
PDUNHW PRGHOV

YODGLPLU SLWHUEDUJ

41 Eulhi klvwru| ohvvrq

Lq wkh ehjlqqlqj ri wlph/ lqwhuhvw0udwh rswlrqv +fdsv2 rruv dqg vzds0

wlrqv, zhuh ydoxhg xvlqj Eodfn*v prgho1 Eodfn*v prgho zdv idvw1 Eodfn*v

prgho zdv zhoo0xqghuvwrrg e| doo/ lqfoxglqj wudghuv1 Dqg Eodfn*v

prgho txlfno| ehfdph �lqgxvwu| vwdqgdug� iru wkhvh lqvwuxphqwv1

Wkhq dfdghplfldqv fdph1 Wkh| ihow xqhdv| derxw prghov wkdw kdg

qrw ehhq ghulyhg iurp wkh ��uvw sulqflsohv�1 Wkh qr0duelwudjh sdudgljp

zdv dssolhg wr lqwhuhvw udwh pdunhwv1 Lw doo fxoplqdwhg zlwk wkh fuhdwlrq

ri KMP iudphzrun1

Wr dfdghplfldqv* glvpd|/ wudghuv nhsw xvlqj wkhlu ehoryhg Eodfn*v

prgho iru ydoxlqj fdsv dqg vzdswlrqv1 Wkh uhdvrqv zhuh suhww| fohdu1

Wkh �vwrfkdvwlf gulyhuv� ri Eodfn*v prgho +OLERU dqg vzds udwhv, zhuh

hdvlo| revhuydeoh/ dqg vr zhuh wkhlu yrodwlolwlhv1 Rq wkh frqwudu|/ wkh

vwrfkdvwlf gulyhuv ri KMP prghov +lqvwdqwdqhrxv iruzdug udwhv, zhuh

qrw gluhfwo| revhuydeoh/ dqg qhlwkhu zhuh wkhlu yrodwlolwlhv1 D Txdqw

htxlsshg zlwk dq KMP prgho zdv irufhg wr frqvwdqwo| shuirup wudqv0

odwlrqv ehwzhhq revhuydeoh txdqwlwlhv dqg klv prgho*v lqsxw sdudphwhuv

+d surfhvv nqrzq dv fdoleudwlrq,1 Iru prvw ri wkh prghov/ fdoleudwlrq

kdg suryhg wr eh wrr pxfk ri d fkruh/ dqg hdvlo| h{fhhghg dq dyhudjh

wudghu*v sdwlhqfh dqg nqrzohgjh edvh1

Dqg wkhq dfdghplfldqv/ zkr e| wkdw wlph pryhg wr Zdoo vwuhhw/

kdg d euljkw lghd1 Wkh| hpedunhg rq d txhvw wr fuhdwh dq KMP/ qr

duelwudjh prgho lq zklfk fdsv2vzdswlrqv zrxog eh ydoxhg xvlqj Eodfn0

olnh h{suhvvlrqv/ dqg zkhuh wkh lqsxw sdudphwhuv zrxog eh gluhfwo|

revhuydeoh rq wkh pdunhw1

Dqg vr wkh euhhg ri �pdunhw prghov� zdv eruq1

Gdwh= Iheuxdu| 6/ 53331

Wkhvh duh ohfwxuh qrwhv iru Il{hg Lqfrph LL fodvv iru Ilqdqfldo Pdwkhpdwlfv

surjudp lq wkh Xqlyhuvlw| ri Fklfdjr1
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51 Lqwurgxfwlrq

Eodfn*v prgho iru fdsv lv ghulyhg xqghu wkh dvvxpswlrq wkdw OLERU

udwhv +fruuhvsrqglqj wr doo fdsohwv lq wkh fds, duh orjqrupdoo| glvwule0

xwhg1 Olnhzlvh/ Eodfn*v prgho iru vzdswlrqv lv ghulyhg xqghu wkh dv0

vxpswlrq wkdw wkh fruuhvsrqglqj vzds udwh lv orj0qrupdoo| glvwulexwhg1

Dq| qr0duelwudjh prgho lq zklfk vrph ri wkh OLERU ru vzds udwhv

duh orj0qrupdoo| glvwulexwhg ghvhuyhv wkh qdph ri d �pdunhw prgho�1

Pruh eurdgo|/ dq| +qr0duelwudjh, prgho zkhuh wkh lqsxw sdudphwhuv

duh jlyhq lq whupv ri �revhuydeohv� +d vxevhw ri OLERU dqg vzds udwhv,

fdq dovr eh fdoohg d pdunhw prgho1

Iru wkh sxusrvhv ri wklv ohfwxuh zh zloo xqghuvwdqg �qr duelwudjh

prgho� dv �KMPprgho�1 Wkh fodvv ri qr0duelwudjh prghov lv txlwh d elw

eurdghu wkdq wkh fodvv ri KMP prghov/ exw KMP prghov surylgh yhu|

frqyhqlhqw whfkqlfdo wrrov +Lwr fdofxoxv lq sduwlfxodu, wr eh ljqruhg1

Dq| KMP prgho lv xqltxho| gh�qhg e| wkh yrodwlolw| vwuxfwxuh ri

lqvwdqwdqhrxv iruzdug udwhv +vhh ^O4`,1 Zh zloo exlog pdunhw prghov

e| fkrrvlqj wklv yrodwlolw| vwuxfwxuh lq vxfk d zd| wkdw revhuydeoh udwhv

+OLERU dqg2ru vzds, kdyh wkh g|qdplfv zh zdqw1 Wklv lv rxu jhqhudo

sodq ri dwwdfn1

Ohw xv uhfdoo wkh qrwdwlrqv1 Ulvn0qhxwudo phdvxuh lv ghqrwhg e| "1

Eurzqldq prwlrq +xqghu ", lv ghqrwhg e| `

|
+rqfh djdlq zh frqvlghu

rqh0idfwru prghov wr vdyh vrph wuhhv,1 Wkh prgho lv vshfl�hg e|

_s E|c A � ' �P E|c A �j E|c A � _|n j E|c A � _`
|
c

_� E|c A � ' o E|�� E|c A � _|n � E|c A �P E|c A � _`
|
c

zkhuh

YPE|c A �

YA

' �j E|c A � �

Wkh yrodwlolw| vwuxfwxuh j E�c �� lv dv |hw xqvshfl�hg1

61 Vlpsoh h{dpsoh

Ohw xv frqvlghu d vlqjoh OLERU udwh/ dqg wu| wr fkrrvh yrodwlolw|

vwuxfwxuh lq vxfk d zd| wkdw wkh rswlrq rq wklv OLERU udwh +fdsohw, lv

sulfhg xvlqj Eodfn*v irupxod1

Wkh �{lqj gdwh ri wkh fdsohw lv vhw wr A / dqg wkh whqru wr B1 Zh

gh�qh wkh iruzdug OLERU udwh u E|� e|

u E|� '

� E|c A �� � E|c A n B�

B� E|c A n B�

�
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D fdsohw +fdoo rswlrq rq u, sd|v

Eu EA ��g�

n

dw wlph A nB +qrwh wkdw wkh sd|r� Eu EA ��g�

n

lv ghwhuplqhg dw wlph

A / vr wkdw lw lv I
A
0phdvxudeoh/ |hw lw lv sdlg odwhu dw A nB,1 Wkhq +S E|�

lv wkh fdsohw*v ydoxh dw wlph |,

S E|� ' �

|
,

�
�

3�

AnB
S EA �

��
I
|

�
' �

|
,

�
�

3�

AnB
Eu EA ��g�

n

��
I
|

�
�

Ohw xv fkdqjh wkh phdvxuh wr A n B0iruzdug1 Zh kdyh/

S E|� ' � E|c A n B�,
AnB

�
Eu EA ��g�

n

��I
|

�
�

Qrwh wkdw u E|� lv wkh ydoxh ri d wudghg dvvhw +B
3�

E� E|c A �� � E|c A n B��,

glylghg e| wkh qxphudluh � E|c A n B�> khqfh u E|� lv d pduwlqjdoh xqghu

"

AnB

�

Eodfn irupxod fdq eh ghulyhg li zh dvvxph wkdw +

	
` lv d Eurzqldq

prwlrq lq vrph phdvxuh,

u E|� ' i T

�
b

	
`

|
� b

2

|*2

�
c+614,

_u E|� ' bu E|� _
	
`

|
�

Qrwh wkdw wkh surfhvv gh�qhg e| +614, lv d pduwlqjdoh1 Vr dw ohdvw rxu

�qglqj lv frqvlvwhqw zlwk rxu jrdo1

Zkdw lv wkh htxdwlrq iru u E|� xqghu "
AnB

lq rxu KMP prghoB Iru d

iruzdug erqg 8 E|c 7c�� ' � E|c�� *� E|c 7� zh kdyh +vhh krphzrun

&YS4 ru +^O5`,,

_8 E|c 7c�� ' 8 E|c 7c�� � E|c 7c� � _`
7

|
c

� E|c 7c�� ' P E|c��� P E|c 7� �

Iru d OLERU udwh zh kdyh +irupdoo| 8 E|c A n Bc A � lv qrw gh�qhg/ exw

doo irupxodv duh vwloo ydolg,

u E|� ' B

3�

E8 E|c A n Bc A �� ��

dqg

_8 E|c A n BcA � ' 8 E|c A n Bc A � � E|c A n Bc A � _`
AnB

|
c

zkhuh

� E|c A n Bc A � ' P E|c A �� P E|c A n B� c
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vr wkdw

_u E|� ' B

3�

_8 E|c A n Bc A �

' B

3�

8 E|c A n Bc A � dP E|c A �� PE|c A n B�o _`
AnB

|

'

�
u E|� n B

3�

�
dP E|c A �� P E|c A n B�o _`

AnB

|
�

Wkhq xqghu "

AnB

phdvxuh/

_u E|� '

Bu E|� n �

Bu E|�

dP E|c A �� PE|c A n B�ou E|� _`
AnB

|

�+615,

Ohw xv frpsduh zkdw zh zdqw +htxdwlrq +614,, dqg zkdw zh kdyh

++615,,1 Zh fdq lghqwli| `

AnB

|
dqg

	
`

|
� Wkhq/ dv orqj dv zh fkrrvh

PE|c A � dqg P E|c A n B� vxfk wkdw

Bu E|� n �

Bu E|�

� E|c A n Bc A � ' bc+616,

zh duh dvvxuhg wkdw

_u E|� ' bu E|� _`
AnB

|

c

dqg wkh fdsohw rq u E|� lv sulfhg xvlqj Eodfn*v irupxod +zlwk yrodwlolw|

b,=

S Ef� ' � Efc A n B�,
AnB

�
Eu EA ��g�

n

�

' � Efc A n B�,
AnB

��
u Ef� e

b`

AnB

A
3b

2
A*2

�g

�
n

�
�

Vr idu/ zh kdyh ehhq suhvhqwlqj wkh prwlydwlrq iru zk| pdunhw prg0

hov fdq eh frqvwuxfwhg1 Qrz ohw xv suhvhqw wkh dfwxdo frqvwuxfwlrq ri

wkh prgho lq zklfk u E|� kdv d orjqrupdo glvwulexwlrq1 Zh zloo suhww|

pxfk uhwudfh wkh vwhsv zh kdyh rxwolqhg deryh1

41 Vshfli| +revhuyh rq wkh pdunhw, d fdsohw*v yrodwlolw| b�

51 Vshfli| wkh g|qdplfv ri wkh OLERU udwh u E|� xqghu AnB0iruzdug

phdvxuh "

AnB

e|

_u E|� ' bu E|� _`
AnB

|
c

vr wkdw

u E|� ' u Ef� e
b`

AnB

|
3b

2
A*2

�

61 Gh�qh wkh yrodwlolw| ri wkh iruzdug erqg e|

� E|c A n Bc A � ' b�

Bu E|�

Bu E|� n �

�

Qrwh wkdw � E�c Ac A n B� lv dq dgdswhg surfhvv1
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71 Gh�qh

� E|c A n BcA � ' P E|c A �� PE|c A n B�

'

]
AnB

A

j E|c �� _��

Fkrrvh j E|c �� frqvwdqw iru � 5 dAc A n Bo vr wkdw wkh htxdwlrq

b�

Bu E|�

Bu E|� n �

'

]
AnB

A

j E|c �� _�

lv vdwlv�hg> qdpho|/ wdnh

j E|c �� '

�

B

b

Bu E|�

Bu E|� n �

'

bu E|�

Bu E|� n �

�

81 Iru � *5 dAcA n Bo fkrrvh j E|c �� duelwudulo|1 Iru h{dpsoh/ vhw

j E|c �� '

bu E|�

Bu E|� n �

iru doo �1

91 Qrz wkh prgho lv frpsohwho| vshfl�hg xqghu A n B0iruzdug phd0

vxuh "

AnB

1 Fkdqjh lw wr ulvn0qhxwudo dqg wkdw lv lw1

71 Pdunhw prgho ri OLERU udwhv

Lq wkh suhylrxv vhfwlrq zh frqvwuxfwhg dq KMP prgho zkhuh d vlqjoh

OLERU udwh iroorzhg d orjqrupdo surfhvv1 Lw lv srvvleoh wr h{whqg wkdw

rq d froohfwlrq ri OLERU udwhv1

Il{ d whqru vwuxfwxuh

A

f
' f 	 A

�
	 � � � 	 A

�
c

B

6
' A

6n�
� A

6
�

Frqvlghu d froohfwlrq ri OLERU udwhv

iu
6
E|�j

�3�

6'�

c

zkhuh iru hdfk 6/ u

6
E|� lv d OLERU udwh wkdw uhvhwv dw A

6
dqg zlwk

whqru B

6
+vr wkh fruuhvsrqglqj  rdwlqj fdvk rzv sd|v dw A

6n�
,/ vr

wkdw

u

6
E|� '

� E|c A
6
�� � E|c A

6
n B�

B

6
� E|c A

6
n B�

'

� E|c A
6
�� � E|c A

6n�
�

B

6
� E|c A

6n�
�

�

Vxssrvh d froohfwlrq ri fdsohw yrodwlolwlhv ib
6
j
�3�

6'�
wkdw zh zdqw wr

pdwfk lv �{hg +revhuyhg rq wkh pdunhw,1 Wkhq wkh iroorzlqj wkhruhp

krogv1
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Wkhruhp 714 +OLERU pdunhw prgho,1 Wkhuh h{lvwv dq KMP prgho

rq d suredelolw| vsdfh ElcI� zlwk ulvn0qhxwudo phdvxuh " vxfk wkdw

iru hyhu| 6/ 6 ' �c � � � c� � �/

_u

6
E|� ' b

6
u

6
E|� _`

A6n�

|
c

zkhuh`

A6n�

|
lv d Eurzqldq prwlrq xqghu A

6n�
0iruzdug phdvxuh"

A6n�
1

Wkh KMPprgho +wkdw lv/ wkh froohfwlrq ri iruzdug udwh yrodwlolwlhv j E�c ��,

lv qrw xqltxho| gh�qhg e| fdsohw yrodwlolwlhv ib
6
j
�3�

6'�

1

Surri1 Jrhv suhww| pxfk olnh wkh rqh lq rxu vlpsoh h{dpsoh iru d vlqjoh

OLERU udwh1 Iru ghwdlov vhh ^PU/ Fkdswhu 47`1

Hdfk OLERU udwh iroorzv d orjqrupdo surfhvv xqghu lwv rzq phdvxuh

"

AnB

� Wklv jxdudqwhhv wkdw Eodfn*v dvvxpswlrqv duh vdwlv�hg1 Krzhyhu/

lw pdnhv hydoxdwlrq ri lqvwuxphqwv wkdw ghshqg rq pruh wkdq rqh OL0

ERU udwh txlwh gl!fxow1 Lw zrxog eh pxfk pruh frqyhqlhqw li zh nqhz

wkh vlpxowdqhrxv g|qdplfv ri doo OLERU udwhv xqghu d vlqjoh phdvxuh1

Lw wxuqv rxw wkdw ulvn0qhxwudo phdvxuh lv qrw d frqyhqlhqw phdvxuh iru

OLERU pdunhw prghov/ vr vrphwklqj hovh zrxog eh xvhixo1

Mdpvklgldq +vhh ^M`, zdv wkh �uvw rqh wr frqvwuxfw vxfk d xqlyhuvdo

phdvxuh1 Kh fdoohg lw d vsrw OLERU phdvxuh1

Uhfdoo wkdw ulvn0qhxwudo phdvxuh fruuhvsrqgv wr wkh fkrlfh ri prqh|0

pdunhw dffrxqw dv d qxphudluh1 Lq d prqh| pdunhw dffrxqw/ wkh prqh|

lv frqvwdqwo| uhlqyhvwhg dw vkruw udwh1

Vsrw OLERU phdvxuh fruuhvsrqgv wr d �glvfuhwho| frpsrxqghg qx0

phudluh�1 Wkh prqh| lv uhlqyhvwhg dw OLERU udwhv dw wlphv A

6
iru wkh

qh{w wlph shulrg dA
6
c A

6n�
o1 li zh vwduw zlwk '4 dw wlph A

f
/ wkhq wkh

ydoxh ri wkh glvfuhwho|0frpsrxqghg prqh|0pdunhw dffrxqw lv jlyhq e|

C

Af
' �c

C

A�
' C

Af
E� n B

f
u

f
EA

f
�� c

C

A2
' C

A�
E� n B

�
u

�
EA

�
�� c

� � � �

Qrwh wkdw

� n B

�
u

�
EA

�
� '

�

� EA
�
c A

�n�
�



PDUNHW PRGHOV :

vr wkdw

C

A6
'

63�\
�'f

E� n B

�
u

�
EA

�
��

'

6\
�'�

�

3�

EA
�3�

c A

�
� �

Lq ehwzhhq �urooryhu� gdwhv iA
6
j
�

6'f
/ C

|
lv xqltxho| vshfl�hg e| qr0

duelwudjh dujxphqwv1 Li

A

63�
	 | 	 A

6
c

wkhq

C

|
' � E|c A

6
� �C

A6
�

Gh�qh d ghwhuplqlvwlf ixqfwlrq +�lqgh{ ri d �uvw urooryhu gdwh diwhu |�,

6 E|� ' �?u i& 5 ] G A
&
� |j �

Wkhq

C

|
' �

�
|c A

6E|�

�6E|�\
�'�

�

3�

EA
�3�

c A

�
� �

Gh�qlwlrq 7141 D vsrw Oleru phdvxuh

7

"

u

lv d phdvxuh wkdw fruuh0

vsrqgv wr C

|
ehlqj d qxphudluh/ qdpho| wkh phdvxuh xqghu zklfk

� E|c A
6
�

C

|

lv d pduwlqjdoh iru hdfk A

6
/ 6 ' �c � � � c� 1

Wkhruhp 715 +Rq vsrw OLERU phdvxuh,1 Wkh g|qdplfv ri wkh OL0

ERU udwhv xqghu vsrw Oleru phdvxuh

7

"

u

duh jlyhq e|

_u

�
E|� '

�[
&'6E|�

B

&n�
b

&
b

�
u

&
E|�u

�
E|�

� n B

&n�
u E|c A

&
�

_|n b

�
u

�
E|� _

7
`

u

|
c � ' �c � � � c� � �c

+714,

zkhuh

7
`

u

|
lv d Eurzqldq prwlrq xqghu

7

"

u

1

OLERU udwhv duh ri frxuvh qr orqjhu pduwlqjdohv xqghu

7

"

u

1 Krzhyhu/

wkh guliwv lq +714, duh vwloo h{suhvvhg lq whupv ri �revhuydeohv�1 Dq

lpsruwdqw sudfwlfdo frqfoxvlrq lv wkdw rqfh zh vshfli| fdsohw yrodwlolwlhv

ib
6
j
�3�

6'�

/ zh gr qrw kdyh wr edfnxs lqvwdqwdqhrxv iruzdug yrodwlolwlhv

j E�c �� iurp wkhp> zh fdq xvh ib
6
j
�3�

6'�

dqg +714, wr frpsohwho| dqg

frqvlvwhqwo| vshfli| wkh hyroxwlrq ri OLERU udwhv iu
6
E|�j

�3�

6'�
xqghu

wkh vdph phdvxuh1
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Dovr qrwh wkdw wkh qxphudluh C

|
lv dovr vshfl�hg lq whupv ri re0

vhuydeohv/ vr zh fdq �hyroyh iruzdug� OLERU udwhv dqg wkh qxphudluh

vlpxowdqhrxvo| +vd| lq Prqwh0Fduor,/ rqo| nqrzlqj fdsohw yrodwlolwlhv1

81 Pdunhw prgho ri vzds udwhv

Lq ^O5` zh frqvwuxfwhg d vzds phdvxuh/ l1h1 d phdvxuh xqghu zklfk

vzdswlrqv duh ydoxhg e| Eodfn0olnh h{suhvvlrq1 Iru d vzdswlrq zh kdyh

T

|
' �

|
,

3
C
�

3�

|�

#
E� � � E|

�
c |

g
��� �

g[
�'2

� E|
�
c |

�
� �

�

$
n

������I|

4
D
�

Xvlqj wkh ydoxh ri wkh �{hg ohj dv d qxphudluh/

�

|
'

g[
�'2

� E|c |
�
� �

�
c

zh jhw

T

|
' �

|

	

,

�

3
C
�

3�

|�

#
E�� � E|

�
c |

g
��� �

g[
�'2

� E|
�
c |

�
� �

�

$
n

������I|

4
D

'

%
g[
�'2

� E|c |
�
� �

�

&
	

,

�

�
E8

|�
� ��

n

��I
|

�
c

zkhuh 8

|�
lv wkh vzds udwh/

8

|
'

� E|c |
�
�� � E|c |

g
�S

g

�'2

� E|c |
�
� �

�

�

Wkh vzds udwh lv d pduwlqjdoh xqghu wkh vzds phdvxuh +zk|B,1 Lw lv

suhww| fohdu wkdw zh fdq �qg KMP prgho xqghu zklfk wkh vzds udwh lv

dfwxdoo| orj0qrupdo1 Wkh surfhgxuh lv txlwh vlplodu wr zkdw zh glg iru

OLERU1

Lq wkh vdph zd|/ zh fdq frqvwuxfw d prgho lq zklfk d froohfwlrq

ri vzds udwhv doo kdyh orj0qrupdo glvwulexwlrqv xqghu wkh dssursuldwh

phdvxuhv1 Dv wkh irupxodv duh xqzlhog| zh uhihu wkh lqwhuhvwhg uhdghu

wr ^PU` dqg ^M`1

Ixwxuh glvfxvvlrq zloo frqfhuq pdunhw prghov ri OLERU udwhv/ exw

doo frqvlghudwlrqv dsso| wr pdunhw prghov ri vzds udwhv dv zhoo1

91 Pdunhw prgho ri OLERU dqg vzds udwhv

Grhv qrw h{lvw1
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:1 Fdoleudwlrq lvvxhv

Zh duh jrlqj wr mxvw eduho| vfudwfk wkh vxuidfh ri d yhu| frpsoh{

lvvxh ri fdoleudwlqj pdunhw prghov1 Uhdglqj Uherqdwr*v errnv ^U4`

dqg ^U5` lv pdqgdwru| iru dq|erg| lqwhuhvwhg lq wkh vxemhfw1 Dovr/

Dsshqgl{ jlyhv dq looxplqdwlqj h{dpsoh1

Lq pdunhw prghov/ yrodwlolwlhv ri OLERU udwhv qhhg qrw eh frqvwdqw/

qru wkh qxpehu ri idfwruv qhhg eh 41 Lq wkh prvw jhqhudo irup zh fdq

zulwh wkh iroorzlqj mrlqw v|vwhp iru vwrfkdvwlf hyroxwlrq ri OLERU udwhv
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Wkhuh vhhpv wr eh dq dzixoo| vpdoo qxpehu ri frqvwudlqwv iru d wlph0

ghshqghqw pdwul{ ri frh!flhqwv1 Xqiruwxqdwho|/ wklv lv derxw doo zh fdq

gr zlwk pdunhw0lpsolhg lqirupdwlrq1 Wkh xqlyhuvh ri dfwlyho| wudghg
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OLERU0udwh ghshqghqw lqvwuxphqwv lv yhu|/ yhu| vpdoo/ dqg wkhuh duh

qr rwkhu kljk0yroxph lqvwuxphqwv wr surylgh fdoleudwlrq gdwd1

Rqh fdq wu| wr dgg lqirupdwlrq iurp wkh rqo| rwkhu kljk0yroxph

vhfwru/ vzdswlrqv1 Wklv jhqhudoo| fuhdwhv pruh sureohpv wkdq lw vroyhv
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Dqrwkhu srvvleoh vhw ri frqvwudlqwv pd| frph iurp klvwrulfdo hvwlpd0

wlrq1 Rqh fdq wu| wr pdwfk klvwrulfdoo| revhuyhg fruuhodwlrq zlwk +:14,1

Fruuhodwlrq dprqj OLERU udwhv lv hdv| wr frpsxwh lq wkh prgho1 Iru

lqvwdqwdqhrxv fruuhodwlrqv zh kdyh
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Ri frxuvh/ d qxpehu ri sureohpv dulvh lpphgldwho|1 Dprqj wkhp/ zkdw

lv wkh wlph krul}rq A wr xvhB Krz wr kdqgoh yhu| xqvwdeoh klvwrulfdo

fruuhodwlrqvB dqg vr rq1

Lq wkh idfh ri d sureohp ri kdylqj wrr pdq| sdudphwhuv wr fdoleudwh/

dqg wrr ihz frqvwudlqwv wr fdoleudwh wr/ wkh prvw qdwxudo uhdfwlrq lv

wr ehjlq lpsrvlqj h{whuqdo frqvwudlqwv1 Zh fdq wdnh lqvwdqwdqhrxv

yrodwlolwlhv frqvwdqw/ zh fdq wdnh ihzhu idfwruv1 Lw lv txlwh fohdu wkdw

wkh srwhqwldo iru ryhu�wwlqj lv hqruprxv1

� Pdunhw prghov gr qrw surylgh dq| vwuxfwxuh wr wkh g|qdplfv ri

udwhv>

� Wkh| gr qrw surylgh dq| frqqhfwlrq ehwzhhq ydulrxv �slhfhv ri

wkh sx}}oh�>

� Kdylqj vr pdq| sdudphwhuv/ wkh| kdyh qr suhglfwlyh srzhu>

� Wkh| kdyh qr srwhqwldo wr vkrz dq| plvsulflqj lq wkh pdunhw

ehfdxvh wkh| kdsslo| pdwfk zkdwhyhu sulfhv duh wkurzq dw wkhp1

Pruh rq wklv vxemhfw fdq +dqg vkrxog$, eh uhdg lq ^U4/ Fkdswhu

4;18`1

Lw grhv qrw ri frxuvh phdq wkdw pdunhw prghov duh xvhohvv1 Zkdw lw

phdqv lv wkdw wkh| kdyh wr eh frxsohg zlwk vrphwklqj hovh/ vrphwklqj

wkdw surylghv d vhqvleoh dqg vwdeoh ghvfulswlrq ri wkh whup vwuxfwxuh ri

4
Dfdghplf mrxuqdov duh dzdvk lq sdshuv wu|lqj wr fdoleudwh prghov wr erwk

fdsv2 rruv DQG vzdswlrqv1 Wkh uhdolw| ri wkh pdwwhu lv/ krzhyhu/ wkdw wkhvh wzr

pdunhwv h{klelw yhu| olwwoh frqqhfwlrq1 D qxpehu ri kljk0sur�oh glvdvwhuv lqyroylqj

dwwhpswv wr furvv0wudgh fdsv2vzdswlrqv kdyh uhfhqwo| ehhq uhsruwhg1 Dv wkhuh duh

qr wudglqj frqqhfwlrq ehwzhhq wkh wzr pdunhwv/ wkhuh lv qr prghoolqj frqqhfwlrq

hlwkhu1
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fdsohw yrodwlolwlhv2fruuhodwlrqv1 Wklv vrphwklqj kdv wr frph iurp dq

h{whuqdo vrxufh1 Pdunhw prghov wkhpvhoyhv fdqqrw surylgh lw ehfdxvh

ri wkhlu h{wuhph  h{lelolw|1 Dv d sodxvleoh dssurdfk/ SFD dv dssolhg

e| \xul wr wkh vwdwlvwlfdo prgho fdq eh pduulhg wr pdunhw prghov1
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Ohw xv suhvhqw d vlpsoh |hw looxplqdwlqj h{dpsoh rq fdoleudwlqj d

pdunhw prgho1 Lw lv oliwhg/ suhww| pxfk xqfkdqjhg/ iurp ^U5`1
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zkhuh OLERU udwhv dqg vzds udwhv erwk kdyh orj0qrupdo glvwulexwlrq
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Zk| wkh fkrlfh lv lpsruwdqw/ krzhyhuB Frqvlghu d shulrglf +udfkhw,

fdsohw/ dq lqvwuxphqw wkdw sd|v
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1 Pdunhw lq vxfk lqvwuxphqwv lv yhu| wklq/ exw folhqwv gr dvn

wkhlu eurnhuv wr txrwh sulfhv1 Lw lv txlwh fohdu wkdw d shulrglf fdsohw

zloo ghulyh prvw ri lwv ydoxh iurp yrodwlolw| j
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Iljxuh 4

Krshixoo|/ wklv wr| h{dpsoh ghprqvwudwhv wkh plqg0erjjolqj frp0

soh{lw| ri fdoleudwlqj d pdunhw prgho1
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