
Wuhqgv dqg Vsxulrxv Uhjuhvvlrqv

S1 F1 E1 Skloolsv

QDNH Zrunvkrs uhsruw e| Wklmv Nqdds/ Jurqlqjhq Xqlyhuvlw|1
Pdufk 4<<;1

4 Lqwurgxfwlrq

Wlph vhulhv dqdo|vlv kdv fkdqjhg surirxqgo| lq wkh odvw wzr ghfdghv ru vr1 Lq
wklv txlhw �hog wkdw rqfh kdg wkh prvw fohdu/ doo0sxusrvh/ vwdqgdug phwkrg0
rorj| lq hfrqrplfv/ wkh ohdglqj vflhqwlvwv qr orqjhu djuhh rq ixqgdphqwdo
suhplvhv1 Surihvvru Skloolsv/ rqh ri wkh ruljlqdo lqvwljdwruv ri wkh phwkrg0
rorjlfdo pd|khp/ jdyh d vhulhv ri ohfwxuhv wkdw uh hfwhg wklv fxuuhqw vwdwh ri
d�dluv1 Wkh Er{0Mhqnlqv +4<:9, dupd0dqdo|vlv/ rqfh wkh xqlyhuvdo wrro/ lv
rqo| suhvhqw dw wkh vlgholqh1 D pruh jhqhudo iudphzrun pxvw fdswxuh wkdw
zklfk zdv ljqruhg e| dupd/ exw lqwhusuhwdwlrq ri wkh uhvxowv lv gl!fxow1
Ilqdoo|/ wkh roghvw wrro lq hfrqrphwulfv/ wkh rov0hvwlpdwru/ vdyhv wkh gd|
zkhq doo wkh kljk0eurz phwkrgv idlo1

Lq wklv vkruw/ dqg qhfhvvdulo| lqfrpsohwh/ uhsruw doo dqdo|vlv zloo eh
dv|pswrwlf iru wzr uhdvrqv= �uvw/ wkhuh xvxdoo| lv dq lq�qlw| ri sdudph0
whuv wr hvwlpdwh +wklqn ri vhuldo fryduldqfh pdwulfhv, dqg vhfrqgo|/ lq wkh
zrugv ri surihvvru Skloolsv/ c�qlwh vdpsoh dqdo|vlv lv vr gduq gl!fxow1*

Lq wkh qh{w vhfwlrq zh orrn wuhqgv1 Vhfwlrq 514 ghdov zlwk wkh lqirupdwlrq
frqwhqw ri uhjuhvvruv1 Li zh duh deoh wr txdqwli| wklv phdvxuh zh fdq vhh
zklfk surfhvvhv pd| eh uhfrjql}hg iurp wkh gdwd/ dqg zh fdq h{sodlq zk|
vrph sdudphwhuv gurzq lq wkh glvwxuedqfhv1 Wuhqg h{wudfwlrq lv wkh vxemhfw
ri Vhfwlrq 5151 Lq Vhfwlrq 6 zh orrn dw qrq0vwdwlrqdu| surfhvvhv dqg wkh
ehkdylru ri vwdqgdug hvwlpdwruv zkhq frqiurqwhg zlwk wkhp1 Ehfdxvh doo
revhuydwlrqv/ dqg qrw mxvw wkhlu fryduldqfhv/ pdwwhu/ wklv dqdo|vlv lv fduulhg
rxw lq ixqfwlrq vsdfhv1 Lq wkh frqfoxglqj vhfwlrq/ zh vxppdul}h uhvxowv dqg
wu| wr pdnh vhqvh ri zkdw zh irxqg1

5 Wuhqgv

514 Vljqdo dqg Qrlvh

Lq d vrphzkdw phfkdqlvwlf zd|/ wlph0vhulhv gdwd || fdq eh vhhq dv wkh vxp
ri wzr frpsrqhqwv/ vljqdo v| dqg qrlvh x|1 Li erwk frqvwlwxhqw sduwv duh
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udqgrp yduldeohv/ zh pd| gh�qh wkh vljqdo0wr0qrlvh udwlr vqu=

vqu � ydu +v|,
ydu +x|,

=

Wklv udwlr fdq eh frpsxwhg iru gl�huhqw surfhvvhv/ lqfoxglqj doo dxwruhjuhv0
vlyh dqg prylqj0dyhudjh surfhvvhv1

Li zh zdqw wr h{sodlq wkh gdwd zlwk d olqhdu uhjuhvvlrq/ wkdw lv/ zh zulwh
|| @ [|� . x|/ zh jhw d frqvlvwhqw hvwlpdwh iru � rqo| li wkh yduldqfh ri a�
jrhv wr }hur1 Iru vfdodu [|/ wkhuh krogv wkdw ydu+�, @ �2

�
@
S

[2

|
vr wkdw

frqvlvwhqf| lv jxdudqwhhg l�

A[
|'�

[2

|
$ 4 dv W $ 4=

Wklv lv wkh h{flwdwlrq frqglwlrq1 Zh fdq olqn wklv frqglwlrq zlwk wkh vqu iru
wkh surfhvv/ zklfk lv

vqu @
�2ydu +[|,

ydu +x|,
@

�2 �
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S
A

|'�
[2

|

�2
�

=

Li wkh udwlr hlwkhu glyhujhv ru frqyhujhv wr d srvlwlyh frqvwdqw/ zh pd|
hvwlpdwh frqvlvwhqwo|1 Wkuhh h{dpsohv ri wklv uxoh pd| eh irxqg lq Wdeoh 41

|| @ vqu Hvwlpdwh � B
�||3� . x| �2@+4� �2, frqvlvwhqw
�w. x| �2W +W . 4,+5W . 4,@9�2

�
$ 4 frqvlvwhqw

�@w. x| �2�2@9W $ 3 qrw frqvlvwhqw

Wdeoh 4= Vljqdo lq gl�huhqw surfhvvhv

Li wkh uhjuhvvru grhv qrw vdwlvi| wkh h{flwdwlrq frqglwlrq/ wkh olplwlqj
glvwulexwlrq ri wkh hvwlpdwru lv qrqghjhqhudwh1 Wkdw lv/ wkh dwwdlqhg ydoxh ri
wkh hvwlpdwru ghshqgv rq wkh glvwxuedqfhv/ hyhq zkhq wkh vdpsoh lv lq�qlwho|
elj1 Li wkh frqglwlrq lv vdwlv�hg/ wkh frqvlvwhqf| ri wkh hvwlpdwh lpsolhv d
ghjhqhudwh olplwlqj glvwulexwlrq1

Iurp Wdeoh 4/ lw dsshduv wkdw iru kljk srzhuv ri w lq wkh uhjuhvvru zh
jhw frqvlvwhqw hvwlpdwhv1 Wklv lqwxlwlrq lv fruuhfw= zkhq zh hydoxdwh || @
�@wk . x| zh �qg wkdw wkh vqu lv R �

W �32k
�
1 Iru � ? 3=8/ wkh h{flwdwlrq

frqglwlrq lv qrw vdwlv�hg1
Wkh wkhru| lq wklv vhfwlrq fdq eh jhqhudol}hg wr wkh fdvh zkhuh uhjuhvvruv

kdyh pruh wkdq rqh glphqvlrq1 Wkh yduldqfh ri wkh rov hvwlpdwh ri � wkhq
lv �2

�
+[ �[,3�/ vr wkdw wkh h{flwdwlrq frqglwlrq ehfrphv

�
^gldj+[ �[,`

�
$ 4 ;l

+[ �[, lqyhuwleoh
=
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Dq h{dpsoh zkhuh wkh vhfrqg sduw ri wklv frqglwlrq fdxvhv wurxeoh lv wkh
htxdwlrq || @ ��{|. x| zlwk {| @ � � w. y| zkhuh � lv d yhfwru1 Wkh olplw ri
W3�[ �[ zlwk ^[`�� @ �

�
� l.y� lv wkh vlqjxodu pdwul{ �

�
���1 Krzhyhu/ lw fdq

eh vkrzq wkdw dsso|lqj rov wr wkh deryh v|vwhp grhv uhqghu frqvlvwhqw hvwl0
pdwhv/ dqg hyhq wkh xvxdo "20whvwv duh ydolg1 Wkh vdph krogv iru fdvhv zlwk
txdgudwlf wuhqgv/ pruh wkdq rqh wuhqg dqg lq wkh suhvhqfh ri lqwhjudwhg uh0
juhvvruv1 Wkh dqdo|vlv euhdnv grzq/ krzhyhu/ zkhq wkhuh lv qrqvwdwlrqdulw|
lq wkh dxwruhjuhvvlrq1 Wkdw lv/ d xqlw urrw zloo fdxvh lqfrqvlvwhqw hvwlpdwhv1

515 Wuhqg H{wudfwlrq

Zh nqrz qrz wkdw d wuhqg pxvw h{klelw d fhuwdlq ohyho ri yduldwlrq lq rughu wr
eh hvwlpdeoh1 Iurp wklv shuvshfwlyh/ lw zrxog vhhp wkdw wkh xvh ri srzhuixo
uhjuhvvruv vkrxog eh dgyrfdwhg1 \hw/ dv wkh iroorzlqj h{dpsoh vkrzv/ pruh
srzhuixo uhjuhvvruv fdq dovr eh srzhuixoo| zurqj li wkh zurqj w|sh ri surfhvv
lv dvvxphg1

time

yt

s

H1

H2

H3

Iljxuh 4= Wkuhh wuhqg k|srwkhvhv dqg wkhlu suhglfwhg sdwkv1

Frqvlghu Iljxuh 41 Zh kdyh gdwd iru || xs xqwlo w @ v> li zh zdqw wr
pdnh d suhglfwlrq derxw wkh ydoxhv ri || eh|rqg wkdw/ zh qhhg wr irupxodwh
d prgho iru ||1 Zh frqvlghu wkuhh rswlrqv=

41 K4= || @ �w.x|/ d olqhdu wuhqg1 Wkh uhjuhvvru w surylghv orwv ri vljqdo
^R �

W �

�
` dqg zh jhw qduurz huuru edqgv durxqg wkh suhglfwhg ydoxhv1

51 K5= || @
S

|

�'�
x�/ d Pduwlqjdoh surfhvv1 Rxu suhglfwlrq lv a|rn� @ |r/

wkh odvw ydoxh dwwdlqhg1 Ehfdxvh wkh surfhvv lv doo qrlvh dqg qr vljqdo
wkh huuru edqgv glyhujh1

61 K6= || @ �||3� . x|/ dq dxwruhjuhvvlyh surfhvv1 Li wkh surfhvv lv vwd0
wlrqdu|/ wkh frq�ghqfh edqgv frqyhujh wr �2

�
@+4� �2,/ d frqvwdqw1

Surihvvru Skloolsv vwuhvvhg wkdw lq d wh{werrn h{huflvh |rx zrxog xvxdoo| �qg
wkh k|srwkhvlv vshoohg rxw iru |rx/ zkloh lq uhdo dqdo|vlv wkh sureohp lv wr
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�qg wkh surshu prgho1 Dv zh vhh deryh/ rxu hvwlpdwhv pd| jr dq|zkhuh
ghshqglqj rq wkh fkrlfh ri K�/ dv pd| wkh frq�ghqfh edqgv1 Hyhq wkrxjk
vrph uhjuhvvruv duh vxshulru lq vljqdo/ wkhlu fkrlfh fdq jlyh plvohdglqj hvwl0
pdwhv1

6 Qrq0vwdwlrqdulw|

614 ROV zlwk d xqlw urrw

Vr idu zh kdyh vhhq wkdw hvwlpdwlrq lq wlph0vhulhv prghov lv srvvleoh dv orqj
dv wkhuh lv hqrxjk lqirupdwlrq lq wkh uhjuhvvruv1 Zh pdgh rqh uhvhuydwlrq/
frqfhuqlqj wkh fdvhv lq zklfk d xqlw urrw lv suhvhqw1 Wkhvh fdvhv zloo qrz
eh h{soruhg ixuwkhu1

Frqvlghu wkh vlpsoh du+4, prgho || @ �||3� . x|1 Li � ? 4/ wkh vljqdo lv
ri R+W ,/ dqg wkhuh krogv

s
W
�
a� � �

�
, Q �

3> 4� �2
�
/

zkhuh , lv frqyhujhqfh lq glvwulexwlrq1 Dv � $ 4/ zh vhh wkdw wklv glvwulex0
wlrq ehfrphv ghjhqhudwh1 Lq idfw/ zh kdyh wkdw || @

S
x| dqg ydu+||, @ �2

�
w1

Wkh vljqdo
S
ydu+||, qrz ehfrphv vwurqjhu/ ri rughu R+W 2,/ vr wkdw zh pxvw

uhvfdoh dqg orrn dw

W
�
a� � �

�
@

�

A

S
A

|'�
||3�x|

�

A
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S
A

|'�
|2
|3�

1 +4,

Zh duh qr orqjhu lq d srvlwlrq wr lqyrnh vlpsoh olplw wkhruhpv wr elqg wkh
vxpv lq wklv iudfwlrq1 Dv || frqvlvwv ri wkh vxp ri doo xr/ v � w/ wkhvh huuruv
gr qrw dyhudjh rxw dqg zh pxvw pryh rxu dqdo|vlv wr d vsdfh zkhuh zh fdq
kdqgoh doo wklv gdwd1 Wkdw lv zk| zh frqvlghu wkh gdwd dv dq remhfw lq d
ixqfwlrq vsdfh I / zkhuh ixqfwlrqv duh gh�qhg rq ^3> 4` dqg frqwlqxrxv iurp
wkh uljkw1 Zlwk W gdwdsrlqwv zh lqwurgxfh wkh ixqfwlrq [A +u, @ |

�Ao0
@
s
W 1

Khuh/ e�f lv wkh hqwlhu ru lqwhjhu ixqfwlrq1 Lw lv fohdu wkdw [A +u, lv dq
hohphqw ri I =

Zhpd| lqyrnh wkh vr0fdoohg Skloolsv0Vror ghylfh +Skloolsv dqg Vror/ 4<<5,
wr dvvhuw wkdw [A +u, , E +u,/ vwdqgdug Eurzqldq prwlrq +ep khuhdiwhu,1
Wkh glvwulexwlrq ri pdq| ixqfwlrqdov ri ep lv nqrzq/ vr li zh fdq uhzulwh
irupxod +4, lq whupv ri ep xvlqj wkh Skloolsv0Vror ghylfh zh pd| eh deoh wr
ghulyh d glvwulexwlrq1 Wkh ghqrplqdwru fdq eh prgl�hg dv

4

W 2

A[
|'�

|2
|3�

@
4

W

A[
|'�

+[A +w@W ,,2

@
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|'�
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A
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A
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A
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[2

A
+u,gu=

Zh fdq fdoo xsrq wkh frqwlqxrxv pdsslqj wkhruhp +Eloolqjvoh| 4<9;/ s163,
wr vwdwh wkdw wkh odvw h{suhvvlrq frqyhujhv lq glvwulexwlrq wr

U
�

f
E2 +u,gu1

Wkh qxphudwru ri +4, fdq vlploduo| eh zulwwhq dv

4

W

A[
|'�

||3�x| @
A[
|'�

[A +w@W ,
x|s
W

@

]
�

f

[A +u,g[A +u,

,
]

�

f

E +u,gE +u, 1

zkhuh wkh odvw wzr vwhsv duh qrqwulyldo1 Wkxv/ wkh glvwulexwlrq ri wkh rov
hvwlpdwru lv +lq vkruwkdqg qrwdwlrq,=

W
�
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�
,

U
EgEU
E2

= +5,

Wklv ixqfwlrq ri ep kdv d nqrzq glvwulexwlrq zklfk pd| eh xvhg iru lqihu0
hqfh1

615 Uhjuhvvruv lq wkh suhvhqfh ri d xqlw urrw

Deryh zh h{soruhg d vlpsoh du+4, prgho dqg irxqg d glvwulexwlrq iru a�1 Lq
wkh xvxdo dupd0w|sh ri dqdo|vlv/ zh frxog dgg uhjuhvvruv wr wklv prgho +vd|/
|| @ [�. �||3�. x|, dqg vwloo xvh wkh vdph glvwulexwlrq iru a�1 Pdwwhuv duh
qrw dv vlpsoh lq wkh suhvhqfh ri d xqlw urrw1

Iluvw ri doo/ ehfdxvh zh duh zrunlqj lq wkh ixqfwlrq vsdfh I / zh kdyh
wr jlyh phdqlqj wr wkh whup uhjuhvvlrq1 Li zh pdnh wkh dvvxpswlrq wkdw I
lv d Kloehuw vsdfh zkhuh

U
i2 ? 4 iru doo i lq I / zh fdq gh�qh wkh lqqhu

surgxfw

? i>k A@

]
�

f

i +u, � k +u,gu i> k 5 I

dqg wkh qrup nin �? i> i A
�

2 1 Uhjuhvvruv duh ixqfwlrqv lq I wkdw ghshqg
rq fhuwdlq sdudphwhuv1 Iru lqvwdqfh/ d frqvwdqw dqg d olqhdu wlph wuhqg
frxog eh uhsuhvhqwhg e| d ixqfwlrq j+�>�> u, @ � . �u1 Uhjuhvvlqj gdwd
[+u, rq j phdqv zh �qg � dqg � vxfk wkdw n[ � jn lv plqlpl}hg1

Wkh sureohp lv wkdw zkhq zh suh�owhu gdwd lq zklfk xqlw urrw surfhvvhv
pljkw sod| d uroh/ wkh �owhu d�hfwv wkh glvwulexwlrq ri rxu dxwruhjuhvvlyh
frh!flhqw1 Vxssrvh zh zrun zlwk wkh prgho

|| @ �||3� . �w. �. x|
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dqg zh uhjuhvv || rq [ @ ^4> w`1 Diwhu wkdw/ zh hvwlpdwh �1 Zh gr qrw nqrz
wkdw lq uhdolw|/ � @ 41 Wkh glvwulexwlrq ri wkh rov0hvwlpdwru ri � lv

W
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a� � 4

�
@

�

A
|
�
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�

A
2|

�

3�
Tf|3�

zlwk |3� dqg x wkh yhfwru ri odjjhg || dqg glvwxuedqfhv/ dqg Tf wkh surmhf0

wlrq pdwul{
�
L �[ +[ �[,3�[ �

�
1 Xvlqj vlplodu dqdo|vlv dv lq wkh suhfhglqj

vhfwlrq/ zh �qg wkdw

W
�
a� � 4

�
,

U
EfgEU
E2

f
gu

+6,

zlwk Ef @ E � �U
Ej�

� �U
jj�

�
3�

j dqg j +u, @ +4> u,1 Wkdw lv/ Ef lv
ghwuhqghg ep dqg wkh glvwulexwlrq lq +6, lv gl�huhqw iurp wkh glvwulexwlrq
lq +5,1

Wkxv zh frph wr wkh lpsruwdqw frqfoxvlrq wkdw wlqnhulqj zlwk wkh gdwd
zloo d�hfw wkh glvwulexwlrq ri wkh dxwruhjuhvvlyh hvwlpdwru1 Hyhu| wlph zh
zdqw wr whvw iru d xqlw urrw lq sudfwlfh zh qhhg wr uhfrqvwuxfw wkh whvw/
xvlqj wkh uhjuhvvruv ri lqwhuhvw1 Wklv lv zk| Glfnh| dqg Ixoohu +4<:<, irxqg
gl�huhqw Prqwh Fduor glvwulexwlrqv iru wkhlu dxwruhjuhvvlyh hvwlpdwru zkhq
xvhg zlwk d frqvwdqw ru zlwk d frqvwdqw dqg d wuhqg1

616 Wkh Ed|hvldq dowhuqdwlyh

Skloolsv dqg Sorehujhu +4<<9, suhvhqw dq hohjdqw zd| rxw ri wkh deryh sure0
ohp ri fkdqjlqj glvwulexwlrqv1 E| xvlqj d Ed|hvldq dv|pswrwlfv/ wkdw gr
qrw uho| rq wkh +ixqfwlrqdo, Fhqwudo Olplw Wkhruhpv wkdw euhdn grzq lq
fodvvlfdo dqdo|vlv/ wkh| duh deoh wr �qg frqvlvwhqw surshuwlhv ri prghov zlwk
d xqlw urrw1

Wkh sulqflsoh wkdw pdnhv Ed|hvldq dqdo|vlv zrun khuh lv wkdw dqdo|vlv lv
rqo| fduulhg rxw diwhu frqglwlrqlqj rq wkh gdwd1 Ehfdxvh ri wkdw/ wkh +w|sh
ri, udqgrpqhvv ri wkh gdwd qr orqjhu sod|v dq| uroh lq lq hvwlpdwruv> zh duh
ohiw zlwk ixqfwlrqv rqo| ri wkh sdudphwhuv1

7 Frqfoxvlrq

Lq wklv uhsruw rq surihvvru Skloolsv* ohfwxuhv dw wkh qdnh zrunvkrs lq Ql0
mphjhq zh orrnhg dw wzr ri wkh pdlq wkhphv/ wkh wuhdwphqw ri wuhqgv lq
gdwd dqg lqwhjudwhg surfhvvhv1 Ehfdxvh ri wkh vshhg dqg yhuvdwlolw| ri wkh
ohfwxuhu/ lw lv qrw srvvleoh wr jlyh d forvh dffrxqw ri hyhu| pdlq ru dx{loldu|
uhvxow wkdw zdv ghulyhg1 Krzhyhu/ wkh pdlq phvvdjh pxvw eh fohdu iurp wkh
deryh1

9



714 Wkh wkhphv

Wuhqgv lq wlph vhulhv fdqqrw dozd|v eh h{wudfwhg1 Li wkh yduldelolw| ri wkh
wuhqg lv wrr vpdoo/ wkh sdudphwhu fdq qrw eh hvwlpdwhg frqvlvwhqwo|1 Zlwk
wlph wuhqgv/ wkh erughuolqh fdvh lv w3

�

2 1 Srzhuixo wuhqgv duh ehwwhu uhjuhvvruv/
exw wkh uhvhdufkhu pxvw eh fdxwlrxv1 Wkh gl�huhqw lpsolfdwlrqv ri ydulrxv
wuhqg k|srwkhvhv zduudqw d frqvhuydwlyh fkrlfh1

Lqwhjudwhg surfhvvhv rshq xs d qhz edoo sdun lq wlph vhulhv hfrqrphw0
ulfv1 Wkh dqdo|vlv pxvw eh fduulhg rxw lq d ixqfwlrq vsdfh/ udwkhu wkdq lq
U
?1 Wkh glvwulexwlrq ri ydulrxv hvwlpdwruv fkdqjhv zkhq qhz uhjuhvvruv duh

eurxjkw lq/ vr wkdw frq�ghqfh lqwhuydov pxvw eh frpsxwhg ryhu dqg ryhu
djdlq1 Ed|hvldq dqdo|vlv pd| eh d khosixo dlg1

715 Glvfxvvlrq

Fdq qrqvhqvh uhjuhvvlrqv eh ri khos lq h{sodlqlqj wkh gdwdB Wkh dqdo|vlv ri
wkh rog sureohp ri cwuhqg fruuhodwlrq* orrnv yhu| fohdq wrgd|/ dqg zlwkrxw
grxew surfhvvhv fdq eh glvhfwhg zlwk pxfk juhdwhu suhflvlrq wkdq wkluw|
|hduv djr1 Krzhyhu/ vxssrvh zh �qg wkdw wzr yduldeohv duh frlqwhjudwhg/
wkdw lv/

|| @ �{| . x|

�{| @ �|1

Zh fdq qrz h{sodlq yduldwlrq lq ||/ hvwlpdwh �/ exw kdyh zh h{sodlqhg wkh
surfhvv yhu| zhooB Wkh whup wkdw gulyhv wkh prgho/ �|/ lv vwloo prghoohg dv
dq huuru whup/ ri zklfk zh nqrz wkh h{shfwdwlrq dqg wkh yduldwlrq/ exw qrw
pxfk pruh1 Wklv vkrxog eh d fohdu lqglfdwlrq wkdw doo lv qrw zhoo lq wlph
vhulhv dqdo|vlv wrgd|/ lq vslwh ri wkh vrsklvwlfdwhg prghov ri wkh 4<<3v1

D fulwlfdo orrn dw hfrqrphwulfv pxfk dorqj wkhvh olqhv pd| eh irxqg lq
Skloolsv +4<<9,1 Lw lv dujxhg wkhuh wkdw zkdw lv fdoohg d cvsxulrxv uhjuhvvlrq*
wrgd| pd| dovr eh ylhzhg dv d ydolg uhjuhvvlrq/ li zh wdnh d zlghu ylhz ri
wkh dlp ri hfrqrhpwulfv1 Skloolsv dujxhv wkdw wkh dqdo|vlv pxvw qhfhvvdulo|
eh gh�flhqw/ dqg wkdw krshv ri wkh hvwlpdwhg prgho �wwlqj dq|zkhuh eh0
|rqg wkh vdpsoh duh/ zhoo/ krshv1 Li vr0fdoohg vsxulrxv uhjuhvvlrqv vhhp wr
h{sodlq d vhulrxv dprxqw ri yduldwlrq wkhq wklv lv/ dffruglqj wr wkh dxwkru/
dq dffhswdeoh zd| ri irupdlol}lqj wkh gdwd1

8 Uhihuhqfhv

Eloolqjvoh|/ S1 +4<9;,/ Frqyhujhqfh ri Suredelolw| Phdvxuhv/ Mrkq Zloh|

Er{/ J1H1S1 dqg J1P1 Mhqnlqv +4<:9,/ Wlph Vhulhv Dqdo|vlv= Iruhfdvwlqj
dqg Frqwuro/ uhylvhg hglwlrq/ Kroghq0Gd|

:



Glfnh|/ G1D1 dqg Z1D1 Ixoohu +4<:<,/ cGlvwulexwlrq ri wkh hvwlpdwruv iru dx0
wruhjuhvvlyh wlph vhulhv zlwk d xqlw urrw/* Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo
Dvvrfldwlrq :7/ ss1 75:064

Skloolsv/ S1F1E1 +4<<9,/ cVsxulrxv uhjuhvvlrq xqpdvnhg/* Frzohv Irxqgdwlrq
Glvfxvvlrq Sdshu &4468/ \doh Xqlyhuvlw|/ \doh

Skloolsv/ S1F1E1 dqgZ1 Sorehujhu +4<<9,/ cDq dv|pswrwlf wkhru| ri Ed|hvldq
lqihuhqfh iru wlph vhulhv/* Hfrqrphwulfd 97/ ss1 6;40745
Skloolsv/ S1F1E1 dqg Y1 Vror +4<<5,/ cDv|pswrwlfv iru olqhdu surfhvvhv/* Dq0
qdov ri Vwdwlvwlfv 53/ ss1 <:404334

;


