
Vhswhpehu 4<<:

Lpsuryhg Whvwlqj dqg Vshfl?fdwlrq ri Vprrwk Wudqvlwlrq Uhjuhvvlrq

PrghovW

Devwudfw

Wklv sdshu h{whqgv suhylrxv zrun lq Hvfuledqr dqg Mrugä +4<<:, dqg lqwurgxfhv qhz OP vshfl?fdwlrq
surfhgxuhv wr fkrrvh ehwzhhq Orjlvwlf dqg H{srqhqwldo Vprrwk Wudqvlwlrq Uhjuhvvlrq +VWU, Prghov1
Wkhvh surfhgxuhv duh vlpsohu/ frqvlvwhqw dqg pruh srzhuixo wkdq wkrvh suhylrxvo| dydlodeoh lq wkh olw0
hudwxuh1 Dq dqdo|vlv ri wkh surshuwlhv ri Wd|oru dssur{lpdwlrqv durxqg wkh wudqvlwlrq ixqfwlrq ri VWU
prghov shuplwv rqh wr xqghuvwdqg zk| wkhvh surfhgxuhv zrun ehwwhu dqg lw vxjjhvwv zd|v wr lpsuryh
whvwv ri wkh qxoo k|srwkhvlv ri olqhdulw| yhuvxv wkh dowhuqdwlyh ri VWU0w|sh qrqolqhdulw|1 Prqwh0Fduor
h{shulphqwv looxvwudwh wkh shuirupdqfh ri wkh gl>huhqw whvwv lqwurgxfhg1 Wkh qhz surfhgxuhv duh wkhq
lpsohphqwhg rq d vwxg| ri wkh g|qdplfv ri wkh X1V1 xqhpsor|phqw udwh1

î Nh|zrugv= Vprrwk wudqvlwlrq uhjuhvvlrq prghov/ olqhdulw| whvwv/ dv|pphwulhv lq X1V1 Xqhp0
sor|phqw/ orjlvwlf dqg h{srqhqwldo wudqvlwlrq ixqfwlrqv1

î MHO Fodvvl?fdwllrq= F45/ F55/ F85

Doydur Hvfuledqr
Xqlyhuvlgdg Fduorv LLL gh Pdgulg

Rvfdu Mrugä
Xqlyhuvlw| ri Fdoliruqld/ Gdylv

WWkh ?uvw dxwkru dfnqrzohgjhv vxssruw iurp Vsdqlvk GJFL\W/ SE<8035<;1 Wkh vhfrqg dxwkru dfnqrzo0
hgjhv vxssruw iurp 3Od Fdl{d4 dqg wkh Edqn ri Vsdlq1 Zh zlvk wr wkdqn U1 I1 Hqjoh/ M1 Jrq}dor/ F1 Z1 M1
Judqjhu/ M1 G1 Kdplowrq/ P1 K1 Shvdudq dqg W1 Whuçvyluwd iru xvhixo frpphqwv dqg vxjjhvwlrqv1



4 Lqwurgxfwlrq

Wklv sdshu surylghv wrrov iru wkh hpslulfdo sudfwlwlrqhu lqwhuhvwhg lq prghoolqj Vprrwk Wudq0

vlwlrq Uhjuhvvlrq +VWU, prghov1 Qrqolqhdu wlph vhulhv prghov duh ehlqj xvhg pruh iuhtxhqwo|

lq hpslulfdo dssolfdwlrqv/ ohdylqj wkh uhvhdufkhu zlwk d yluwxdo lq?qlw| ri prghov dqg vshfl?0

fdwlrqv iurp zklfk wr fkrrvh1 Krzhyhu/ VWU prghov duh d jhqhudo fodvv ri vwdwh0ghshqghqw/

uhgxfhg irup/ qrq0olqhdu wlph vhulhv prghov lq zklfk wkh wudqvlwlrq ehwzhhq vwdwhv lv jhq0

hudoo| hqgrjhqrxvo| jhqhudwhg1 Wkh| hqfrpsdvv dv sduwlfxodu fdvhv wkh Vprrwk Wudqvlwlrq

Dxwruhjuhvvlyh +VWDU,/ wkh H{srqhqwldo Dxwruhjuhvvlyh +HDU,/ wkh Wkuhvkrog Dxwruhjuhv0

vlyh +WDU, dqg wkh VHWDU prghov14 Wrjhwkhu zlwk Kdplowrq*v Uhjlph Vzlwfklqj prgho5

+zkhuh wkh wudqvlwlrq ehwzhhq uhjlphv lv h{rjhqrxvo| jhqhudwhg e| d Pdunry fkdlq,/ vwdwh0

ghshqghqw prghov kdyh suryhq sduwlfxoduo| xvhixo lq prghoolqj wkh dv|pphwulf ehkdylru ri

hfrqrplf  xfwxdwlrqv16

Hyhq diwhu uhvwulfwlqj dwwhqwlrq wr d fhuwdlq fodvv/ wkh ulfk sdudphwul}dwlrq dqg  h{lelolw|

ri wkhvh prghov pdnhv wkh wdvn ri vshfli|lqj wkh prgho frpsolfdwhg1 Prgho exloglqj xvxdoo|

vwduwv e| shuiruplqj d qrqolqhdulw| whvw1 Li wkhuh lv qrw hqrxjk hylghqfh ri qrqolqhdulw|/ wkhuh

lv qr uhdvrq wr sxuvxh d prgho wkdw lv pxfk pruh gl!fxow wr vshfli|/ hvwlpdwh dqg hydoxdwh1

Fkdq dqg Wrqj +4<;9, glvfxvv wkh srvvlelolw| ri xvlqj olnholkrrg udwlr whvw vwdwlvwlfv iru whvwlqj

olqhdulw| djdlqvw VHWDU prghov1 Wkh gudzedfn ri wklv dssurdfk lv wkdw wkh glvwulexwlrq ri

wkh vwdwlvwlf kdv wr eh ghwhuplqhg e| vlpxodwlrq iru hdfk dssolfdwlrq1 Edvhg rq zrun e|

4 Vhh Whuçvyluwd +4<<7,/ Kdjjdq dqg R}dnl +4<;4,/ Wvd| +4<;<, dqg Fkdq dqg Wrqj +4<;9,1

5 Vhh Kdplowrq +4<;<,1

6 D ydulhw| ri uhfhqw vwxglhv mxvwli| wklv dvvhuwlrq1 Vhh Qhiwêl +4<;7,/ Vlfkho +4<;<, dqg Urwkpdq +4<<4,
iru h{dpsoh1
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Wvd| +4<;9,/ Oxxnnrqhq hw do1 +4<;;d, lqwurgxfh d vhw ri Odjudqjh Pxowlsolhu +OP, w|sh

whvwv wkdw kdyh dv|pswrwlf "2 glvwulexwlrqv1 Vdlnnrqhq dqg Oxxnnrqhq +4<;;, frqvlghuhg

OP whvwv djdlqvw elolqhdu dqg HDU dowhuqdwlyhv1 Whuçvyluwd +4<<7, xvhv wkhvh surfhgxuhv lq

vhyhudo vwdjhv ri wkh vshfl?fdwlrq ri VWDU prghov1

Wklv sdshu lqwurgxfhv wzr qhz pdlq uhvxowv/ zklfk uho| rq Wd|oru vhulhv dssur{lpdwlrqv

wr wkh wudqvlwlrq ixqfwlrq +ehwzhhq vwdwhv, durxqg wkh vfdoh sdudphwhu17 Wkh uhvxowv/

ghulyhg lq wkh jhqhudo frqwh{w ri VWU prghov +zklfk hqfrpsdvv VWDU0edvhg whvwv dv d

sduwlfxodu fdvh,/ duh dq h{whqvlrq ri suhylrxv zrun lq Hvfuledqr dqg Mrugä +4<<:,1 Iluvw/ zh

lqwurgxfh d qhz vshfl?fdwlrq vwudwhj| h{whqghg wr lqfoxgh wkh fkrlfh ehwzhhq orjlvwlf dqg

h{srqhqwldo VWU prghov1 Rxu vhohfwlrq surfhgxuh kdv kljkhu fruuhfw vhohfwlrq iuhtxhqflhv

ri wkh uljkw prgho/ dyrlgv wkh slwidoov ri wkh uxohv sursrvhg lq Whuçvyluwd +4<<7, dqg lv

pxfk vlpsohu wr dsso|1 Vhfrqg/ zh vxjjhvw wkdw lq vrph fdvhv/ whvwv ri wkh qxoo k|srwkhvlv

ri olqhdulw| djdlqvw VWU0w|sh qrqolqhdulw|8 vkrxog eh dxjphqwhg wr lqfoxgh xs wr irxuwk

rughu whupv1 Lqfoxglqj wkhvh whupv lv qhfhvvdu| wr jdlq srzhu djdlqvw dowhuqdwlyhv zkhuh dq

h{srqhqwldo VWU pljkw eh lqyroyhg1 Zh frpsohphqw wklv dqdo|vlv zlwk dq h{kdxvwlyh vwxg|

ri wkh g|qdplfv ri VWU prghov dqg wkh vkdshv ri wudqvlwlrq ixqfwlrqv lq sudfwlfh wkurxjk

vlpxodwlrqv1 Wkh sdshu dovr surylghv dpsoh Prqwh0Fduor hylghqfh lq vxssruw ri wkhvh fodlpv

+surylglqj vhyhudo dgglwlrqdo fdvhv wr wkrvh dydlodeoh lq Hvfuledqr dqg Mrugä +4<<:,, dqg

vkrzv krz wkhvh surfhgxuhv zrun lq sudfwlfh zlwk d gl>huhqw hpslulfdo h{dpsoh 9 d eulhi

vwxg| ri wkh g|qdplfv ri X1V1 Xqhpsor|phqw1

7 Oxxnnrqhq hw do1 +4<;;d, dqg Whuçvyluwd +4<<7,/ edvhg rq Gdylhv +4<::,, lqwurgxfhg wklv vroxwlrq iru
Vprrwk Wudqvlwlrq Dxwruhjuhvvlyh prghov1

8 Qrwh wkdw wklv dowhuqdwlyh lv dq dvvxpswlrq lpsrvhg e| wkh dqdo|vlvw1 Wkh whvw kdv srzhu djdlqvw
dowhuqdwlyhv rwkhu wkdq VWU1
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Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 eulh | gh?qhv dqg lqwurgxfhv wkh edvlf

surshuwlhv ri VWU prghov> Vhfwlrq 6 suhvhqwv wkh whvwv ri qrqolqhdulw| dqg wkhlu surshuwlhv>

Vhfwlrq 7 glvfxvvhv wkh vhohfwlrq surfhgxuh sursrvhg e| Whuçvyluwd +4<<7, dqg wkhq lqwurgxfhv

wkh qhz dowhuqdwlyh> Vhfwlrq 8 suhvhqwv Prqwh Fduor vlpxodwlrqv ri wkh qhz whvwv> Vhfwlrq 9

dssolhv wkh qhz whfkqltxhv wr wkh X1V1 xqhpsor|phqw udwh> dqg Vhfwlrq : frqfoxghv1

5 Vprrwk Wudqvlwlrq Uhjuhvvlrq +VWU, Prghov

Frqvlghu wkh iroorzlqj VWU prgho=

|| @ ä
â{| . ë

â{|I +}|3_> ð> f, . x| +4,

zkhuh || lv d vfdodu/ {| @ +4> ||3�> ===> ||3o>z|3�> ===> z|3^,â @ +4> h{|,â zkhuh z| lv d yhfwru ri

h{rjhqrxv yduldeohv> }|3_ zloo eh d vfdodu/ dowkrxjk lq jhqhudo/ lw frxog eh d yhfwru1 Xvxdoo|

}|3_ @ ||3_ zkhuh g lv wkh ghod| sdudphwhu zklfk vdwlv?hv 4 é g é s iru s @ pd{+u> t,

dqg lv dvvxphg nqrzq19 Qrwh wkdw zkhq }|3_ @ ||3_ dqg z| @3 zh kdyh d frqyhqwlrqdo

VWDU prgho1 äâ @ +äf> ä�> ===> äR, @ +äf> häâ,> ëâ @ +ëf> ë�> ===> ëR, @ +ëf>hëâ,= x| lv d pduwlqjdoh
gl>huhqfh vhtxhqfh zlwk frqvwdqw yduldqfh: dqg || lv dvvxphg vwdwlrqdu| dqg hujrglf1 Wkh

ixqfwlrq I +}|3_> ð> f, lv dw ohdvw irxuwk rughu/ frqwlqxrxvo| gl>huhqwldeoh zlwk uhvshfw wr wkh

vfdoh sdudphwhu/ ð=

Wkh wudqvlwlrq ixqfwlrq/ I +=,> lv wudglwlrqdoo| fkrvhq wr eh hlwkhu d orjlvwlf ru dq h{sr0

qhqwldo glvwulexwlrq ixqfwlrq1; Wkh h{srqhqwldo wudqvlwlrq ixqfwlrq lv=

9 Vhh Whuçvyluwd +4<<7, zkhq _ lv xqnqrzq1

: Wklv dvvxpswlrq lv vx!flhqw wr ghulyh wkh OP whvwv ehorz1 Vhh Zklwh +4<;7,1

; Lq jhqhudo/ lw frxog eh dq| frqwlqxrxvo| gl>huhqwldeoh ixqfwlrq vxfk wkdw f $ 8 E5|3_c òc Sä $ � iru doo
5|3_c � $ _ $ Rc ò õ' f dqg Sé Krzhyhu/ lq sudfwlfh wkh orjlvwlf dqg wkh h{srqhqwldo shuplw wkh qhffhvdu|
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I +}|3_> ð> f, @
k
4ý h{s

q
ýð+}|3_ ý f,2

rl
+5,

Zkhq ëf @ f>z| @3 ;w dqg }|3_ @ ||3_/ wkh fruuhvsrqglqj HVWU prgho lv uhgxfhg wr wkh

h{srqhqwldo dxwruhjuhvvlyh prgho +HDU,1 Wkh orjlvwlf wudqvlwlrq ixqfwlrq< lv=

I +}|3_> ð> f, @
é
i4 . h{s +ýð+}|3_ ý f,j3� ý 4

5

è
+6,

Lq rughu wr looxvwudwh wkh surshuwlhv dqg vkdshv ri wkh orjlvwlf dqg h{srqhqwldo wudqvlwlrq

ixqfwlrqv/ zh vlpxodwh wzr vshfl?fdwlrqv iurp Whuçvyluwd +4<<7,1 Wklv h{huflvh zloo surylgh

d ehwwhu xqghuvwdqglqj ri wkh ghwdlov lqyroyhg lq wkh vshfl?fdwlrq dqg qrqolqhdulw| whvwlqj ri

VWU prghov1 Frqvlghu wkh iroorzlqj vlpxodwlrq=

|| @ 4=;||3� ý 4=39||32 . +ëf ý 3=<||3� . 3=:<8||32,I +||3�> ð> f, . x| +7,

zkhuh=

I +}|3_> ð> f, @
k
4 . h{s

í
ý4333+||3� ý f,2

ìl
+HVWDU,

dqg

I +}|3_> ð> f, @ ^4 . h{s +ý433+||3� ý f,,`3� +OVWDU,

zlwk x| l1l1g1 Q+3> 3=352, dqg W @ 633= Iljxuh 514 ghslfwv 6 judskv ri wkh sorwv ri wkh gdwd/

||3�/ dqg I +||3�> ð> f, iru wkh iroorzlqj fdvhv= +4, ëf @ f @ 3 dqg HVWDU vshfl?fdwlrq>

ghjuhh ri jhqhudolw|1

< Wkh whup �
2
lv dgghg khuh iru frqyhqlhqfh exw grhv qrw d>hfw wkh uhvxowv1
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+5, ëf @ 3=37> f @ 3=35 dqg HVWDU vshfl?fdwlrq> dqg +6, ëf @ 3=35> f @ 3 dqg OVWDU

vshfl?fdwlrq1 Wkh sorwv rq wkh ?uvw froxpq ghslfw wkh wlph vhulhv ri wkh gdwd dqg wkh ydoxhv

ri wkh wudqvlwlrq ixqfwlrq1 Wkh sorwv lq wkh vhfrqg froxpq ghslfw wkh vfdwwhu sorwv ri wkh

gdwd yhuvxv wkh fruuhvsrqglqj ydoxhv ri wkh wudqvlwlrq ixqfwlrq/ wkxv looxvwudwlqj lwv vkdsh1

Frqvlghu fdvh +4,1 Wkh gdwd lv v|pphwulfdoo| glvwulexwhg dw hdfk vlgh ri wkh wkuhvkrog f=

Zkhq m||3�m  f/ wkhq I +||3�> ð> f, * 4/ dqg wkh g|qdplf ehkdylru ri wkh gdwd lv fkdudfwhu0

l}hg e| wkh 3xsshu4 olqhdu uhjlph1 Zkhq m||3�m lv 3forvh4 wr f wkhq I +||3�> ð> f, * 3 dqg wkh

g|qdplfv ri wkh 3orzhu4 olqhdu uhjlph grplqdwh1 Wkh vshhg zlwk zklfk wkh wudqvlwlrq iurp

rqh uhjlph wr wkh rwkhu wdnhv sodfh lv vhw e| wkh ydoxh ri wkh vfdoh sdudphwhu/ ð= Wkh vkdsh

ri wkh sorw ri wkh ydoxhv ri wkh wudqvlwlrq ixqfwlrq dqg wkh gdwd wkdw zh rewdlq lq fdvh +4,

wkhuhiruh uhsuhvhqw wkdw ri wkh xvxdo HVWDU prgho1

Qrz frqvlghu fdvh +6,/ wkh judsk ri wkh w|slfdo wudqvlwlrq ixqfwlrq iru d OVWDU prgho1

Zkhq ||3� á f/ wkhq I +||3�> ð> f, * 3 9 zkdw zh ghqrplqdwhg/ wkh 3orzhu4 uhjlph1 Frq0

yhuvho|/ zkhq ||3�  f> wkhq I +||3�> ð> f, * 4 +wkh 3xsshu4 uhjlph,1 ð djdlq ghwhuplqhv krz

vprrwk wkh wudqvlwlrq ehwzhhq uhjlphv lv1 Lq wkh h{wuhph fdvh zkhuh ð ý$4/ wkhq zh jhw

d sduwlfxodu fdvh ri OVWDU 9 wkh Wkuhvkrog Dxwruhjuhvvlyh +WDU, prgho1

Ilqdoo|/ wkh prvw lqwhuhvwlqj vfhqdulr lv wkdw ri fdvh +5,1 Wkh prgho lv d HVWDU exw

qrwlfh wkdw wkh gdwd/ ||3� whqgv wr foxvwhu durxqg wkh 3xsshu4 uhjlph/ wr wkh uljkw ri wkh

wkuhvkrog f= Lq idfw/ wkh judskv iru fdvhv +5, dqg +6, duh udwkhu vlplodu dowkrxjk wkh g|qdplf

ehkdylru ri hdfk prgho lv txlwh gl>huhqw1 Wklv dv|pphwulf ehkdylru lq fdvhv zkhq ëf 9@ 3

dqg2ru f 9@ 3 zloo lq xhqfh erwk wkh delolw| wr vshfli| dqg whvw iru d VWDU prgho dv zh vkdoo

vhh lq wkh qh{w vhfwlrqv1
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6 Whvwlqj Olqhdulw| Djdlqvw VWU Prghov

Whvwlqj olqhdulw| djdlqvw VWU0w|sh qrqolqhdulw| lpsolhv whvwlqj wkh qxoo k|srwkhvlv Kf = ëâ @3

lq htxdwlrq 41 Krzhyhu/ xqghu wkh qxoo/ wkh sdudphwhuv ð dqg f duh qrw lghqwl?hg/ wkdw lv/

wkh| fdq wdnh dq| ydoxh1 Dowhuqdwlyho|/ zh frxog fkrrvh dv rxu qxoo k|srwkhvlv Kf = ð @ 3

lq zklfk fdvh qhlwkhu f qru ëâ zrxog eh lghqwl?hg1 Gdylhv +4<::, 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 +}|3_> ð> f, lq

htxdwlrq 4 zlwk d vxlwdeoh Wd|oru vhulhv dssur{lpdwlrq1 Xqghu wkh qxoo ri olqhdulw|/ wkh OP

whvw lv vkrzq wr srvvhvv dv|pswrwlfdoo| wkh xvxdo "2 glvwulexwlrq143 Lq sudfwlfh/ wkh whvw lv

shuiruphg rq wkh iroorzlqj dx{loldu| uhjuhvvlrq=

|| @ ä
â{| .

û
ëâ{| iðIò+}|3_> ð @ 3> f,j

ú
. y�| +8,

zkhuh Iò+=, lqglfdwhv wkh ?uvw ghulydwlyh ri I zlwk uhvshfw wr ð 9 ðI +=, lv reylrxvo| wkh

?uvw whup ri wkh Wd|oru dssur{lpdwlrq ri I durxqg ð @ 3= Lq sduwlfxodu/ Iò+=, iru wkh orjlvwlf

wudqvlwlrq ixqfwlrq lv=

Iò+}|3_> ð @ 3> f, @
4

7
+}|3_ ý f, +9,

zklfk vxevwlwxwhg lqwr 8 |lhogv=

|| @ ä
â{| .

4

7
ðëâ{| +}|3_ ý f, . y�| +:,

43 Wkh ghod| sdudphwhu/ _/ lv xvxdoo| xqnqrzq1 Edvhg rq Wvd| E�bHbä/ Whuçvyluwd +4<<7, sursrvhv fkrrvlqj
_ vxfk dv wr plqlpl}h wkh s0ydoxh ri wkh qrqolqhdulw| whvw1
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Wkh sdudphwhuv xqghu wklv vshfl?fdwlrq fdqqrw eh lghqwl?hg1 Diwhu frpelqlqj whupv/ zh jhw

wkh ?qdo yhuvlrq ri wkh dx{loldu| uhjuhvvlrq=

|| @ ïf . hïâh{| . ñâ�h{|}|3_ . y�| +;,

zkhuh ïf @
í
äf ý �

eðfëf
ì
> hïâ @ íhäâ ý �

eðf
hëâìzkhuh wkh g|û whup lv ï_ @

í
ä_ .

�
eðf+ëf ý ë_,

ì
>

ñâ� @ �
eð
hëâ= Wkh qxoo k|srwkhvlv ri olqhdulw| wkhuhiruh ehfrphvK â

f = ñ
â
� @31 Qrwh wkdw htxdwlrq

; lv h{sorvlyh dqg jhqhudoo| qrw d phdqlqjixo wlph vhulhv prgho +vhh Judqjhu dqg Dqghuvhq

+4<:;,44 ,1 Oxxnnrqhq hw do1 +4<;;d, uhdol}hg wkdw wklv whvw zrxog kdyh orz srzhu djdlqvw

dowhuqdwlyhv zkhuh hëâ lv 3vpdoo4 dqg ëf lv 3odujh4 lq devroxwh ydoxh vlqfh ñâ� grhv qrw lqfoxgh

wkh ëf frh!flhqw 9 3ghwhfwlqj d vkliw lq wkh phdq4 sureohp1

Wr ryhufrph wklv gl!fxow|/ wkh| sursrvhg wr dssur{lpdwh wkh wudqvlwlrq ixqfwlrq zlwk d

wklug rughu Wd|oru vhulhv h{sdqvlrq/ wkdw lv=

|| @ ä
â{| .

4

7
ðëâ{| +}|3_ ý f, .

4

7;
ðôëâ{| +}|3_ ý f,ô . yô| +<,

zkhuh lw lv lpsruwdqw wr qrwh wkdw wkh vtxduh srzhuv ri wkh dssur{lpdwlrq duh lghqwlfdoo|

}hur1 Uhfrpelqlqj lq whupv ri lghqwl?hg sdudphwhuv/ zh rewdlq>

|| @ ïf . hïâh{| . ñâ�h{|}|3_ . ñâ2h{|}2|3_ . ñâôh{|}ô|3_ . yô| +43,

zkhuh qrz ñ2_ @
�
eHð

ôëf dqg wkxv zh dyrlg wkh 3ghwhfwlqj d vkliw lq wkh phdq4 sureohp145

Wkh qxoo k|srwkhvlv qrz ehfrphv K âââ
f = ñâ� @ ñâ2 @ ñâô @31 Iroorzlqj Vdlnnrqhq dqg

44 Dovr qrwh wkdw wkh dowhuqdwlyh qrz lqfoxghv prghov rwkhu wkdq VWU1

45 Wkh ghwdlov ri wkh fruuhvsrqghqfh ehwzhhq wkh sdudphwhuv lq < dqg 43 lv ghulyhg lq wkh Dsshqgl{1
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Oxxnnrqhq +4<;;,/ Whuçvyluwd hw do1 +4<<7, dqg Whuçvyluwd +4<<7,/ d frqyhqlhqw surfhgxuh

iru frpsxwlqj wkh OP vwdwlvwlf e| ROV frqvlvwv rq hvwlpdwlqj wkh dx{loldu| uhjuhvvlrq 43

xqghu wkh qxoo k|srwkhvlv dqg frpsxwh wkh vxp ri vtxduhg uhvlgxdov/ VVUf= Qh{w/ hvwlpdwh

43 xqghu wkh dowhuqdwlyh k|srwkhvlv dqg frpsxwh wkh vxp ri vtxduhg uhvlgxdov/ VVU�= Ilqdoo|/

wkh vwdwlvwlf/ W +VVUfýVVU�,@VVUf lv vkrzq wr kdyh dv|pswrwlfdoo| d "2 glvwulexwlrq xqghu

wkh qxoo1 Lw lv xvxdoo| uhfrpphqghg wr xvh wkh dssur{lpdwlrq jlyhq e| wkh I glvwulexwlrq

ehfdxvh ri wkh jrrg vl}h dqg srzhu surshuwlhv ri wkh whvw lq vpdoo vdpsohv1 Zh zloo fdoo wkh

qrqolqhdulw| whvw edvhg rq htxdwlrq 43/ QO6 iru vkruw1

Qrwh wkdw zkhq wkh prgho lv dq HVWU/ zh kdyh wkdw Iò+}|3_> ð @ 3> f, @ +}|3_ ý f,2

zklfk/ diwhu vxevwlwxwlqj lqwr 8 ehfrphv=

|| @ ðf
2ëf . ä

â{| ý 5ðfhëâh{|}|3_ . ðhëâh{|}2|3_ . y2| +44,

zklfk lq whupv ri lghqwl?hg sdudphwhuv ehfrphv=

|| @ ïf . hïâh{| . ñâ�h{|}|3_ . ñâ2h{|}2|3_ . y2| +45,

zkhuh lq sduwlfxodu ñ�_ @ ðëf dqg wkhuhiruh zh gr qrw qhhg wr sxuvxh ixuwkhu whupv ri wkh

h{sdqvlrq vlqfh zh duh deoh wr lghqwli| vkliwv lq wkh phdq yld wkh whup ñ�_= Dv d uhvxow/

htxdwlrq 43 lv d ydolg qrqolqhdulw| whvw iru hlwkhu OVWU ru HVWU dowhuqdwlyhv1

614 Surshuwlhv ri wkh Wd|oru Dssur{lpdwlrq

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

ixqfwlrq +vhh htxdwlrq 6/ ?jxuh 514 fdvh +6,, kdv d vlqjoh lq hfwlrq srlqw zkloh wkh h{srqhqwldo

ixqfwlrq +vhh htxdwlrq 5/ ?jxuh 514/ fdvhv +4, dqg +5,, kdv wzr lq hfwlrq srlqwv1 Vhfrqg/ wkh

;



hyhq srzhuv ri wkh Wd|oru h{sdqvlrq ri d orjlvwlf ixqfwlrq duh doo }hur1 Phdqzkloh/ doo wkh

rgg srzhuv ri wkh Wd|oru h{sdqvlrq ri dq h{srqhqwldo ixqfwlrq duh }hur1 Wkh ?uvw ihdwxuh

vxjjhvwv zd|v wr lpsuryh wkh qrqolqhdulw| whvw QO6 ri wkh suhylrxv vhfwlrq1 Lq Vhfwlrq 7 zh

xvh wkh vhfrqg ihdwxuh wr lqwurgxfh d qhz vshfl?fdwlrq surfhgxuh wr fkrrvh ehwzhhq OVWU

dqg HVWU prghov1

Wkh lpphgldwh frqvhtxhqfh uhvxowlqj iurp wkh gl>huhqfh lq vkdsh ehwzhhq wkh orjlvwlf

dqg wkh h{srqhqwldo ixqfwlrq lv wkdw zh qhhg d vhfrqg rughu Wd|oru vhulhv h{sdqvlrq lq rughu

wr eh deoh wr fdswxuh lwv wzr lq hfwlrq srlqwv1 Wklv lv sduwlfxoduo| wkh fdvh zkhq ð lv 3vpdoo4

lq devroxwh ydoxh +vprrwk wudqvlwlrq, dqg2ru wkh yduldqfh ri wkh uhvlgxdov/ x| lv 3odujh4 vxfk

wkdw d uhdvrqdeoh qxpehu ri revhuydwlrqv duh gulyhq wr wkh 3xsshu4 uhjlph1 D vroxwlrq wr

wklv sureohp lv wr h{sdqg wkh dx{loldu| uhjuhvvlrq 43 wr lqfoxgh wkh whupv uhvxowlqj iurp wkh

vhfrqg rughu h{sdqvlrq ri wkh h{srqhqwldo1 Lq sduwlfxodu=

|| @ ä
â{| . ëâ{|

é
+}|3_ ý f,2

í
ð . ð2

ì
ý 4
5
+}|3_ ý f,e ð2

è
. ye| +46,

zklfk uhzulwwhq lq whupv ri lghqwl?hg sdudphwhuv46 vlpso| phdqv dxjphqwlqj wkh dx{loldu|

uhjuhvvlrq lq 43 dv iroorzv=

|| @ ïf . hïâh{| . ñâ�h{|}|3_ . ñâ2h{|}2|3_ . ñâôh{|}ô|3_ . ñâeh{|}e|3_ . ye| +47,

Qrz wkh qxoo k|srwkhvlv ehfrphv KUT
f = ñâ� @ ñ

â
2 @ ñ

â
ô @ ñ

â
e @31 Zh fdoo wklv whvw QO7 iru

vkruw147 Wkh frpsxwdwlrq ri wkh whvw lv sdudooho wr wkdw ri QO6/ zkhuh hlwkhu wkh "2 ru wkh

46 Wkh ghwdlov ri krz wkh sdudphwhuv lq 46 duh wudqviruphv lqwr 47 duh dydlodeoh lq wkh Dsshqgl{1

47 Zkhq 5|3_ ' +|3_/ wklv whvw lv vlplodu wr d kljkhu rughu UHVHW whvw1
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I yhuvlrq ri wkh whvw fdq eh xvhg1

Dq dowhuqdwlyh wr wkh deryh OP whvwv +qdpho| QO6 dqg QO7, lv wr xvh wkh Zdog whvw ri

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

s0ydoxhv edvhg rq vlpxodwlrq phwkrgv1 Shvdudq dqg Srwwhu +4<<:, dgdsw wklv vwudwhj| lq dq

lqwhuhvwlqj dssolfdwlrq wr wkhlu  rru dqg fhlolqj prgho1 Krzhyhu/ wklv dowhuqdwlyh lqyroyhv

dgglwlrqdo hohphqwv ri frpsoh{lw| zklfk duh hdvlo| dyrlghg zlwk wkh w|sh ri OP whvwlqj

glvfxvvhg khuh1

Whvwlqj lq sudfwlfh lqyroyhv vhyhudo lpsruwdqw vwhsv vxfk dv fkrlfh ri odj ohqjwk ri wkh

olqhdu DU[ prgho/48 fkrlfh ri wkh ghod| sdudphwhu/49 g> dqg rwkhuv zklfk duh doo zhoo

grfxphqwhg lq Whuçvyluwd +4<<7,1 Krzhyhu/ dq lpsruwdqw hpslulfdo txhvwlrq lv wr uhdol}h

wkdw QO7 uhtxluhv s h{wud uhjuhvvruv zlwk uhvshfw wr QO6/ dqg wkdw QO6 uhtxluhv 5s h{wud

uhjuhvvruv zlwk uhvshfw wr QO41 Odfn ri sduvlprq| lv sduwlfxoduo| lpsruwdqw zlwk vpdoo

vdpsoh vl}hv dqg2ru zkhq wkh rughu ri wkh DU[ sro|qrpldo/ s/ lv kljk vlqfh lw uhgxfhv wkh

srzhu ri wkh whvw1 Oxxnnrqhq hw do1 +4<;;d, uhfrjql}hg wklv odfn ri sduvlprq| dqg vxjjhvwhg

dq dxjphqwhg ?vw rughu surfhgxuh edvhg rq htxdwlrq ;1 Wklv frqvlvwhg rq xvlqj wkh iroorzlqj

dx{loldu| uhjuhvvlrq lqvwhdg ri 43=

|| @ ïf . hïâh{| . ñâ�h{|}|3_ . ñ2_}ô|3_ . ñô_}e|3_ . y�@| +48,

zklfk zh zloo fdoo QO6D1 Lq wkh vdph vslulw/ zh fdq dxjphqw wkh ?uvw rughu surfhgxuh ixuwkhu

wr wdnh lqwr dffrxqw wkh uhvxowv wkdw ohg xv wr htxdwlrq 471 Wklv phdqv lqfoxglqj wkh whup

48 Wrr ihz whupv fdq fdxvh idovh uhmhfwlrqv ri olqhdulw|/ h{fhvlyh whupv fdq xqghuplqh wkh srzhu ri wkh
qrqolqhdulw| whvw1

49 Zh phqwlrqhg wklv lq wkh suhylrxv vhfwlrq1
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ñe_}
D
|3_ lq wkh dx{loldu| uhjuhvvlrq 48 wr rewdlq wkh htxlydohqw dxjphqwhg ?uvw rughu yhuvlrq

ri wkh whvw zklfk zh zloo fdoo QO7D1 Wkh qxoo k|srwkhvlv vlpso| ehfrphv KUT ø
f = ñâ� @3>

ñ2_ @ ñô_ @ ñe_ @ 3 zklfk rqo| uhtxluhv s. 6 whupv1 Wkh lqwxlwlrq ehklqg wklv whvw lv wkdw

wkh sdudphwhuv ñæ_ iru m @ 5> 6> 7 froohfw wkh h>hfw ri d vkliw lq wkh phdq lq wkh qrqolqhdu

uhjlph1

7 Fkrrvlqj ehwzhhq OVWU ru HVWU

714 Whuçvyluwd*v +4<<7, Vhohfwlrq Surfhgxuh

Xsrq uhmhfwlqj wkh qxoo k|srwkhvlv ri olqhdulw| +zlwk dq| ri wkh whvwv vxjjhvwhg lq wkh suhylrxv

vhfwlrq,/ rqh pljkw frqvlghu xvlqj d VWU prgho dv d xvhixo qrqolqhdu dowhuqdwlyh 9 uhfdoo

wkdw wkh whvwv iru qrqolqhdulw| kdyh srzhu djdlqvw irupv ri qrqolqhdulw| rwkhu wkdq wkh VWU0

w|sh1 Whuçvyluwd +4<<7, lqwurgxfhg wkh iroorzlqj prgho vhohfwlrq surfhgxuh +zklfk zh zloo

ghqrplqdwh WS iru vkruw,/ edvhg rq htxdwlrq 43/ uhsurgxfhg khuh iru frqyhqlhqfh=

|| @ ïf . hïâh{| . ñâ�h{|}|3_ . ñâ2h{|}2|3_ . ñâôh{|}ô|3_ . yô|
41 Whvw wkh qxoo k|srwkhvlv= Kfô = ñâô @3 yhuvxv wkh dowhuqdwlyh/ K�ô = ñ

â
ô 9@3 zlwk dq I0whvw

+Iô,1 Dffruglqj wr Whuçvyluwd/ uhmhfwlrq ri wklv qxoo zrxog lpso| uhmhfwlrq ri wkh HVWU

vshfl?fdwlrq vlqfh fxelf srzhuv ri }|3_ lq d ?uvw rughu dssur{lpdwlrq ri I +}|3_> ð> f,

duh 31

51 Whvw wkh qxoo k|srwkhvlv= Kf2 = ñâ2 @3m ñâô @3 zlwk dq I0whvw +I2,1 Whuçvyluwd*v uhdvrqlqj

lv wkdw wkh whupv }2|3_ ri d ?uvw rughu dssur{lpdwlrq wr d orjlvwlf ixqfwlrq duh }hur zkhq

f @ ëf @ 3 +vhh htxdwlrq 9,1 Krzhyhu/ wkhvh whupv zloo eh qrq0}hur lq wkh HVWU fdvh

+h{fhsw lq wkh xqolnho| fdvh wkdw hëâ @3,1 Idloxuh wr uhmhfw wklv qxoo lv wdnhq dv hylghqfh
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lq idyru ri d OVWU prgho1 Qhyhuwkhohvv/ uhmhfwlrq ri Kf2 lv qrw yhu| lqirupdwlyh rqh

zd| ru wkh rwkhu1

61 Whvw wkh qxoo k|srwkhvlv= Kf� = ñâ� @3 m ñâ2 @ ñâô @3 zlwk dq I0whvw +I�,1 Iroorzlqj

Whuçvyluwd/ idlolqj wr uhmhfw Kf� diwhu uhmhfwlqj Kf2 srlqwv wr d HVWU prgho1 Rq wkh

rwkhu kdqg/ uhmhfwlqj Kf� diwhu idlolqj wr uhmhfw Kf2 vxssruwv wkh fkrlfh ri OVWU1

71 Qrwh zklfk k|srwkhvhv duh uhmhfwhg dqg frpsduh wkh uhodwlyh vwuhqjwkv ri wkh uhmhfwlrqv1

Li wkh prgho lv OVWU/ w|slfdoo| Kf� dqg Kfô duh uhmhfwhg pruh vwurqjo| wkdq Kf2=

Wkhuhiruh/ li wkh s0ydoxh ri I2 lv wkh vpdoohvw ri I�> I2> Iô vhohfw wkh HVWU vshfl?fdwlrq/

rwkhuzlvh/ vhohfw OVWU1

Wr glvfxvv wkh sureohpv dqg slwidoov zlwk WS zh uhsurgxfh htxdwlrq 47 iru d OVWU dqg

dq HVWU lq whupv ri wkh Wd|oru h{sdqvlrq wr wkh wudqvlwlrq ixqfwlrq/ qdpho|=

|| @ äf . häâh{| . #â�{| +}|3_ ý f, . #âô{| +}|3_ ý f,ô . yô| +49,

iru wkh orjlvwlf VWU wklug rughu h{sdqvlrq/ dqg=

|| @ äf . häâh{| . #â2{| +}|3_ ý f,2 . #âe{| +}|3_ ý f,e . ye| +4:,

iru wkh vhfrqg rughu h{sdqvlrq ri wkh h{srqhqwldo VWU1 Wkh sdudphwhuv #âæ duh qrw gluhfwo|

lghqwl?deoh exw pdnh wkh glvfxvvlrq hdvlhu wr iroorz1

Frqvlghu wkh iroorzlqj sureohpv zlwk WS1 Iluvw= Zkhqhyhu f 9@ 3> h{sdqvlrq ri wkh whup

#âe{| +}|3_ ý f,e zloo |lhog qrq0}hur h{|}ô|3_ whupv lq wkh dx{loldu| uhjuhvvlrq 43 zkhq wkh prgho
lv HVWU1 Wklv lv sduwlfxoduo| sureohpdwlf li äf dqg ëf duh dovr qrq0}hur1 Dgglwlrqdoo|/ zkhq
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wkh yduldqfh ri wkh huuru whup lv 3odujh4 +fdxvlqj wkh gdwd wr eh glvwulexwhg dv|pphwulfdoo|

durxqg f dv zh vkrzhg lq ?jxuh 514/ fdvh +5,,/ idovh ghwhfwlrq ri d OVWU prgho zloo ehfrph

pruh iuhtxhqw1

Wkh vhfrqg vrxufh ri sureohpv lv lqwulqvlf wr wkh ghvljq ri wkh uxoh= Wkh wkuhh I0whvwv

vxjjhvwhg lq WS duh qhvwhg1 Wklv ihdwxuh ehfrphv wurxeohvrph djdlq zkhq f 9@ 3= Iru

h{dpsoh/ li wkh wuxh prgho lv OVWU/ h{sdqvlrq ri wkh whup #âô{| +}|3_ ý f,ô |lhogv qrq0}hur

h{|}2|3_ whupv lq wkh dx{loldu| uhjuhvvlrq 431 Lq dgglwlrq/ e| frqglwlrqlqj rq ñâô @3 lq Kf2>

wkh whupv h{|}2|3_/ luuhvshfwlyh ri zkhwkhu f 9@ 3/ ru qrw/ duh ohiw wr dssur{lpdwh wkh wudqvlwlrq
ixqfwlrq 9 dq dssur{lpdwlrq wkdw wkh fxelf whupv suhvxpdeo| zhuh vxffhvvixoo| fdswxulqj1

Lw lv wkhuhiruh xqfohdu zkhwkhu Iô ru I2 zloo kdyh wkh vpdoohvw s0ydoxh1

715 D Qhz Vhohfwlrq Surfhgxuh

Frqvlghu wkh iroorzlqj h{dpsoh1 Vxssrvh wkdw f @ 31 Lw lv fohdu wkdw +edvhg rq htxdwlrq 49,

li wkh prgho lv OVWU/ wkh whupv h{|}æ|3_ iru m @ 5> 7> 9> === duh h{dfwo| }hur +l1h1 ñâ2 @ ñ
â
e @3 lq

htxdwlrq 47,1 Frqyhuvho|/ li wkh prgho lv HVWU/ edvhg rq htxdwlrq 4:/ wkh whupv h{|}æ|3_ iru
m @ 4> 6> 8> === duh h{dfwo| }hur +l1h1 ñâ� @ ñ

â
ô @3 lq htxdwlrq 47,1 Wklv vxjjhvwv wkh iroorzlqj

vhohfwlrq surfhgxuh +zklfk zh zloo fdoo HMS iru vkruw, edvhg rq QO7/ frqglwlrqdo rq sulru

uhmhfwlrq ri olqhdulw|=

41 Whvw wkh qxoo Kf. = ñâ2 @ ñ
â
e @3 zlwk dq I0whvw +I.,1

51 Whvw wkh qxoo Kfu = ñâ� @ ñ
â
ô @3 zlwk dq I0whvw +Iu,1

61 Frpsduh wkh uhodwlyh vwuhqjwk ri wkh uhmhfwlrq ri hdfk k|srwkhvlv1 Li wkh plqlpxp s0

ydoxh fruuhvsrqgv wr Iu vhohfw OVWU/ rwkhuzlvh/ li lw fruuhvsrqgv wr I. / vhohfw HVWU1
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Qrwh wkdw zkhq f 9@ 3/ wkh whvw lv vwloo h>hfwlyh vlqfh zh uho| rq whvwlqj wkh mrlqw vljql?fdqfh

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

zlwkrxw frqglwlrqlqj11 Lq dgglwlrq/ HMS surylghv lqirupdwlrq uhjduglqj qrq0}hur wkuhvkrogv/

f1 Olqhdu dqg fxelf whupv duh h{dfwo| }hur zkhq f @ 3 dqg wkh prgho lv HVWU1 Txdgudwlf dqg

irxuwk rughu whupv duh h{dfwo| }hur zkhq f @ 3 dqg wkh prgho lv OVWU1 Wkhuhiruh/ uhmhfwlqj

Kfu dqg idlolqj wr uhmhfw Kf. vxjjhvwv d OVWU prgho zlwk f @ 3= Frqyhuvho|/ uhmhfwlqj Kf.

dqg idlolqj wr uhmhfw Kfu vxjjhvwv d HVWU zlwk f @ 3= Wklv ihdwxuh surylghv xvhixo vwduwlqj

ydoxhv lq wkh hvwlpdwlrq vwdjh ri wkh prgho1

8 Prqwh Fduor Hylghqfh

Wklv vhfwlrq h{dplqhv krz dffxudwh lv HMS zlwk uhvshfw wr WS +dqg d jhqhudol}dwlrq ri

WS iru frpsohwhqhvv, lq fkrrvlqj wkh fruuhfw VWU vshfl?fdwlrq +orjlvwlf ru h{srqhqwldo,1 Lq

dgglwlrq/ zh dqdo|}h wkh srzhu surshuwlhv ri QO6 yhuvxv QO71 Wkh prghov wkdw zh vlpxodwh

khuh duh qrw sursrvhg e| xv exw udwkhu edvhg rq suhylrxv h{shulphqwv lq wkh olwhudwxuh/ lq

sduwlfxodu= Oxxnnrqhq hw do1 +4<;;d/e,> Vdlnnrqhq dqg Oxxnnrqhq +4<;;,> dqg Whuçvyluwd

+4<<7,1 Wkh vshfl?fv dqg whfkqlfdo ghwdlov ri wkh h{shulphqwv duh vsduhg wr wkh Dsshqgl{1

Khuh zh jlyh d jhqhudo ryhuylhz dqg frqfhqwudwh rq wkh uhvxowv1

Wkh ?uvw 433 revhuydwlrqv ri hdfk ri wkh vhulhv vlpxodwhg duh glvuhjdughg wr dyrlg lql0

wldol}dwlrq sureohpv1 Hdfk h{shulphqw lv uhsolfdwhg 4/333 wlphv1 Vrph vshfl?fdwlrqv doorz

iru ydoxhv ri wkh yduldqfh ri wkh uhvlgxdov wkdw frpsohphqw wkrvh ruljlqdoo| sursrvhg lq wkh

olwhudwxuh1 Zkhqhyhu wkh vshfl?fdwlrq sursrvhg lq wkh olwhudwxuh zdv uhvwulfwhg wr rqh w|sh

ri prgho +vd| dq HVWU iru h{dpsoh,/ zh frqvwuxfwhg lwv frxqwhusduw +lq wkh h{dpsoh/ d
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OVWU, zlwk wkh vdph fkrlfh ri sdudphwhuv14: Wkh qh{w vhfwlrq h{dplqhv wkh dffxudf| ri

wkh vhohfwlrq surfhgxuhv zkloh Vhfwlrq 815 h{dplqhv wkh srzhu surshuwlhv ri wkh qrqolqhdulw|

whvwv1

814 Dffxudf| ri wkh HM Vhohfwlrq Surfhgxuh

Wklv vhfwlrq zloo frpsduh wkh shuirupdqfh ri HMS yhuvxv WS1 Lq dgglwlrq dqg iru wkh vdnh

ri frpsohwhqhvv/ zh jhqhudol}h WS wr dffrxqw iru wkh idfw wkdw HMS lv edvhg rq htxdwlrq 47

dqg wkhuhiruh xvhv lqirupdwlrq qrw dydlodeoh wr WS1 Wkh jhqhudol}hg yhuvlrq ri WS zloo eh

ghqrplqdwhg JWS iru vkruw dqg lv ghvfulehg dv iroorzv1 Frqglwlrqdo rq uhmhfwlqj olqhdulw|/

xvh wkh iroorzlqj vhtxhqfh ri qhvwhg whvwv=

41 Whvw wkh qxoo k|srwkhvlv KC
fe = ñ

â
e @3 zlwk dq I0whvw

í
ICe

ì
=

51 Whvw wkh qxoo k|srwkhvlv KC
fô = ñ

â
ô @3 m ñâe @3 zlwk dq I0whvw

í
ICô

ì
=

61 Whvw wkh qxoo k|srwkhvlv KC
f2 = ñ

â
2 @3 m ñâô @ ñâe @3 zlwk dq I0whvw

í
IC2

ì
=

71 Whvw wkh qxoo k|srwkhvlv KC
f� = ñ

â
� @3 m ñâ2 @ ñâô @ ñâe @3 zlwk dq I0whvw

í
IC�

ì
=

81 Li wkh plqlpxp s0ydoxh iurp wkhvh vhtxhqfh ri whvwv fruuhvsrqgv wr hlwkhu ICe ru IC2

vhohfw HVWU1 Rwkhuzlvh/ li lw fruuhvsrqgv wr hlwkhu ICô ru IC� vhohfw OVWU1

Wkh vlpxodwlrqv duh grqh e| xvlqj wkh jhqhudo jxlgholqhv lqwurgxfhg lq wkh suhylrxv

vhfwlrq dqg dydlodeoh lq wkh Dsshqgl{1 Zh xvhg QO7 dv rxu whvw ri qrqolqhdulw| +zh dovr xvhg

QO6 exw rewdlqhg vlplodu uhvxowv,1 Frqglwlrqdo rq uhmhfwlqj olqhdulw|/ zh wkhq dssolhg hdfk

ri HMS/ WS dqg JWS1 Ixuwkhupruh/ frqglwlrqdo rq kdylqj irxqg wkh fruuhfw prgho/ zh wkhq

4: Krzhyhu/ vrph ri wkh ydoxhv ri ò kdg wr eh uhvfdohg wr rewdlq vhqvleoh prghov1
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orrnhg dw wkh dffxudf| ri ehlqj deoh wr ghwhuplqh zkhwkhu wkh wkuhvkrog lv }hur1 Wkh uhvxowv

ri wkhvh h{huflvhv duh uhsruwhg lq Wdeohv 81414 0 814181 Lq doo/ zh whvwhg wkuhh OVWU prghov

dqg wkuhh HVWU prghov iru gl>huhqw vshfl?fdwlrqv1

Wkh uhvxowv ri wkh h{shulphqwv lqglfdwh wkdw HMS lv pxfk pruh dffxudwh wkdw hlwkhu WS

ru JWS1 HMS*v vxffhvv udwh dozd|v lqfuhdvhv dv wkh vdpsoh vl}h lqfuhdvhv +d kljko| ghvludeoh

3frqvlvwhqf|4 ihdwxuh 9 wkh uhvxow ri wkh sduwlfxodu ghvljq ri wkh surfhgxuh,1 Lq frqwudvw/

erwk WS dqg JWS odfn wklv ihdwxuh lq vrph fdvhv1 Iru h{dpsoh/ frqvlghu ç @ 4 lq Wdeoh

81417 1 WS*v fruuhfw vhohfwlrq iuhtxhqf| gursv iurp 451<( wr <18( dqg wr 61<( dv wkh vdpsoh

vl}h lqfuhdvhv iurp 83 wr 433 dqg wr 533 revhuydwlrqv uhvshfwlyho|1 Frpsduh wkhvh qxpehuv

wr HMS*v vhohfwlrq iuhtxhqf| iru wkh vdph fdvh= 9517(/ :317( dqg :;18(1

Whuçvyluwd +4<<7, uhfrjql}hg wkdw WS zrunv zhoo zkhq wkh OVWU dqg HVWU vshfl?fd0

wlrqv duh qrw forvh vxevwlwxwhv1 Krzhyhu/ WS lv ohvv h>hfwlyh zkhq wkh wzr prghov duh forvh

vxevwlwxwhv dqg wkh prgho lv HVWU1 Lw lv uhpdundeoh wkdw wkh prvw lpsuhvvlyh jdlqv ri xvlqj

wkh dowhuqdwlyh HMS rffxu suhflvho| lq wklv vlwxdwlrq1 Wkh uhvxowv duh idluo| frqfoxvlyh= HMS

rxwshuirupv WS +dqg JWS,> lw lv vlpsohu wr frqvwuxfw +lw uhtxluhv wzr vlpsoh I0whvwv dqg d

vwudljkw iruzdug fkrlfh,> dqg lv 3frqvlvwhqw4 lq wkh vhqvh phqwlrqhg deryh1

815 Srzhu Surshuwlhv ri wkh QO7 Whvw

Wkh nh| txhvwlrq zh h{dplqh khuh lv zkhwkhu wkh jdlqv lq srzhu iurp dgglqj wkh whupv h{|}e|3_
lq QO7 rxwzhljk wkh orvvhv iurp lqfoxglqj s h{wud uhjuhvvruv lq wkh dx{loldu| uhjuhvvlrq 471

Lw lv fohdu wkdw li wkh GJS lv d OVWU prgho/ zh zloo orrvh srzhu ehfdxvh zh duh lqfoxglqj

uhgxqgdqw uhjuhvvruv1 Li wkh prgho lv HVWU zh vkrxog h{shfw wr shuirup zhoo zkhqhyhu

f @ 3 dqg wkh gdwd lv v|pphwulfdoo| glvwulexwhg ehwzhhq wkh xsshu dqg orzhu uhjlphv +uhfdoo
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Iljxuh 514/ fdvh +4,,= Li f 9@ 3/ wkh ehqh?wv ri lqfoxglqj h{wud uhjuhvvruv zloo ghshqg rq hdfk

sduwlfxodu fdvh1 Wdeohv 81514 0 81516 uhsruw wklv Prqwh Fduor h{huflvh1

Wkh vlpxodwlrqv lqglfdwh wkdw zlwk odujh vdpsoh vl}hv +W è 633, wkhuh lv olwwoh wr qr orvv

ru jdlq lq xvlqj QO7 udwkhu wkdq QO61 Erwk whvwv ghwhfw qrqolqhdulw| dssursuldwho| zlwk wkh

srzhu dssurdfklqj 4 lq prvw fdvhv1 Krzhyhu/ iru vpdoohu vdpsoh vl}hv/ QO7 shuirupv ehwwhu/

sduwlfxoduo| zkhq wkh yduldqfh lv 3odujh4 dqg2ru f dqg ëf duh qrq0}hur +dv|pphwulf fdvhv wr

wkrvh phqwlrqhg lq Vhfwlrq 5/ Iljxuh 514,1 Rq wkh rwkhu kdqg/ wkhuh duh qr vljql?fdqw orvvhv

ri srzhu zkhq wkh wuxh prgho lv OVWU1 Rqh vkrxog ylhz wkhvh uhvxowv zlwk fdxwlrq1 Zkloh

QO7 lv deoh wr fdswxuh vrph qrqolqhdulwlhv wkdw duh kdug wr fdswxuh zlwk QO6/ lw lqyroyhv s

dgglwlrqdo uhjuhvvruv frpsduhg wr QO61 Zkhq wkh odj ohqjwk ri wkh prgho/ s/ lv orqj dqg

wkh vdpsoh vl}h vpdoo/ sduvlprq| ehfrphv dq lvvxh uhjduglqj wkh srzhu ri wkhvh whvwv1 D

sduvlprqlrxv dowhuqdwlyh lq wkhvh fdvhv lv wkh whvw QO7D wkdw zh lqwurgxfhg lq Vhfwlrq 6141

9 Xqhpsor|phqw G|qdplfv lq wkh X1V1

Wklv vhfwlrq zloo dsso| wkh whfkqltxhv ghyhorshg deryh rq dq hpslulfdo vwxg| ri wkh g|qdplfv

ri X1V1 Xqhpsor|phqw 9 wkh dlp lv wr looxvwudwh krz wkh suhylrxv whvwv zrun lq sudfwlfh

udwkhu wkdq surgxflqj d ghwdlohg dqdo|vlv ri X1V1 Xqhpsor|phqw1 Wkh h{lvwhqfh ri dv|pph0

wulhv lq wkh xqhpsor|phqw udwh kdv ehhq d ghedwhg wrslf lq uhfhqw |hduv1 Qhiwêl +4<;7, xvhg

wkh wkhru| ri Pdunry fkdlqv dqg dssolhg lw wr wkh vhulhv ri wkh vljqv ri wkh ?uvw gl>huhqfhv

ri wkh xqhpsor|phqw vhulhv1 V|pphwu| lv wkxv gh?qhg dv d vlwxdwlrq lq zklfk qh{w shulrg*v

suredelolw| ri prylqj iurp d srvlwlyh wr d qhjdwlyh vljq lv htxdo wr wkh suredelolw| ri prylqj

iurp d qhjdwlyh wr d srvlwlyh vljq1 Vlfkho +4<;<,/ diwhu fruuhfwlqj vrph huuruv lq Qhiwêl +4<;7,/

irxqg qr hylghqfh ri dv|pphwu| xvlqj d vhfrqg rughu Pdunry fkdlq/ zkloh Urwkpdq +4<<4,/
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xvlqj d ?uvw rughu Pdunry fkdlq frqfoxghg wkdw wkh xqhpsor|phqw vhulhv zdv lqghhg dv|p0

phwulf1 Gh Orqj dqg Vxpphuv +4<;9, gh?qh dv|pphwu| dv qrq0}hur vnhzqhvv lq d ghwuhqghg

vhulhv dqg irxqg xqhpsor|phqw wr eh dv|pphwulf1

Wkh lvvxh ri dv|pphwu| lv fuxfldo lq erwk wkhruhwlfdo dqg hpslulfdo vwxglhv ri xqhpsor|0

phqw ehkdylru1 Wkhruhwlfdo h{sodqdwlrqv iru zk| xqhpsor|phqw pljkw eh dv|pphwulf ydu|

zlgho|1 Qrq0frpshwlwlyh wkhrulhv fdq jhqhudwh dv|pphwulhv dv d uhvxow ri qrplqdo dqg uhdo

uljlglwlhv1 Lq Od|dug hw do1 +4<<4,/ dv|pphwulhv duh jhqhudwhg e| lqvlghu0rxwvlghu phfkdqlvpv

lq zdjh0vhwwlqj1 Oderu wxuqryhu frvwv +d gl>huhqfh ehwzhhq klulqj dqg ?ulqj frvwv, pd| dovr

lqgxfh dv|pphwu| dv lq Exujhvv +4<;;,> Exujhvv dqg Grodgr +4<;<,dqg Sidqq dqg Sdop

+4<<6,1 Dffruglqj wr wkhvh wkhrulhv/ dgmxvwphqw frvwv ghshqg rq wkh vl}h ri xqhpsor|phqw/

oderu pdunhw ohjlvodwlrq dqg xqlrq srzhu1 Vhdufk0wkhruhwlf prghov fdq dovr suhglfw dv|p0

phwulhv wkurxjk d uhgxfwlrq ri vhdufk h>hfwlyhqhvv dqg orvv ri vnloo lqgxfhg e| orqj0whup

xqhpsor|phqw +vhh Slvvdulghv +4<<5,,1

Iroorzlqj wkh suhylrxv glvfxvvlrq/ lw lv qdwxudo wr whvw wkh xqhpsor|phqw vhulhv iru qrq0

olqhdulwlhv1 Ehiruh zh surfhhg/ lw lv xvhixo wr frqvlghu wkh udz gdwd dqg lwv surshuwlhv1 Iljxuh

914 ghslfwv prqwko|/ vhdvrqdoo| dgmxvwhg xqhpsor|phqw udwh iurp Mdqxdu| 4<7; wr Mxo| 4<<:1

Shukdsv wkh ?uvw frqfhuq wkdw dulvhv iurp revhuylqj wkh judsk lv zkhwkhu wkh vhulhv lv vwd0

wlrqdu| +uhfdoo wkdw wkh qrqolqhdulw| whvwv duh edvhg rq wkh dvvxpswlrq ri vwdwlrqdulw| dqg

hujrglflw|,1 Erwk wkh Glfnh|0Ixoohu whvw dqg wkh Skloolsv0Shuurq whvw fohduo| uhmhfwhg wkh k|0

srwkhvlv ri d xqlw urrw1 Wklv uhvxow frlqflghv zlwk suhylrxv vwxglhv lq wkh olwhudwxuh1 Krzhyhu/

wkh pdmrulw| ri wkhvh vwxglhv lqfrusrudwh d wlph wuhqg9 dq dssurdfk wkdw lv kdug wr mxvwli|

rq wkhruhwlfdo jurxqgv1
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Uhjduglqj wkh dv|pphwulf ehkdylru ri xqhpsor|phqw/ lw lv shukdsv ehvw wr ehjlq zlwk

d vlpsoh lqvshfwlrq ri wkh judsk ri wkh vhulhv dqg frpphqw lwv prvw qrwdeoh fkdudfwhulvwlfv1

Wzr ihdwxuhv duh prvw vwulnlqj= Iluvw/ uhfhvvlrqv duh fkdudfwhul}hg e| vkdus lqfuhdvhv ri

xqhpsor|phqw zlwklq d ihz prqwkv1 Diwhu uhdfklqj lwv shdn/ xqhpsor|phqw gursv txlfno|

dw ?uvw exw wkhq lwv ghvfhqw wr wkh ruljlqdo ohyho ehfrphv surwudfwhg dqg vorz1 Vhfrqg/

uhodwhg wr wkh suhylrxv ihdwxuh/ wkh gxudwlrq ehwzhhq wurxjk wr shdn lv pxfk vkruwhu wkdq

wkh gxudwlrq iurp shdn wr wurxjk +qrwh wkdw zh duh uhihuulqj wr xqhpsor|phqw/ qrw wkh

exvlqhvv f|foh lwvhoi,1 Lw lv wkhuhiruh qdwxudo wr frqvlghu d wzr0vwdwh prgho vxfk dv wkh VWDU

wr dqdo|}h wklv vhulhv1

914 Qrqolqhdulw| dqg Prgho Vhohfwlrq

Wkh ?uvw vwhs lv wr frqvwuxfw wkh olqhdu prgho iurp zklfk wr exlog wkh qrqolqhdulw| whvwv

dqg iurp zklfk wr frpsduh wkh shuirupdqfh ri wkh qrqolqhdu dowhuqdwlyh1 Wkh xvxdo lqiru0

pdwlrq fulwhuld +Dndlnh*v dqg Vfkzduw}*v, vhohfw dq DU+9,1 Krzhyhu/ xsrq lqvshfwlrq ri wkh

dxwrfruuhorjudp ri wkh uhvlgxdov dqg wkh Omxqj0Er{ vwdwlvwlf/ wkhuh lv hylghqfh ri ohiw0ryhu

dxwrfruuhodwlrq fruuhvsrqglqj wr vhdvrqdo odjv 45/ 46/ 57 dqg 58 +ghvslwh wkh idfw wkdw zh

xvhg vhdvrqdoo| dgmxvwhg gdwd,1 Uhfdoo wkdw rplwwlqj whupv lq wkh vshfl?fdwlrq ri wkh olqhdu

prgho frxog ohdg wr idovh uhmhfwlrqv ri olqhdulw|1 Wkhuhiruh/ wkh olqhdu prgho lv h{sdqghg wr

lqfoxgh wkhvh odjv dv zhoo1

Edvhg rq wklv prgho/ zh wkhq shuirup wkh whvwv iru qrqolqhdulw| wkdw kdyh ehhq suhvhqwhg

lq wkh suhylrxv vhfwlrqv/ qdpho|= QO6/ QO7 dqg wkhlu dxjphqwhg yhuvlrqv/ QO6D dqg QO7D1

Wdeoh 91414 uhsruwv wkh uhvxowv ri wkhvh whvwv dv zhoo dv wkh fkrlfh ri ghod| sdudphwhu/ g/ dqg

prgho vhohfwlrq zlwk HMS dqg WS1 Doo irxu qrqolqhdulw| whvwv +QO6/ QO7/ QO6D dqg QO7D,
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fohduo| ghwhfwhg qrqolqhdulw| iru g @ 9= Zlwk uhvshfw wr prgho fkrlfh/ HMS fohduo| vhohfwhg

HVWDU zlwk d qrq0}hur wkuhvkrog zkloh WS xqhtxlyrfdoo| vhohfwhg wkh OVWDU vshfl?fdwlrq1

915 Hvwlpdwlrq dqg Hydoxdwlrq

Iroorzlqj wkh uhvxowv ri wkh suhylrxv vhfwlrq/ zh surfhhghg wr exlog dqg hvwlpdwh HVWDU dqg

OVWDU vshfl?fdwlrqv wr frpsduh wkhlu shuirupdqfh1 Iroorzlqj Whuçvyluwd +4<<7,/ hvwlpdwlrq

lv shuiruphg e| qrqolqhdu ohdvw vtxduhv1 Xqghu fhuwdlq frqglwlrqv/ lqfoxglqj vwdwlrqdulw| dqg

hujrglflw| ri wkh vhulhv/ wkh hvwlpdwruv ri wkh sdudphwhuv duh frqvlvwhqw dqg dv|pswrwlfdoo|

qrupdo14; Wkh OVWDU dowhuqdwlyh surgxfhg prghov wkdw zhuh hlwkhu qrw vxshulru wr wkh

olqhdu dowhuqdwlyh ru glg qrw frqyhujh1 Dv d uhvxow zh gr qrw uhsruw hvwlpdwlrq uhvxowv1 Wkh

HVWDU dowhuqdwlyh glg surgxfh prghov wkdw kdg ehwwhu ?w wkdq wkh olqhdu prgho1 Wkh uhvxowv

ri wkh suhihuuhg prgho duh uhsruwhg lq Wdeoh 915141

Dq lpsruwdqw uhvxow lv zruwk qrwlqj1 Wkh udwlr ri wkh uhvlgxdo yduldqfh ri wkh qrqolqhdu

prgho wr wkdw ri wkh olqhdu prgho zdv 31<:/ fohduo| deryh wkh 31<3 ohyho sursrvhg e| Judqjhu

dqg Dqghuvhq +4<:;, dv d jxlgholqh wr dyrlg vsxulrxv uhvxowv1 Wklv lqglfdwhv wkdw zkloh

wkh HVWDU prgho kdv d ehwwhu ?w wkdq lwv olqhdu frxqwhusduw/ wkh lpsuryhphqw lv qrw yhu|

vljql?fdqw dqg wkhuhiruh fdxwlrq vkrxog eh h{huflvhg lq qrw sxwwlqj wrr pxfk zhljkw rq wklv

vshfl?fdwlrq1 Jlyhq wklv fdyhdw/ wkhuh lv shukdsv vwloo vrph lqwhuhvwlqj lqirupdwlrq wkdw fdq

eh h{wudfwhg iurp wkh prgho1

Iljxuh 91515 sorwv wkh wudqvlwlrq ixqfwlrq yhuvxv wkh gdwd dv zh glg lq Vhfwlrq 51 Wklv

h{srqhqwldo ixqfwlrq vkrzv wkdw wkh wudqvlwlrq ehwzhhq uhjlphv lv yhu| vprrwk 9 shukdsv

lqglfdwlqj zk| QO7 dfklhyhg wkh orzhvw s0ydoxh ri doo qrqolqhdulw| whvwv dqg zk| WS pljkw

4; Vhh Wrqj +4<<3, Fkdswhu 81
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kdyh vhohfwhg wkh OVWDU1 Iljxuh 91516 sorwv wkh lpsxovh uhvsrqvh ixqfwlrqv iru hdfk ri wkh

olqhdu uhjlphv lq wkh HVWDU prgho1 Iru erwk uhjlphv/ wkh lpsxovh uhvsrqvh ixqfwlrqv uh0

yhdo yhu| vwurqj shuvlvwhqfh1 Wkh xsshu uhjlph h{klelwv d vlqxvrlgdo ghfd|/ fkdudfwhulvwlf

ri sro|qrpldov zlwk frpsoh{ urrwv/ zlwk d shulrg ri dssur{lpdwho| 73 prqwkv1 Wkh orzhu

uhjlph lv idu pruh shuvlvwhqw +d 4( lqfuhdvh wdnhv ryhu 53 |hduv wr glh rxw,1 Frpsohphqwlqj

wkhvh sorwv/ Iljxuh 91517 vkrzv wkh judsk ri wkh xqhpsor|phqw udwh dqg wkh ydoxhv ri wkh

wudqvlwlrq ixqfwlrq dw hdfk srlqw1 Dq lpsruwdqw dvshfw vkrzq e| wklv judsk lv wkh iroorzlqj=

Sulru wr dssur{lpdwho| 4<:8/ uhfhvvlrqv ru lq rwkhu zrugv/ shulrgv ri kljk xqhpsor|phqw/

duh dvvrfldwhg zlwk shulrgv lq zklfk wkh orzhu uhjlph grplqdwhv zkloh shulrgv ri orz xqhp0

sor|phqw duh dvvrfldwhg wr wkh xsshu uhjlph1 Vwduwlqj durxqg 4<:8 wkhvh g|qdplfv uhyhuvh

wkhpvhoyhv1 Lq idfw d Fkrz whvw iru d euhdn srlqw lq 4<:8 shuiruphg rq wkh uhvlgxdov ri wkh

HVWDU prgho uhmhfwv wkh qxoo k|srwkhvlv ri qr0euhdn14<

Krz vxffhvvixo lv wkh HVWDU prgho lq slfnlqj xs dv|pphwulhvB Dvlgh iurp wkh gl>huhqfh

lq g|qdplf ehkdylru h{sodlqhg deryh/ wkhuh vhhpv wr eh dpsoh vfrsh wr lpsuryh wkh prghoolqj

vwdjh1 Wkh uhvlgxdov h{klelw DUFK/ wkh Mdutxh0Ehud whvw uhmhfwv wkh qxoo ri qrupdolw| dqg

wkhuh lv ohiw0ryhu vnhzqhvv lq wkh gdwd +dv|pphwu| gh?qhg lq wkh vhqvh ri Gh Orqj dqg

Vxpphuv +4<;9,,1 Wklv vxjjhvwv wkdw wkh HVWDU prgho/ zkloh lw surylghg vrph xvhixo

lqvljkwv/ zdv qrw d jrrg prgho lq lwvhoi1 Iru rxu sxusrvhv krzhyhu/ zh glg ohduq d ihz wklqjv1

Wkh HVWDU prgho zdv fohduo| pruh khosixo wkdq lwv OVWDU dowhuqdwlyh wr ghvfuleh vrph

ri wkh ihdwxuhv ri wkh gdwd1 Wkh qrqolqhdulw| whvwv wkdw zh vxjjhvwhg kdg orzhu s0ydoxhv

wkdq wkrvh dydlodeoh lq wkh olwhudwxuh dqg rxu vhohfwlrq uxoh glg vxjjhvw xvlqj wkh prvw xvhixo

4< Wklv pljkw frqvwlwxwh dqrwkhu uhdvrq iru zk| wkh OVWDU prgho zdv d srru dowhuqdwlyh wr wkh HVWDU1
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vshfl?fdwlrq zlwklq wkh VWU idplo| 9 wkh h{srqhqwldo VWU/ xqolnh wkh uxoh sursrvhg e|

Whuçvyluwd +4<<7,1

: Frqfoxvlrq

Wklv sdshu surylghv d ydulhw| ri xvhixo vxjjhvwlrqv dqg whvwlqj vwudwhjlhv iru wkh hpslulfdo

dqdo|vlv zlwk VWU prghov1 Rxu dqdo|vlv lv edvhg rq wkh surshuwlhv ri Wd|oru dssur{lpdwlrqv

wr wkh wudqvlwlrq ixqfwlrq dqg wkh frqvwuxfwlrq ri gl>huhqw OP whvwv edvhg rq dx{loldu|

uhjuhvvlrqv wkdw xvh wkhvh dssur{lpdwlrqv1 Wkh prvw vljql?fdqw uhvxow lv wkh lqwurgxfwlrq

ri d qhz vshfl?fdwlrq vwudwhj| wr fkrrvh ehwzhhq h{srqhqwldo dqg orjlvwlf VWU prghov=

HMS1 Prqwh Fduor hylghqfh vkrzhg wkdw wklv surfhgxuh r>huv pxfk kljkhu fruuhfw vhohfwlrq

iuhtxhqflhv/ lw lv frqvlvwhqw xqolnh lwv suhghfhvvru/ WS/ dqg lw lv vwudljkw iruzdug wr dsso|1

Dqrwkhu lpsruwdqw uhvxow zdv wkh uhdol}dwlrq wkdw qrqolqhdulw| whvwlqj fdq eh lpsuryhg1 E|

dxjphqwlqj wkh h{lvwlqj whvwv zlwk irxuwk rughu whupv/ zh duh deoh wr dssur{lpdwh vdolhqw

ihdwxuhv ri wkh h{srqhqwldo ixqfwlrq wkdw lqfuhdvh wkh srzhu ri wkh whvw1 Zkloh wklv uhvxow lv

qrw jhqhudo 8 wkhuh lv qrw dq htxlydohqw jdlq zkhq wkh dowhuqdwlyh lv d OVWU 8 Prqwh Fduor

hylghqfh vxjjhvwv wkdw wkh jdlqv lq srzhu duh vljql?fdqw1 Pruhryhu/ lw frqvwlwxwhv wkh qdwxudo

whvw lq ylhz ri rxu vhohfwlrq surfhgxuh1

Xqghuvwdqglqj wkh qdwxuh ri wkh Wd|oru dssur{lpdwlrqv dqg wkh whvwlqj vwudwhjlhv lv xvh0

ixo wr dgdsw wkh whvwlqj surfhgxuhv wr wkh hpslulfdo sudfwlfh ri hdfk sduwlfxodu fdvh1 Iru

h{dpsoh/ zh vkrzhg wkdw lq vlwxdwlrqv zkhuh sduvlprq| lv dw vwdnh/ rqh fdq frqvwuxfw vlpsol0

?hg yhuvlrqv ri wkh whvw 8 qdpho|/ QO7D1 Dgglwlrqdoo|/ li rqh kdg wudqvlwlrq ixqfwlrqv rwkhu

wkdq wkh h{srqhqwldo dqg wkh orjlvwlf lq plqg/ vshfl?f surfhgxuhv fdq eh uhdglo| frqvwuxfwhg

iurp wkh ghulydwlrqv lq wkh sdshu1 Ilqdoo|/ wkh sdshu h{sdqgv vshfl?fdwlrq dqg whvwlqj wr
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wkh VWU idplo|1 H{whqvlrqv wr pxowlyduldwh dqdo|vlv duh vwudljkw iruzdug jhqhudol}dwlrqv wr

wkh htxdwlrqv sursrvhg h{fhsw iru d ihz reylrxv ghwdlov1
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; Dsshqgl{

;14 Ghulydwlrqv ri QO6 dqg QO7
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;15 Ghvfulswlrq ri wkh H{shulphqwv

Wkh vhulhv lq wklv vwxg| zhuh jhqhudwhg dffruglqj wr hdfk ri wkh prghov1 Wkh ?uvw 433

revhuydwlrqv iurp hdfk ri wkh vhulhv zhuh glvuhjdughg1 Hdfk h{shulphqw zdv uhsolfdwhg 4/333

wlphv1 Wkh "2 yhuvlrq ri wkh whvw zdv xvhg iru wkh vlpxodwlrqv wr ghwhuplqh wkh hpslulfdo

srzhu ri wkh QO6 dqg wkh QO7 whvwv1 H{shulphqwv duh qrw vl}h0fruuhfwhg1 Vl}h0fruuhfwlrq

vkrzhg wkdw wkh hpslulfdo ydoxhv zhuh forvh wr wkh dv|pswrwlf ydoxhv1 Wkh vlpxodwlrqv ri

wkh ghflvlrq uxohv zhuh frqglwlrqhg rq sulru uhmhfwlrq ri olqhdulw| zlwk QO7 lq lwv I 0yhuvlrq1

Vlplodu uhvxowv zhuh rewdlqhg e| frqglwlrqlqj rq QO61 Wkh prghov xvhg dqg wkh ghwdlov ri

hdfk vlpxodwlrq duh ghvfulehg lq Wdeohv 81414 0 814181 Wdeohv 81514 0 81516 duh edvhg rq wkh

vdph prghov dqg wkhlu vshfl?fv duh wkhuhiruh qrw uhshdwhg1
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Uhihuhqfhv

Exujhvv/ V1 P1 +4<;;,/ 4Hpsor|phqw Dgmxvwphqw lq X1N1 Pdqxidfwxulqj/4 Hfrqrplf
Mrxuqdo/ <;/ ;404361

Exujhvv/ V1 P1 dqg M1M1 Grodgr/ +4<;<,/ 4Lqwhuwhpsrudo Uxohv zlwk Yduldeoh Vshhg ri
Dgmxvwphqw= Dq Dssolfdwlrq wr X1N1 Pdqxidfwxulqj Hpsor|phqw/4 Hfrqrplf Mrxuqdo/
<</ 67:06981

Fkdq/ N1 V1 dqg K1 Wrqj/ +4<;9,/ 4Rq Hvwlpdwlqj Wkuhvkrogv lq Dxwruhjuhvvlyh Prg0
hov/4 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ :/ 4:<04<31

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

Gh Orqj/ M1 E1 dqg O1 K1 Vxpphuv/ +4<;9,/ 4Duh Exvlqhvv F|fohv Dv|pphwulfdoB4/
lq U1M1 Jrugrq +hg1,/ Wkh Dphulfdq Exvlqhvv F|foh= Frqwlqxlw| dqg Fkdqjh1 QEHU
Vwxglhv lq Exvlqhvv F|fohv/ Yro1 58/ Xqlyhuvlw| ri Fklfdjr Suhvv= Fklfdjr1

Hvfuledqr/ D1 dqg R1 Mrugä/ +4<<:,/ 4Whvwlqj Qrqolqhdulw|= Ghflvlrq Uxohv iru Vhohfwlqj
ehwzhhq Orjlvlwf dqg H{srqhqwldo VWDU Prghov/4 zrunlqj sdshu/ Xqlyhuvlgdg Fduorv
LLL gh Pdgulg1

Judqjhu/ F1 Z1 M1 dqg D1 S1 Dqghuvhq/ +4<:;,/ Dq Lqwurgxfwlrq wr Elolqhdu Wlph Vhulhv
Prghov1 Jùwwlqjhq= Ydqghqkrhfn dqg Uxsuhfkw1

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

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

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

Od|dug/ U1/ V1 Qlfnhoo dqg U1 Mdfnpdq/ +4<<4,= Xqhpsor|phqw= Pdfurhfrqrplf Shu0
irupdqfh dqg wkh Oderxu Pdunhw1 R{irug Xqlyhuvlw| Suhvv= R{irug1

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

Oxxnnrqhq/ U1/ S1 Vdlnnrqhq dqg W1 Whuçvyluwd/ +4<;;e,/ 4Whvwlqj Olqhdulw| lq Xql0
yduldwh Wlph Vhulhv Prghov/4 Vfdqglqdyldq Mrxuqdo ri Vwdwlvwlfv/ 48/ 49404:81

Qhiwêl/ V1 Q1/ +4<;7,/ 4Duh Hfrqrplf Wlph Vhulhv Dv|pphwulf ryhu wkh Exvlqhvv F|0
fohB4/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <5/ 63:065;1

Shvdudq/ P1 K1 dqg V1 P1 Srwwhu/ +4<<:,/ 4D Iorru dqg Fhlolqj Prgho ri X1 V1 Rxwsxw/4
Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ iruwkfrplqj1
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Sidqq/ J1 D1 dqg I1 F1 Sdop/ +4<<6,/ 4Dv|pphwulf Dgmxvwphqw Frvwv lq Qrq0Olqhdu
Oderxu Ghpdqg Prghov iru wkh Qhwkhuodqgv dqg X1N1 Pdqxidfwxulqj Vhfwruv/4 Uhylhz
ri Hfrqrplf Vwxglhv/ 93/ 6<:07451

Slvvdulghv/ F1/ +4<<5,/ 4 Orvv ri Vnloo gxulqj Xqhpsor|phqw dqg wkh Shuvlvwhqfh ri
Hpsor|phqw Vkrfnv/4 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43:/ 46:4046<51

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

Vdlnnrqhq/ S1 dqg U1 Oxxnnrqhq/ +4<;;,/ 4Odjudqjh Pxowlsolhu Whvwv iru Whvwlqj Qrq0
olqhdulwlhv lq Wlph Vhulhv Prghov/4 Vfdqglqdyldq Mrxuqdo ri Vwdwlvwlfv/ 48/ 8809;1

Vlfkho/ G1 +4<<4,/ 4Exvlqhvv F|foh Dv|pphwu|= D Ghhshu Orrn/4 Zrunlqj Sdshu q1
<6/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ Hfrqrplf Dfwlylw| Vhfwlrq/
Zdvklqjwrq/ G1F1

Whuçvyluwd/ W1 dqg K1 P1 Dqghuvrq/ +4<<5,/ 4Fkdudfwhul}lqj Qrqolqhdulwlhv lq Exvlqhvv
F|fohv Xvlqj Vprrwk Wudqvlwlrq Dxwruhjuhvvlyh Prghov/4 Mrxuqdo ri Dssolhg Hfrqr0
phwulfv/ :/ V44<0V4691

Whuçvyluwd/ W1/ +4<<7,/ 4Vshfl?fdwlrq/ Hvwlpdwlrq dqg Hydoxdwlrq ri Vprrwk Wudqvlwlrq
Dxwruhjuhvvlyh Prghov/4 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ yro1 ;</ qr1
758/ 53;054;1

Whuçvyluwd/ W1/ G1 Wmûvwkhlp dqg F1 Z1 M1 Judqjhu/ +4<<7,/ 4Dvshfwv ri Prghoolqj Qrq0
olqhdu Wlph Vhulhv/4 lq U1 I1 Hqjoh dqg G1 PfIdgghq +hgv1, Kdqgerrn ri Hfrqrphwulfv
Yro1 7/ Dpvwhugdp= Hovhylhu1

Wrqj/ K1/ +4<<3,/ Qrq0Olqhdu Wlph0Vhulhv= D G|qdplfdo V|vwhp Dssurdfk1 Qhz \run=
Vsulqjhu0Yhuodj1

Wvd|/ U1/ +4<;9,/ 4Qrq0Olqhdulw| Whvw iru Wlph Vhulhv/4 Elrphwulnd/ :6/ 79407991

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

Zklwh/ K1/ +4<;7,/ Dv|pswrwlf Wkhru| iru Hfrqrphwulfldqv/ Orqgrq dqg Vdq Glhjr=
Dfdghplf Suhvv1
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7DEOH èïìïì ¤ 5HODWLYH FRUUHFW VHOHFWLRQ IUHTXHQFLHV

0RGHOã /67$5ñ )LJï ëñ SJï éäç ñ FDVHV õDô DQG õEô LQ /XXNNRQHQ HW DOï õìäååDôï
'*3ã
H a 1õíñ ëèôâ F  íâ G  ìâ J  íïè

6HOHFWLRQ 3URFHGXUHV

6DPSOH 6L]H TTì 73 *73 (-3 &  í 3RZHU 1/é

ðíïé íïèíí íïéíç íïèäé íïåçå íïíçé
í ð ð ð ð íïíêä

èí íïè íïæêç íïèäæ íïæêç íïåçå íïíæë
ìïí íïåèê íïææç íïåæì íïåêå íïìæí
ìïè íïäíé íïååä íïäêç íïæåæ íïéçæ
ðíïé íïéèä íïêææ íïåìì íïæäå íïìëë
í ð ð ð ð íïíéê

ìíí íïè íïåìì íïæëé íïæëé íïæäê íïìëæ
ìïí íïäèë íïäìç íïäêç íïåçæ íïéäå
ìïè íïäçê íïäçí íïäæå íïäìæ íïååê

7DEOH èïìïë ð 5HODWLYH FRUUHFW VHOHFWLRQ IUHTXHQFLHV

0RGHOã /67$5ñ )LJï ëñ SJï éäçñ FDVHV õFô DQG õGô LQ /XXNNRQHQ HW DOï õìäååDôï
'*3ã

H a 1õíñ ëèôâ F  íâ G  ìâ J  íïè

6HOHFWLRQ 3URFHGXUHV

6DPSOH 6L]H TTì 73 *73 (-3 &  í 3RZHU 1/é

ðìïé íïèçå íïèêæ íïäéæ íïæåæ íïêëë
ðìïí íïåæë íïæåå íïåæë íïæåè íïëíê

èí ðíïè íïåíë íïçêí íïçêí íïççæ íïíåì
í ð ð ð ð íïíéæ
íïè íïåéì íïæêè íïçäí íïæåë íïììê
ðìïé íïèäé íïèåè íïäæå íïåëê íïæéé
ðìïí íïäéì íïäìç íïäêè íïåèå íïéäì

ìíí ðíïè íïåäå íïåìé íïåìé íïåèé íïììå
í ð ð ð ð íïíêæ
íïè íïäìä íïåæì íïåçí íïæäì íïëæë

( )\ \ \ ) ]W W W W W− + =− −íè ì ì ìï õ ôθ ε
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êí

7DEOH èïìïê ¤ 5HODWLYH FRUUHFW VHOHFWLRQ IUHTXHQFLHV

0RGHOã éïì DQG éïç LQ 7HUlVYLUWD õìääéôï
'*3ã

G  ìâ XW a 1õíñ íïíéôâ J  ìíí õ/67$5ôñ ìííí õ(67$5ôï

/67$5 0RGHO

6HOHFWLRQ 3URFHGXUH
6DPSOH 6L]H F SSëí 73 *73 (-3 &  í 3RZHU 1/é

í í íïäæè íïäçè íïääæ íïäåé íïäèí
ìíí í íïíë íïäêë íïäíä íïäíæ íïäìê íïçêç

íïíë íïíé íïåèä íïåëæ íïèææ íïçìì íïìèç
í í ìïííí ìïííí ìïííí ìïííí ìïííí

êíí í íïíë íïääå íïääç íïäåè íïäæä íïääê
íïíë íïíé íïäèä íïäëè íïçæì íïçäì íïêåç

(67$5 0RGHO

6HOHFWLRQ 3URFHGXUH
6DPSOH 6L]H F SSëí 73 *73 (-3 &  í 3RZHU 1/é

í í íïååè íïäëë íïäæì íïäçê íïæëä
ìíí í íïíë íïçæê íïçäå íïçæí íïåçê íïåêå

íïíë íïíé íïéåå íïèçä íïêèí íïåìç íïçíç
í í íïäåê íïäåä ìïííí ìïííí íïäää

êíí í íïíë íïåæç íïååê íïåèí íïääè ìïííí
íïíë íïíé íïêêë íïêæå íïèçä íïäçì íïäåë



êì

7DEOH èïìïé ð 5HODWLYH FRUUHFW VHOHFWLRQ IUHTXHQFLHV

0RGHOã (67$5ï 7DEOH éñ SJï ìæë LQ /XXNNRQHQ HW DOï õìäååEôï
'*3ã
H a 1õíñ íïêçô

6HOHFWLRQ 3URFHGXUHV

6DPSOH 6L]H PP 73 *73 (-3 &  í 3RZHU 1/é

í íïçêë íïçäå íïæäë íïåêê íïìíç
èí íïê íïéæë íïèèë íïæêç íïæêä íïìëè

ì íïìëä íïëèë íïçëé íïéçç íïëìí
í íïåíè íïåêç íïåäå íïäíé íïëèç

ìíí íïê íïèëë íïçíä íïåêí íïæçå íïêìæ
ì íïíäè íïìéë íïæíé íïéíê íïéäê
í íïåää íïäìé íïäçê íïäêç íïçìç

ëíí íïê íïçèä íïçåç íïäëê íïæèê íïçäë
ì íïíêä íïíèê íïæçè íïèìí íïååì

7DEOH èïìïè ¤ 5HODWLYH FRUUHFW VHOHFWLRQ IUHTXHQFLHV

0RGHOã (67$5ñ 7DEOH éïêñ SJï çé LQ 6DLNNRQHQ DQG /XXNNRQHQ õìäååôï
'*3ã
XW a 1õíñ íïíäô

6HOHFWLRQ 3URFHGXUH

6DPSOH
6L]H

D TT 73 *73 (-3 &  í 3RZHU
1/é

íïä íïê íïççæ íïæéç íïæíë íïäëè íïììé
íïä íïç íïåëç íïåèë íïåèë íïåêç íïëçé

èí ðíïê ðíïä íïæéæ íïæåê íïåìç íïæçå íïëìæ
ðíïç ðíïä íïæëí íïæèë íïåèå íïæíí íïëìå
ðíïç íïä íïêæä íïéåè íïèäì íïççæ íïíçç
íïä íïê íïåëí íïåçí íïåéæ íïåäé íïëëë
íïä íïç íïäèå íïäçæ íïäæê íïäçä íïççä

ìíí ðíïê ðíïä íïåèé íïåèå íïäìê íïåëí íïèëå
ðíïç ðíïä íïæèì íïæèæ íïäéì íïåëä íïççç
ðíïç íïä íïçíí íïçèí íïæèí íïéæè íïíåí
íïä íïê íïäëé íïäéí íïäéç íïäèé íïéåè
íïä íïç íïääê íïääé íïääå ìïííí íïäæé

ëíí ðíïê ðíïä íïäèä íïäèä íïäåë íïäçì íïäíê
ðíïç ðíïä íïåíè íïåíç íïäåí íïäêì íïäçç
ðíïç íïä íïåíè íïåéë íïåèå íïåéí íïìäí
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7DEOH èïëïì ¤ 3RZHU VLPXODWLRQV

0RGHOã 7DEOH éñ SJï ìæë LQ /XXNNRQHQ HW DOï õìäååEôï
1RWHã /67$5 PRGHO FRQVWUXFWHG IRU WKH VDPH YDOXHV RI J DQG F DV RULJLQDO (67$5
PRGHOï

VV  íïç VV  íïç VV  íïç
6DPSOH
6L]H

0RGHO 1/ê
3RZHU

1/é
3RZHU

1/ê
3RZHU

1/é
3RZHU

1/ê
3RZHU

1/é
3RZHU

PP  í
(67$5 íïìåê íïìçå íïìíç íïìêå íïíèé íïíæìë
/67$5 íïìëè íïìíê íïëíê íïìæê íïëéë íïëíë
(67$5 íïéíè íïéìì íïëëè íïëäë íïìíæ íïìèë
/67$5 íïëéë íïëëè íïêæé íïêéæ íïéèå íïéêç
(67$5 íïæëè íïæéç íïéèä íïçëê íïìèæ íïëçê
/67$5 íïéåç íïéëè íïçåê íïçêç íïåëå íïæäë

PP  íïê
(67$5 íïëêë íïëíì íïìêí íïìêä íïíææ íïíäí
/67$5 íïìëæ íïìíæ íïëíí íïìæê íïëçé íïëêê
(67$5 íïéêä íïéêê íïëäì íïêêä íïìíë íïìéë
/67$5 íïëçç íïëêå íïêäê íïêçì íïèëì íïéçì
(67$5 íïåëê íïåëå íïèíë íïçëì íïìæå íïêíê
/67$5 íïéåæ íïéëê íïæíæ íïçèê íïåëë íïæäê

PP  ì
(67$5 íïêåé íïêêä íïìåì íïìæë íïíåæ íïíæå
/67$5 íïììé íïìíë íïëëë íïëíê íïëåì íïëéå
(67$5 íïæíë íïççì íïêëì íïêìä íïìèè íïìçä
/67$5 íïëéí íïëíç íïéìä íïêåè íïèëä íïééë
(67$5 íïäçê íïäéç íïçëä íïçíê íïëéç íïëéç
/67$5 íïéäí íïééë íïæìé íïæèé íïåèí íïåíë



êê

7DEOH èïëïë ¤ 3RZHU VLPXODWLRQV

0RGHOã 7DEOH éïêñ SJï çé LQ 6DLNNRQHQ DQG /XXNNRQHQ õìäååôï
1RWHã /67$5 PRGHO FRQVWUXFWHG IRU WKH VDPH YDOXHV RI J DQG F DV RULJLQDO (67$5
PRGHOï

VV  íïê VV  íïç VV  íïä
1/ê
3RZHU

1/é
3RZHU

1/ê
3RZHU

1/é
3RZHU

1/ê
3RZHU

1/é
3RZHU

6DPSOH 6L]H  èí
$  íïä (67$5 íïëëí íïëíì íïíåè íïíäè íïíæê íïíæë
T  íïê /67$5 íïääé íïääé íïääæ íïääæ íïääç íïääç
$  íïä (67$5 íïéçë íïéæå íïìéé íïìèå íïíæé íïíææ
T  íïç /67$5ó íïíéè íïíêè íïíéè íïíéæ íïíéå íïíèä
$  ðíïê (67$5 íïêåæ íïêèë íïêíå íïêíç íïìæê íïìçæ
T  ðíïä /67$5 íïíéê íïíéë íïíêå íïíêå íïíèê íïíèê
$  ðíïç (67$5 íïêçê íïêéå íïêêå íïêëì íïìèé íïìçæ
T  ðíïä /67$5 íïææé íïæçä íïåëä íïåìì íïåêí íïåìé
$  ðíïç (67$5 íïíåì íïíæå íïìçí íïìçë íïìíí íïìëë
T  íïä /67$5 íïíçä íïíèæ íïìíå íïìíé íïìçä íïìéê
6DPSOH 6L]H  ìíí
$  íïä (67$5 íïêèé íïêçå íïììæ íïììè íïíæí íïíçæ
T  íïê /67$5 ìïííí ìïííí ìïííí ìïííí ìïííí ìïííí
$  íïä (67$5 íïæåæ íïåèç íïëìå íïëçè íïíåé íïíæä
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