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Whvwlqj Sdudphwhuv lq JPP zlwkrxw dvvxplqj wkdw
wkh| duh lghqwl�hg

Iudqn Nohlehujhq�

Mxo| 43/ 5334

Devwudfw
Zh dqdo|}h wkh olplwlqj ehkdylru ri wkh �uvw rughu ghulydwlyh ri wkh JPP remhfwlyh

ixqfwlrq lq dq dowhuqdwlyh pdqqhu1 Lw doorzv xv wr rewdlq qryho vwdwlvwlfv iru whvwlqj
k|srwkh}hv rq wkh sdudphwhuv lq wkh prphqw htxdwlrq zkrvh olplwlqj glvwulexwlrqv duh
urexvw wr ylrodwlrq ri wkh udqn frqglwlrq iru lghqwl�fdwlrq ri wkh sdudphwhuv1 Wkh gh0
juhhv ri iuhhgrp ri wkhvh fkl0vtxduhg olplwlqj glvwulexwlrqv duh htxdo wr wkh qxpehu ri
sdudphwhuv rq zklfk wkh k|srwkh}hv duh vshfl�hg1 Ehfdxvh rxu vwdwlvwlfv uhvxow iurp
wkh �uvw rughu ghulydwlyh/ wkh| dwwdlq wkhlu +}hur, plqlpxp dw wkh hvwlpdwru wkdw uhvxowv
iurp wkh �uvw rughu frqglwlrq iru d plqlpxp ri wkh JPP remhfwlyh ixqfwlrq1 Wkhvh
vwdwlvwlfv wkhuhiruh r�hu d pruh urexvw zd| ri frqgxfwlqj lqihuhqfh wkdw lv vwloo fhqwhuhg
durxqg wkh hvwlpdwru wkdw uhvxowv iurp wkh �uvw rughu frqglwlrq1 Wkh urexvwqhvv fdq eh
ixuwkhu h{whqghg e| xvlqj KDF fryduldqfh pdwul{ hvwlpdwruv1 Zh jlyh h{suhvvlrqv ri wkh
vwdwlvwlfv dqg yhuli| wkh sodxvlelolw| ri wkh dvvxpswlrqv iru olqhdu lqvwuxphqwdo yduldeohv/
g|qdplf udwlrqdo h{shfwdwlrqv dqg sdqho DU+4, prghov1

4 Lqwurgxfwlrq
Wkh Jhqhudol}hg Phwkrg ri Prphqwv +JPP, ri Kdqvhq +4<;5, r�huv d  h{leoh hvwlpdwlrq
iudphzrun lq zklfk pdq| hfrqrphwulf prghov fdq eh fdvw1 Wklv doohyldwhv vwdwlvwlfdo lqihu0
hqfh lq wkhvh prghov ehfdxvh zh fdq xvh wkh hvwlpdwruv dqg whvw vwdwlvwlfv ghyhorshg iru wkh
JPP1 Pdq| hfrqrphwulf prghov fdq rqo| eh hvwlpdwhg xvlqj JPP zkhq zh hyrnh d vhw ri
lqvwuxphqwdo yduldeohv1 Lghdoo|/ wkhvh lqvwuxphqwdo yduldeohv duh xqfruuhodwhg zlwk wkh lqyroyhg
prphqw htxdwlrq exw fruuhodwhg zlwk wkrvh sduwv ri wkh prphqw htxdwlrq wkdw frqwdlq wkh
sdudphwhuv1 Xqiruwxqdwhgo|/ lq sudfwlfh/ wkh odwwhu fruuhodwlrq lv riwhq txlwh vpdoo1 Vlpxodwlrq
h{shulphqwv ri wkhvh lqvwdqfhv vkrz wkdw wkh hpslulfdo glvwulexwlrqv ri JPP hvwlpdwruv dqg
whvw vwdwlvwlfv duh wkhq txlwh gl�huhqw iurp wkhlu qrupdo ru �2 olplwlqj glvwulexwlrqv/ vhh e�}�
Wdxfkhq +4<;9,/ Qhovrq dqg Vwduw} +4<<3,/ Kdqvhq e|� @,� +4<<9, dqg wkh rwkhu sdshuv lq wkdw
lvvxh ri wkh Mrxuqdo ri Exvlqhvv dqg Hfrqrplfv Vwdwlvwlfv1 Dovr wkh olplwlqj glvwulexwlrqv
wkhpvhoyhv ri JPP hvwlpdwruv dqg whvw vwdwlvwlfv hyhqwxdoo| fkdqjh zkhq wklv fruuhodwlrq
ehfrphv qhjoljleoh/ zklfk lv dovr uhihuuhg wr dv wkh fdvh ri �zhdn lqvwuxphqwv�/ vhh Vwdljhu
dqg Vwrfn +4<<:, dqg Vwrfn dqg Zuljkw +5333,1 Wklv lv dq lpsruwdqw lqfrqyhqlhqfh iru ds0
solhg zrun1 Lw vkrzv wkdw wkh xvxdo JPP whvw vwdwlvwlfv duh qrw dv|pswrwlfdoo| slyrwdo zklfk
lpsolhv wkdw zh fdq qrw dozd|v lqwhusuhw wkhp lq wkh vwdqgdug zd|1

�Ghsduwphqw ri Txdqwlwdwlyh Hfrqrplfv/ Xqlyhuvlw| ri Dpvwhugdp/ Urhwhuvvwuddw 44/ 434;ZEDpvwhugdp/
Wkh Qhwkhuodqgv/ Hpdlo=nohlehujCihh1xyd1qo1 Krphsdjh= kwws=22zzz1ihh1xyd1qo2nh2nohlehujhq1kwp
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D vroxwlrq frxog eh wr frqgxfw suh0whvwv iru lqvwuxphqw ydolglw|/ dv vxjjhvwhg e|/ iru h{0
dpsoh/ Erxqg e|� @,� +4<<8, lq fdvh ri wkh lqvwuxphqwdo yduldeohv uhjuhvvlrq prgho1 Vlpxodwlrq
h{shulphqwv/ krzhyhu/ vkrz wkdw wkhvh suh0whvwlqj surfhgxuhv shuirup srruo| zlwk uhvshfw
wr vl}h dqg srzhu/ vhh Kdoo e|� @,� +4<<9,1 Wkhvh surshuwlhv fdq sduwo| eh dwwulexwhg wr wkh
gl�huhqfh ehwzhhq wkh qxpehu ri lqvwuxphqwv dqg wkh qxpehu ri sdudphwhuv lq wkh prphqw
htxdwlrq wkdw lv hvwlpdwhg xvlqj wkh JPP1 Lq sudfwlfh/ wklv gl�huhqfh lv riwhq txlwh odujh1 Wkh
ghjuhhv ri iuhhgrp sdudphwhu ri wkh olplwlqj glvwulexwlrq ri wkh suh0whvw wkhq vwurqjo| h{fhhgv
wkh qxpehu ri sdudphwhuv lq wkh prphqw htxdwlrq zklfk d�hfwv wkh srzhu ri wkh suh0whvw1

Zh iroorz dq dowhuqdwlyh dssurdfk dqg sursrvh wkh N0vwdwlvwlf iru whvwlqj mrlqw k|srwkh}hv
rq wkh sdudphwhuv lq wkh prphqw htxdwlrq1 Wkh N0vwdwlvwlf lv dv|pswrwlfdoo| slyrwdo dqg
wkh ghjuhhv ri iuhhgrp ri lwv �2 olplwlqj glvwulexwlrq lv htxdo wr wkh qxpehu ri sdudphwhuv lq
wkh k|srwkhvlv1 Wkh N0vwdwlvwlf uhvxowv iurp wkh �uvw rughu ghulydwlyh ri wkh JPP remhfwlyh
ixqfwlrq dqg wkhuhiruh dwwdlqv lwv +}hur, plqlpxp dw wkh hvwlpdwru wkdw vroyhv wkh �uvw rughu
frqglwlrq iru d plqlpxp ri wkh JPP remhfwlyh ixqfwlrq/ ��e� wkh frqwlqxrxv xsgdwlqj hvwlpd0
wru +FXH, ri Kdqvhq e|� @,� +4<<9,1 Wkh olplwlqj glvwulexwlrq ri wkh FXH ghshqgv rq qxlvdqfh
sdudphwhuv zkhq wkh udqn frqglwlrq iru lghqwl�fdwlrq ri wkh sdudphwhuv lq wkh prphqw htxd0
wlrq lv ylrodwhg1 Vlqfh wkh olplwlqj glvwulexwlrq ri wkh N0vwdwlvwlf lv urexvw wr ylrodwlrq ri wkh
udqn frqglwlrq/ lw wkxv ohdgv wr d pruh urexvw nlqg ri lqihuhqfh wkdq wkh olplwlqj glvwulexwlrq
ri wkh FXH/ wkdw lv/ krzhyhu/ vwloo fhqwhuhg durxqg wkh FXH1 Zkhq wkh udqn frqglwlrq lv
vdwlv�hg iru d vxe0vhw ri wkh sdudphwhuv/ zh fdq dgdsw wkh N0vwdwlvwlf wr whvw k|srwkh}hv rq
wkh uhpdlqlqj vxe0vhw ri sdudphwhuv1 Wkh olplwlqj glvwulexwlrq ri wklv N0vwdwlvwlf lv urexvw wr
ylrodwlrq ri wkh udqn frqglwlrq iru wkh vhw ri sdudphwhuv rq zklfk wkh k|srwkhvlv lv vshfl�hg1

Wkh rxwolqh ri wkh sdshu lv dv iroorzv1 Lq wkh vhfrqg vhfwlrq/ zh glvfxvv wkh JPP1 Zh
pdnh dq dvvxpswlrq derxw wkh mrlqw olplwlqj glvwulexwlrq ri wkh prphqw htxdwlrq dqg lwv
ghulydwlyh zlwk uhvshfw wr wkh sdudphwhuv wkdw gl�huv iurp wkh dvvxpswlrqv wkdw duh pdgh
wudglwlrqdoo|1 Lq wkh wklug vhfwlrq/ zh dqdo|}h wkh olplwlqj ehkdylru ri wkh �uvw rughu ghulydwlyh
ri wkh remhfwlyh ixqfwlrq dqg xvh lw wr sursrvh wkh dv|pswrwlfdoo| slyrwdo N0vwdwlvwlf1 Wkh N0
vwdwlvwlf uhvxowv iurp dq ruwkrjrqdo ghfrpsrvlwlrq wkdw zdv lqlwldoo| sursrvhg lq Nohlehujhq
+5333,1 Lw fdq eh xvhg wr whvw mrlqw k|srwkh}hv rq doo sdudphwhuv dqg k|srwkh}hv rq vxe0
vhwv ri wkh sdudphwhuv1 Lq vhfwlrq 7/ zh vkrz krz wr lqfrusrudwh frqvlvwhqw hvwlpdwruv ri
wkh fryduldqfh/ fruuhodwlrq dqg Mdfreldq sdudphwhuv lq wkh N0vwdwlvwlf1 Zh dovr vkrz krz
khwhurvfhgdvwlflw| dxwrfruuhodwlrq frqvlvwhqw fryduldqfh pdwul{ hvwlpdwruv duh lqfrusrudwhg1
Iru h{srvlwru| sxusrvhv/ wkh �iwk vhfwlrq vkrzv wkh h{suhvvlrqv ri wkh N0vwdwlvwlf dqg yhul�hv
wkh sodxvlelolw| ri lwv dvvxpswlrqv iru prphqw htxdwlrqv wkdw uhvxow iurp olqhdu lqvwuxphqwdo
yduldeohv uhjuhvvlrq dqg g|qdplf udwlrqdo h{shfwdwlrqv prghov1 Wkh vl{wk vhfwlrq h{whqgv wkh
N0vwdwlvwlfv wr JPP dssolhg wr sdqhov ri prphqw htxdwlrqv1 Dv dq h{dpsoh/ zh vkrz wkh
h{suhvvlrq ri wkh N0vwdwlvwlf wr whvw k|srwkh}hv lq wkh sdqho DU+4, prgho zlwk lqglylgxdo
vshfl�f frqvwdqwv1 Ilqdoo|/ wkh vhyhqwk vhfwlrq frqfoxghv1

Zh xvh wkh iroorzlqj qrwdwlrq wkurxjkrxw wkh sdshu= yhf+�� vwdqgv iru wkh froxpq yhf0
wrul}dwlrq ri wkh pdwul{ �c yhf+�� ' E@�� � � � @

�
��

� zkhq � ' E@� � � � @��c �� ' �E����3��� dqg
�� ' UA � �� iru d ixoo udqn A � & pdwul{ �c m@ vwdqgv iru hydoxdwhg lq @/ �$

R
� lqglfdwhv

frqyhujhqfh lq suredelolw|/ �$
_
� lqglfdwhv frqyhujhqfh lq glvwulexwlrq dqg �'

@
� phdqv wkdw wkh

htxdolw| krogv iru d odujh qxpehu ri revhuydwlrqv +dv|pswrwlfdoo|,1
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5 Jhqhudol}hg Phwkrg ri Prphqwv Hvwlpdwlrq
Zh frqvlghu wkh hvwlpdwlrq ri wkh 6 � � sdudphwhu yhfwru wc zkrvh sdudphwhu uhjlrq lv wkh
U
6c iru zklfk wkh , � � glphqvlrqdo htxdwlrq

. d)Ewfc t|�mU|o ' fc +4,

zkhuh U| lv wkh lqirupdwlrq vhw dw wlph2lqglylgxdo | dqg . lv wkh h{shfwdwlrq rshudwru/ krogv1
Wkh gdwd yhfwru t| lv revhuyhg dw wlph2lqglylgxdo |1 Wkh , � � glphqvlrqdo yhfwru ixqfwlrq )
ri w lv �qlwh iru �qlwh ydoxhv ri wc frqwlqxrxv dqg wzlfh frqwlqxrxv gl�huhqwldeoh1 Wkh vshfl�f
wuxh ydoxh ri wc dw zklfk +4, krogv/ lv htxdo wr wf1 Wr hvwlpdwh wkh sdudphwhu w lq +4,/ zh
xvh Kdqvhqv +4<;5, JPP iudphzrun dqg lqyroyh wkh &0glphqvlrqdo yhfwru ri lqvwuxphqwv f|c
&, � 6c wkdw duh lq wkh lqirupdwlrq vhw U| dqg xqfruuhodwhg zlwk )Ewfc t|�c

. df|)Ewfc t|�
�mU|o ' f� +5,

Iru wkh gdwd0vhw Et|c f|c | ' �c � � � c A �c wkh remhfwlyh ixqfwlrq lq wkh JPP iudphzrun wkhq
ehfrphv

'Ew� ' sA Ewc t ��T Ew�3�sA Ewc t �c +6,

zkhuh sA Ewc t � '
SA

|'� s|Ew�c

s|Ew� ' yhf Ef|)Ewc t|�
�� c +7,

dqg T Ew� lv wkh fryduldqfh pdwul{ ri sA Ewc t �c

T Ew� ' *�4A<".
q

�
A

SA
|'�

SA
�'� ds|Ew�� .Es|Ew�mU|�o ds�Ew�� .Es�Ew�mU��o�

r
� +8,

Zh ohdyh wkh fryduldqfh pdwul{ dw wklv prphqw xqvshfl�hg1 Odwhurq/ zh vshfli| vrph hvwlpd0
wruv iru lw1 Lq rughu wr frqvwuxfw rxu whvw vwdwlvwlfv/ zh pdnh dq dvvxpswlrq wkdw gl�huv iurp
wkh rqhv wkdw duh pdgh wudglwlrqdoo|=

Dvvxpswlrq

4� Wkh mrlqw olplwlqj ehkdylru ri wkh vxpv ri wkh pduwlqjdoh gl�huhqfh vhulhv s|Ewf� dqg
R|Ewf�� . dR|Ewf�mU|o c zlwk

R|Ewf� '
Ys|Ewf�
Yw�

mwf G &, �6c +9,

dffrugv zlwk wkh fhqwudo olplw wkhruhp

�I
A
T Ewf�

3 �
2

qSA
|'�

�
s|Ewf� R|Ewf�� . dR|Ewf�mU|o

�r
\Ewf�

3 �
2 $

_

�
�s �w�s

� /
s
AT Ewf�

3 �
2

�
�
A
sA Ewfc t � �

A
RA Ewfc t �� awEwf�

�
\Ewf�

3 �
2 $

_

�
�s �w�s

�
+:,

zkhuh RA Ewc t � '
SA

|'� R|Ewf�c

awEwf� ' *�4A<".
q

�
A

SA
|'�. dR|Ewf�mU|o

r
c

' *�4A<".

�
�
A

SA
|'�.

���
Y)Ekcqct|�

Yw�

����
wf
f|

�
mU|
��

c
+;,
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�s G &, � �c �w�s G &, �6c �
�s �w�s

� � �Efc U6n�  U&,�c +<,

dqg

\Ew� '

�
\ss Ew� \swEw�
\wsEw� \wwEw�

�
c +43,

zlwk \ssEw� G �� �c \ssEw� ' �c \ws Ew� ' \swEw�
� G 6� �c \wwEw� G 6�6c

\swEw� ' *�4A<".
q

�
A

SA
|'�

SA
�'� Es|Ew��. ds|Ew�mU|o�� T Ew�3� ER�Ew�� . dR�Ew�mU�o�

r
c

\wwEw� ' *�4A<".
q

�
A

SA
|'�

SA
�'� ER|Ew��. dR|Ew�mU|o�� T Ew�3� ER�Ew�� . dR�Ew�mU�o�

r
�

+44,

Dvvxpswlrq 4 lv dq h{whqvlrq ri wkh wudglwlrqdo dvvxpswlrqv/ zlwk uhvshfw wr wkh olplwlqj
glvwulexwlrq/ ehfdxvh lw dovr dvvxphv d olplwlqj glvwulexwlrq iru wkh ghulydwlyh ri wkh pduwlqjdoh
gl�huhqfh vhulhv s|Ew�1 Wkh wudglwlrqdo dvvxpswlrqv rqo| ghdo zlwk d olplwlqj glvwulexwlrq iru
�I
A
sA Ewc t � E' �I

A

SA
|'� s|Ewf�� zkloh zh dovr dvvxph d olplwlqj glvwulexwlrq iru �I

A
RA Ewc t �

E' �I
A

SA
|'� R|Ewf��c vhh e�}� Kdqvhq +4<;5,/ Kdplowrq +4<<7,/ Qhzh| dqg PfIdgghq +4<<7,

dqg Vwrfn dqg Zuljkw +5333,1 Xqolnh wkhvh wudglwlrqdo dvvxpswlrqv/ zh pdnh qr ixoo udqn
dvvxpswlrq derxw awEwf� dqg lw lv wkhuhiruh doorzhg wr eh htxdo wr }hur ru dqrwkhu orzhu udqn
ydoxh1

Dvvxpswlrq 4 lv d vwdqgdug fhqwudo olplw wkhruhp iru pduwlqjdoh gl�huhqfh vhulhv dqg lv
wkhuhiruh vdwlv�hg xqghu udwkhu zhdn frqglwlrqv iru s|Ewf� dqg R|Ewf�� Frqglwlrqv wkdw hqvxuh
vxfk frqyhujhqfh duh wkdw s|Ewf� dqg R|Ewf� uhvxow iurp fryduldqfh vwdwlrqdu| vwrfkdvwlf sur0
fhvvhv zlwk sdudphwhuv wkdw duh devroxwho| vxppdeoh/ vhh e�}� Kdplowrq +4<<7,/ Qhzh| dqg
PfIdgghq +4<<7,1 Zh qrwh wkdw \Ew� lq dvvxpswlrq 4 lv gh�qhg wr pdnh +:, krog1 Dvvxps0
wlrq 4 grhv wkhuhiruh qrw lpso| lghqwlfdo fryduldqfh pdwulfhv iru wkh olplwlqj glvwulexwlrqv ri
�I
A
sA Ewfc t � dqg �I

A
RA Ewfc t �1

Dvvxpswlrq 4 lpsolhv d olplwlqj glvwulexwlrq iru wkh ghulydwlyh ri �I
A
sA Ewfc t �c �I

A
RA Ewfc t ��

Wkh h{shfwdwlrqv wkdw duh wdnhq lq wklv olplwlqj h{suhvvlrq/ wr frqvwuxfw wkh orfdwlrq dqg
yduldqfh ri wkh olplwlqj glvwulexwlrq/ duh frqglwlrqdo rq wkh ydoxh ri wkh lqvwuxphqwv dw wlph |
+5,1 Khqfh/ zkhq wkh ghulydwlyh ri )Ewc t|� lv frpsohwho| vsdqqhg e| wkh lqvwuxphqwv dw wlph
|c wkh olplwlqj glvwulexwlrq ri �I

A
RA Ewfc t � lv ghjhqhudwh dqg kdv }hur yduldqfh1 Wkh hohphqwv

ri \Ew� wkdw duh dvvrfldwhg zlwk wkhvh sdudphwhuv duh wkhq htxdo wr }hur1 Iru h{dpsoh/ zkhq
)Ewc t|� ' +|�%��|k��E�|c q�c dqg wkh lqvwuxphqwv duh vxfk wkdwf| ' E%��| %

�
2|�

�c wkh ghulydwlyh
ri )Ewc t|� zlwk uhvshfw wr k lv %�| dqg lv frpsohwho| vsdqqhg e| wkh lqvwuxphqwvf|� Khqfh/ wkh
olplwlqj glvwulexwlrq ri �I

A

YsA Ewct �
Yk�

mwf lv ghjhqhudwh dqg kdv }hur yduldqfh zklfk lv uh hfwhg e|
}hur hohphqwv lq \swEw� dqg \wwEw� lq +43,1 Wkh htxdwlrqv iru wkh vwdwlvwlfv/ wkdw zh frqvwuxfw/
krzhyhu/ vwloo dsso|1 Lq fdvh zkhq wkh ghulydwlyhv ri )Ewc t|� zlwk uhvshfw wr doo hohphqwv ri
w duh frpsohwho| vsdqqhg e| f|c ehfdxvh ri wkh }hur0ydoxhv ri wkh hohphqwv ri \swEw� dqg
\wwEwf�c wkh vshfl�fdwlrqv ri rxu vwdwlvwlfv fruuhvsrqg zlwk wkh vwdqgdug rqhv1
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6 Wkh Iluvw Rughu Ghulydwlyh dqg wkh N0vwdwlvwlf

614 Whvwlqj k|srwkh}hv rq doo sdudphwhuv

Lq rughu wr rewdlq dq hvwlpdwru iru wc lw lv fxvwrpdu| wr plqlpl}h wkh remhfwlyh ixqfwlrq 'Ew�
zlwk uhvshfw wr wc

�w ' @h} 4�?
wMU6

'Ew�� +45,

Wkh rswlpdo ydoxh iru w lv wkhq rewdlqhg e| xvh ri wkh �uvw rughu frqglwlrq +IRF,=

IRF= Y'Ew�
Yw�

m�w ' f� +46,

Lqvwhdg ri dqdo|}lqj wkh �uvw rughu ghulydwlyh ri 'Ew� lq �wc zh dqdo|}h +�
2
wlphv, lw lq wkh wuxh

ydoxh ri wc wf� Wklv �uvw rughu ghulydwlyh uhdgv/

�
2
Y'Ew�
Yw�

mwf ' sA Ewfc t ��T Ewf�
3�RA Ewfc t �� EsA Ewfc t ��T Ewf�

3�  sA Ewfc t ��T Ewf�
3�� YyhfET Ewf��

Yw�
�

+47,

Wkh wudglwlrqdo frqvwuxfwlrq ri wkh olplwlqj glvwulexwlrq ri hvwlpdwruv dqg whvw vwdwlvwlfv rqo|
lqyroyhv wkh �uvw hohphqw ri wkh �uvw rughu ghulydwlyh +47,1 Wkh vhfrqg hohphqw lv ohiw dvlgh
ehfdxvh lw/ zkhq awEw� kdv d �{hg ixoo udqn ydoxh/ ydqlvkhv dv|pswrwlfdoo| zkhq zh vfdoh e|
wkh dssursuldwh idfwru ri A� Zkhq awEw� grhv qrw kdyh d �{hg ixoo udqn ydoxh/ lw/ krzhyhu/
grhv qrw ydqlvk dv|pswrwlfdoo| dqg lq xhqfhv wkh olplwlqj glvwulexwlrq1 Lq rughu wr rewdlq d
vwdwlvwlf zkrvh olplwlqj glvwulexwlrq lv lqvhqvlwlyh wr wkh ydoxh ri awEw�c zh wkhuhiruh xvh doo
hohphqwv ri wkh �uvw rughu ghulydwlyh +47,1

Wkh �uvw rughu ghulydwlyh +47, ghshqgv rq wkh ghulydwlyh ri T Ew� +8, zlwk uhvshfw wr w

Yyhf+T Ew��
Yw�

mw ' *�4A<" 2
A
.
qSA

|'�

SA
�'� Eds|Ew��.Es|Ew�mU|�o U&,�

k
Yds�Ew�3.Es�Ew��U��o

Yw�

lr
' *�4A<" 2

A
.
qSA

|'�

SA
�'� Eds|Ew��.Es|Ew�mU|�o U&,� dR�Ew�� . dR�Ew�mU�oo

r
�

+48,

Zkhq zh vxevwlwxwh wklv h{suhvvlrq lq +47,/ zh rewdlq wkh ydoxh ri wkh ghulydwlyh ri 'Ew� wkdw
iru odujh ydoxhv ri A dqg hydoxdwhg lq wf lv htxdo wr/ vhh wkh dsshqgl{ iru d ghulydwlrq/

�
2
Y'Ew�
Yw�

mwf '
@

sA Ewfc t ��T Ewf�
3� dRA Ewfc t �� sA Ewfc t �\swEwf�o � +49,

Zh dqdo|}h wkh olplwlqj glvwulexwlrq ri +49,1 Wr frqvwuxfw wkh olplwlqj glvwulexwlrq ri +49,/
zh xvh d frqvhtxhqfh ri dvvxpswlrq 41

Ohppd 4 Zkhq dvvxpswlrq 4 krogv/
s
A
�
�
A
RA Ewfc t �� awEw�� �

A
sA Ewfc t �\swEwf�

� $
_
T Ewf�

�
2�w�s\ww�s Ewf�

�
2 c +4:,

zkhuh

\ww�s Ewf� ' \wwEwf�� \wsEwf�\swEwf�c +4;,

dqg �w�s lv lqghshqghqw ri �s �
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Surri1 vhh wkh dsshqgl{1

Ohppd 4 lpsolhv wkdw wkh olplwlqj ehkdylru ri d vfdolqj idfwru wkdw ghshqgv rq A wlphv
dRA Ewfc t �� sA Ewfc t �\swEwf�o lv lqghshqghqw iurp wkh olplwlqj ehkdylru ri �I

A
sA Ewfc t �c iru

ixoo udqn/ zhdn dqg }hur ydoxhv ri awEwf��

Ohppd 5 Xqghu dvvxpswlrq 4/ wkh olplwlqj ehkdylru ri d vfdolqj idfwru wkdw ghshqgv rq A
wlphv dRA Ewfc t �� sA Ewfc t �\swEwf�o lv lqghshqghqw iurp wkh olplwlqj ehkdylru ri �I

A
sA Ewfc t �

zkhq=
41 awEwf� kdv ixoo udqn/ udqnEawEwf�� ' 61
51 awEwf� kdv d zhdn ydoxh vxfk wkdw awEwf� ' awcA c awcA ' �I

A
�c � G &,�6 dqg udqnE�� ' 6�

61 awEwf� lv htxdo wr }hur1

Surri1 vhh wkh dsshqgl{1

Iurp ohppd 5/ zh rewdlq wkh olplwlqj ehkdylru ri wkh �uvw rughu ghulydwlyh ri 'Ew� lq wf�

Wkhruhp 6 Xqghu dvvxpswlrq 4/ wkh olplwlqj ehkdylru ri wkh qrupdol}hg �uvw rughu ghulydwlyh
ri 'Ew� lq wf uhdgv

�
2
I
A

�
Y'Ew�
Yw�

mwf
� �

dRA Ewfc t �� sA Ewfc t �\swEwf�o
� T Ewf�

3� dRA Ewfc t �� sA Ewfc t �\swEwf�o
�3 �

2

$
_
��'_wc

+4<,

zkhuh �'_w G 6� � dqg

�'_w � � Efc U6� � +53,

Wkh olplwlqj ehkdylru lq +4<, lv lghqwlfdo xqghu fdvhv 406 iru awEwf� iurp ohppd 51

Surri1 uhvxowv gluhfwo| iurp ohppd 5 dqg dvvxpswlrq 41

Zh xvh wkh olplwlqj glvwulexwlrq iurp wkhruhp 6 wr gh�qh d vwdwlvwlf wr whvw Kf G w ' wf� Zh
uhihu wr wklv vwdwlvwlf dv wkh N0vwdwlvwlf1

Gh�qlwlrq 7 Wkh N0vwdwlvwlf iru whvwlqj Kf G w ' wf uhdgv

gEwf� '
�
eA

�
Y'Ew�
Yw�

mwf
� �

dRA Ewfc t �� sA Ewfc t �\swEwf�o
� T Ewf�

3�

dRA Ewfc t �� sA Ewfc t �\swEwf�o�
3�

�
Y'Ew�
Yw�

mwf
��

' �
A
sA Ewf�

�T Ewf�
3 �

2�
T Ewf�

3
�
2 dRA Ewfct �3sA Ewfct �\swEwf�o

T Ewf�
3 �

2sA Ewf�

+54,

dqg kdv xqghu Kf dqg dvvxpswlrq 4 d �2E6� olplwlqj glvwulexwlrq iru doo wkuhh fdvhv ri awEwf�
iurp ohppd 51

Wkh N0vwdwlvwlf lq gh�qlwlrq 7 lv dq dv|pswrwlfdoo| slyrwdo vwdwlvwlf wr whvw Kf G w ' wf� Lw
ehfrphv rshudwlrqdo zkhq zh vshfli| frqvlvwhqw hvwlpdwruv iru \swEwf� dqg T Ewf�1 Lq vhfwlrq
7/ zh glvfxvv frqvlvwhqw hvwlpdwruv iru wkhvh sdudphwhuv1

Ehfdxvh ri lwv uhodwlrqvkls zlwk wkh �uvw rughu ghulydwlyh/ wkh N0vwdwlvwlf dwwdlqv lwv +}hur,
plqlpxp dw wkh ydoxh ri wf wkdw lv htxdo wr wkh hvwlpdwru wkdw vroyhv wkh IRF +46,1 Lw lv
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dovr lqyduldqw wr wkh vshfl�fdwlrq ri Kf� Dq hvwlpdwru wkdw vroyhv wkh IRF lv wkh frqwlqxrxv
xsgdwlqj hvwlpdwru +FXH, ri Kdqvhq e|� @,� +4<<9,1 Lqihuhqfh rq w xvlqj wkh FXH lv frqgxfwhg
e| frqvwuxfwlqj wkh olplwlqj glvwulexwlrq ri wkh FXH1 Dv vkrzq e| Vwrfn dqg Zuljkw +5333,/
wkh olplwlqj glvwulexwlrq ri wkh FXH ghshqgv rq qxlvdqfh sdudphwhuv lq fdvhv 506 ri ohppd
51 Wkh N0vwdwlvwlf wkhuhiruh r�huv dq dowhuqdwlyh pruh urexvw zd| ri frqgxfwlqj lqihuhqfh rq
w ehfdxvh lwv olplwlqj glvwulexwlrq lv lqyduldqw xqghu doo fdvhv ri ohppd 51 Wklv lqihuhqfh lv
vwloo fhqwhuhg durxqg wkh FXH vlqfh lw ohdgv wr wkh plqlpdo ydoxh ri wkh N0vwdwlvwlf1 Khqfh/
frq�ghqfh vhwv ri w rewdlqhg iurp wkh N0vwdwlvwlf/ wkdw duh frqvwuxfwhg e| vshfli|lqj d julg ri
ydoxhv ri wf dqg frpsxwlqj wkh N0vwdwlvwlf dqg lwv dvvrfldwhg dv|pswrwlf R0ydoxh iru hdfk ri
wkhp/ dozd|v frqwdlq wkh FXH14

Wkh N0vwdwlvwlf +54, lv hvvhqwldoo| d vfruh ru Odjudqjh pxowlsolhu vwdwlvwlf/ vhh e�}� Hqjoh
+4<;7,1 Lw gl�huv iurp wkh wudglwlrqdo uhsuhvhqwdwlrq ri vfruh dqg Odjudqjh pxowlsolhu vwdwlvwlfv
ehfdxvh lw lqyroyhv dq dowhuqdwlyh h{suhvvlrq ri wkh lqirupdwlrq pdwul{1 Xqolnh wkh vwdqgdug
h{suhvvlrq ri wkh lqirupdwlrq pdwul{/ wklv h{suhvvlrq ohdgv wr d vwdwlvwlf zkrvh olplwlqj glvwul0
exwlrq lv lqyduldqw wr wkh vshfl�fdwlrq ri awEw��

615 Whvwlqj k|srwkh}hv rq vxe0vhwv ri wkh sdudphwhuv

Wkh N0vwdwlvwlf iurp gh�qlwlrq 7 frqgxfwv d mrlqw whvw rq doo hohphqwv ri w� Zkhq w frqwdlqv
vhyhudo hohphqwv/ iru h{dpsoh/ w ' Ek� q���c zlwk k G 6k� � dqg q G 6q � �c 6 ' 6kn6qc zh
fdq dgdsw wkh N0vwdwlvwlf wr frqgxfw d whvw rq d vxe0vhw ri wkh sdudphwhuv/ KWf G q ' qf� Lq rughu
wr frqvwuxfw wkh olplwlqj glvwulexwlrq iru wklv vwdwlvwlf/ zh pdnh dq dgglwlrqdo dvvxpswlrq1

Dvvxpswlrq

5� Wkh &, �6k glphqvlrqdo Mdfreldq pdwul{

akEkc q� ' *�4A<".
�

�
A
RkcA Ekc qc t �

�
' *�4A<".

�
�
A

SA
|'�.

���
Y)Ekcqct|�

Yk�

����
kcq

f|

�
mU|
��

c
+55,

zkhuh

RA Ekc qc t � '
�
RkcA Ekc qc t � RqcA Ekc qc t �

�
c

RkcA Ekc qc t � ' YsA Ekcqct �
Yk�

mkcqc
RqcA Ekc qc t � ' YsA Ekcqct �

Yq�
mkcqc

+56,

lv d frqwlqxrxv ixqfwlrq ri Ekc q� dqg kdv ixoo udqn 6k lq Ekfc qf��

Xqghu dvvxpswlrqv 405/ wkh hvwlpdwru wkdw vroyhv wkh IRF zlwk uhvshfw wr k jlyhq qfc �kEqf�c
lv d frqvlvwhqw hvwlpdwru ri kf dqg

s
A E�kEqf��kf� kdv d qrupdo olplwlqj glvwulexwlrq/ vhh e�}�

Vwrfn dqg Zuljkw +5333,1 Zh fdq wkhuhiruh dqdo|}h wkh olplwlqj ehkdylru ri wkh ghulydwlyh
'Ew� zlwk uhvshfw wr q lq wf ' E�kEqf�

� q �f�
� wkdw iru odujh ydoxhv ri A lv htxdo wr5

�
2
Y'Ewf�
Yq�

mwf '
@

sA Ewf�
�T Ewf�

3 �
2�

T Ewf�
3

�
2 akEwf�

T Ewf�
3 �

2 dRqcA Ewfc t �� sA Ewfc t �\sqEwf�o c +57,

4Zh qrwh wkdw wkhvh frq�ghqfh vhwv fdq eh qrq0frqyh{ dqg fdq/ iru h{dpsoh/ eh glvfrqwlqxrxv ru lq�qlwh/
vhh h=j= Gxirxu +4<<:,/ Vwrfn dqg Zuljkw +5333, dqg ]lyrw hw= do= +4<<;,1

5Wklv ghulydwlyh uhvxowv iurp qrwlqj wkdw ��+�
3
, lv rewdlqhg iurp wkh IRF vxfk wkdw iW +�3, olhv lq wkh vsdfh

ruwkrjrqdo wr Y +�,�4 ^s�>W +�3> \ ,� iW +�3> \ ,�i�+�3,` zklfk iru odujh W fruuhvsrqgv zlwk W �Y +�,�4M�+�3,=

:



zkhuh

\sqEwf� ' *�4A<".
q

�
A

SA
|'�

SA
�'� ds|Ewf�� .Es|Ewf�mU|�o� T Ewf�

3 �
2�

T Ewf�
3

�
2 akEwf�

T Ewf�
3 �

2 dRqc�Ewf��. dRqc�Ewf�mU�oo
r
c

+58,

zlwk

R|Ekc q� '
�
Rkc|Ekc q� Rqc|Ekc q�

�
c

Rkc|Ekc q� '
Ys|Ekcq�
Yk�

mkcqc
Rqc|Ekc q� '

Ys|Ekcq�
Yq�

mkcq�
+59,

Ohppd 5 vwdwhv wkdw wkh olplwlqj ehkdylru ri d vfdolqj idfwru wkdw ghshqgv rq A wlphv
dRA Ewfc t �� sA Ewfc t �\swEwf�o lv lqghshqghqw ri �I

A
sA Ewf�� Vlqfh zh fdq hvwlpdwh kf frqvlv0

whqwo| e| phdqv ri �kEqf�c d vfdolqj idfwru wkdw ghshqgv rq A wlphv dRqcA Ewfc t �� sA Ewfc t �\sqEwf�o c
zlwk wf ' E�kEqf�

� q �f�
�c lv dovr lqghshqghqw ri �I

A
sA Ewf�1 Khqfh/ zh fdq h{whqg wkhruhp 61

Wkhruhp 8 Xqghu dvvxpswlrqv 405/ wkh olplwlqj ehkdylru ri wkh qrupdol}hg �uvw rughu ghulyd0
wlyh ri 'Ew� zlwk uhvshfw wr q lq wf ' E�kEqf�

� q �f�
� uhdgv

�
2
I
A

�
Y'Ew�
Yq�

mwf
��

dRqcA Ewfc t �� sA Ewfc t �\sqEwf�o
� T Ewf�

3 �
2�

T Ewf�
3

�
2 akEwf�

T Ewf�
3 �

2

dRqcA Ewfc t �� sA Ewfc t �\sqEwf�o�
3 �

2 $
_
��'_qc

+5:,

zkhuh �'_q G 6q � � dqg

�'_q � �
�
fc U6q

�
� +5;,

Wkh olplwlqj ehkdylru lq +5:, lv lghqwlfdo xqghu fdvhv 406 iru aqEwf� ' *�4A<".
q

�
A

YsA Ekcqct �
Yq�

mwf
r

iurp ohppd 51

Surri1 uhvxowv gluhfwo| iurp ohppd 5 dqg dvvxpswlrqv 4051

Wkhruhp 8 doorzv xv wr gh�qh wkh N0vwdwlvwlf wr whvw k|srwkh}hv rq vxe0vhwv ri wkh sdudp0
hwhuv1

Gh�qlwlrq 9 Wkh N0vwdwlvwlf iru whvwlqj KW
f G q ' qf uhdgv

gEqf� '
�
eA

�
Y'Ew�
Yq�

mwf
��

dRqcA Ewfc t �� sA Ewfc t �\sqEwf�o
� T Ewf�

3 �
2

�
T Ewf�

3
�
2 akEwf�

T Ewf�
3 �

2 dRqcA Ewfc t �� sA Ewfc t �\sqEwf�o
�3� �

Y'Ew�
Yq�

mwf
��

' �
A
sA Ewfc t ��T Ewf�

3 �
2�

�
T Ewf�

3
�
2 akEwf�

T Ewf�
3

�
2 dRqcA Ewfct �3sA Ewfct �\sqEwf�o

T Ewf�
3�

2sA Ewfc t �

+5<,

zkhuh wf ' E�kEqf�
� q�f�

�c dqg kdv xqghu KW
f dqg dvvxpswlrqv 405 d �2E6q� olplwlqj glvwulexwlrq

iru doo wkuhh fdvhv ri aqEwf� iurp ohppd 51
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Wkh N0vwdwlvwlf +5<, ehfrphv dq rshudwlrqdo vwdwlvwlf zkhq zh kdyh vshfl�hg hvwlpdwruv iru
akEwf�c T Ewf� dqg \sqEwf�� Zh zloo sxuvxh wklv lq wkh qh{w vhfwlrq1 Jlyhq wkdw dvvxpswlrq 5
krogv/ wkh olplwlqj glvwulexwlrq ri wkh N0vwdwlvwlf +5<, grhv qrw ghshqg rq qxlvdqfh sdudphwhuv
dqg grhv wkhuhiruh qrw ghshqg rq wkh udqn ri aqEwf�c ��e� wkh udqn ri wkh ghulydwlyh zlwk
uhvshfw wr wkh sdudphwhu rq zklfk wkh k|srwkhvlv lv vshfl�hg1 Frpsduhg wr N0vwdwlvwlf +54,/
wkh olplwlqj glvwulexwlrq ri +5<, kdv ohvv ghjuhhv ri iuhhgrp dqg vkrzv wkdw zh fdq frqgxfw
whvwv rq wkrvh vxe0vhwv ri wkh sdudphwhuv iru zklfk dvvxpswlrq 5 krogv iru wkh uhpdlqlqj
sdudphwhuv1 Zh qrwh wkdw zkhq dvvxpswlrq 5 grhv qrw krog/ wkh olplwlqj glvwulexwlrq ri +5<,
ghshqgv rq qxlvdqfh sdudphwhuv dqg zh vkrxog xvh +54, lqvwhdg1

N0vwdwlvwlf +5<, fdq eh xvhg wr frqvwuxfw frq�ghqfh vhwv iru q rqo|1 Vlplodu wr wkh mrlqw
frq�ghqfh vhwv iru Ekc q� wkdw uhvxow iurp N0vwdwlvwlf +54, dovr wkhvh frq�ghqfh vhwv fdq eh
qrq0frqyh{1 Lghqwlfdo wr +54,/ N0vwdwlvwlf +5<, dwwdlqv lwv plqlpdo }hur ydoxh dw wkh hvwlpdwru
wkdw vdwlv�hv wkh IRF iru qc ��e� wkh FXH iru q� Frq�ghqfh vhwv iru q wkhuhiruh dozd|v frqwdlq
wkh hvwlpdwh ri q wkdw uhvxowv iurp wkh FXH1

7 Fryduldqfh dqg Mdfreldq Sdudphwhuv
Wkh ixqfwlrqdo h{suhvvlrqv ri N0vwdwlvwlfv +54, dqg +5<, ghshqg rq xqnqrzq sdudphwhuv1 Zkhq
zh vxevwlwxwh frqvlvwhqw hvwlpdwruv iru wkhvh sdudphwhuv/ wkh N0vwdwlvwlfv ehfrph erwk dssol0
fdeoh iru sudfwlfdo sxusrvhv dqg zh suhvhuyh wkhlu olplwlqj glvwulexwlrqv1 Wkhvh hvwlpdwruv fdq
eh hlwkhu sdudphwulf ru qrq0sdudphwulf1

714 Sdudphwulf hvwlpdwruv

Zkhq zh pdnh dgglwlrqdo dvvxpswlrqv rq wkh prphqw ixqfwlrqv )Ewc t|�c olnh/ iru h{dpsoh/
qr fruuhodwlrq ehwzhhq )Ewfc t�� dqg )Ewfc t�� iru � 9' �c zh fdq ixuwkhu vshfli| wkh fryduldqfh
pdwul{ T Ew�� Iru wklv qr fruuhodwlrq fdvh/ d frqvlvwhqw hvwlpdwru iru wkh fryduldqfh pdwul{
T Ew� lv

	T Ew� '
�
	l))Ew� 	'ff

�
+63,

zkhuh

	l))Ew� '
�

A3&
SA

|'� E)Ewc t|�� 	)Ew�f|� E)Ewc t|�� 	)Ew�f|�
� c +64,

dqg 	'ff ' �
A

SA
|'�f|f

�
|c zlwk 	)Ew� ' �

A

SA
|'� )Ewc t|�f

�
|
	'3�
ff G , � &�

D frqvlvwhqw hvwlpdwru ri awEw� lv rewdlqhg zlwkrxw dq| ixuwkhu dvvxpswlrqv/

	awEw� '
�
A

SA
|'� EU, f|�

Y)Ewct|�
Yw�

mw� +65,

Wkh hvwlpdwru iru \swEw� vkrxog eh vxfk wkdw wkh hvwlpdwru wkdw lw +lpsolflwo|, lpsolhv iru
\ssEw� lv htxdo wr 4 iru doo w� Xqghu wkh qr furvv0fruuhodwlrq dvvxpswlrq/ dovr wkh fruuhodwlrq
ehwzhhq s�Ewf� dqg R�Ewf��. ER�Ewf�mU�� lv htxdo wr }hur1 Wklv lpsolhv wkdw doo furvv0fruuhodwlrqv
lq +44, duh htxdo wr }hur1 E| frpelqlqj wkhvh wzr uhvxowv/ zh rewdlq wkh frqvlvwhqw hvwlpdwru
iru \swEw� G
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SA

|'� E)Ewc t|�� 	)Ew�f|�
� 	l))Ew�
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+66,
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Wkh hvwlpdwruv iru akEw�c aqEw� dqg \sqEw� wkdw duh xvhg lq +5<, uhvxow lq d vlplodu zd|/
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Wkh hvwlpdwru +68, lv d frqvlvwhqw hvwlpdwru iru \sqEw� dqg lv dovr vxfk wkdw wkh hvwlpdwru iru
\ssEw� wkdw lw lpsolhv/ lv htxdo wr rqh iru doo w� Wkh odwwhu uhvxowv ehfdxvh w ' E�kEq�� q����

715 Qrq0sdudphwulf hvwlpdwruv

Zkhq zh gr qrw pdnh dvvxpswlrqv derxw wkh vshfl�fdwlrq iru \Ew� dqg T Ew�c zh fdq xvh
qrq0sdudphwulf hvwlpdwruv1 Hvshfldoo| frqyhqlhqw iru wklv sxusrvh duh wkh khwhurvfhgdvwlf0
lw| dxwrfruuhodwlrq frqvlvwhqw +KDF, fryduldqfh pdwul{ hvwlpdwruv wkdw duh edvhg rq nhuqho
ixqfwlrqv/ vhh e�}� Dqguhzv +4<<4,/ Qhzh| dqg Zhvw +4<;:, dqg Zklwh +4<;3, iru frqglwlrqv
wkdw hqvxuh frqyhujhqfh ri wkhvh hvwlpdwruv wr wkh wuxh fryduldqfh pdwul{1 D KDF fryduldqfh
pdwul{ hvwlpdwru lv rewdlqhg e| xvlqj d nhuqho ixqfwlrq �E5� G U $ d��c �o c zlwk �Ef� ' �c
�E�5� ' �E5�c

U"
3" m�E5�m _5 	 4c dqg �E5� frqwlqxrxv dw }hur dqg dw doo exw d �qlwh qxpehu ri

srlqwv/ vhh Dqguhzv +4<<4,1 Erwk wkh fryduldqfh pdwul{ T Ew� dqg \swEw� qhhg wr eh hvwlpdwhg
xvlqj wkh vdph nhuqho ixqfwlrq wr suhvhuyh wkh surshuw| wkdw 	\ss Ew� ' �� KDF hvwlpdwruv iru
T Ew� dqg \swEw� wkhq uhvxow dv
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+69, lv frqvlvwhqw dqg wkh hvwlpdwru 	\ssEw� lpsolhg e| 	\swEw� +69, lv dozd|v htxdo wr rqh1

Gl�huhqw fkrlfhv ri wkh nhuqho ixqfwlrq � ohdg wr gl�huhqw hvwlpdwruv1 Rqh ri wkh prvw
srsxodu KDF fryduldqfh pdwul{ hvwlpdwruv lv wkh rqh sursrvhg e| Qhzh| dqg Zhvw +4<;:,1
Lw lqyroyhv wkh fkrlfh ri d edqg0zlwk sdudphwhu K� Jlyhq Kc wkh nhuqho ixqfwlrq �E5� lqyroyhg
lq wkh Qhzh|0Zhvw fryduldqfh pdwul{ hvwlpdwru uhdgv
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Wkh Mdfreldq hvwlpdwruv 	akEw�c 	aqEw� dqg 	awEw� duh douhdg| qrq0sdudphwulf hvwlpdwruv
ehfdxvh wkh| gr qrw lqyroyh dq| sdudphwulf dvvxpswlrqv1 D qrq0sdudphwulf hvwlpdwru iru
\swEw� +58, lv rewdlqhg dv
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zkhuh w ' E�kEq�� q ���� Wkh hvwlpdwru +6;, lv dovr d KDF hvwlpdwru dqg lqyroyhv wkh nhuqho
ixqfwlrq �E5�� Ixuwkhupruh/ wkh hvwlpdwru ri 	\ssEw� wkdw lw lpsolhv lv htxdo wr rqh iru doo qc
zklfk uhvxowv ehfdxvh w ' E�kEq�� q ����

8 H{dpsohv
Zh vkrz vrph h{dpsohv ri wkh dssolfdelolw| ri N0vwdwlvwlfv +54, dqg +5<, iru prghov wkdw duh
frpprqo| hvwlpdwhg e| phdqv ri wkh JPP1 Zh wkhuhiruh dqdo|}h wkh JPP zkhq dssolhg wr
hvwlpdwh olqhdu lqwuxphqwdo yduldeohv uhjuhvvlrq prghov dqg d g|qdplf udwlrqdo h{shfwdwlrqv
prgho zlwk frqvwdqw uhodwlyh ulvn dyhuvlrq1

814 Lqvwuxphqwdo Yduldeohv Uhjuhvvlrq Prgho

Wkh prphqw htxdwlrq +4, iru wkh olqhdu lqvwuxphqwdo yduldeohv uhjuhvvlrq prgho uhdgv

.E+�| � k�t2| � q�t�|mU|� ' fc | ' �c � � � c Ac +6<,

zkhuh t�| G 6k � �c t2| G 6q � � dqg +�| G � � � vxfk wkdw , ' �c 6 ' 6k n 6qc dqg
)Ekc qc t|� ' +�|�k�t2|�q �t�|1 Wkh yduldeohv t�|c t2| dqg +�| duh frqvlghuhg wr eh hqgrjhqrxv
dqg wkxv fruuhodwhg zlwk )Ekfc qfc t|�1 Zh wkhuhiruh xvh wkh &0glphqvlrqdo yhfwru f| ri zhdno|
h{rjhqrxv yduldeohv/ vhh e�}� Hqjoh e|� @,� +4<;6,/ dv wkh yhfwru ri lqvwuxphqwv dw wlph |c
& � 6� n62� Wkh vshfl�fdwlrq ri sA Ekc qc t � wkhq uhdgv
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Zh duh lqwhuhvwhg lq whvwlqj Kf G k ' kfc q ' qf dqg KWf G q ' qf� Zh wkhuhiruh pdnh
dvvxpswlrq 4 zlwk uhvshfw wr +73, dqg iru KWf dovr dvvxpswlrq 51 Dvvxpswlrq 4 lpsolhv wkdw
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Wkh fryduldqfh pdwul{ \Ekc q� lv vshfl�hg dv

\Ekc q� '

3
C \ss Ekc q� \skEkc q� \sqEkc q�

\ks Ekc q� \kkEkc q� \kqEkc q�
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4
D +77,

zlwk \ssEkc q� G �� �c \ssEkc q� ' �c \ks Ekc q� ' \�skEkc q� G 6k � �c \qs Ekc q� ' \�sqEkc q� G
6q � �c \kkEkc q� G 6k �6kc \kqEkc q� ' \�qkEkc q� G 6k �6qc \qqEkc q� G 6q �6q�
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Dvvxpswlrq 5 lpsrvhv wkh udqn ri ak wr htxdo 6k� Zkhq ak ' fc wkh lqvwuxphqwv duh
luuhohydqw wr hvwlpdwh k dqg hvwlpdwruv ri k frqyhujh wr udqgrp yduldeohv/ vhh Skloolsv +4<;<,1
Dqrwkhu lpsruwdqw fdvh rffxuv zkhq wkh lqvwuxphqwv duh vr0fdoohg zhdn/ vhh e�}� Qhovrq dqg
Vwduw} +4<<3,/ Vwdljhu dqg Vwrfn +4<<:, dqg ]lyrw e|� @,� +4<<;,/ zklfk fdq eh uh hfwhg dv
d ydoxh ri ak wkdw ghshqgv xsrq Ac ak ' �I

A
� zlwk � d �{hg ixoo udqn & � 6k pdwul{1 Lw

uh hfwv wkh iuhtxhqwo| revhuyhg frpelqdwlrq ri d odujh qxpehu ri revhuydwlrqv dqg d vpdoo exw
+eduho|, vljql�fdqw 8 0vwdwlvwlf iru lqvwuxphqw uhohydqfh1 Lq wklv fdvh/ wkh olplwlqj glvwulexwlrqv
ri wkh olnholkrrg edvhg vwdwlvwlfv/ Zdog/ olnholkrrg udwlr dqg Odjudqjh pxowlsolhu/ wr frqgxfw
whvwv rq k ghshqg rq qxlvdqfh sdudphwhuv/ vhh Vwdljhu dqg Vwrfn +4<<:,1

Wkh deryh vkrzv wkdw dvvxpswlrq 4 lv w|slfdoo| vdwlv�hg dqg wkh N0vwdwlvwlf +54, fdq eh
xvhg wr whvw Kf� Dvvxpswlrq 5 lv rqo| qhhghg iru N0vwdwlvwlf +5<, wkdw whvwv KWf1 Dorqjvlgh wkhvh
dvvxpswlrqv/ zh dvvxph wkdw )Ekfc qfc t|� lv xqfruuhodwhg zlwk )Ekfc qfc t�� iru � 9' |� Wklv
lpsolhv wkdw zh fdq xvh +63,0+68, dv hvwlpdwruv ri wkh xqnqrzq sdudphwhuv lq wkh h{suhvvlrqv
ri wkh N0vwdwlvwlfv1

Wkh N0vwdwlvwlf N+kfc qf� wkdw whvwv Kf G k ' kfc q ' qfc dqg iru zklfk dvvxpswlrq 5 lv
uhgxqgdqw/ wkhq uhdgv/ vhh Nohlehujhq +5333e,/
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zlwk 	\Ekfc qf� rewdlqhg iurp +66,1 Wkh N0vwdwlvwlf N+kfc qf� +78, lv dq dv|pswrwlfdoo| slyrwdo
vwdwlvwlf dqg kdv d �2E6k n6q� olplwlqj glvwulexwlrq1

Wkh vshfl�fdwlrq ri wkh N0vwdwlvwlf iru whvwlqj KWf G q ' qf uhdgv/ vhh Nohlehujhq +5333f,/
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� dqg �kEqf� plqlpl}hv +6, jlyhq d ydoxh ri q htxdo wr qf� Wkh vshfl�0
fdwlrq ri 	\E�kEqf�c qf� uhvxowv iurp dsso|lqj +68,/
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Wkh N0vwdwlvwlf +7:, kdv d �2E6q� olplwlqj glvwulexwlrq wkdw grhv qrw ghshqg rq wkh ydoxh
ri aq� Lq Nohlehujhq +5333e/f, dq hoderudwh glvfxvvlrq ri wkh surshuwlhv/ olnh/ iru h{dpsoh/
wkhlu uhodwlrqvkls zlwk rwkhu vwdwlvwlfv/ ri wkh N0vwdwlvwlfv +78, dqg +7:, lv jlyhq1 Zh wkhuhiruh
uhiudlq iurp d ixuwkhu glvfxvvlrq khuh1
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815 G|qdplf Udwlrqdo H{shfwdwlrqv Prgho

Lq d g|qdplf udwlrqdo h{shfwdwlrqv prgho zlwk frqvwdqw uhodwlyh ulvn dyhuvlrq/ wkh prphqw
htxdwlrq +4, uhdgv/ vhh e�}� Kdqvhq dqg Vlqjohwrq +4<;5,/
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' fc | ' �c � � � c Ac +7<,

zkhuh , lv d ,� � glphqvlrqdo yhfwru ri rqhv/ �| G �� � lv frqvxpswlrq dw wlph |c -| lv d ,� �
yhfwru ri dvvhw uhwxuqv dw wlph |/ B lv d glvfrxqw idfwru dqg q lv wkh frh!flhqw ri ulvn dyhuvlrq1
Lqvwhdg ri +7<,/ zh dqdo|}h wkh prphqw htxdwlrq

.

��
�|n�
�|

�3q
-|n� � k,mU|

�
' fc | ' �c � � � c Ac +83,

zlwk k ' �
B
c vxfk wkdw )Ekc qc t|� '

�
�|n�
�|

�3q
-|n� � k, dqg s|Ekc q� 'yhfEf|)Ekc qc t|�

���

Lw lv fxvwrpdu| lq wkh hvwlpdwlrq ri g|qdplf udwlrqdo h{shfwdwlrqv prghov wr xvh d frqvwdqw
whup dqg odjjhg ydoxhv ri frqvxpswlrq dqg dvvhw uhwxuqv lq wkh &� � glphqvlrqdo lqvwuxphqw
yhfwru f|/ vhh e�}� Kdqvhq dqg Vlqjohwrq +4<;5,1 Lq wkdw fdvh/ wkh ghulydwlyh ri )Ekc qc t|� zlwk
uhvshfw wr k lv frpsohwho| vsdqqhg e| wkh lqvwuxphqwv ehfdxvh lw lv htxdo wr ,1 Wkh hvwlpdwru
ri kc �kEq� wkdw pd{lpl}hv +6, jlyhq d ydoxh ri q uhdgv
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vwulqjhqw dv wkh dvvxpswlrq ri d olplwlqj glvwulexwlrq iru �I
A
sA Ekc qc t � rqo|1 Dvvxpswlrq 4
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Dvvxpswlrq 4 vshfl�hv \Ekfc qf� dv

\Ekc q� '

3
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\ksEkc q� \kkEkc q� \kqEkc q�
\qs Ekc q� \qkEkc q� \qqEkc q�

4
D c +89,

zkhuh doo wkh hohphqwv ri \Ekc q� duh vfdoduv/ \Ekc q� lv v|pphwulf dqg \ssEkc q� ' �� Ehfdxvh
wkh ghulydwlyh ri )Ekfc qfc t|� lv vsdqqhg e| wkh lqvwuxphqwv/ \ksEkc q�c \skEkc q�c \qkEkc q�c
\qkEkc q� dqg \kkEkc q� duh htxdo wr }hur1

Zh duh lqwhuhvwhg lq whvwlqj KWf G q ' qf� Zh wkhuhiruh dovr pdnh dvvxpswlrq 5 zklfk
lv vdwlv�hg vlqfh ak 9' f� Doo wkh dvvxpswlrqv duh wkxv vdwlv�hg dqg zh fdq frqvwuxfw wkh
N0vwdwlvwlf iru whvwlqj KWf G q ' qf� Iru wklv N0vwdwlvwlf/ zh gr qrw pdnh wkh dvvxpswlrq wkdw
aqEkfc qf� 9' f wkdw lv wudglwlrqdoo| pdgh zkhq frqgxfwlqj whvwv rq q� Zh frqvwuxfw wkh N0
vwdwlvwlf xvlqj wkh KDF hvwlpdwruv ehfdxvh g|qdplf udwlrqdo h{shfwdwlrqv prghov duh w|slfdoo|
hvwlpdwhg xvlqj KDF fryduldqfh pdwul{ hvwlpdwruv1 Zkhq zh hpsor| wkh h{suhvvlrqv iru wkhvh
hvwlpdwruv wkdw uhvxow iurp +69,0+6;,/ zh rewdlq wkdw
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Wkh N0vwdwlvwlf +93, lv dq dv|pswrwlfdoo| slyrwdo vwdwlvwlf wkdw rqo| whvwv KWf G q ' qf
dqg lv vwudljkwiruzdug wr frpsxwh1 Ehfdxvh ri wkh forvh vlplodulw| ri �I
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RqcA Ekc qc t �c wkh fruuhodwlrq \q)Eqf� lv suhvxpdeo| gl�huhqw iurp }hur1 Wkh N0vwdwlvwlf

+93, fdq wkhuhiruh eh txlwh gl�huhqw iurp wkh vwdqgdug Zdog vwdwlvwlfv wkdw duh wudglwlrqdoo|
xvhg wr whvw Mf� Dqrwkhu lpsruwdqw gl�huhqfh ehwzhhq wkhvh vwdwlvwlfv rffxuv zkhq *L}E�|n�
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lv rqo| plqruo| fruuhodwhg zlwk s|E�kEqf�c qf�1 Lq wkdw fdvh aqEkfc qf� lv forvh wr }hur dqg wkh
olplwlqj glvwulexwlrqv ri wkh olnholkrrg edvhg vwdwlvwlfv ehfrph lqydolg1 Wklv uhvxowv ehfdxvh
wkhvh vwdwlvwlfv duh qrw dv|pswrwlfdoo| slyrwdo/ vhh e�}� Gxirxu +4<<:,1 Vlqfh wkh N0vwdwlvwlf
+93, lv dv|pswrwlfdoo| slyrwdo/ lwv olplwlqj glvwulexwlrq lv qrw d�hfwhg e| wkh ydoxhv ri hlwkhu
aqEkfc qf� ru \sqEkfc qf�� Zh qrwh dovr wkdw zkhq aqEkfc qf� lv yhu| vpdoo/ wkh dv|pswrwlf
frq�ghqfh vhwv wkdw uhvxow iurp +93, duh olnho| wr eh lq�qlwh1
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9 Sdqhov

914 Jhqhudo vshfl�fdwlrq

Wkh JPP iudphzrun glvfxvvhg lq vhfwlrq 5 lv lqwhqghg iru wkh hvwlpdwlrq ri sdudphwhuv lq
hlwkhu d furvv0vhfwlrq ru wlph0vhulhv ri pxowlsoh htxdwlrqv1 Wkhvh prghov duh rqh glphqvlrqdo
zlwk wkh furvv0vhfwlrq ru wlph vhulhv glphqvlrq dv wkh rqo| glphqvlrq1 Wkhuh duh dovr sdqho
prghov zklfk frqvlvw ri wzr glphqvlrqv dqg kdyh erwk d wlph vhulhv dqg d furvv0vhfwlrq gl0
phqvlrq1 Wkh JPP lv dovr xvhg wr hvwlpdwh wkh sdudphwhuv lq wkhvh sdqho prghov1 Zlwk d
fkdqjh ri wkh qrwdwlrq/ wkh N0vwdwlvwlfv fdq dovr eh xvhg wr whvw k|srwkh}hv rq wkh sdudphwhuv
lq sdqho prghov1

Wkh ,0glphqvlrqdo prphqw htxdwlrq +4, iru lqglylgxdo ? dw wlph | lv uh hfwhg dv

. d)Ewfc t|c?�mU|o ' fc +94,

zkhuh | ' �c � � � c Ac dqg ? ' �c � � � c �� D gl�huhqfh zlwk vhfwlrq 5 lv wkdw wkh qxpehu ri
lqvwuxphqwv fdq fkdqjh ryhu wkh wlph shulrgv1 Zkhq wkh &| glphqvlrqdo yhfwru f|c?c | '
�c � � � c Ac frqwdlqv wkh lqvwuxphqwv iru wkh shulrg | revhuydwlrq ri htxdwlrq )Ewc t|c?�c zh fdq
vshfli| wkh furvv0surgxfw ri wkh lqvwuxphqwv dqg )Ewc t|c?� iru lqglylgxdo ? dv

s?Ew� ' yhf Ef?x?Ewc t?��
' EU, f?�yhfEx?Ewc t?��c

+95,

zkhuh x?Ewc t?� ' E)Ewc t�c?� � � � )Ewc tAc?��
� G A � ,c dqg

f? '

3
EC

f�c? f � � � f f

f
1 1 1 f

f f � � � f fAc?

4
FD G & � Ac +96,

zlwk & '
SA

|'� &|� Wkh remhfwlyh ixqfwlrq +6, wkhq ehfrphv

'Ew� ' s� Ewc t ��T Ew�3�s�Ewc t �c +97,

zkhuh s�Ewc t � '
S�

?'� s?Ew� dqg T Ew� lv wkh &, � &, glphqvlrqdo fryduldqfh pdwul{=

T Ew� ' *�4�<".
q

�
�

S�
�'�

S�
�'� ds�Ew��.Es�Ew�mU��o ds�Ew�� .Es�Ew�mU��o�

r
� +98,

Zh frqvlghu wkdw w ' Ekc q�c k G 6k � � dqg q G 6q � �c dqg wkdw zh duh lqwhuhvwhg wr whvw
wkh k|srwkh}hv Kf G w ' wf dqg KWf G q ' qf� Lq rughu wr whvw wkhvh k|srwkh}hv/ zh pdnh
dvvxpswlrqv 405 zlwk sA Ekc qc t � uhsodfhg e| s�Ekc qc t � dqg ohw wkh furvv0vhfwlrq glphqvlrq
� lqvwhdg ri wkh wlph vhulhv glphqvlrq A frqyhujh wr lq�qlw|1 Zh qrwh wkdw wkh wlph vhulhv
glphqvlrq uhpdlqv �{hg +ylfh yhuvd/ zlwk d �{hg furvv0vhfwlrq glphqvlrq dqg d wlph vhulhv
glphqvlrq wkdw frqyhujhv wr lq�qlw|/ lv srvvleoh dv zhoo,1

Lq pdwul{ qrwdwlrq/ wkh h{suhvvlrqv ri N0vwdwlvwlfv +54, dqg +5<, wr whvw Kf G w ' wf dqg
KWf G q ' qf wkhq ehfrph

gEwf� ' yhf+xEwfc t ���EU, f�T Ewf�
3 �
2

�
T Ewf�

3 �
2 EU,	f�

�
E Yyhf+xEkcqct �Yw� �m

wf
3yhf+xEwfct ��\swEwf�

�EU, f��yhf+xEwfc t ��c +99,

gEqf� ' yhf+xEw�c t ���EU, f�T Ew��
3 �
2

��
T Ew��

3 �
2 akEw��

+
E Yyhf+xEkcqct �Yq� �m

w�
3yhf+xEw�ct ��\sqEw��

, EU, f��yhf+xEw�c t �� +9:,
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zkhuh w� ' E�kEqf�
� q �f�

�c f ' Ef� � � � f��
� G A� � &c dqg

xEwc t � ' Ex�Ewc t��
� � � �x�Ewc t��

��� G A� � ,c

	x?Ewc t?� '
�S�

?'�f?f
�
?

�3� �S�
?'�f?x?Ewc t?�

�
G & � ,�

+9;,

Wkh N0vwdwlvwlf +99, lv dq dv|pswrwlfdoo| slyrwdo vwdwlvwlf dqg kdv xqghu Kf d �2E6k n6q�
olplwlqj glvwulexwlrq1 Dvvxpswlrq 5 lv uhgxqgdqw iru wklv vwdwlvwlf1 N0vwdwlvwlf +9:, kdv xqghu
KWf d �2E6q� olplwlqj glvwulexwlrq wkdw grhv qrw ghshqg rq wkh udqn ri aqEkfc qf��

Hvwlpdwruv iru wkh xqnqrzq \Ew�c aEw� dqg T Ew� lqyroyhg lq +99,0+9:, uhvxow iurp vhfwlrq
71 Zh qrwh wkdw/ lq rughu wr rewdlqhg wkhvh hvwlpdwruv/ lw lv w|slfdoo| dvvxphg wkdw wkhuh lv
qr furvv0fruuhodwlrq ehwzhhq lqglylgxdov1

Zh h{solflwo| frqvwuxfw wkh h{suhvvlrq ri wkh uhvxowlqj N0vwdwlvwlf dqg vkrz wkh sodxvlelolw|
ri dvvxpswlrq 4 iru d frpprqo| dqdo|}hg sdqho gdwd prgho> ��e� wkh sdqho dxwruhjuhvvlyh
prgho ri rughu 41

915 Sdqho DU+4, Prgho

Dq hoderudwh olwhudwxuh derxw sdqho dxwruhjuhvvlyh +DU, prghov h{lvwv/ vhh e�}� Dqghuvrq dqg
Kvldr +4<;4,/ Duhoodqr dqg Erqg +4<<4, dqg Edowdjl +4<<8,1 Iru h{srvlwru| sxusrvhv/ zh
frqvlghu wkh sdqho DU+4, prgho zlwk lqglylgxdo vshfl�f frqvwdqw whupv1 Iru lqglylgxdo ? dw
wlph |c wklv prgho uhdgv

+|c? ' >? n w+|3�c? n 0|c? | ' fc � � � c Ac ? ' �c � � � c �� +9<,

Wkh glvwxuedqfhv 0|c? duh dvvxphg wr eh l1l1g1 zlwk phdq }hur dqg yduldqfh /20� Zh duh
lqwhuhvwhg lq wkh sdudphwhu w� Zh wkhuhiruh wdnh �uvw gl�huhqfhv wr ghohwh wkh lqglylgxdo
vshfl�f frqvwdqw whupv

{+|c? ' w+|3�c? n{0|c? | ' �c � � � c Ac ? ' �c � � � c �� +:3,

Frqwudu| wr 0|c?c wkh glvwxuedqfhv {0|c? duh qrw l1l1g1 dqg kdyh fryduldqfh pdwul{ /20[ zlwk

[ '

3
EEEC

2 �� f f

�� 1 1 1 1 1 1 f

f
1 1 1 1 1 1 ��

f f �� 2

4
FFFD � +:4,

Hvwlpdwlrq ri wkh sdudphwhu w e| phdqv ri ohdvw vtxduhv ohdgv wr d eldvhg hvwlpdwru lq vdpsohv
zlwk d �qlwh ydoxh ri A / vhh e�}� Dqghuvrq dqg Kvldr +4<;4,1 Zh wkhuhiruh hvwlpdwh lw xvlqj
wkh JPP1 Wkh vshfl�fdwlrq ri wkh prphqw htxdwlrq +94, iru wkh sdqho gdwd DU+4, prgho
ehfrphv

.E)Ewc +|c?�mU|� ' .E{0|c?mU|� ' .E{+|c? � w{+|3�c?mU|� ' f� +:5,

Wkh lqvwuxphqw yhfwruv f|c? wkdw duh xvhg lq wkh JPP wr hvwlpdwh w lq +:3, w|slfdoo| frqwdlq
doo wzr shulrg dqg pruh odjjhg ohyho ydoxhv ri +|c?c ��e� f|c? ' E+|32c? � � � +3�c?��c vhh Duhoodqr dqg
Erqg +4<<4,1 Zh frqvwuxfw wkh gl�huhqw hohphqwv wkdw duh qhhghg wr rewdlq wkh dv|pswrwlfdoo|
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slyrwdo N0vwdwlvwlf +99, wr whvw Kf G w ' wf� Wkh vshfl�fdwlrqv ri xEwc t � dqg f iru wkh sdqho
DU+4, prgho uhdg
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�c {+�c3� ' E{+fc? � � �{+A3�c?�� dqg f? uhvxowv iurp +96,/ vxfk

wkdw & '
SA

|'� | '
�
2
A EA n ��� Wkh ghulydwlyh ri x zlwk uhvshfw wr w uhdgv

YyhfExEwct ��
Yw� '

3
EC

{+�c3�
111

{+�c3�

4
FD � +:7,

Dv zh frqgxfw d whvw rq doo sdudphwhuv/ zh gr qrw pdnh wkh dvvxpswlrq/ ��e� dvvxpswlrq 5/
wkdw

aw ' R *�4A<"
q

�
�
f �

�
YyhfExEwct ��

Yw�

�r
' R *�4�<"

;A?
A= �

�
f �

3
EC

{+�c3�
111

{+�c3�

4
FD
<A@
A> 9' fc +:8,

zklfk lv lghqwlfdo wr dvvxplqj wkdw w 9' �� Lqvwhdg/ zh pdnh dvvxpswlrq 4 zklfk vwdwhv wkdw

s
�T Ewf�

3 �
2

5
97
3
EC �

�
f �xEwfc t � �

�
f �

3
EC

{+�c3�
111

{+�c3�

4
FD

4
FD� �

f aw
�6:8\Ewf�

3 �
2 $

_

�
�s �w�s

�
c

+:9,

zkhuh �s c �w�s G & � � dqg �
�s �w�s

� � �Efc U2  U&�� +::,

Vlqfh +:9, rqo| frqwdlqv olqhdu h{suhvvlrqv dqg A lv �qlwh/ dvvxpswlrq 4 lv vdwlv�hg1
Dvvxpswlrq 4 vshfl�hv \Ew� dv

\Ew� '

�
\ss Ew� \swEw�
\wsEw� \wwEw�

�
c +:;,

zkhuh doo hohphqwv ri \Ew� duh vfdoduv dqg \ssEw� ' �� Wkh vshfl�fdwlrq ri T Ew� lq wklv fdvh
fruuhvsrqgv zlwk

T Ew� ' /20Ew�
�
R *�4�<"

�
�
f �[f

�
� +:<,

Wkh N0vwdwlvwlf +99, iru whvwlqj Kf G w ' wf wkhq ehfrphv

gEwf� ' xEwfc t ��fT Ewf�
3 �
2�

T Ewf�
3 �
2f�E{t3�3xEwfct �\swEwf��

T Ewf�
3 �
2xEwfc t �� +;3,

N0vwdwlvwlf +;3, lv dq dv|pswrwlfdoo| slyrwdo vwdwlvwlf wr whvw Kf G w ' wf dqg kdv d �2E��
olplwlqj glvwulexwlrq1 Wklv olplwlqj glvwulexwlrq lv lqyduldqw wr wkh ydoxh ri wf dqg wkxv dovr
dssolhv zkhq wf ' �1 Lw ehfrphv rshudwlrqdo zkhq zh kdyh vxevwlwxwhg frqvlvwhqw hvwlpdwruv
iru wkh xqnqrzq sdudphwhuv/ ��e� T Ewf� dqg \Ewf�1 Edvhg rq wkh suhylrxvo| pdgh dvvxpswlrqv/
frqvlvwhqw hvwlpdwruv iru wkhvh sdudphwhuv duh

	\swEwf� '
�

	/0Ewf�
�

A�
xEwfc t ���f[

3��f{t3�c
	T Ewf� ' 	/0Ewf�f

� EU� [�fc
+;4,

zkhuh 	/0Ewf� '
�
A�

xEwfc t ���f[
3��fxEwfc t ��

4:



: Frqfoxvlrqv
Zh dqdo|}hg wkh olplwlqj ehkdylru ri wkh �uvw rughu ghulydwlyh ri wkh JPP remhfwlyh ixqfwlrq
lq dq dowhuqdwlyh pdqqhu1 Zh xvhg lw wr frqvwuxfw d vwdwlvwlf/ wkh N0vwdwlvwlf/ wr frqgxfw whvwv
rq wkh sdudphwhuv lq wkh prphqw htxdwlrq1 Wkh N0vwdwlvwlf kdv d �2 olplwlqj glvwulexwlrq wkdw
dssolhv pruh jhqhudoo| wkdq wkh �2 olplwlqj glvwulexwlrqv ri wkh vwdqgdug JPP vwdwlvwlfv1 Wkh
udqn frqglwlrq iru lghqwl�fdwlrq ri wkh sdudphwhuv lv/ iru lqvwdqfh/ uhgxqgdqw wr rewdlq wkh
olplwlqj glvwulexwlrq ri wkh N0vwdwlvwlf1 Wkh N0vwdwlvwlf frqgxfwv d whvw ri d mrlqw k|srwkhvlv
wkdw lv vshfl�hg rq doo sdudphwhuv lq wkh prphqw htxdwlrq1 Zkhq wkh udqn frqglwlrq krogv iru
d vxe0vhw ri wkh sdudphwhuv/ zh fdq vshfli| d N0vwdwlvwlf wkdw frqgxfwv d whvw ri d k|srwkhvlv
wkdw lv vshfl�hg rq wkh uhpdlqlqj vhw ri sdudphwhuv1 Lwv �2 olplwlqj glvwulexwlrq lv urexvw wr
ylrodwlrq ri wkh udqn frqglwlrq iru wkh sdudphwhuv rq zklfk wkh k|srwkhvlv lv vshfl�hg1 Wkh
N0vwdwlvwlf doorzv iru wkh xvh ri KDF fryduldqfh pdwul{ hvwlpdwruv1 H{dpsohv ri h{suhvvlrqv
ri lw wr whvw k|srwkh}hv wkdw duh vshfl�hg rq wkh sdudphwhuv ri wkh prphqw htxdwlrqv ri olqhdu
lqvwuxphqwdo yduldeohv uhjuhvvlrq/ g|qdplf udwlrqdo h{shfwdwlrqv dqg sdqho DU+4, prghov/ duh
jlyhq1

Lq Nohlehujhq +5333e/f,/ wkh N0vwdwlvwlf wr whvw sdudphwhuv lq wkh prphqw htxdwlrq ri lq0
vwuxphqwdo yduldeohv uhjuhvvlrq prghov lv dssolhg dqg frpsduhg zlwk olnholkrrg0edvhg vwdwlv0
wlfv1 Lw uhyhdov wkdw/ ehfdxvh ri wkh forvh vlplodulw| ri wkh srzhu ixqfwlrqv ri wkh N0vwdwlvwlf
dqg d vl}h0fruuhfwhg olnholkrrg udwlr vwdwlvwlf/ wkdw wkh N0vwdwlvwlf lv d +dv|pswrwlfdoo|, vl}h0
fruuhfwhg olnholkrrg udwlr vwdwlvwlf1 Lw dovr vkrzv wkdw/ lq dssolfdwlrqv wr gdwd0vhwv iurp Dqjulvw
dqg Nuxhjhu +4<<4, dqg Fdug +4<<8,/ wkh N0vwdwlvwlf fdq ohdg wr frqvlghudeo| gl�huhqw dv|ps0
wrwlf frq�ghqfh vhwv ri wkh lqyroyhg sdudphwhuv1 Wklv vkrzv wkh lpsruwdqfh ri wkh xvh ri
dv|pswrwlfdoo| slyrwdo vwdwlvwlfv1 Lq ixwxuh zrun/ zh zloo dovr dsso| wkh N0vwdwlvwlfv wr wkh
rwkhu prghov iru zklfk zh douhdg| frqvwuxfwhg wkhlu h{suhvvlrqv/ ��e� wkh g|qdplf udwlrqdo
h{shfwdwlrqv prgho dqg wkh sdqho DU+4, prgho zlwk lqglylgxdo vshfl�f frqvwdqw whupv1
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Uhihuhqfhv
^4` Dqghuvrq/ W1Z1 dqg F1 Kvldr1 Hvwlpdwlrq ri G|qdplf Prghov zlwk Huuru Frpsrqhqwv1

Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ :9=8<;�939/ 4<;41

^5` Dqguhzv/ G1Z1N1 Khwhurvnhgdvwlflw| dqg Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{
Hvwlpdwlrq1 Hfrqrphwulfd/ 8<=;4:�;8;/ 4<<41

^6` Dqjulvw/ M1G1 dqg D1E1 Nuxhjhu1 Grhv Frpsxovru| Vfkrro Dwwhqgdqfh D�hfw Vfkrrolqj
dqg HduqlqjvB Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439=<:<�4347/ 4<<41

^7` Duhoodqr/ P1 dqg V1 Erqg1 Vrph Whvwv ri Vshfl�fdwlrq iru Sdqho Gdwd= Prqwh Fduor
Hylghqfh dqg dq Dssolfdwlrq wr Hpsor|phqw Htxdwlrqv1 Uhylhz ri Hfrqrplf Vwxglhv/
8;=5::�5<:/ 4<<41

^8` Edowdjl/ E1K1 Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd1 Mrkq Zloh| dqg Vrqv/ Qhz \run/
4<<81

^9` Erxqg/ M1/ G1D1 Mdhjhu dqg U1 Ednhu1 Sureohpv zlwk Lqvwuxphqwdo Yduldeohv Hvwlpdwlrq
zkhq wkh Fruuhodwlrq Ehwzhhq wkh Lqvwuxphqwv dqg wkh Hqgrjhqrxv H{sodqdwru| Yduldeoh
lv Zhdn1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ <3=776�783/ 4<<81

^:` Fdug/ G1 Xvlqj jhrjudsklf yduldwlrq lq froohjh sur{lplw| wr hvwlpdwh wkh uhwxuq wr vfkrro0
lqj1 Lq O1Q1 Fkulvwr�ghv/ H1N1 Judqw dqg U1 Vzlglqvn|/ hglwru/ Dvshfwv ri Oderxu Pdunhw
Ehkdylrxu= hvvd|v lq krqru ri Mrkq Ydqghundps/ sdjhv 534�5551 Xqlyhuvlw| ri Wrurqwr
Suhvv/ Wrurqwr/ Fdqdgd/ 4<<81 +QEHU Zrunlqj Sdshu 77;6 +4<<6,,1

^;` Gxirxu/ M10P1 Vrph Lpsrvvlelolw| Wkhruhpv lq Hfrqrphwulfv zlwk Dssolfdwlrqv wr Vwuxf0
wxudo dqg G|qdplf Prghov1 Hfrqrphwulfd/ 98=4698�6;;/ 4<<:1

^<` Hqjoh/ U1I1 Zdog/ Olnholkrrg Udwlr/ dqg Odjudqjh Pxowlsolhu Whvwv lq Hfrqrphwulfv1 Lq
]1 Julolfkhv dqg P1G1 Lqwulooljdwru/ hglwru/ Kdqgerrn ri Hfrqrphwulfv/ Yroxph 51 Hovhylhu
Vflhqfh +Dpvwhugdp,/ 4<;71

^43` Hqjoh/ U1I1/ Khqgu| G1I1 dqg Ulfkdug M10I1 H{rjhqhlw|1 Hfrqrphwulfd/ 84=5::�637/ 4<;61

^44` Kdoo/ D1U1/ J1G1 Uxghexvfk dqg G1Z1 Zlofr{1 Mxgjlqj Lqvwuxphqw Uhodyhqfh lq Lqvwux0
phqwdo Yduldeohv Hvwlpdwlrq1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6:=5;6�5<;/ 4<<91

^45` Kdplowrq/ M1G1 Wlph Vhulhv Dqdo|vlv1 Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<<71

^46` Kdqvhq/ O1S1 Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg Prphqwv Hvwlpdwruv1
Hfrqrphwulfd/ 83=435<�4387/ 4<;51

^47` Kdqvhq/ O1S1 dqg N1 Vlqjohwrq1 Jhqhudol}hg Lqvwuxphqwdo Yduldeoh Hvwlpdwlrq ri Qrqolq0
hdu Udwlrqdo H{shfwdwlrqv Prghov1 Hfrqrphwulfd/ 83=459<�45;9/ 4<;51

^48` Kdqvhq/ O1S1/ M1 Khdwrq dqg D1 \durq1 Ilqlwh Vdpsoh Surshuwlhv ri Vrph Dowhuqdwlyh
JPP Hvwlpdwruv1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 47=595�5;3/ 4<<91

^49` Nohlehujhq/ I1 Rq wkh Xvh ri Ruwkrjrqdo Vwdwlvwlfv wr frqvwuxfw H{dfw Whvwv dqg wkh
Ghqvlw| ri wkh OLPO hvwlpdwru lq wkh LY UhjuhvvlrqPrgho1 Wlqehujhq Lqvwlwxwh Glvfxvvlrq
Sdshu WL 5333036<27/ 53331
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^4:` Nohlehujhq/ I1 Slyrwdo Vwdwlvwlfv iru whvwlqj Vwuxfwxudo Sdudphwhuv lq Lqvwuxphqwdo Ydul0
deohv Uhjuhvvlrq1 Wlqehujhq Lqvwlwxwh Glvfxvvlrq Sdshu WL 5333038827/ 5333e1

^4;` Nohlehujhq/ I1 Slyrwdo Vwdwlvwlfv iru whvwlqj Vxevhwv ri Vwuxfwxudo Sdudphwhuv lq wkh LY
Uhjuhvvlrq Prgho1 Wlqehujhq Lqvwlwxwh Glvfxvvlrq Sdshu WL 533303;;27/ 5333f1

^4<` Qhovrq/ F1U1 dqg U1 Vwduw}1 Vrph Ixuwkhu Uhvxowv rq wkh H{dfw Vpdoo Vdpsoh Surshuwlhv
ri wkh Lqvwuxphqwdo Yduldeohv Hvwlpdwru1 Hfrqrphwulfd/ 8;=<9:�<:9/ 4<<31

^53` Qhzh|/ Z1N1 dqg G1 PfIdgghq1 Odujh Vdpsoh Hvwlpdwlrq dqg K|srwkhvlv Whvwlqj1 Lq
U1 Hqjoh dqg G1 PfIdgghq/ hglwru/ Kdqgerrn ri Hfrqrphwulfv/ Yroxph 7/ fkdswhu 69/
sdjhv 5446�547;1 Hovhylhu Vflhqfh E1Y1/ 4<<71

^54` Qhzh|/ Z1N1 dqg N1G1 Zhvw1 D Vlpsoh Srvlwlyh Vhpl0Gh�qlwh Khwhurvnhgdvwlflw| dqg
Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{1 Hfrqrphwulfd/ 88=:36�:3;/ 4<;:1

^55` Skloolsv/ S1F1E1 Sduwldoo| Lghqwl�hg Hfrqrphwulf Prghov1 Hfrqrphwulf Wkhru|/ 8=4;4�
573/ +4<;<,1

^56` Vwdljhu/ G1 dqg M1K1 Vwrfn1 Lqvwuxphqwdo Yduldeohv Uhjuhvvlrq zlwk Zhdn Lqvwuxphqwv1
Hfrqrphwulfd/ 98=88:�8;9/ 4<<:1

^57` Vwrfn/ M1K1 dqg M1K1 Zuljkw1 JPP zlwk Zhdn Lghqwl�fdwlrq1 Hfrqrphwulfd/ 9;=4388�
43<9/ 53331

^58` Wdxfkhq/ J1 Vwdwlvwlfdo Surshuwlhv ri Jhqhudol}hg Phwkrg0ri0Prphqwv Hvwlpdwruv ri
Vwuxfwxudo Sdudphwhuv rewdlqhg iurp Ilqdqfldo Pdunhw Gdwd1 Mrxuqdo ri Exvlqhvv dqg
Hfrqrplf Vwdwlvwlfv/ 7=6<:�758/ 4<;91

^59` Zklwh/ K1 D Khwhurvnhgdvwlflw|0Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpdwru dqg d Gluhfw
Whvw iru Khwhurvfhgdvwlflw|1 Hfrqrphwulfd/ 7;=;4:�;6;/ 4<;31

^5:` ]lyrw/ H1/ U1 Vwduw}/ dqg F1 U1 Qhovrq1 Ydolg Frq�ghqfh Lqwhuydov dqg Lqihuhqfh lq wkh
Suhvhqfh ri Zhdn Lqvwuxphqwv1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6<=444<�4477/ 4<<;1
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