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Wklv sdshu sursrvhv wkh qrwlrq ri Sro|qrpldo Vhuldo Fruuhodwlrq Frpprq Ihdwxuhv dv d

phdvxuh ri qrq0frqwhpsrudqhrxv f|folfdo frpryhphqwv lq pxowlsoh wlph vhulhv1 Vwdwlvwlfdo

lqihuhqfh zlwklq wklv prgholqj lv hdvlo| shuiruphg e| uhgxfhg udqn uhjuhvvlrq1 Zh vkrz wkh

lpsolfdwlrqv ri wkh SVFFI lq whupv ri wkh Ehyhulgjh0Qhovrq ghfrpsrvlwlrq dqg zh looxvwudwh

wkhlu uhohydqfh iru hpslulfdo dqdo|vhv1
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yhuvlwlhv dqg Vflhqwl�f Uhvhdufk +PXUVW, dqg PHWHRU wkurxjk wkh uhvhdufk surmhfw %G|qdplf dqg

qrq0vwdwlrqdu| sdqhov= wkhruhwlfdo dqg hpslulfdo lvvxhv%1 Zh zrxog olnh wr wkdqn Ehuwudqg Fdqghorq
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Lq wkh hpslulfdo hfrqrplf olwhudwxuh/ exvlqhvv f|foh uhjxodulwlhv duh riwhq suhvhqwhg dv frpryh0

phqwv ri wkh ghyldwlrqv iurp d %wuhqg% lq gl�huhqw pdfurhfrqrplf wlph vhulhv1 Eh|rqg wklv

jhqhudo lqwxlwlyh gh�qlwlrq/ qr frqvhqvxv hphujhv derxw krz wr phdvxuh wkh wuhqg frpsrqhqw

dqg krz wr dqdo|}h wkhvh vkruw0uxq frpryhphqwv1 Hqjoh dqg Nr}lfnl +4<<6, dqg Ydklg dqg

Hqjoh +4<<6, sursrvhg wkh Vhuldo Fruuhodwlrq Frpprq Ihdwxuh +VFFI, dv d phdvxuh ri f|folfdo

frpryhphqwv lq d vlplodu vslulw dv frlqwhjudwlrq lv xvhg iru ghwhfwlqj orqj0uxq uhodwlrqvklsv1�

Lq wklv frqwh{w/ frpprq �xfwxdwlrqv ghvfuleh d v|vwhp zlwk d uhgxfhg qxpehu ri sursdjdwlrq

phfkdqlvpv iru wkh wudqvplvvlrq ri wkh lqirupdwlrq frqwdlqhg lq wkh sdvw12

Krzhyhu/ rqh revhuyhv wkdw gxh wr whfkqlfdo uhdvrqv +h1j1 vhdvrqdo dgmxvwphqw, dv zhoo

dv hfrqrplf uhdvrqv +h1j1 dgmxvwphqw frvwv dqg kdelw irupdwlrq,/ wkh k|srwkhvlv xqghuo|lqj

VFFI/ qdpho| wkdw d olqhdu frpelqdwlrq ri vwdwlrqdu| yduldeohv lv lqghshqghqw iurp wkh sdvw/

lv vrphwlphv wrr vwurqj1 Frqvhtxhqwo|/ gl�huhqw yduldqwv ri wkh VFFI kdyh ehhq vxjjhvwhg lq

rughu wr doorz iru dgmxvwphqw ghod|v1 H{dpsohv duh wkh qrwlrqv ri Frghshqghqw F|fohv +FF, e|

Ydklg dqg Hqjoh +4<<:, dqg Zhdn Irup Frpprq Ihdwxuhv e| Khft/ Sdop dqg Xuedlq +5333,1

Lq wklv qrwh zh sursrvh dq dowhuqdwlyh lqglfdwru ri qrq0frqwhpsrudqhrxv f|folfdo frpryh0

phqwv odehoohg wkh Sro|qrpldo Vhuldo Fruuhodwlrq Frpprq Ihdwxuh +SVFFI,1 Wr looxvwudwh wklv

frqfhsw/ ohw xv frqvlghu wkh wkhruhwlfdo prgho ri frqvxphu ehkdylru wkdw prwlydwhv wkh FF

dssurdfk lq Ydklg dqg Hqjoh +4<<:,1 Lq wkh fdvh zkhuh wkh uhsuhvhqwdwlyh djhqw kdv wr fkrrvh

ehwzhhq wzr w|shv ri frqvxpswlrq jrrgv/ gxudeohv G| dqg qrq0gxudeohv F|/ wkh vwdqgdug shu0

pdqhqw lqfrph k|srwkhvlv ohdgv wr wkh iroorzlqj lpsolfdwlrqv iru frqvxpswlrq frpsrqhqwv=

�G| @ �%| . �%|3�> +4,

�F| @ %|> +5,

zkhuh � @ +4� O,/ O lv wkh odj rshudwru/ %| lv dq lqqrydwlrq zlwk uhvshfw wr wkh lqirupdwlrq

vhw L| � iG� > F� > \ g� > � ? wj/ \ g| lqglfdwhv glvsrvdeoh lqfrph/ dqg � dqg � duh frh�flhqwv

lpsolhg e| suhihuhqfhv sdudphwhuv1

Ydklg dqg Hqjoh +4<<:, vxjjhvw wr whvw iru wkhvh lpsolfdwlrqv e| orrnlqj iru olqhdu frpel0

qdwlrqv ri �G| dqg �F| zklfk duh lqghshqghqw iurp L|3�1 Krzhyhu/ wkh vwdwlvwlfdo lqihuhqfh

ehfrphv pruh lqyroyhg wkdq lq wkh vwdqgdug VFFI iudphzrun vlqfh YPD whupv duh hqwdlohg1

Lqvwhdg/ e| odjjlqj dqg pxowlso|lqj e| � erwk vlghv ri +5, dqg vxevwudfwlqj wklv qhz htxdwlrq

iurp +4,/ zh jhw

�G| � ��F|3� @ �%|> +6,

��L|�Ui |�@| |ih4 �U)U*i� �@t �? |��t uh@4i�Lh! @ _�gihi?| 4i@?�?} uhL4 tTiU|h@* @?@*)t�tc tii ��M@__@
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dqg khqfh wkhuh h{lvwv d olqhdu frpelqdwlrq ri �G| dqg �F|3� zklfk lv d zklwh qrlvh1 Lq sduwlf0

xodu/ +4>��O> 3,� lv d +uhvwulfwhg, SVFFI yhfwru iru wkh wulyduldwh surfhvv +�G|>�F|>�\ g|,
�=

Lq wkh vhtxho zh irupdol}h wkh qrwlrq ri SVFFI dqg zh vkrz wkdw vwdwlvwlfdo lqihuhqfh fdq

eh shuiruphg e| uhgxfhg udqn uhjuhvvlrq1 Wkhq zh dqdo|}h wkh lpsolfdwlrqv ri wkh SVFFI

iru wkh pxowlyduldwh Ehyhulgjh dqg Qhovrq +4<;4/ EQ khqfhiruwk, wuhqg0f|foh ghfrpsrvlwlrq1

Ilqdoo|/ zh hvwlpdwh wkh prgho zh kdyh mxvw vnhwfkhg rq srvw0zdu XV gdwd1

2 �5��6G #i�?�|�L? @?_ 5|@|�t|�U@* W?uihi?Ui

Frqvlghu wkh YDU+s, prgho iru d q0yhfwru ri L+4, wlph vhulhv i||> w @ 4> = = = > Wj/

�+O,|| @ %|> +7,

iru �{hg ydoxhv ri |3Rn�> ===> |f dqg zkhuh �+O, � L?�
S

R

�'���O
�/ dqg l1l1g1 Q?+3>
, huuruv %|1

Iru qrwdwlrqdo frqyhqlhqfh/ ghwhuplqlvwlf whupv duh rplwwhg dw wklv ohyho ri suhvhqwdwlrq1

Zh ixuwkhu dvvxph wkdw wkh surfhvv || lv frlqwhjudwhg ri rughu +4/4,/ qdpho| wkdw 4�,

udqn+�+4,, @ u> 3 ? u ? q> vr wkdw �+4, fdq eh h{suhvvhg dv �+4, @ ���
�

> zlwk � dqg � erwk

+q � u, pdwulfhv ri ixoo froxpq udqn u dqg wkdw 5�, wkh pdwul{ ��z
b�+4,�z kdv udqn htxdo wr

+q�u, zkhuh b�+4, ghqrwhv wkh �uvw ghulydwlyh ri �+}, dw } @ 41 Wkh froxpqv ri � vsdq wkh vsdfh

ri frlqwhjudwlqj yhfwruv/ dqg wkh hohphqwv ri � duh wkh fruuhvsrqglqj dgmxvwphqw frh�flhqwv1

Lq rughu wr uhzulwh wkh v|vwhp lq d YHFP irup zh xvh wkh lghqwlw| �+O, � �+4,O. �W+O,�

zkhuh �W+O, @ L? �
S

R3�
�'� �

W
�
O�/ dqg �W

�
@ �

S
R

�'�n��� iru l @ 4> = = = > s � 4= Dqg �qdoo| zh

rewdlq

�+O, @ ��DW+O,O> +8,

zlwk wkh qrwdwlrqv

DW+O, @ ��
�

.�W+O,�> dqg �W+O, @ �W+O,� L?= +9,

Dowhuqdwlyho|/ zh fdq irfxv rq wkh Zrog uhsuhvhqwdwlrq ri wkh vwdwlrqdu| surfhvv �||>

�|| @ F+O,%|> +:,

zlwk
S"

�'� m mF�m ? 4> Ff @ L? dqg wkh dvvrfldwh sro|qrpldo idfwrul}dwlrq F+O, @ F+4, .

�FW+O, zkhuh FW
�
@ �

S"
�n�F� iru l � 31 Dovr qrwh wkdw e| frpelqlqj +7, dqg +:, zh rewdlq

wkh zhoo0nqrzq htxdwlrq/

F+O,�+O,|| @ �||= +;,
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Gh�qlwlrq 4 Sro|qrpldo Vhuldo Fruuhodwlrq Frpprq Ihdwxuhv= Wkh Vhulhv �|| kdyh

v SVFFI ri rughu rqh l� wkhuh h{lvwv d q� v sro|qrpldo pdwul{ �+O, @ �f . ��O vxfk wkdw wkh

pdwul{ �f lv ixoo froxpq udqn dqg �+O,�F+O, @ ��f=

Qrwlfh wkdw wkh deryh gh�qlwlrq fdq eh hdvlo| h{whqghg wr sro|qrpldo pdwulfhv ri kljkhu

rughuv1 Lq wkh Dsshqgl{/ zh surylgh wkh pdlq uhvxowv iru wkh pruh jhqhudo fdvh1

Vrph lpsolfdwlrqv ri wkh SVFFI duh zruwk frqvlghulqj1 Suhpxowlso|lqj e| �+O,� erwk vlghv

ri htxdwlrq +;, dqg xvlqj Gh�qlwlrq 4/ zh rewdlq

��f�+O,|| @ �+O,��||= +<,

Khqfh/ frpelqlqj +8, dqg +<, zh jhw

���fD
W+O,|| @ ����||= +43,

Qrwh wkdw wkh frqyhuvh lpsolfdwlrq krogv dv zhoo/ l1h1 htxdwlrq +43, lpsolhv wkdw wkh vhulhv

�|| kdyh wkh SVFFI1 Lq ylhz ri htxdwlrqv +9, dqg +43,/ zh fdq wkxv irupxodwh wkh iroorzlqj

sursrvlwlrq=

Sursrvlwlrq 5 Wkh Vhulhv �|| kdyh wkh SVFFI l� wkh iroorzlqj uhodwlrqv rq wkh YHFP fr0

h�flhqw pdwulfhv krog=

Dvvxpswlrq 4= ��f� @ 3

Dvvxpswlrq 5= ��f�
W
�
@

+
���� li l @ 4

3 li l A 4

Sursrvlwlrq 5 vxjjhvwv d vlpsoh vwudwhj| iru vwdwlvwlfdo lqihuhqfh1 Lqghhg/ vlqfh xqghu SVFFI

wkh pdwul{ ��f olhv lq wkh ohiw qxoo vsdfh ri doo wkh YHFP frh�flhqw pdwulfhv exw �W�/ d PO

dssurdfk uhtxluhv wr vroyh rqh ri wkh iroorzlqj htxlydohqw fdqrqlfdo fruuhodwlrq surjudpv/

FdqFru
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+44,

zkhuh FdqFru+\>[ m ], ghqrwhv wkh sduwldo fdqrqlfdo fruuhodwlrqv ehwzhhq wkh hohphqwv ri \

dqg [ frqglwlrqdo rq ]/ a� lv d vxshufrqvlvwhqw hvwlpdwh ri wkh frlqwhjudwlqj yhfwruv/ dqg i|

lv d yhfwru ri �{hg hohphqwv vxfk d frqvwdqw/ d olqhdu wuhqg/ dqg vhdvrqdo gxpplhv1 Qrwlfh

wkdw wkh rqo| gl�huhqfh ri wkh vhfrqg surjudp lv wkh suhvhqfh ri q dgglwlrqdo xqlw hljhqydoxhv

zkloh wkh uhpdlqlqj q rqhv duh lghqwlfdo1 Exw wkh dgydqwdjh ri wkh vhfrqg h{suhvvlrq lv wkdw
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wkh hljhqyhfwruv dvvrfldwhg zlwk wkh v vpdoohvw hljhqydoxhv jlyh hvwlpdwhv iru erwk �f dqg ��

pdwulfhv=

Rqh fdq whvw iru wkh qxoo k|srwkhvlv wkdw wkhuh h{lvw dw ohdvw v SVFFI yhfwruv wkurxjk wkh

OU vwdwlvwlf +vhh lqwhu dold Dqghuvrq/ 4<;7/ Yhox hw do1/ 4<;9,

�
�7��8

@ �W

r[
�'�

oq+4� a��,> v @ 4 = = = q> +45,

zkhuh 3 � = = = a�� = = = ? 4> duh wkh +rughuhg, vpdoohvw vtxduhg fdqrqlfdo fruuhodwlrq frplqj iurp

wkh vroxwlrq ri +44,/ zlwk v> wkh srwhqwldo qxpehu ri }hur hljhqydoxhv= Wkh whvw vwdwlvwlf +45,/

zklfk lv dssursuldwh wr whvw iru SVFFI/ iroorzv dv|pswrwlfdoo| d "2
E��

glvwulexwlrq xqghu wkh

qxoo zkhuh � @ v � +q+s � 4 � 4, . u, � v � +q � v,= Lq wkh hpslulfdo vhfwlrq zh dovr xvh d

vpdoo vdpsoh fruuhfwlrq sursrvhg lq Khft +5333, vlplodu wr wkh rqh riwhq xvhg iru frlqwhjudwlrq

dqdo|vlv/ qdpho| rqh dssolhv wr +45, wkh vfdolqj idfwru� +W � q+s� 5,� u,@W=

Dowhuqdwlyho|/ dq h�flhqw hvwlpdwlrq ri hohphqwv ri �+O,> lqfoxglqj wkh vwdqgdug huuruv/ lv

rewdlqhg/ iru jlyhq v> e| ILPO lq d prgho zlwk v svhxgr vwuxfwxudo htxdwlrqv zkhuh wkh UKV

yduldeohv lv jlyhq rqo| e| wkh �||3� dqg dgglwlrqdo +q� v, xquhvwulfwhg htxdwlrqv vxfk wkdw

#
Lr �W�fcrf?3r

3E?3r�fr L?3r

$
�|| @

#
3rfo ���crf? 3rf? = = = 3rf?

�� ��W�
��W2 = = = ��W

R3�

$
3
EEEEEEC

a�
�
||3�

�||3�

�||32
111

�||3Rn�

4
FFFFFFD
.  |>

+46,

zkhuh wkh frqwhpsrudqhrxv frihdwxuh pdwul{ ��f @ +Lr> �
W�
fcrf?3r, kdv ehhq qrupdol}hg dqg mxvw0

lghqwl�hg zlwk dq lghqwlw| pdwul{ rq wkh �uvw v hohphqwv dqg zkhuh �� dqg ��W
�
vwdqgv iru wkh

uhpdlqlqj q� v frh�flhqw pdwulfhv lq wkh YHFP1 Lq +46, zh kdyh dvvxphg wkdw wkh �uvw eorfn

ri �f lv ixoo udqn1 Rwkhuzlvh/ d urwdwlrq ri wkh fr0ihdwxuh pdwul{ lv qhfhvvdu|1 Lqwhuhvwlqjo|/

wkh SVFFI prgholqj jlyhq e| htxdwlrqv +46, pd| eh xvhg wr whvw iru dgglwlrqdo uhvwulfwlrqv

frplqj iurp wkh hfrqrplf wkhru| vxfk dv wkrvh lq +6,1

Uhpdun 6 Qrwlfh wkdw wkh frqvwudlqwv jlyhq lq Sursrvlwlrq 5 duh dozd|v wuxh lq d frlqwhjudwhg

YDU+5, zlwk �f @ �z= Wklv lv vlpso| dq h{whqvlrq ri wkh surshuw| sxw iruzdug e| Ydklg dqg

Hqjoh +4<<6, wkdw wkh VFFI yhfwru lv wulyldoo| �z lq d frlqwhjudwhg YDU+4,1 Frqvhtxhqwo|/

YDU+s, zlwk s A 5 duh zruwk frqvlghulqj lq hpslulfdo dqdo|vhv1

�W? @ �L?|i �@h*L �?�it|�}@|�L? E?L| hiTLh|i_ �ihi |L t@�i tT@Ui M�| @�@�*@M*i �TL? hi^�it|�c �| i4ih}it |�@|

|�i |it| t|@|�t|�U E�2� �@t }LL_ �?�|i t@4T*i ThLTih|�it� OL�i�ihc t�3i _�t|Lh|�L?t �?Uhi@ti ��|� |�i ?�4Mih

Lu �@h�@M*it ? @?_ |�i *@} *i?}|� R @t i TiU|i_ @UULh_�?} |L |�i hit�*|t M) �M@_�h i| @*� E�bbb�� Ait|�?}
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� �5��6 @?_ �L?��L?|i4TLh@?iL�t �)U*it

Lq wklv vhfwlrq zh irfxv rq wkh surshuwlhv ri SVFFI lq whupv ri wkh pxowlyduldwh EQ uhsuhvhq0

wdwlrq ri wkh vhulhv ||1 Lq sduwlfxodu/ zh fdq ghfrpsrvh || lq d wuhqg dqg d f|folfdo frpsrqhqw

dv iroorzv

|| @ � | . �|> +47,

zkhuh �� | @ F+4,%| dqg �
|
@ FW+O,%| +vhh h1j1 Ydklg dqg Hqjoh/ 4<<6,1 Vlqfh lw krogv

F+4, @ ��z

�
��z

b�+4,�z

�3�
��z +vhh h1j1 Mrkdqvhq/ 4<<8,/ zh nqrz wkdw xqghu frlqwhjudwlrq

wkh vhulhv || kdyh +q� u, frpprq vwrfkdvwlf wuhqgv1

Ohw xv qrz vhh li wkh SVFFI kdv dq| lpsolfdwlrq iru wkh f|folfdo frpsrqhqwv �
|
1 Li zh

frpelqh wkh htxdwlrq

�+O,�F+O, @ ��f .
[
�D�

+���F�3� . ��fF�,O
�> +48,

zlwk wkh gh�qlwlrq ri wkh SVFFI zh rewdlq

���F� @ ��fF�n�> iru l � 3= +49,

E| frqvwuxfwlrq ri FW+O, dqg lq ylhz ri htxdwlrq +49, zh vhh wkdw

�+O,�FW+O, @ ��fF
W
f �
[
�D�

[
�:�

+���F�3� . ��fF�,O
� @ ��f+L? �F+4,, @ ���F+4,> +4:,

zkhuh wkh odvw htxdolw| iroorzv iurp wkh uhodwlrq �+4,�F+4, @ ��f1 Htxdwlrq +4:, lqglfdwhv wkdw

�+O,��
|
lv dq lqqrydwlrq1 Zh vxppdul}h wklv uhvxow lq wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 7 Li wkh vhulhv �|| kdyh wkh SVFFI wkhq wkh EQ f|fohv ri || kdyh wkh vdph

SVFFI1

Lqwhuhvwlqjo| hqrxjk/ wkh frqyhuvh lpsolfdwlrq ri Sursrvlwlrq 7 jhqhudoo| idlov1 Lqghhg/

iurp wkh uhodwlrq F�n� @ FW
�n� � FW

�
> iru l � 3/ lw fdq eh hdvlo| vkrzq wkdw li wkhuh h{lvwv d

q � v sro|qrpldo pdwul{ �W+O, @ �Wf . �W�O vxfk wkdw wkh pdwul{ �Wf lv ixoo froxpq udqn dqg

�W+O,�FW+O, @ �W�f F
W
f wkhq lw krogv wkdw

�W+O,�F+O, @ �W�f . +�W�� F+4,� �W�f ,O> +4;,

Khqfh/ wkh sro|qrpldo olqhdu frpelqdwlrq �W+O,��|| zloo eh d YPD+4, surfhvv1

Qrwlfh wkdw wkh suhvhqfh ri SVFFI kdyh vlplodu lpsolfdwlrqv rq wkh EQ f|fohv dv wkh

qrwlrq ri FF1e Krzhyhu/ wkhuh duh wzr pdlq gl�huhqfhv ehwzhhq wkhvh dssurdfkhv1 Iluvw/ wkh

eW?_ii_c V@��_ @?_ ,?}*i E�bb.� ThL�i_ |�@| |�i t@4i *�?i@h UL4M�?@|�L? |�@| hi?_iht |�i tih�it {+| @
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FF uhodwlrq lqyroyhv rqo| frqwhpsrudqhrxv hohphqwv ri wkh yhfwru vhulhv dqg khqfh lw lv qrw

lqirupdwlyh rq wkh ohdg0odj vwuxfwxuh ri wkh f|folfdo frpsrqhqwv1 Vhfrqgo|/ wkh suhvhqfh ri FF

lv dvvrfldwhg wr olqhdu frpelqdwlrqv ri wkh vhulhv �|| zlwk d YPD vwuxfwxuh wkxv uhqghulqj

rswlpdo vwdwlvwlfdo lqihuhqfh pruh lqyroyhg1

e #�h@M*i @?_ �L?�_�h@M*i , Ti?_�|�hit

Zh �qdoo| looxvwudwh wkh xvh ri d SVFFI dssurdfk iru prgholqj wkh uhodwlrqvkls ehwzhhq gxudeoh

dqg qrq0gxudeoh frqvxpswlrq h{shqglwxuhv1 Zh xvh XV gdwd rq uhdo shu fdslwd gxudeoh frq0

vxpswlrq h{shqglwxuhv +G|,/ qrq0gxudeoh soxv vhuylfhv frqvxpswlrq h{shqglwxuhv +F|,/ dqg

glvsrvdo shuvrqdo lqfrph +\ g|,1D Lq rughu wr dyrlg wkh revhuydwlrqv rffxuulqj gxulqj wkh Nr0

uhdq Zdu/ gxulqj wkh shulrg ri sulfh frqwuro +h{wuhph lq�dwlrq yduldelolw|, dqg Wuhdvxu|0Ihg

dffrug/ rxu dqdo|vlv uxqv ryhu 4<87=T405333=T41 Wkh �uvw hljkw revhuydwlrqv duh xvhg dv suh0

vdpsoh ydoxhv iru uhodwlrqvklsv frqwdlqlqj odjv1 Zh ghwhuplqh wkh odj vwuxfwxuh erwk xvlqj

lqirupdwlrq fulwhuld dqg OU whvw vwdwlvwlfv iurp 4 wr ;/ wkdw phdqv wkdw W @ 4::1 Lq wkh oljkw

ri wkh ghedwh lq wkh olwhudwxuh derxw wudqviruplqj wkh yduldeohv lq orjdulwkpv ru qrw/ zh frq0

vlghu erwk olqhdu dqg orj0olqhdu yhuvlrqv1 Lq erwk fdvhv/ wkh prgho zklfk ehvw vxppdul}hv wkh

fryduldwlrq ri wkh gdwd lv d YDU+9, zlwk dq xquhvwulfwhg frqvwdqw1

Xvlqj Mrkdqvhq wudfh whvw zh uhmhfw dw wkh 8( vljql�fdqfh ohyho wkh qxoo k|srwkhvlv ri }hur

frlqwhjudwlqj yhfwruv= Kfco'f @ 78=;: iru wkh orj0olqhdu yhuvlrq dqgKfco'f @ 64=59 iru wkh olqhdu

rqh1 Pruhryhu wkh k|srwkhvlv ri pruh wkdq rqh frlqwhjudwlqj yhfwru lv uhmhfwhg lq erw fdvhv=

Kfco$� @ 7=57 iru wkh orj yhuvlrq dqg Kfco$� @ ;=;5 rwkhuzlvh1 Il{lqj wkh �uvw frlqwhjudwlqj

yhfwru wr lwv hvwlpdwhg ydoxh/ Wdeoh 4 uhsruwv SVFFI whvw vwdwlvwlfv1 Lw hphujhv wkdw zh fdqqrw

uhmhfw wkh qxoo k|srwkhvlv ri rqh SVFFI yhfwru iru erwk yhuvlrqv1 Qrwh wkdw wkh k|srwkhvlv wkdw

wkhuh h{lvwv d VFFI vwuxfwxuh lv uhmhfwhg zlwk d s0ydoxhv ri 3133< dqg 31349 iru uhvshfwlyho| wkh

orj0olqhdu dqg wkh olqhdu prghov1

LQVHUW WDEOHV 4 ) 5

Qrupdol}lqj wkh SVFFI yhfwruv e| wkh frh�flhqw ri gxudeoh h{shqglwxuhv zh kdyh wkh

iroorzlqj hvwlpdwhv iru �|| @ +�G|>�F|>�\ g|,
� ru +�g|>�f|>�|g|,

�>

olqhdu yhuvlrq = �f @ +4>�3=558
Ef��2��

>�3=488
Ef�fS.�

,� dqg �� @ +�3=5<4
Ef�fHS�

> 3=458
Ef�fHD�

> 3=368
Ef�f�2�

,�

orj 0olqhdu yhuvlrq = �f @ +4> 5=883
E2�eb��

>�9=:48
E��bDf�

,� dqg �� @ +�3=656
Ef��e��

>�4=956
E��eH2�

> 4=979
Ef�SbD�

,�
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zkhuh wkh ILPO dv|pswrwlf vwdqgdug huuruv duh lq eudfnhwv1 Wdeoh 5 uhsruwv dgglwlrqdo h{foxvlrq

uhvwulfwlrqv lpsolhg e| wkh wkhruhwlfdo prgho1 Lw hphujhv wkdw rqo| iru wkh olqhdu prgho h{foxvlrq

uhvwulfwlrqv ri wkh jurzwk ri glvsrvdo lqfrph duh qrw uhmhfwhg1

Wkh SVFFI dssurdfk lv yhu| lqwhuhvwlqj hvshfldoo| zkhq dgglwlrqdo h{foxvlrq uhvwulfwlrqv

duh whvwhg rq wkh frpprq ihdwxuh vsdfh1 Lq wklv dssolfdwlrq/ zh fdqqrw uhmhfw wkh suhvhqfh

ri rqh SVFFI uhodwlrqvkls ehwzhhq glvsrvdo lqfrph/ gxudeoh dqg qrq0gxudeoh h{shqglwxuhv1

Krzhyhu wkh h{foxvlrq uhvwulfwlrqv sxw iruzdug e| wkh wkhruhwlfdo prgho duh uhmhfwhg1 Vhyhudo

uhdvrqv fdq eh jlyhq vxfk dv wkh plvfodvvl�fdwlrq ri vrph gxudeoh jrrgv dv qrq0gxudeohv/ wkh xvh

ri vhdvrqdoo| dgmxvwhg vhulhv +Fxedggd/ 4<<<d, ru vrph nlqg ri plvvshfl�fdwlrq ri wkh hpslulfdo

prgho1 Qrwlfh wkdw d vlplodu nlqg ri h{foxvlrq uhvwulfwlrqv pd| eh xvhg lq exvlqhvv f|foh dqdo|vhv

iru wkh h{wudfwlrq ri d frpsrvlwh ohdglqj lqglfdwru +FOL,1 Iru lqvwdqfh/ vxssrvh wkdw wkh yhfwru

vhulhv �|| @ +�jgs|>�{�
|
,� kdv wkh SVFFI dqg wkhuh h{lvw d sro|qrpldo pdwul{ �+O, zlwk

��f @ +4> 3�,� dqg ��� @ +3> �W�� ,
� zkhuh �W�� 9@ 3= Lq wklv fdvh/ d FOL zlwk ghvludeoh surshuwlhv lv

jlyhq e| wkh frpelqdwlrq �W���{|/ vhh Fxedggd dqg Khft +5334, iru ixuwkhu ghwdlov1

D �TTi?_� 

Wklv Dsshqgl{ jhqhudol}hv wkh uhvxowv iru d Sro|qrpldo Vhuldo Fruuhodwlrq Frpprq Ihdwxuh ri

rughu p1

Gh�qlwlrq 8 SVFFI+p,= Wkh Vhulhv �|| kdyh v sro|qrpldo vhuldo fruuhodwlrq frpprq ihd0

wxuhv ri rughu p/ khqfhiruwk SVFFI+p,/ l� wkhuh h{lvwv d q � v sro|qrpldo pdwul{ �+O, @S
6

f ��O
� vxfk wkdw wkh pdwul{ �f lv ixoo froxpq udqn dqg �+O,�F+O, @ ��f=

���fD
W+O,||3� @

6[
�'�

��
�
�||3�= +D4,

Sursrvlwlrq 5 fdq eh hdvlo| jhqhudol}hg dv iroorzv/

Sursrvlwlrq 9 Wkh Vhulhv �|| kdyh wkh SVFFI+p, l� wkh iroorzlqj uhodwlrqv rq wkh YHFP

frh�flhqw pdwulfhv krog=

Dvvxpswlrq 4= ��f� @ 3

Dvvxpswlrq 5= ��f�
W
�

@

+
���

�
li l @ 4> ===>p

3 li l A p

Ohw xv qrz vhh wkh lpsolfdwlrqv ri wkh SVFFI+p, iru wkh EQ f|folfdo frpsrqhqwv �
|
1 Li

zh suhpxowlso| e| �+O,� erwk vlghv ri wkh htxdwlrq F+O, @ F+4, . �FW+O, dqg lq ylhz ri

Gh�qlwlrq 8 zh jhw

��f @ �+O,�F+4, .��+O,�FW+O,= +D5,

;



Frpelqlqj htxdwlrq +D5, zlwk wkh htxdwlrq �+4,�F+4, @ ��f zh vhh wkdw

��+O,�FW+O, @
6[
�'�

+4� O�,��
�
F+4,= +D6,

Ilqdoo|/ vlqfh +4� O�, @ �
S

�3�
f O�/ zh fdq uhzulwh htxdwlrq +D6, dv iroorzv

�+O,�FW+O, @
6[
+

�'�

�3�[
�'f

O�,��
�
F+4,= +D7,

Htxdwlrq +D7, doorzv xv wr irupxodwh wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq : Zkhq wkh vhulhv �|| kdyh wkh SVFFI+p, wkhq �+O,��
|
lv d YPD+p � 4,

surfhvv1

Krzhyhu/ wkh frqyhuvh lpsolfdwlrq ri Sursrvlwlrq : jhqhudoo| idlov1 Lqghhg/ lw lv hdv| wr vhh

wkdw li wkhuh h{lvwv d q� v sro|qrpldo pdwul{ �W+O, ri rughu p vxfk wkdw wkh pdwul{ �Wf lv ixoo

froxpq udqn dqg �W+O,�FW+O, lv d sro|qrpldo pdwul{ ri rughu +p� 4, wkhq �W+O,��|| zloo eh

d YPD+p, surfhvv1

+iuihi?Uit

^4` �OBa�ie l���e l� QBai� BAa .� C5B�B,�t G�ddd�/ Wkh Lq�xhqfh ri YDU Glphqvlrqv

rq Hvwlpdwru Eldvhv/ Hfrqrphwulfd/ 9:/ 49604;41

^5` �AajitNAe C�b� G�dIg�/ Dq Lqwurgxfwlrq wr Pxowlyduldwh Vwdwlvwlfdo Dqdo|vlv/ 5qg Hg1

+Mrkq Zloh| ) Vrqv,1

^6` �j�ji�a}je 7� BAa ��-� �j,tNA G�dI��/ D Qhz Dssurdfk wr Ghfrpsrvlwlrq ri Hfr0

qrplf Wlph Vhulhv Lqwr Shupdqhqw dqg Wudqvlwru| Frpsrqhqwv zlwk Sduwlfxodu Dwwhqwlrq

wr Phdvxuhphqw ri wkh Exvlqhvv F|foh/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ :/ 48404:71

^7` �i�,,�A}jie $�-� G�dUd�e Wkh Fdqrqlfdo Dqdo|vlv ri Vwdwlrqdu| Wlph Vhulhv/ lq Pxowl0

yduldwh Dqdo|vlv0LL / hg1 S1U1 Nulvkqdldk/ Qhz \run= Dfdghplf Suhvv/ 66406831

^8` ��OBaaBe D� G�dddB�e Frpprq F|fohv lq Vhdvrqdo Qrq0Vwdwlrqdu| Wlph Vhulhv/ Mrxuqdo

ri Dssolhg Hfrqrphwulfv/ 47/ 5:605<41

^9` ��OBaaBe D� G�dddO�e Frpprq Vhuldo Fruuhodwlrq dqg Frpprq Exvlqhvv F|fohv= d

Fdxwlrxv Qrwh/ Hpslulfdo Hfrqrplfv/ 57/ 85<08681

^:` ��OBaaBe D� BAa �� QjW` G4hh��e Wkh Uroh ri Frpprq F|folfdo Ihdwxuhv iru Frp0

srvlwh Ohdglqj Lqglfdwruv Exloglqj/ Pddvwulfkw Xqlyhuvlw| Uhvhdufk Phprudqgxp1

<



^;` .A},je -� 8� BAa 7� lN5�W"� G�dd
�e Whvwlqj iru Frpprq Ihdwxuhv +zlwk frpphqwv,/

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 44/ 69<06<81

^<` QjW`e �� G4hhh�/ Frpprq F|folfdo Ihdwxuhv lq Pxowlsoh Wlph Vhulhv dqg Sdqho gdwd/

Pddvwulfkw Xqlyhuvlw| Sk1G1 Wkhvlv1

^43` QjW`e ��e 8��� �B,6 BAa c��� PiOB�A G4hhh�/ Shupdqhqw0Wudqvlwru| Ghfrpsrvlwlrq

lq YDU Prghov zlwk Frlqwhjudwlrq dqg Frpprq F|fohv/ R{irug Exoohwlq ri Hfrqrplfv

dqg Vwdwlvwlfv/ 95/ 844~8651

^44` cN�BAtjAe 7� G�ddF�/ Olnholkrrg0Edvhg Lqihuhqfh lq Frlqwhjudwhg Yhfwru Dxwruhjuhvvlyh

Prghov +R{irug Xqlyhuvlw| Suhvv= R{irug,

^45` XB��ae 8� BAa -�8� .A},j G�dd
�e Frpprq Wuhqgv dqg Frpprq F|fohv/ Mrxuqdo ri

Dssolhg Hfrqrphwulfv/ ;/ 67406931

^46` XB��ae 8� BAa -�8� .A},j G�dd0�e Frghshqghqw F|fohv/ Mrxuqdo ri Hfrqrphwulfv/ ;3/

4<<05541

^47` Xj,�e -���e D��� -j�Atj, BAa $�b� b�W�jiA G�dIU�/ Uhgxfhg Udqn Prghov iru

Pxowlyduldwh Wlph Vhulhv/ Elrphwulnd/ :6/ 438044;1
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Kf
a� Whvw Whvwr6@,, "2gi s0ydoxh s0ydoxhr6@,,

orj0olqhdu v � 4 313;: 49153 48133 44 1467 14;5

v � 5 314;9 851:4 7;1;7 57 ?1334 1335

v @ 6 315<4 44619: 438165 6< ?1334 ?1334

olqhdu v � 4 31398 441;6 431<9 44 16:9 1778

v � 5 314;7 7:1<5 77173 57 1335 133:

v @ 6 31638 44516: 437145 6< ?1334 ?1334

Wdeoh 4= SVFFI Whvwv Vwdwlvwlfv +4<89=T405333=T4,

Kf Whvw "2gi s0ydoxh

olqhdu prgho K�
f =

�
�f @ +4> �> 3,�

�� @ +�> �> 3,�
718< 5 1434

K2
f =

�
�f @ +4> 3> 3,�

�� @ +�> �> 3,�
431:< 6 1346

K�
f =

�
�f @ +4> �> 3,�

�� @ +3> �> 3,�
47138 6 1336

Ke
f =

�
�f @ +4> 3> 3,�

�� @ +3> �> 3,�
48167 7 1337

orj0olqhdu prgho K�
f =

�
�f @ +4> �> 3,�

�� @ +�> �> 3,�
5319: 5 ?1334

Ke
f =

�
�f @ +4> 3> 3,�

�� @ +3> �> 3,�
5<1<9 7 ?1334

Wdeoh 5= SVFFI H{foxvlrq Whvw Vwdwlvwlfv
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