqg rughu h{sdqvlrq1 Wkh vkruwkdqg qrwdwlrq �3

l iru l @ 4> 5> 6> 7 froohfwv

wkh sdudphwhuv dvvrfldwhg zlwk hdfk ri wkh whupv wkdw uhvxow iurp h{sdqglqj h{w+}w�g�f,l> qdpho|

wkh q3

l sdudphwhuv lq +<,=

Whuçvyluwd*v frqfhuqv fdq qrz eh hdvlo| xqghuvwrrg e| lqvshfwlqj +45,1 Zkhqhyhu f/ �3 dqg2ru

�3 duh qrq0}hur/ h{sdqvlrq ri h{w+}w�g � f,7 |lhogv qrq0}hur h{w}6w�g whupv1 Lq dgglwlrq/ zkhq

wkh yduldqfh ri wkh huuru whup lv �odujh� wkh glvwulexwlrq ri wkh gdwd lqwr hdfk vwdwh durxqg wkh

wkuhvkrog f lv dv|pphwulf1 Dv d uhvxow/ wkh qxoo k|srwkhvlv K35 = q3

5
@ 3mq3

6
@ 3 grhv qrw

glvfulplqdwh ehwzhhq d OVWDU zlwk f 9@ 3 dqg dq HVWDU lq jhqhudo1

Dq dgglwlrqdo vrxufh ri frpsolfdwlrqv olhv lq wkh ghvljq ri wkh uxoh lwvhoi1 Iru h{dpsoh/ li wkh

wuxh prgho lv OVWDU/ lw lv xqfohdu wkdw e| frqglwlrqlqj rq wkh fxelf whupv wr eh }hur +wkdw lv/

uhvwulfwlqj q3

6
@ 3 lq +4,,/ wkh mrlqw vljql�fdqfh ri wkh vtxduh whupv/ h{w}5w�g +iurp +44,/ wkhvh duh

qrq0}hur vlqfh f 9@ 3, zloo eh dovr }hur1 Wkhvh whupv duh qrz ohiw wr dssur{lpdwh wkh wudqvlwlrq

ixqfwlrq � dq dssur{lpdwlrq wkdw wkh fxelf whupv suhvxpdeo| zhuh vxffhvvixoo| fdswxulqj1

Lqvshfwlrq ri htxdwlrqv +44, dqg +45, surylghv foxhv rq krz wr fruuhfw wkh gh�flhqflhv ri WS1

Frqvlghu wkh iroorzlqj h{dpsoh1 Vxssrvh f @ 3= Edvhg rq +44,/ lw lv fohdu wkdw li wkh prgho lv

OVWDU/ wkh whupv h{w}mw�g iru m @ 5> 7> duh }hur +l1h1 q3

5 @ q3

7 @ 3 lq +<,,1 Dowhuqdwlyho|/ li wkh

prgho lv HVWDU/ edvhg rq +45,/ wkh whupv h{w}mw�g iru m @ 4> 6> duh }hur +l1h1 q3

4 @ q3

6 @ 3 lq

+<,,1 Wklv ehkdylru ri wkh Wd|oru vhulhv dssur{lpdwlrq vxjjhvwv d qdwxudo dowhuqdwlyh vhohfwlrq

surfhgxuh +zklfk zh zloo fdoo HMS iru vkruw, edvhg rq +<,1 Frqglwlrqdo rq uhmhfwlqj olqhdulw|=

41 Whvw wkh qxoo= K3H = q3

5 @ q3

7 @ 3 zlwk dq I0whvw +IH,1

:



51 Whvw wkh qxoo= K3O = q3

4 @ q3

6 @ 3 zlwk dq I0whvw +IO,1

Li wkh plqlpxp s0ydoxh fruuhvsrqgv wr IO/ vhohfw OVWDU/ rwkhuzlvh vhohfw HVWDU1

Wklv vhohfwlrq surfhgxuh lv fohduo| frqvlvwhqw zkhq f @ 3 iroorzlqj wkh prwlydwlrq lq rxu

h{dpsoh= Krzhyhu/ zkhq f 9@ 3/ HMS lv vwloo h�hfwlyh vlqfh zh duh frpsdulqj wkh mrlqw vljql�fdqfh

ri olqhdu dqg fxelf whupv uhodwlyh wr wkh mrlqw vljql�fdqfh ri txdgudwlf dqg irxuwk rughu whupv/

zlwkrxw frqglwlrqlqj rq rwkhu sdudphwhuv ehlqj }hur1

Dvlgh iurp lwv vlpsolflw| dqg h�hfwlyhqhvv/ HMS surylghv lqirupdwlrq derxw qrq0}hur wkuhvk0

rogv/ f1 Olqhdu dqg fxelf whupv duh h{dfwo| }hur zkhq f @ 3 dqg wkh prgho lv HVWDU1 Txdgudwlf

dqg irxuwk rughu whupv duh h{dfwo| }hur zkhq f @ 3 dqg wkh prgho lv OVWDU1 Wkhuhiruh/ uhmhfwlqj

K3O dqg idlolqj wr uhmhfw K3H vxjjhvwv dq OVWDU prgho zlwk f @ 3= Uhmhfwlqj K3H dqg idlolqj

wr uhmhfw K3O vxjjhvwv d HVWDU prgho zlwk f @ 3= Wklv ihdwxuh lv xvhixo wr vhw f @ 3 dv d jrrg

vwduwlqj ydoxh lq wkh hvwlpdwlrq vwdjh1

7 Prqwh Fduor H{shulphqwv

Wklv vhfwlrq surylghv Prqwh Fduor hylghqfh lq vxssruw ri rxu uhfrpphqghg ghflvlrq surfhgxuh/

HMS1 Dgglwlrqdo hylghqfh lv surylghg wr frpsduh wkh qrqolqhdulw| whvwv QO6 dqg QO71 Wkh prghov

vlpxodwhg lq wklv vwxg| duh wdnhq iurp Oxxnnrqhq hw do1 +4<;;d/e, dqg Whuçvyluwd +4<<7,1 Hdfk

h{shulphqw lv uhsolfdwhg 4/333 wlphv1 Wkh �uvw 433 revhuydwlrqv ri hdfk vhulhv duh glvuhjdughg wr

dyrlg lqlwldol}dwlrq sureohpv146

714 Vhohfwlrq Iuhtxhqflhv ri wkh HMS Vhohfwlrq Surfhgxuh

Wdeoh 4 vxppdul}hv wkh vlpxodwlrq uhvxowv zkhq wkh wuxh gdwd jhqhudwlqj surfhvv +GJS, lv dq

HVWDU prgho1 Wdeoh 5 suhvhqwv vlplodu hylghqfh zkhq wkh wuxh GJS lv d OVWDU prgho1 Erwk

wdeohv frpsduh wkh dffxudf| ri HMS dqg WS lq vhohfwlqj wkh fruuhfw prgho1 Wkh fruuhfw vhohfwlrq

46 H{whqvlyh Prqwh Fduor hylghqfh dqg ghwdlohg ghvfulswlrq ri wkh h{shulphqwv lv dydlodeoh lq Hvfuledqr dqg
Mrugd +4<<:,1

;



udwh lv uhsruwhg dv d shufhqwdjh ri wkrvh uhsolfdwlrqv iru zklfk olqhdulw| zdv �uvw uhmhfwhg dw wkh

frqyhqwlrqdo <8( frq�ghqfh ohyho1

Wzr ihdwxuhv duh zruwk qrwlqj iurp wklv h{huflvh1 Iluvw/ HMS vljql�fdqwo| rxwshuirupv WS1

Wkh gl�huhqfh lv prvw qrwdeoh zkhq wkh wuxh GJS lv dq HVWDU prgho +vhh Wdeoh 4,1 Zkloh

wkh pdujlq e| zklfk HMS rxwshuirupv WS fdq eh dv zlgh dv :918( wr 61<(/ rqo| lq d ihz fdvhv

ri wkh OVWDU glg WS rxwshuirup HMS dqg wkhq e| d vpdoo dprxqw +wkh eljjhvw gl�huhqfh zdv

;315( yhuvxv 96(,1 Wkh vhfrqg ihdwxuh lv wkh odfn ri frqvlvwhqf| ri WS/ dujxhg lq vhfwlrq 6 dqg

fohduo| uhyhdohg lq rxu vlpxodwlrqv1 Iru h{dpsoh/ frqvlghu � @ 4 lq Wdeoh 4 WS*v fruuhfw vhohfwlrq

iuhtxhqf| lv 451<(/ <18( dqg 61<( iru vdpsoh vl}hv ri 83/ 433 dqg 533 revhuydwlrqv/ uhvshfwlyho|1

Wkh vhohfwlrq udwhv iru HMS lq wkh vdph h{dpsoh duh 9517(/ :317( dqg :918(/ uhvshfwlyho|1 H{fhsw

iru rqh fdvh +Wdeoh 5/ �4 @ �3=8> �4 @ 3=8> HMS @ :619( iru W @ 83 yhuvxv HMS @ :516( iru W @

433,/ HMS*v vhohfwlrq udwhv lpsuryhg dv wkh vdpsoh vl}h lqfuhdvhg1 Zh ylhz wkhvh uhvxowv dv vwurqj

vxssruw lq idyru ri HMS1

715 Srzhu Surshuwlhv ri wkh QO7 Whvw

Wdeoh 6 frpsduhv wkh srzhu ri wkh qrqolqhdulw| whvwv QO6 dqg QO71 Wkh nh| txhvwlrq lv zkhwkhu

wkh jdlq lq srzhu iurp dxjphqwlqj wkh dx{loldu| uhjuhvvlrq lq +9, zlwk wkh whupv h{w}7w�g rxwzhljk
wkh orvvhv iurp lqfoxglqj wkhvh dgglwlrqdo uhjuhvvruv lq +<,1 Iru f @ 3> li wkh wuxh GJS lv d OVWDU

prgho/ zh zloo orvh srzhu e| lqfoxglqj uhgxqgdqw uhjuhvvruv1 Krzhyhu/ li wkh wuxh prgho lv dq

HVWDU/ QO7 vkrxog kdyh kljkhu srzhu1 Li f 9@ 3/ wkh srzhu ri hdfk whvw qhhgv wr eh hydoxdwhg rq

d fdvh e| fdvh edvlv1

Wkh vlpxodwlrqv lqglfdwh wkdw zlwk odujh vdpsoh vl}hv +lq rxu vwxg| 633 revhuydwlrqv,/ wkhuh lv

olwwoh gl�huhqfh ehwzhhq QO6 dqg QO71 Erwk whvwv ghwhfw qrq0olqhdulw| dghtxdwho|/ zlwk wkh srzhu

dssur{lpdwlqj 4 lq prvw fdvhv1 Krzhyhu/ iru vpdoohu vdpsoh vl}hv/ +lq rxu vwxg| 433 revhuydwlrqv,/

QO7 kdv kljkhu srzhu wkdq QO6 zkhq wkh wuxh prgho lv HVWDU +lq sduwlfxodu zkhq wkh yduldqfh

ri wkh huuru whup lv kljk dqg2ru f dqg �3 duh qrq}hur,1 Zkhq wkh wuxh prgho lv OVWDU/ QO7 grhv

<



qrw vljql�fdqwo| orvh srzhu zlwk uhvshfw wr QO61 Lq ylhz ri wkhvh uhvxowv dqg zlwk wkh glvfodlphu

ri wkhlu olplwhg vfrsh/ zh uhfrpphqg QO7 zkhq wkh vdpsoh vl}h lv vpdoo dqg sduvlprq| lv qrw dq

lvvxh1

8 Whuçvyluwd dqg Dqghuvrq +4<<5, Uhylvlwhg

Whuçvyluwd dqg Dqghuvrq +4<<5, dqdo|}h wkh g|qdplf surshuwlhv ri lqgxvwuldo surgxfwlrq lqglfhv ri

wkluwhhq RHFG frxqwulhv dqg dq Hxurshdq djjuhjdwh xvlqj VWDU prghov1 Wkh gdwd lv txduwhuo|/

vhdvrqdoo| xqdgmxvwhg/47 dqg vsdqv iurp 4<93=L wr 4<;9=LY148 Wklv vhfwlrq uhsolfdwhv qrqolqhdulw|

whvwlqj dqg prgho vhohfwlrq zlwk rxu dowhuqdwlyhv/ QO7 dqg HMS1 Rxu jrdo lv wr frpsduh wkh

shuirupdqfh ri wkh qhz surfhgxuhv lq sudfwlfh1 Wdeoh 7 uhsruwv s0ydoxhv ri qrqolqhdulw| whvwv/

ghod| sdudphwhu fkrlfh/ dqg VWDU prgho vhohfwlrq iru wkrvh frxqwulhv lq zklfk qrqolqhdulwlhv

zhuh ghwhfwhg hlwkhu e| QO6 ru QO7149

QO6 dqg QO7 rewdlq wkhlu plqlpxp s0ydoxhv iru wkh vdph fkrlfh ri ghod| sdudphwhu/ g/ h{fhsw

lq wkh fdvh ri wkh X1V1D1 Zkloh wkh uhvxowv ri erwk whvwv duh vlplodu/ QO7 idlov wr uhmhfw olqhdulw| dw

wkh xvxdo 8( ohyho iru 6 frxqwulhv14: Zlwk uhjdug wr HMS/ wkh vdph prghov duh vhohfwhg dv zlwk

WS h{fhsw iru Dxvwuld dqg Vzhghq1 Lq wkh fdvh ri Mdsdq/ Whuçvyluwd dqg Dqghuvrq +4<<5, uhsruw

wkdw fkrrvlqj ehwzhhq prghov +OVWDU ru HVWDU, zdv kdug zlwk WS dqg khqfh hvwlpdwhg erwk

vshfl�fdwlrqv1 Wkh suhihuuhg prgho zdv dq HVWDU � d fkrlfh wkdw HMS vhohfwv xqhtxlyrfdoo|1

Zh hvwlpdwhg erwk OVWDU dqg HVWDU vshfl�fdwlrqv iru Dxvwuld dqg Vzhghq wr ghwhuplqh

zklfk vshfl�fdwlrq �wwhg ehvw1 Wkh edvlf vwdwlvwlfv ri wkh suhihuuhg prghov iru hdfk vshfl�fdwlrq

duh uhsruwhg lq Wdeoh 8 Wkh hvwlpdwhv iru Dxvwuld duh kdughu wr frpsduh vlqfh wkh �qdo prghov

kdyh d gl�huhqw qxpehu ri sdudphwhuv � Vfkzdu}*v lqirupdwlrq fulwhulrq +VLF, idyruv wkh HVWDU

vshfl�fdwlrq zkloh Dndlnh*v +DLF, idyruv wkh OVWDU vshfl�fdwlrq1 Krzhyhu/ lq wkh fdvh ri Vzhghq/

47 Wkh| pdnh wkh vhulhv dssur{lpdwho| vwdwlrqdu| e| irxuwk odj gl�huhqflqj +{|0{|3e,1

48 Vrxufh= RHFG Pdlq Hfrqrplf Lqglfdwruv1

49 Iuhqfk dqg Lwdoldq lqglfhv zhuh dgmxvwhg iru vwulnhv dqg rwkhu dqrpdolhv dqg duh wkhuhiruh qrw frqvlghuhg khuh1

4: D vdpsoh ri 437 revhuydwlrqv dqg wkh h{wud uhjuhvvruv uhtxluhg e| QO7 suredeo| mxvwli| wklv uhvxow1
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wkh �qdo prghov kdyh wkh vdph qxpehu ri sdudphwhuv1 Wkh suhihuuhg vshfl�fdwlrq lv wkh HVWDU

+zklfk zdv vhohfwhg e| HMS exw qrw e| WS, zlwk d ehwwhu �w ryhudoo wkdq lwv OVWDU frxqwhusduw1

Ri frxuvh/ wkh wuxh prgho lv xqnqrzq1 Wkh ydoxh ri wklv h{huflvh zdv wr fkhfn zkdw vshfl�fdwlrq

vhhphg wr zrun ehvw dqg zkdw vshfl�fdwlrq whvw ohg xv wr lw1

9 Frqfoxvlrq

Wklv sdshu surylghv d qhz vhohfwlrq surfhgxuh wr fkrrvh ehwzhhq d orjlvwlf dqg dq h{srqhqwldo

vshfl�fdwlrq zkhq wkh dowhuqdwlyh wr olqhdulw| frqvlghuhg lv d VWDU prgho1 Wklv qhz ghflvlrq

uxoh/ HMS/ lv vlpsohu/ pruh lqwxlwlyh/ dqg kdv ehwwhu srzhu dqg frqvlvwhqf| surshuwlhv wkdq WS1

Dorqj wkh zd|/ zh kdyh dovr surylghg sudfwlfdo jxlgholqhv uhjduglqj qrqolqhdulw| whvwlqj1 Lq

vxssruw ri rxu fodlpv/ zh frqgxfwhg Prqwh0Fduor vlpxodwlrqv dqg dssolhg rxu surfhgxuhv wr

wkh lqgxvwuldo surgxfwlrq lqglfhv ri wkluwhhq RHFG frxqwulhv dqg wr d Hxurshdq djjuhjdwh1 Doo

wkh whvwv ghyhorshg khuh fdq eh hdvlo| jhqhudol}hg iru xvh lq Vprrwk Wudqvlwlrq Uhjuhvvlrq dqg

pxowlyduldwh prghov14;

Uhihuhqfhv
Gdylhv/ U1 E1 +4<::,/ cK|srwkhvlv Whvwlqj Zkhq d Qxlvdqfh Sdudphwhu lv Suhvhqw Rqo|
Xqghu wkh Dowhuqdwlyh*/ Elrphwulnd/ 97/ 57:05871

Hvfuledqr/ D1 dqg R1 Mrugä +4<<:,/ cLpsuryhg Whvwlqj dqg Vshfl�fdwlrq ri Vprrwk Wudqvlwlrq
Uhjuhvvlrq Prghov*/ Zrunlqj Sdshu <:059/ Xqlyhuvlw| ri Fdoliruqld/ Gdylv1

Judqjhu/ F1 Z1 M1 dqg D1 S1 Dqghuvhq +4<:;,/ Dq Lqwurgxfwlrq wr Elolqhdu Wlph
Vhulhv Prghov/ Jùwwlqjhq/ Ydqghqkrhfn dqg Uxsuhfkw1

Judqjhu/ F1 Z1 M1 dqg W1 Whuçvyluwd +4<<6,/ Prgholqj Qrqolqhdu Hfrqrplf Uhodwlrqvklsv/
Qhz \run/ R{irug Xqlyhuvlw| Suhvv1

Kdjjdq/ Y1 dqg W1 R}dnl +4<;4,/ cPrghoolqj Qrqolqhdu Udqgrp Yleudwlrqv Xvlqj dq
Dpsolwxgh0Ghshqghqw Dxwruhjuhvvlyh Wlph Vhulhv Prgho*/ Elrphwulnd/ 9;/ 4;<04<91

Kdplowrq/ M1 G1 +4<;<,/ cD Qhz Dssurdfk wr wkh Hfrqrplf Dqdo|vlv ri Qrq Vwdwlrqdu| Wlph
Vhulhv dqg wkh Exvlqhvv F|foh*/ Hfrqrphwulfd/ 8:/ 68:06;71

Kdqvhq/ E1 +4<<9,/ cLqihuhqfh zkhq d Qxlvdqfh Sdudphwhu lv qrw Lghqwl�hg xqghu wkh Qxoo
K|srwkhvlv*/ Hfrqrphwulfd/ 97/ 74607631

4; Vhh Hvfuledqr dqg Mrugd +4<<;, dqg Whuçvyluwd+4<<:,1
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Oxxnnrqhq/ U1/ S1 Vdlnnrqhq dqg W1 Whuçvyluwd +4<;;d,/ cWhvwlqj Olqhdulw| Djdlqvw Vprrwk
Wudqvlwlrq Dxwruhjuhvvlyh Prghov*/ Elrphwulnd/ :8/ 7<407<<1

Oxxnnrqhq/ U1/ S1 Vdlnnrqhq dqg W1 Whuçvyluwd +4<;;e,/ cWhvwlqj Olqhdulw| lq Xqlyduldwh
Wlph Vhulhv Prghov*/ Vfdqglqdyldq Mrxuqdo ri Vwdwlvwlfv/ 48/ 49404:81

Qhiwêl/ V1 Q1 +4<;7,/ cDuh Hfrqrplf Wlph Vhulhv Dv|pphwulf ryhu wkh Exvlqhvv F|fohB*/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ <5/ 63:065;1

Shvdudq/ P1 K1 dqg V1 P1 Srwwhu +4<<:,/ cD Iorru dqg Fhlolqj Prgho ri X1 V1 Rxwsxw*/
Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 54/ 99409<81

Udpvh|/ M1 E1 +4<9<,/ cWhvwv iru Vshfl�fdwlrq Huuruv lq Fodvvlfdo Olqhdu Ohdvw0Vtxduhv Uh0
juhvvlrq Dqdo|vlv*/ Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ E/ 64/ 68306:41

Urwkpdq/ S1 +4<<4,/ cIxuwkhu Hylghqfh rq wkh Dv|pphwulf Ehkdylru ri Xqhpsor|phqw Udwhv
ryhu wkh Exvlqhvv F|foh*/ Mrxuqdo ri Pdfurhfrqrplfv/ 46/ 5<405<;1

Vdlnnrqhq/ S1 dqg U1 Oxxnnrqhq +4<;;,/ cOdjudqjh Pxowlsolhu Whvwv iru Whvwlqj Qrqolqhdul0
wlhv lq Wlph Vhulhv Prghov*/ Vfdqglqdyldq Mrxuqdo ri Vwdwlvwlfv/ 48/ 8809;1

Whuçvyluwd W1 +4<<;, cPrghoolqj Hfrqrplf Uhodwlrqvklsv zlwk Vprrwk Wudqvlwlrq Uhjuhv0
vlrqv*/ lq Xoodk D1 dqg G1H1D1 Jlohv +hgv1, Kdqgerrn ri Dssolhg Hfrqrplf Vwdwlvwlfv +iruwk0
frplqj,1

Whuçvyluwd/ W1 +4<<7,/ cVshfl�fdwlrq/ Hvwlpdwlrq dqg Hydoxdwlrq ri Vprrwk Wudqvlwlrq Dx0
wruhjuhvvlyh Prghov*/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;</ 53;054;1

Whuçvyluwd/ W1 dqg K1 P1 Dqghuvrq +4<<5,/ cFkdudfwhul}lqj Qrqolqhdulwlhv lq Exvlqhvv F|fohv
Xvlqj Vprrwk Wudqvlwlrq Dxwruhjuhvvlyh Prghov*/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ :/ V44<0
V4691

Whuçvyluwd/ W1/ G1 Wmûvwkhlp dqg F1 Z1 M1 Judqjhu +4<<7,/ cDvshfwv ri Prghoolqj Qrqolqhdu
Wlph Vhulhv*/ lq U1 I1 Hqjoh dqg G1 PfIdgghq +hgv1, Kdqgerrn ri Hfrqrphwulfv Yro1 7/
Dpvwhugdp/ Hovhylhu1

Wrqj/ K1 +4<;6,/ Wkuhvkrog Prghov lq Qrq0Olqhdu Wlph Vhulhv Dqdo|vlv/ Qhz \run/
Vsulqjhu0Yhuodj1

Wvd|/ U1 +4<;<,/ cWhvwlqj dqg Prghoolqj Wkuhvkrog Dxwruhjuhvvlyh Surfhvvhv*/
Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;7/ 56405731

Zklwh/ K1 +4<;7,/ Dv|pswrwlf Wkhru| iru Hfrqrphwulfldqv/ Orqgrq dqg Vdq Glhjr/ Dfdg0
hplf Suhvv1
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Table 1

Relative frequencies of correct specification of STAR model (as a proportion of replications for which
linearity is rejected at a 95% confidence level). Table 4, pg. 172, Luukkonen et al. (1988b). 1 = 100%
accuracy selecting the correct model, 0 = 0% accuracy. DGP:

Sample Size µ TSP EJSP Power NL4
50 0

0.3
1

0.632
0.472
0.129

0.792
0.736
0.624

0.106
0.125
0.210

100 0
0.3
1

0.805
0.552
0.095

0.898
0.830
0.704

0.256
0.317
0.493

200 0
0.3
1

0.899
0.659
0.039

0.963
0.923
0.765

0.616
0.692
0.881

Table 2

Relative frequencies of correct specification of STAR model (as a proportion of replications for which
linearity is rejected at a 95% confidence level). Fig. 2, pg. 496, Luukkonen et al. (1988a). 1 = 100%
accuracy selecting the correct model, 0 = 0% accuracy. DGP:

π1  = -0.5 π1  = 0.5
Sample
Size

θ1 TSP EJSP Power
NL4

θ1 TSP EJSP Power
NL4

50 -0.4
0
0.5
1
1.5

0.500
.
0.736
0.853
0.904

0.594
.
0.736
0.871
0.936

0.064
0.039
0.072
0.170
0.467

-1.4
-1
-0.5
0
0.5

0.568
0.872
0.802
.
0.841

0.947
0.872
0.630
.
0.690

0.322
0.203
0.081
0.047
0.113

100 -0.4
0
0.5
1
1.5

0.459
.
0.811
0.952
0.963

0.811
.
0.724
0.936
0.978

0.122
0.043
0.127
0.498
0.883

-1.4
-1
-0.5
0
0.5

0.594
0.941
0.898
.
0.919

0.978
0.935
0.814
.
0.860

0.744
0.491
0.118
0.037
0.272

( ){ } )36.0,0(~9.01exp3.0 1
2

11 Nyyyy tttttt εεµ +=−−−− −−−

( ) { }( ) )25,0(~5.0exp1 1
11111 Nyyyy tttttt εεθπ =−++− −

−−−
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Table 3

Power simulations. Data generated from models 4.1-4.2 and 4.6, pg. 210-211, in Ter@svirta (1994).
DGP:

  
ESTAR LSTAR ESTAR LSTAR

Model NL3 NL4 NL3 NL4 NL3 NL4 NL3 NL4
π20 = c = 0 0.612 0.722 0.962 0.951 0.825 0.835 1.000 1.000
π20 = 0.02; c = 0 0.983 0.997 0.691 0.656 1.000 1.000 0.993 0.993
π20 = 0.04; c = 0.02 0.611 0.623 0.157 0.139 0.984 0.992 0.378 0.373

Sample Size = 100 Sample Size = 300

Table 4

Linearity testing, determining the delay parameter and selecting between LSTAR and ESTAR models

Country Max. Lag
(AIC)

P - value
NL3

P - value
NL4

Delay
Parameter

TSP
Choice

EJSP
Choice

Austria 5 0.010 0.033 1 LSTAR ESTAR
Belgium 5 0.050 0.259 1 LSTAR LSTAR
Japan 5 0.000 0.000 1 ? ESTAR
Norway 8 0.031 0.200 5 LSTAR LSTAR
Sweden 5 0.015 0.040 3 LSTAR ESTAR
U.K. 8 0.047 0.192 4 ESTAR ESTAR
U.S.A. 6 0.006 0.054/0.016* 3/5* LSTAR LSTAR
EUR 9 0.015 0.043 3 ESTAR ESTAR
Note: For U.S.A. NL4 minimum p-value was for d = 5.

Table 5

Summary Statistics for STAR model estimation: Austria and Sweden.

AUSTRIA SWEDEN

Summary
Statistics

LSTAR ESTAR Summary
Statistics

LSTAR ESTAR

R-Squared 0.7079 0.6778 R-Squared 0.7251 0.7311
Adj. R2 0.6819 0.6607 Adj. R2 0.7039 0.7104
SSR 0.0503 0.0554 SSR 0.0538 0.0526
AIC -7.4036 -7.3770 AIC -7.3560 -7.3781
SIC -7.1677 -7.2207 SIC -7.1463 -7.1684
Durbin-Watson 2.3350 2.0845 Durbin-Watson 1.8476 2.0132
No. of params. 9 6 No. of params. 8 8

( )
( ){ }( ) ( ){ } ESTARcyyFLSTARcyyF

NuuyFyyyyy

tttt

tttttttt

,1000exp1)(;,exp1)(

)04.0,0(~;)(795.09.006.18.1
2

11
1

11

1212021

−−−=−−+=

++−+−=

−−
−

−−

−−−−−
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