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Sj1 </ olqh 5= � {{y wr {{yll� vkrxog eh � {{yll wr {{{�1

Sj1 53/ Wdeoh 515= Lq wkh irrwhu lw vkrxog uhdg= �w lv d w0whvw ri ��1

Sj1 43</ Wdeoh 717= Uhsodfh wkh odehov �Urz� zlwk �Urz (�1

Sj1 476/ olqh 9= Uhsodfh �dv fkl0vtxduh zlwk N +M � 4,� zlwk �dv fkl0vtxduh zlwk N +M � 5,�1

Sj1 4::/ olqh 49= Uhsodfh �ehwzhhq vwurqjo| djuhhlqj dqg doo rwkhu fdwhjrulhv� zlwk �ehwzhhq vwurqjo|

glvdjuhhlqj dqg doo rwkhu fdwhjrulhv/�1

Sj1 559/ lpphgldwho| diwhu Htxdwlrq ;19= Uhsodfh �a� @{a�� zlwk �a� @ h{s+{a�,�1

Sj1 55</ olqh 43= Uhsodfh �h{shfwhg suredelolw|� zlwk �h{shfwhg surgxfwlylw|�1

Sj1 55</ olqh 46= Uhsodfh �41:9 wr 4176� zlwk �41:< wr 4176�1

Sdjh 55<= Uhsodfh Iljxuh ;17 zlwk=

Sdjh 569056:= Uhsodfh �uvw sdudjudsk lq Vhfwlrq ;1616 zlwk=

Lw lv lpsruwdqw wr whvw iru ryhuglvshuvlrq li |rx xvh wkh SUP1 Hyhq zlwk wkh fruuhfw vshfl�fdwlrq
ri wkh phdq vwuxfwxuh/ hvwlpdwhv iurp wkh SUP zkhq wkhuh lv ryhuglvshuvlrq duh lqh!flhqw zlwk
vwdqgdug huuruv wkdw duh eldvhg grzqzdug +Fdphurq dqg Wulyhgl 4<;9,1 Li vriwzduh lv dydlodeoh
wr hvwlpdwh wkh QEUP/ d rqh0wdlohg }0whvw ri K3=�@ 3 fdq eh xvhg wr whvw iru ryhuglvshuvlrq/
vlqfh zkhq � lv }hur wkh QEUP uhgxfhv wr wkh SUP1 Ru/ d OU whvw fdq eh frpsxwhg1 Li oqOSUP
lv wkh orj olnholkrrg iurp wkh SUP dqg oqOQEUP lv wkh orj olnholkrrg iurp wkh QEUP/ wkhq
J5@5 +oqOQEUP�oqOSUP , lv d whvw ri K3=�@31 Wr whvw dw wkh s ohyho ri vljql�fdqfh/ d fulwlfdo
ydoxh ri [5

5s vkrxog eh xvhg vlqfh � pxvw eh srvlwlyh1 Fdphurq dqg Wulyhgl +4<<3, suhvhqw vhyhudo
whvwv edvhg rq wkh uhvlgxdov iurp wkh SUP wkdw gr qrw uhtxluh hvwlpdwlrq ri wkh QEUP11

4



Sdjh 56;= Uhsodfh Iljxuh ;1; zlwk=

Sdjh 57:= Uhsodfh sdudjudsk vwduwlqj � Iljxuh ;1< sorwv= = = � zlwk=

Iljxuh ;1< sorwv wkh gl�huhqfh ehwzhhq wkh revhuyhg sursruwlrqv iru hdfk frxqw dqg wkh phdq

suredelolw| iurp wkh irxu prghov1 Zh vhh lpphgldwho| wkdw wkh pdmru idloxuh ri wkh SUP lv lq

suhglfwlqj wkh qxpehu ri }hurv/ zlwk dq xqghu suhglfwlrq ri derxw =41 Wkh ]LS grhv pxfk ehwwhu

dw suhglfwlqj }hurv/ exw kdv srru suhglfwlrqv iru frxqwv rqh wkurxjk wkuhh1 Wkh QEUP suhglfwv

wkh }hurv yhu| zhoo dqg dovr kdv pxfk ehwwhu suhglfwlrqv iru wkh frxqwv iurp rqh wr wkuhh1 Wkh

]LQE voljkwo| ryhu suhglfwv }hurv dqg xqghu suhglfwv rqhv/ zlwk vlplodu suhglfwlrqv wr wkh QEUP

iru rwkhu frxqwv1 Ryhudoo/ wkh QEUP prgho surylghv wkh prvw dffxudwh suhglfwlrqv/ zklfk duh

voljkwo| ehwwhu wkdq wkrvh iru wkh ]LQE1

Sdjh 57;= Uhsodfh Iljxuh ;1< zlwk=

Sdjh 57<= Uhsodfh �uvw sdudjudsk vwduwlqj � Ryhudoo/ wkhvh whvwv/= = = �
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Ryhudoo/ wkhvh whvwv surylgh hylghqfh wkdw wkh ]LQE prghov �wv wkh gdwd ehvw1 Krzhyhu/ zkhq

�wwlqj d vhulhv ri prghov zlwkrxw dq| wkhruhwlfdo udwlrqdoh/ lw lv hdv| wr ryhu�w wkh gdwd1 Lq rxu

h{dpsoh/ wkh prvw frpshoolqj hylghqfh iru wkh ]LQE lv wkdw lw pdnhv vxevwdqwlyh vhqvh1 Zlwklq

vflhqfh/ wkhuh duh vflhqwlvwv zkr iru vwuxfwxudo uhdvrqv zloo qrw sxeolvk1 Rwkhu vflhqwlvw gr qrw

sxeolvk rqo| e| fkdqfh lq d jlyhq shulrg1 Wklv lv wkh edvlv ri wkh }hur lq dwhg prghov1 Wkh

QE yhuvlrq ri wkh prgho vhhpv suhihudeoh vlqfh lw lv olnho| wkdw wkhuh duh xqrevhuyhg vrxufhv ri

khwhurjhqhlw| wkdw gl�huhqwldwh wkh vflhqwlvwv1 Ryhudoo/ wkh ]LQE pdnhv vxevwdqwlyh vhqvh dqg

�wv wkh gdwd zhoo1 Krzhyhu/ wkh QEUP dovr �wv h{wuhpho| zhoo1

Sj1 597/ odvw htxdwlrq= Uhsodfh �oq
�

|

4.|

�
� zlwk �oq

�
|

4�|

�
�1

Sj1 599= Uhsodfh �Sdjh 89� zlwk �Sdjh 88�1

Sj1 59</ uhjduglqj Sdjh 476= Uhsodfh hqwluh sdudjudsk zlwk �H{foxglqj wkh lqwhufhsw/ �
p
kdvN frh!flhqwv

iru hdfk ri wkh M � 4 elqdu| orjlwv/ iru d wrwdo ri +M � 4,N frh!flhqwv> � kdv N frh!flhqwv h{foxglqj

wkh lqwhufhsw1 Wkhuhiruh/ zh duh lpsrvlqj +M � 4,N �N @ N+M � 5, frqvwudlqwv1�

Sdjh 5:5= Uhsodfh �jxuh zlwk=
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Sdjh 6;/ Wdeoh 615= Iru N94; wkh hvwlpdwh ri �V{ lv 01348 +qrw 01448,1

Sdjh :</ exoohw 5 dw wrs= Uhsodfh �kroglqj doo rwkhu yduldeohv frqvwdqw1� zlwk �kroglqj doo rwkhu yduldeohv
dw wkhlu phdqv1�

Sdjh <4/ odvw htxdwlrq1 Uhpryh vtxduh iurp a�5a�
n
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Sdjh 43;/ olqh 8 lq vhfwlrq H{dpsohv ri Frxqw Phdvxuhv= 3*v dqg 4*v kdyh ehhq vzlwfk1 Vhqwhqfh vkrxog
uhdg= �Wkh| vkrz wkdw wkh prgho lv pruh h�hfwlyh dw suhglfwlqj 4*v +;3( duh suhglfwhg fruuhfwo|, wkdq
3*v +88( duh suhglfwhg fruuhfwo|,1

Sdjhv 476 dqg 477/ srlqwv 5/ 6 dqg 7 kdyh huuruv lq wkh glphqvlrqv ri wkh pdwulfhv=

41 Qr fkdqjhv wr wklv srlqw1

51 Hvwlpdwh wkh fryduldqfh ehwzhhq e�p dqg e�c/ zkhuh wkh xqghuolqh lqglfdwhv wkdw wkh frqvwdqw kdv ehhq

uhpryhg iurp wkh yhfwru1 Gh�qh

zlpc @ e�c+{l,� e�p+{l, e�c+{l,

dqg ohwZpc eh d Q �Q gldjrqdo pdwul{ zkrvh lwk hohphqw lv zlpc1 Ohw [ eh wkh Q�+N.4, pdwul{

zlwk 4*v lq wkh �uvw froxpq dqg wkh lqghshqghqw yduldeohv lq wkh uhpdlqlqj froxpqv1 Eudqw vkrzv

wkdw fryduldqfhv dprqj hvwlpdwhv iurp wkh gl�huhqw elqdu| htxdwlrqv/ gYdu
�e�
p
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e| ghohwlqj wkh �uvw urz dqg froxpq ri=
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Wkh gldjrqdo hohphqwv gYdu�e�
p

�
duh wkh fryduldqfh pdwulfhv iurp hdfk elqdu| uhjuhvvlrq1 Wkh r�0

gldjrqdo hohphqwv zhuh gh�qhg lq vwhs 51

71 Frqvwuxfw wkh Zdog whvw ri K3= �
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L lv d N �N lghqwlw| pdwul{ dqg 3 lv d N �N pdwul{ ri }hurv1 +Yhuli| wkdw wklv pdwul{ uhvxowv lq wkh

dssursuldwh olqhdu frpelqdwlrq iru wkh k|srwkhvlv ehlqj whvwhg1, Wkh Zdog vwdwlvwlf wdnhv wkh vwdqgdug
irup glvfxvvhg lq Fkdswhu 7=

Z @

�
Ge���3 kGgYdu�e���G3

l
�4 �

Ge���

zlwk +M�5,N ghjuhhv ri iuhhgrp1

81 Qr fkdqjhv1

Sdjh 4;8/ olqh <= Fkdqjh vxevfulsw wr !
p
1 Wkdw lv/ uhsodfh

Su +| @p m {, @ h{s +{�!
p
, @
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m@4

h{s +{�!p,

zlwk=

Su +| @p m {, @ h{s +{�!p, @
MS

m@4

h{s
�
{�!m

�

Sdjh 557/ Vhfrqg htxdwlrq iurp erwwrp uhpryh h{wud h{s +�
3
, Wkdw lv/ uhsodfh

H +| m {>{n, @ h{s +�3, h{s +�3, h{s +�4{4, � � � h{s +�n{n, � � � h{s +�N{N,

zlwk

H +| m {>{n, @ h{s +�
3
, h{s +�

4
{4, � � � h{s +�

n
{n, � � � h{s +�

N
{N,

Sdjh 5:;/ Ndxipdq uhihuhqfhv= Uhsodfh �Vrfldo Vflhqfh Uhvhdufk� zlwk �Vrfldo Vflhqfh Txduwhuo|�1

Sdjh 566/ 5qg olqh diwhu ^;148`= Dgg d vsdfh1 Wkdw lv/ uhsodfh �Zkdw pxvw kdsshq wr� wr111� zlwk �Zkdw
pxvw kdsshq wr � wr111�

Sdjh 56</ 5qg olqh diwhu ^;14<`= ghohwh �}hur�1 Wkdw lv/ uhsodfh �111jlyhq wkdw | A 3 }hur lv frpsxwhg111�
zlwk �111jlyhq wkdw | A 3 lv frpsxwhg111�1

Sdjh 577/ 5qg sdudjudsk= Uhsodfh �Iru wkh erwk wkh111� zlwk �Iru erwk wkh111�1

Sdjh 577/ odvw htxdwlrq= Uhsodfh

O+�>� m |>[>], @
Q[

l@4

Su +|l m {l> }l,

zlwk

O+�>� m |>[>], @
Q\

l@4

Su +|l m {l> }l,
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