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Devwudfw

Wklv fkdswhu ghvfulehv wzr fodvvhv ri odujh0vfdoh/ jhqhudo htxloleulxp/
ryhuodsslqj jhqhudwlrqv prghov dqg krz htxloleuld ri wkhvh prghov fdq eh
qxphulfdoo| rewdlqhg1 Wkh �uvw vhwxs lv dq ryhuodsslqj jhqhudwlrqv prgho
zlwk lqglylgxdo lqfrph dqg olih vsdq xqfhuwdlqw| dqg eruurzlqj frqvwudlqwv1
D vwdqgdug dojrulwkp iru frpsxwlqj d vwhdg|0vwdwh htxloleulxp ri wklv
prgho lv vxppdul}hg1 Wkh vhfrqg hqylurqphqw lv dq ryhuodsslqj
jhqhudwlrqv prgho zlwk d odujhu vwdwh vsdfh zklfk lv fdvw lq d olqhdu
txdgudwlf Jdxvvldq suhihuhqfh vhwxs1 Dq dojrulwkp wr frpsxwh dq
htxloleulxp wudqvlwlrq sdwk ehwzhhq vwhdg| vwdwhv iru wklv fodvv ri prghov lv
ghvfulehg1
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4 Lqwurgxfwlrq

Lq wkh Xqlwhg Vwdwhv dqg prvw rwkhu ghyhorshg frxqwulhv/ wkh sxeolf shqvlrq
v|vwhp dqg dvvrfldwhg ehqh�w sd|phqwv wr uhwluhhv dqg wkhlu idplolhv +lq0
foxglqj glvdelolw|/ phglfdo/ dqg vxuylyru ehqh�wv, frqvwlwxwh wkh odujhvw lwhp
lq wkh jryhuqphqw exgjhw1 Sduwo| ehfdxvh ri wkhlu vfdoh/ wkhvh surjudpv
kdyh gxulqj wkh odvw txduwhu fhqwxu| ehfrph wkh remhfw ri lqwhqvh vwxg| e|
hfrqrplvwv1

Prvw ri wkh lvvxhv frqfhuqlqj wkh h�hfw ri xqixqghg vrfldo vhfxulw| sur0
judpv rq wkh hfrqrp| kdyh ehhq dqdo|}hg txdolwdwlyho| xvlqj vwdqgdug prg0
hov vxfk dv wkh wzr0 ru wkuhh0shulrg ryhuodsslqj jhqhudwlrqv prgho/ dqg vrph
ri wkh hpslulfdo suhglfwlrqv kdyh ehhq whvwhg1 Pruh uhfhqwo|/ vrph ri wkhvh
txhvwlrqv dv zhoo dv rwkhu lvvxhv lq �vfdo srolf| kdyh ehhq dqdo|}hg txdqwl0
wdwlyho| xvlqj odujhu ryhuodsslqj jhqhudwlrqv prghov1 Wkh vwduwlqj srlqw iru
wklv olwhudwxuh lv Dxhuedfk dqg Nrwolnr� +4<;:, dqg d vhulhv ri sdshuv wkdw
suhfhghg wkdw errn1 Dxhuedfk dqg Nrwolnr� xvh d qrqvwrfkdvwlf/ 880shulrg
ryhuodsslqj jhqhudwlrqv prgho wr dqdo|}h wkh h�hfwv ri xqixqghg vrfldo vhfx0
ulw| rq erwk oderu vxsso| dqg wkh fdslwdo vwrfn1 Vxevhtxhqw zrun prgl�hv wkh
Dxhuedfk0Nrwolnr� prgho e| dgglqj eruurzlqj frqvwudlqwv/ ydulrxv vrxufhv
ri xqfhuwdlqw|/ dqg rwkhu ihdwxuhv1 Lq sduwlfxodu/ lqfrusrudwlqj wzr vrxufhv
ri xqfhuwdlqw| lqwr d prgho ri vrfldo vhfxulw| vhhpv wr eh lpsruwdqw1 Iluvw/
dq xqfhuwdlq olihvsdq lv hvvhqwldo iru pdq| lqwhuhvwlqj txhvwlrqv frqfhuqlqj
vrfldo vhfxulw| zklfk surylghv sduwldo lqvxudqfh djdlqvw wklv ulvn lq wkh de0
vhqfh ri sulydwh dqqxlw| pdunhwv1 Vhfrqg/ lqwurgxflqj hduqlqjv xqfhuwdlqw|
lv ghvludeoh iru dw ohdvw wzr uhdvrqv= +4, hduqlqjv xqfhuwdlqw| lqwhudfwv zlwk
eruurzlqj frqvwudlqwv dqg |lhogv zlwklq0frkruw khwhurjhqhlw| zklfk fdq dg0
guhvv txhvwlrqv derxw wkh glvwulexwlrq ri frqvxpswlrq dqg zhdowk/ dqg +5,
dq xqixqghg vrfldo vhfxulw| v|vwhp zlwk olwwoh ru qr olqndjh ehwzhhq ehqh�wv
dqg frqwulexwlrqv surylghv vrph lqvxudqfh iru hduqlqjv xqfhuwdlqw|1

5 DPrgho ri Vrfldo Vhfxulw| zlwk Khwhurjhqrxv Djhqwv

Wklv vhfwlrq ghvfulehv wkh 
Lpurkrur�jox/ 
Lpurkrur�jox/ dqg Mrlqhv +4<<8, vhwxs/
zklfk lv uhodwhg wr vhyhudo uhfhqw odujh0vfdoh jhqhudo htxloleulxp/ ryhuodsslqj
jhqhudwlrqv prghov14

4Dprqj rwkhuv/ lpsruwdqw txdqwlwdwlyh zrun xvlqj ryhuodsslqj jhqhudwlrqv prghov lq0
foxghv Kxeedug dqg Mxgg +4<;:,/ Uðrv0Uýoo +4<<9,/ Kxjjhww dqg Yhqwxud +4<<:,/ Frroh|
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514 Ghprjudsklfv

Wkh hfrqrp| lv srsxodwhg e| ryhuodsslqj jhqhudwlrqv ri orqj exw �qlwh0
olyhg lqglylgxdov zlwk wrwdo phdvxuh rqh1 Lqglylgxdov idfh udqgrp vxuylydo
iurp djh � � � wr �c ghqrwhg e| �� 5 Efc ��� Vrph frqvxphuv pd| vxu0
ylyh wkurxjk wkh pd{lpxp srvvleoh olih vsdq/ a� Hdfk shulrg wkh qxpehu
ri qhzeruqv jurzv uhodwlyh wr wkh odvw frkruw e| d frqvwdqw sursruwlrq ?�
Wr rewdlq d vwdwlrqdu| srsxodwlrq/ frkruw vkduhv i>�ja�'�duh fdofxodwhg e|
>� ' ��>�3�*E�n?�c

Sa
�'� >� ' ��5 Djjuhjdwh txdqwlwlhv lq wkh hfrqrp| zloo

eh zhljkwhg dyhudjhv ri lqglylgxdo txdqwlwlhv zkhuh lqglylgxdo phdvxuhv dv
zhoo dv wkh frkruw phdvxuhv zloo vhuyh dv zhljkwv1

515 Exgjhw Frqvwudlqwv

Hdfk shulrg lqglylgxdov zkr duh ehorz d pdqgdwru| uhwluhphqw djh �- idfh
d vwrfkdvwlf hpsor|phqw rssruwxqlw|1 Ohw r 5 7 ' iec �j ghqrwh wkh hp0
sor|phqw rssruwxqlwlhv vwdwh dqg dvvxph wkdw lw iroorzv d �uvw0rughu Pdunry
surfhvv1 Wkh wudqvlwlrq ixqfwlrq iru wkh lqglylgxdo hduqlqjv vwdwh lv jlyhq
e| wkh 2 � 2 pdwul{ �Er�c r� ' dZ��o c �c � ' ec �/ zkhuh Z�� ' �oJKir|n� '
� m r| ' �j� Li r ' ec wkh lqglylgxdo lv hpsor|hg dqg hduqv �0� zkhuh � lv
wkh zdjh udwh shu h!flhqf| xqlw ri oderu/ wkh oderu vxsso| lv xqlw|/ dqg 0�
lv dq djh0lqgh{hg h!flhqf| ri oderu1 Li r ' �c wkh djhqw lv xqhpsor|hg dqg
uhfhlyhv xqhpsor|phqw lqvxudqfh ehqh�wv lq wkh dprxqw ��0�c zkhuh � lv
wkh uhsodfhphqw udwlr1 Gxulqj uhwluhphqw wkh lqglylgxdo uhfhlyhv d shqvlrq
K dqg ghfxpxodwhv dvvhwv� Wkh vrfldo vhfxulw| ehqh�wv duh fdofxodwhg wr eh d
iudfwlrq/ wc ri vrph edvh lqfrph/ wdnhq wr eh wkh dyhudjh olihwlph hpsor|hg
lqfrph1 Wkdw lv

K� '

;?= f � ' �c 2c ���c �- � �c

w
S�-3�

�'�
�0�

�-3�
� ' �-c �- n �c ���c a�

+4,

dqg Vrduhv +4<<8/4<<9,/ 
Lpurkrur�jox/ 
Lpurkrur�jox/ dqg Mrlqhv +4<<;d,/ Uxvw dqg Skh0
odq +4<<:,/ Vwruhvohwwhq/ Whophu/ dqg \durq +4<<:,/ 
Lpurkrur�jox +4<<;, dqg Frqhvd dqg
Nuxhjhu +4<<;,1

5Wkh frkruw vkduhv duh dvvxphg wr eh wlph0lqyduldqw lq rughu wr uhvwulfw wkh frpsxwd0
wlrqv wr vwhdg| vwdwhv1 Lq wklv fodvv ri jhqhudo htxloleulxp/ khwhurjhqrxv0djhqw/ odujh0vfdoh
ryhuodsslqj jhqhudwlrqv prghov/ frpsxwlqj wudqvlwlrqv lv qrw d vlpsoh wdvn1
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Qrwh wkdw dq djhqw*v vrfldo vhfxulw| ehqh�w lv lqghshqghqw ri wkh djhqw*v
hpsor|phqw klvwru|1 Wkh diwhu0wd{ lqfrph ri dq lqglylgxdo lv jlyhq e|

^� '

;A?A=
E�� � r � ����0� � 5 d�c �-�c r ' ec
��0� � 5 d�c �-�c r ' �c
K � 5 d�-c a oc

+5,

zkhuh � r dqg �� duh vrfldo vhfxulw| dqg xqhpsor|phqw lqvxudqfh sd|uroo wd{
udwhv/ uhvshfwlyho|1

Wkh lq�qlwho|0olyhg jryhuqphqw dgplqlvwhuv wkh xqhpsor|phqw lqvxudqfh
dqg vrfldo vhfxulw| surjudpv1 Jlyhq xqhpsor|phqw lqvxudqfh dqg vrfldo
vhfxulw| ehqh�wv/ wkh jryhuqphqw fkrrvhv wkh xqhpsor|phqw lqvxudqfh dqg
wkh vrfldo vhfxulw| wd{ udwhv vr wkdw hdfk ri wkhvh surjudpv lv vhoi0�qdqflqj1

Lq wklv hfrqrp|/ wkhuh duh qr sulydwh pdunhwv iru lqvxudqfh djdlqvw wkh ulvn
ri xqhpsor|phqw ru olylqj orqjhu wkdq h{shfwhg1 Xqixqghg vrfldo vhfxulw|
surylghv sduwldo lqvxudqfh djdlqvw wkh odwwhu ulvn/ exw wkh iruphu fdq rqo|
eh sduwldoo| lqvxuhg djdlqvw e| sulydwh vdylqj1 Zh dvvxph wkdw djhqwv pd|
qrw kdyh qhjdwlyh dvvhwv dw dq| djh1 Khqfh/ wkh uhvwulfwlrq rq wkh dprxqw ri
dvvhwv fduulhg ryhu iurp djh � wr � n �c @�c lv wkdw

@� � f� +6,

Vlqfh wkhuh lv qr dowuxlvwlf ehtxhvw prwlyh dqg ghdwk lv fhuwdlq diwhu djh ac
lqglylgxdov zkr vxuylyh wr djh a zloo oltxlgdwh doo wkhlu dvvhwv dw wkdw djh vr
wkdw @a ' f� Krzhyhu/ xqfhuwdlq vxuylydo xqwlo djh a phdqv wkdw wkhuh zloo
eh dfflghqwdo ehtxhvwv1

Frqvxpswlrq dqg dvvhw dffxpxodwlrq dw djh �c ghqrwhg e| S� dqg @��@�3�c
uhvshfwlyho|/ iroorz

S� n @� ' E� n o�@�3� n ^� n 1c +7,

zkhuh o lv wkh uhwxuq rq sk|vlfdo fdslwdo qhw ri ghsuhfldwlrq dqg 1 lv d oxps0
vxp wudqvihu ri dfflghqwdo ehtxhvwv16

6Wkh sduwlfxodu dvvxpswlrq iru wkh uhglvwulexwlrq ri dfflghqwdo ehtxhvwv pd| kdyh dq
lpsdfw rq wkh txdqwlwdwlyh uhvxowv1 Vhh 
Lpurkrur�jox/ 
Lpurkrur�jox/ dqg Mrlqhv +4<<8, dqg

Lpurkrur�jox +4<<;,1
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516 Suhihuhqfhv

Hdfk lqglylgxdo pd{lpl}hv wkh h{shfwhg/ glvfrxqwhg olihwlph xwlolw|

.f

a[
�'�

q�3�

57 �\
&'�

�&

68�ES��c +8,

zkhuh q lv wkh vxemhfwlyh glvfrxqw idfwru1 Wkh shulrg xwlolw| ixqfwlrq lv
dvvxphg wr wdnh wkh irup

�ES�� '
S�3��

E�� ��
c +9,

zkhuh � lv wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq1

517 Whfkqrorj|

Wkh surgxfwlrq whfkqrorj| ri wkh hfrqrp| lv jlyhq e| d frqvwdqw uhwxuqv wr
vfdoh Free0Grxjodv ixqfwlrq

' ' �g�3k�kc +:,

zkhuh� : fc k 5 Efc �� lv oderu*v vkduh ri rxwsxw/ dqgg dqg� duh djjuhjdwh
fdslwdo dqg oderu lqsxwv/ uhvshfwlyho|1 Wkh djjuhjdwh fdslwdo vwrfn lv dvvxphg
wr ghsuhfldwh dw wkh udwh B�

Wkh sur�w0pd{lpl}lqj ehkdylru ri wkh �up jlyhv ulvh wr �uvw0rughu frq0
glwlrqv zklfk ghwhuplqh wkh qhw uhdo uhwxuq wr fdslwdo dqg wkh uhdo zdjh

o ' E�� k��
�
g

�

�3k
� Bc +;,

� ' k�
�
g

�

��3k
�

518 Ghflvlrq Uxohv

Ohw ( ' i_�c _2c � � � c _6j ghqrwh wkh glvfuhwh julg ri srlqwv rq zklfk dvvhw
kroglqjv zloo eh uhtxluhg wr idoo1 Iru dq| ehjlqqlqj0ri0shulrg dvvhw kroglqj
dqg hpsor|phqw vwdwh E@c r� 5 ( � 7c gh�qh wkh frqvwudlqw vhw ri dq djh0�
djhqw l�E@c r� 5 -2

n dv doo sdluv ES�c @�� vxfk wkdw htxdwlrqv +6, dqg +7, krog1
Ohw T�E@c r� eh wkh +pd{lpl}hg, ydoxh ri wkh remhfwlyh ixqfwlrq ri dq djh0�
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djhqw zlwk ehjlqqlqj0ri0shulrg dvvhw kroglqjv dqg hpsor|phqw vwdwh E@c r��
T�E@c r� lv jlyhq dv wkh vroxwlrq wr wkh g|qdplf surjudp

T�E@c r� ' 4@ 
ESc@��Ml�E@cr�

q
�ES� n q��n�.r�T�n�E@

�c r��
r
c � ' �c 2c � � � c ac +<,

zkhuh d sulph rq d yduldeoh lqglfdwhv lwv ydoxh iru wkh qh{w djh dqg wkh
qrwdwlrq .r� phdqv wkdw wkh h{shfwdwlrq lv ryhu wkh glvwulexwlrq ri r��

Wkh rswlpl}dwlrq sureohp idfhg e| dq lqglylgxdo lq wklv hfrqrp| lv rqh ri
�qlwh0vwdwh/ �qlwh krul}rq g|qdplf surjudpplqj17 Wkh ydoxh ixqfwlrqv dqg
wkh ghflvlrq uxohv iru hdfk djh � ' �c 2c ���c a fdq eh irxqg e| d vlqjoh uhfxuvlrq
zrunlqj edfnzdug iurp wkh odvw shulrg ri olih1 Xvlqj wkh exgjhw frqvwudlqw
+7, wr vxevwlwxwh iru S� lq Ehoopdq*v htxdwlrq +<,/ wkh sureohp uhgxfhv wr
fkrrvlqj wkh ghflvlrq yduldeoh @�� Zh dvvxph wkdw @� 5 ( � i_�c _2c � � � c _6j�
Iru lqglylgxdov dw djh �- ru roghu/ qdpho| uhwluhhv/ wkh vwdwh vsdfh lv dq6��
yhfwru f ' i% ' @ G @ 5 (j� Iru lqglylgxdov zkr duh vxemhfw wr lglrv|qfudwlf
hpsor|phqw ulvn/ dw djh �-�� ru |rxqjhu/ wkh vwdwh vsdfh lv dq6�2 pdwul{if ' ih% ' E@c r� G @ 5 (c r 5 7j1 Wkh frqwuro vsdfh iru lqglylgxdov ri doo
djhv lv wkh 6� � yhfwru (� Iru � ' �-c c �-n�c � � � c ac wkh ghflvlrq uxohv wdnh
wkh irup ri dq 6� � yhfwru ri dvvhw kroglqjv wkdw vroyhv wkh deryh sureohp1
Iru � ' �c 2c � � � c �- � �c wkh ghflvlrq uxohv duh 6 � 2 pdwulfhv/ rqh vxfk
pdwul{ iru hdfk �c vkrzlqj wkh xwlolw| pd{lpl}lqj dvvhw kroglqj iru hdfk ohyho
ri ehjlqqlqj0ri0shulrg dvvhwv dqg hpsor|phqw vwdwh uhdol}dwlrq1

Vlqfh ghdwk lv fhuwdlq eh|rqg djh a +�an� ' f, wkh ydoxh ixqfwlrq dw an�
lv lghqwlfdoo| }hur1 Khqfh/ wkh vroxwlrq wr

TaE%a� ' 4@ 
tSa c@a�

�ESa�

vxemhfw wr
Sa ' E� n o�@a3� n ^a n 1

lv dq 6� � yhfwru ghflvlrq uxoh iru djh0a lqglylgxdov/ �a � Qrwh wkdw wklv lv d
yhfwru ri }hurhv vlqfh wkhuh lv qr ehtxhvw prwlyh dqg ghdwk lv fhuwdlq diwhu a�
Wkh ydoxh ixqfwlrq dw djh ac Ta c lv dq 6� � yhfwru zkrvh hqwulhv fruuhvsrqg
wr wkh ydoxh ri wkh xwlolw| ixqfwlrq dw E� n o�@a3� n K n 1 zlwk @a3� wdnlqj
rq wkh ydoxhv _�c _2c � � � c _6� Wklv ydoxh ixqfwlrq Ta lv sdvvhg rq wr wkh qh{w

7Vhh Vdujhqw +4<;:, dqg Vwrnh| dqg Oxfdv +4<;<, iru d ghvfulswlrq ri g|qdplf sur0
judpplqj dv d wrro iru vroylqj d odujh fodvv ri jhqhudo htxloleulxp prghov1
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vwhs zkhuh wkh djh0Ea � �� ghflvlrq uxoh dqg ydoxh ixqfwlrq duh fdofxodwhg1
Wkh djh0Ea � �� ghflvlrq uxoh lv irxqg e| rewdlqlqj

Ta3�E%a3�� ' 4@ 
tSa3�c@a3��

i�ESa3�� n q�aTaE%a�j

vxemhfw wr

Sa3� n @a3� ' E� n o�@a32 n Kn 1c Sa3� � fc @a3� � f�

Wkh ghflvlrq uxoh lv irxqg dv iroorzv18 Iru @a32 ' _�c wkh ydoxh ri @a3� 5 (
wkdw vroyhv wkh deryh sureohp lv rewdlqhg e| hydoxdwlqj wkh remhfwlyh ixqf0
wlrq dw hdfk srlqw rq wkh julg (� Wklv ydoxh lv uhsruwhg dv wkh �uvw hohphqw
ri wkh 6� � ghflvlrq uxoh �a3�� E| uhshdwlqj wklv surfhgxuh iru doo srvvleoh
lqlwldo dvvhw ohyhov @a32 5 ( wkh hqwluh yhfwru �a3� lv �oohg1 Vlpxowdqhrxvo|/
wkh djh0Ea � �� ydoxh ixqfwlrq Ta3� lv irxqg dv dq 6 � � yhfwru zlwk hq0
wulhv fruuhvsrqglqj wr wkh uljkw0kdqg0vlgh ri wkh deryh remhfwlyh ixqfwlrq
hydoxdwhg dw wkh ghflvlrq uxoh �a3��

Zrunlqj wkh edfnzdug uhfxuvlrq/ zh frph wr djh �- � �c wkh djh lp0
phgldwho| ehiruh wkh pdqgdwru| uhwluhphqw djh ri �-� Wkh sureohp wr vroyh
lv

T�-3�Eh%�-3�� ' 4@ 
tS�-3�c@�-3��

q
�ES�-3�� n q��-

T�-Eh%�-�r
vxemhfw wr

S�-3� n @�-3� ' E� n o�@�-32 n ^�-3� n 1c S�-3� � fc @�-3� � f�

Zkhq wkh lqglylgxdo lv dw djh �- � � ru |rxqjhu/ glvsrvdeoh lqfrph lv qr
orqjhu lqghshqghqw ri wkh lglrv|qfudwlf hpsor|phqw ulvn1 Lq idfw/ iru � '
�c 2c � � � c �-��c glvsrvdeoh lqfrph fdq wdnh rqh ri wzr ydoxhv= E��� o�����0�
ru ��0�c ghshqglqj rq wkh uhdol}dwlrq ri r� Wkh ghflvlrq uxoh iru djh �- � �
+dqg dovr iru |rxqjhu lqglylgxdov, lv dq 6� 2 pdwul{ ghvfulelqj wkh xwlolw|
pd{lpl}lqj ohyhov ri dvvhw kroglqjv iru hdfk srlqw lq wkh vwdwh vsdfh if '
( � 7� Frqvhtxhqwo|/ wkh ydoxh ixqfwlrq T�-3� lv dovr dq 6� 2 pdwul{1

8Ehfdxvh ri wkh frqfdylw| ri wkh ydoxh ixqfwlrq/ lw lv qrw qhfhvvdu| wr hydoxdwh wkh vhfrqg
whup rq wkh uljkw kdqg vlgh ri htxdwlrq +<, dw hyhu| julg srlqw1 Rqh xvhixo dssurdfk lv wr
vwduw zlwk d frduvh julg ryhu wkh hqwluh ghflvlrq vsdfh dqg wkhq xvh vxffhvvlyho| �qhu julgv
lq wkh qhljkerukrrg ri wkh rswlpxp1 Dq dowhuqdwlyh dssurdfk lv wr frpsxwh wkh ydoxh
ixqfwlrq xvlqj d frduvh julg rq wkh vwdwh vsdfh dqg xvh olqhdu lqwhusrodwlrqv wr hydoxdwh
wkh ydoxh ixqfwlrq iru lq0ehwzhhq julg srlqwv1
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Iru � ' �c 2c � � � c �- � 2c wkh rswlpdolw| htxdwlrq lv jlyhq e|

T�Eh%�� ' 4@ 
tS� c@��
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Iru @�3� ' _� dqg r ' ec zh vhdufk ryhu @� 5 ( wkdw vroyhv wkh deryh sureohp
dqg uhsruw wkdw ydoxh dv wkh � � � hohphqw ri wkh 6 � 2 ghflvlrq uxoh ���
Wkhq zh vhdufk ryhu @� 5 ( iru jlyhq @�3� ' _� dqg r ' �c dqg uhsruw wkh
rswlpdo ydoxh dv wkh ��2 hohphqw ri wkh ghflvlrq uxoh iru djh �� Wklv surfhvv
lv uhshdwhg xqwlo doo hohphqwv ri wkh ghflvlrq uxoh �� duh frpsxwhg1 Wklv
frpsohwhv wkh frpsxwdwlrq ri wkh ghflvlrq uxohv �� dqg ydoxh ixqfwlrqv T�
iru doo djhv> 2 � E�- � �� pdwulfhv hdfk 6� 2 dqg 2 � Ea � �-n�� yhfwruv hdfk
6� ��

519 Djh0Ghshqghqw Glvwulexwlrqv ri Djhqwv

Wr rewdlq wkh glvwulexwlrq ri djhqwv/ b�E@c r�c lqwr ehjlqqlqj0ri0shulrg dvvhw
kroglqj ohyhov dqg hpsor|phqw fdwhjrulhv/ zh vwduw iurp d jlyhq lqlwldo zhdowk
glvwulexwlrq b�� Zh dvvxph wkdw qhzeruqv kdyh }hur dvvhw kroglqjv/ vr b� lv
wdnhq wr eh dq 6 � 2 pdwul{ zlwk }hurhv hyhu|zkhuh h{fhsw wkh �uvw urz/
zklfk lv htxdo wr E��c �2�c wkh h{shfwhg hpsor|phqw dqg xqhpsor|phqw udwhv/
uhvshfwlyho|1 Wkh glvwulexwlrq ri djhqwv dw wkh hqg ri djh 4/ ru htxlydohqwo|/
dw wkh ehjlqqlqj ri djh 5/ lv irxqg e|

b2E@
�c r�� '

[
r

[
@G@�M��E@cr�

�Er�c r�b�E@c r��

Vwduwlqj iurp wkh lqlwldo zhdowk glvwulexwlrq b�c vrph lqglylgxdov zloo eh
hpsor|hg dqg vrph ri wkhp zloo eh xqhpsor|hg dw djh 41 Ghshqglqj rq
wkh uhdol}dwlrq ri wkh hpsor|phqw vwdwxv/ lqglylgxdov zloo pdnh dvvhw kroglqj
ghflvlrqv zklfk duh douhdg| fdofxodwhg1 Wkhuhiruh/ dw wkh ehjlqqlqj ri djh
5/ wkh| zloo jr wr +srvvleo|, gl�huhqw srlqwv lq wkh vwdwh0vsdfh pdwul{ E@c r��
Hdfk hqwu| lq wkh 6� 2 pdwul{ b2 jlyhv wkh iudfwlrq ri 50|hdu rog djhqwv dw
wkdw sduwlfxodu frpelqdwlrq ri dvvhw kroglqjv +fkrvhq dw wkh hqg ri wkh djh04
rswlpl}dwlrq sureohp, dqg shulrg05 hpsor|phqw vwdwxv1 Qrwh wkdw/ iru hdfk
�c hdfk hohphqw ri b� lv qrqqhjdwlyh/ dqg wkh vxp ri doo hqwulhv htxdov 41
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Lq jhqhudo/ jlyhq a ghflvlrq uxohv �� dqg dq lqlwldo zhdowk glvwulexwlrq b�c
wkh djh0ghshqghqw glvwulexwlrqv duh frpsxwhg iurp wkh iruzdug uhfxuvlrq
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�c r�� '
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�Er�c r�b�3�E@c r�� +43,

Qrwh wkdw iru � ' �-c �-n�c � � � c ac b� lv 6�� vlqfh wkh uhwluhg lqglylgxdov
duh qrw vxemhfw wr lglrv|qfudwlf hpsor|phqw ulvn1

Xvlqj wkhvh djh ghshqghqw glvwulexwlrqv zh fdq frpsxwh djh sur�ohv iru
frqvxpswlrq/ dvvhwv/ dqg lqfrph1 Zh dovr frpsxwh djjuhjdwh ydoxhv iru wkhvh
yduldeohv1

Dowhuqdwlyho|/ rqh frxog vlpxodwh wkh klvwrulhv ri d odujh qxpehu ri djhqwv
xvlqj Prqwh Fduor phwkrgv dqg fdofxodwh wkh vxppdu| vwdwlvwlfv iurp wkhvh
vlpxodwlrqv1 Wklv dssurdfk vwduwv zlwk dq lqlwldo glvwulexwlrq ri dvvhw krog0
lqjv dqg udqgrpo| gudzv wkh vxuylydo suredelolwlhv dqg wkh uhdol}dwlrq ri wkh
hpsor|phqw vwdwh iru d vlqjoh djhqw1 Jlyhq wkhvh uhdol}dwlrqv/ dqg wkh rswl0
pdo ghflvlrq uxohv/ qh{w shulrg*v dvvhw kroglqjv duh frpsxwhg/ zklfk ehfrph
wkh iroorzlqj shulrg*v vwdwh yduldeohv1 Wklv surfhgxuh lv uhfxuvlyho| iroorzhg
iruzdug xqwlo wkh djhqw glhv/ zklfk lv qr odwhu wkdq djh a� Wklv surfhgxuh
lv uhshdwhg iru d odujh qxpehu ri djhqwv/ dqg dyhudjhv duh frpsxwhg/ xqwlo
frqyhujhqfh ri wkh fdoleudwhg frkruw vkduhv dqg wkh xqhpsor|phqw udwh19

51: Vwdwlrqdu| Htxloleulxp

Gh�qlwlrq 4 D Vwdwlrqdu| Htxloleulxp iru d jlyhq vhw ri srolf| duudqjh0
phqwv iwc �c � rc ��j lv d froohfwlrq ri ydoxh ixqfwlrqv T�E@c r�c lqglylgxdo srolf|
uxohv �� G (�7 $ -nc �� G (�7 $ (c djh0ghshqghqw +exw wlph0lqyduldqw,
phdvxuhv ri djhqw w|shv b�E@c r� iru hdfk djh � ' �c 2c � � � c ac uhodwlyh sulfhv
ri oderu dqg fdslwdo i�c ojc dqg d oxps0vxp wudqvihu 1 vxfk wkdw

+d, lqglylgxdo dqg djjuhjdwh ehkdylru duh frqvlvwhqw=
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+e, uhodwlyh sulfhv i�c oj vroyh wkh �up*v sur�w pd{lpl}dwlrq sureohp
e| vdwlvi|lqj htxdwlrq +;,/

9 
Lpurkrur�jox/ 
Lpurkrur�jox/ dqg Mrlqhv +4<<;e, uhsolfdwh 553/333 djhqw0klvwrulhv wr
pdwfk wkh frkruw vkduhv wr zlwklq 31333341
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+f, jlyhq uhodwlyh sulfhv i�c ojc jryhuqphqw srolf| iwc �c � rc ��jc dqg d
oxps0vxp wudqvihu 1/ wkh lqglylgxdo srolf| uxohv ��E@c r�c ��E@c r�
vroyh wkh lqglylgxdov* g|qdplf surjudp +<,/

+g, frpprglw| pdunhw fohduv=[
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zkhuh wkh lqlwldo zhdowk glvwulexwlrq ri djhqwv/ �fc lv wdnhq dv
jlyhq/

+h, wkh froohfwlrq ri djh0ghshqghqw/ wlph0lqyduldqw phdvxuhv b�E@c r�
iru � ' �c 2c � � � c ac vdwlv�hv
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zkhuh wkh lqlwldo phdvxuh ri djhqwv dw eluwk/ b�c lv wdnhq dv jlyhq/

+i, wkh vrfldo vhfxulw| v|vwhp lv vhoi0�qdqflqj=
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+j, wkh xqhpsor|phqw lqvxudqfh ehqh�wv surjudp lv vhoi0�qdqflqj=
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+k, wkh oxps0vxp glvwulexwlrq ri dfflghqwdo ehtxhvwv lv ghwhuplqhg e|
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51; Phdvxuhv ri Xwlolw| dqg Zhoiduh Ehqh�wv

Lq rughu wr frpsduh dowhuqdwlyh vrfldo vhfxulw| duudqjhphqwv/ zh qhhg d
phdvxuh ri �dyhudjh vwhdg|0vwdwh xwlolw|1� Jlyhq d srolf| duudqjhphqw K '
iwc �c � rc ��jc zh fdofxodwh
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dv rxu phdvxuh ri xwlolw|1 ` EK� lv wkh h{shfwhg glvfrxqwhg xwlolw| d qhzo|
eruq lqglylgxdo ghulyhv iurp wkh frqvxpswlrq srolf| ixqfwlrqv i��E@c r�j
xqghu d jlyhq vrfldo vhfxulw| duudqjhphqw1

Vhfrqg/ zh qhhg d phdvxuh wr txdqwli| wkh zhoiduh ehqh�wv +ru frvwv,
ri dowhuqdwlyh vrfldo vhfxulw| duudqjhphqwv1 Dv rxu uhihuhqfh hfrqrp|/ zh
wdnh wkh ehqfkpdun htxloleulxp xqghu d }hur vrfldo vhfxulw| uhsodfhphqw
udwh1 Rxu phdvxuh ri zhoiduh ehqh�w +ru frvw, lv fdofxodwhg dv wkh frq0
vxpswlrq vxssohphqw lq hdfk shulrg ri olih uhtxluhg wr pdnh d qhzeruq
lqglylgxdo lqgl�huhqw ehwzhhq ehlqj eruq lqwr dq hfrqrp| zlwk d jlyhq vr0
fldo vhfxulw| uhsodfhphqw udwh dqg dq hfrqrp| zlwk qr vrfldo vhfxulw|1 Ohw
`f ' ` EKf� dqg `� ' ` EK�� ghqrwh wkh xwlolw| xqghu srolf| duudqjhphqwv
Kf ' iwf ' fc �c � rf ' fc ��j dqg K� ' iw� : fc �c � r� : fc ��jc uhvshfwlyho|1
Rxu phdvxuh ri zhoiduh ehqh�wv lv V ' �*'f zkhuh � lv d oxps0vxp frpshqvd0
wlrq uhtxluhg wr pdnh d qhzeruq lqgl�huhqw ehwzhhq srolf| duudqjhphqwv Kf

zlwk frpshqvdwlrq � lq hdfk shulrg ri olih/ dqg dq dowhuqdwlyh srolf| duudqjh0
phqw K� zlwkrxw frpshqvdwlrq/ dqg 'f lv uhdo JQS xqghu duudqjhphqw Kf�

Qrwh wkdw vwhdg| vwdwh htxloleuld fdofxodwhg lq wklv fodvv ri prghov gr
qrw/ lq jhqhudo/ uhvxow lq doorfdwlrqv wkdw duh Sduhwr rswlpdo iru d ydulhw|
ri uhdvrqv vxfk dv wkh suhvhqfh ri oltxlglw| frqvwudlqwv dqg g|qdplf lqh!0
flhqf| dvvrfldwhg zlwk ryhuodsslqj jhqhudwlrqv prghov1 Lq rughu wr txdqwli|
wkh h{whqw wr zklfk wkhvh htxloleuld vx�hu iurp wkhvh sureohpv/ lw pljkw eh
ghvludeoh wr fkdudfwhul}h wkh iroorzlqj �uvw0ehvw vroxwlrq1 Frqvlghu wkh sure0
ohp idfhg e| d vrfldo sodqqhu zkrvh wdvn lv wr doorfdwh wkh hfrqrp|*v rxwsxw
dprqj lqyhvwphqw lq sk|vlfdo fdslwdo dqg frqvxpswlrq ri wkh 98 jhqhudwlrqv
dolyh lq dq| shulrg1 Wkh sodqqhu lv uhvwulfwhg wr fkrrvh dprqj vwhdg| vwdwhv/
dqg wkh remhfwlyh lv wr pd{lpl}h wkh h{shfwhg olihwlph xwlolw| ri dq lqglylgxdo
eruq lqwr wkh fkrvhq vwhdg| vwdwh1 Lq d vwhdg| vwdwh/ lqyhvwphqw lv htxdo wr
EB n ?�g� Wkh sodqqhu*v sureohp lv wkxv wr fkrrvh d fdslwdo vwrfn g dqg d
frqvxpswlrq sur�oh iS�ja�'� wr pd{lpl}h wkh remhfwlyh ixqfwlrq +46, vxemhfw
wr wkh frqvwudlqw

sEgc�� ' EB n ?�g n
a[

�'�

>�S��

Wkh �uvw0rughu frqglwlrq dvvrfldwhg zlwk g lv wkdw wkh pdujlqdo surgxfw
ri fdslwdo htxdo B n ?� Wklv frqglwlrq uhtxluhv wkdw wkh sodqqhu fkrrvh wkh
jroghq uxoh fdslwdo vwrfn/ wkxv pd{lpl}lqj djjuhjdwh frqvxpswlrq1 Wkh uh0
pdlqlqj rswlpdolw| frqglwlrqv frqfhuq wkh doorfdwlrq ri djjuhjdwh frqvxps0
wlrq dprqj wkh a olylqj jhqhudwlrqv/ ru dowhuqdwlyho| +ehfdxvh wkh sodqqhu
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lv uhvwulfwhg wr fkrrvh dprqj vwhdg| vwdwhv,/ ryhu wkh a shulrgv ri dq lqgl0
ylgxdo*v olih1 Jlyhq wkh irup ri wkh xwlolw| ixqfwlrq lq htxdwlrq +8,/ wkhvh
frqglwlrqv jlyh ulvh wr h{suhvvlrqv ri wkh irup#

S�n�
S�

$3�

' qE� n ?��

Qrwh wkdw wkh jhqhudo vkdsh ri wkh frqvxpswlrq sur�oh lpsolhg e| wkhvh h{0
suhvvlrqv grhv qrw ghshqg rq wkh ohyho ri djjuhjdwh frqvxpswlrq1 Li lqglylgx0
dov zhuh qrw vxemhfw wr oltxlglw| frqvwudlqwv/ wkh| zrxog doorfdwh frqvxpswlrq
ryhu wkh olih f|foh dffruglqj wr

.f

#
S�n�
S�

$3�

' qE� n o���n��

Wkh frqvxpswlrq sdwk lpsolhg e| wklv frqglwlrq gl�huv iurp wkdw fkrvhq e|
wkh vrfldo sodqqhu iru wzr uhdvrqv1 Iluvw/ wkh sodqqhu srrov wkh pruwdolw|
ulvnv uhsuhvhqwhg e| ��*v/ zkhuhdv lqglylgxdov lq rxu prgho duh xqdeoh wr gr
vr gxh wr wkh devhqfh ri dqqxlw| pdunhwv1 Dv d uhvxow/ wkh djh0frqvxpswlrq
sur�oh fkrvhq e| lqglylgxdov whqgv wr eh ohvv vwhhs wkdq wkdw fkrvhq e| wkh
sodqqhu1 Vhfrqg/ wkh sodqqhu*v rswlpdolw| frqglwlrqv lqyroyh wkh srsxodwlrq
jurzwk udwh +zklfk htxdov wkh hfrqrp|*v jurzwk udwh lq wkh devhqfh ri sur0
gxfwlylw| jurzwk,/ zkhuhdv wkh lqglylgxdo*v lqyroyh wkh pdunhw lqwhuhvw udwh1
Wkhvh udwhv zloo gl�hu xqohvv wkh hfrqrp| lv dw wkh jroghq uxoh fdslwdo vwrfn1
Lq dgglwlrq/ dq lqglylgxdo vxemhfw wr elqglqj oltxlglw| frqvwudlqwv zrxog qrw
doorfdwh frqvxpswlrq dffruglqj wr wkh deryh Hxohu htxdwlrqv/ srvvleo| fdxv0
lqj d ixuwkhu glyhujhqfh ehwzhhq wkh lqglylgxdo*v frqvxpswlrq sur�oh dqg
wkdw fkrvhq e| wkh sodqqhu1 Vrfldo vhfxulw| fdq d�hfw zhoiduh e| dowhulqj wkh
vwhdg|0vwdwh fdslwdo vwrfn/ dqg wkxv djjuhjdwh frqvxpswlrq/ dqg e| lq xhqf0
lqj wkh vkdsh ri wkh djh0frqvxpswlrq sur�oh1

51< Fdoleudwlrq

Lq rughu wr rewdlq qxphulfdo vroxwlrqv wr wkh prgho/ lw lv qhfhvvdu| wr fkrrvh
sduwlfxodu ydoxhv iru wkh sdudphwhuv1 Wkh jhqhudo vwudwhj| lv wr fkrrvh sdud0
phwhu ydoxhv vr wkdw wkh prgho hfrqrp| uhsurgxfhv fhuwdlq orqj0uxq hpslu0
lfdo fkdudfwhulvwlfv ri wkh X1V1 hfrqrp|1 Wklv hqwdlov pdwfklqj prgho txdq0
wlwlhv zlwk hpslulfdo frxqwhusduwv wkdw vkrxog eh frqvwdqw dorqj d edodqfhg
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jurzwk sdwk1 H{dpsohv ri vxfk txdqwlwlhv duh wkh jurzwk udwhv ri srsxod0
wlrq dqg wrwdo idfwru surgxfwlylw| dqg udwlrv vxfk dv wkh fdslwdo0rxwsxw dqg
lqyhvwphqw0fdslwdo udwlrv1 Dowkrxjk wkhvh hpslulfdo txdqwlwlhv duh qrw olwhu0
doo| frqvwdqw/ wkh| jhqhudoo| dsshdu wr eh phdq vwdwlrqdu| wlph vhulhv/ dqg
wkh phdqv ri wkhvh wlph vhulhv jhqhudoo| fdq eh hvwlpdwhg idluo| suhflvho|1
Frroh| dqg Suhvfrww +4<<8, surylgh d jhqhudo glvfxvvlrq ri wklv vwudwhj| iru
fkrrvlqj prgho sdudphwhuv1 Wkh vshfl�fv ri fdoleudwlrq gl�hu iurp prgho
wr prgho/ dqg wkh uhdghu lv uhihuuhg wr lqglylgxdo sdshuv iru ghwdlov1 Vhh/
iru h{dpsoh/ 
Lpurkrur�jox/ 
Lpurkrur�jox/ dqg Mrlqhv +4<<;d/f, iru d ghwdlohg
glvfxvvlrq ri wkh fdoleudwlrq ri d sduwlfxodu ryhuodsslqj jhqhudwlrqv prgho dv
lw lv dssolhg wr vrfldo vhfxulw|1

5143 Frpsxwlqj d Vwdwlrqdu| Htxloleulxp

Ohw "� dqg "2 ghqrwh wkh frqyhujhqfh fulwhuld iru djjuhjdwh fdslwdo vwrfn
dqg xqlqwhqghg ehtxhvwv/ uhvshfwlyho|1 Wkhvh fulwhuld duh xvxdoo| rewdlqhg
wkurxjk h{shulphqwdwlrq1 D vpdoohu " lqfuhdvhv wkh qxpehu ri lwhudwlrqv
zkhuhdv d odujhu " pd| fkdqjh wkh uhvxowv vljql�fdqwo|1 Dovr fkrrvh wkh vwhs
vl}hv 	k� dqg 	k2 jryhuqlqj wkh dgmxvwphqw wr fdslwdo dqg ehtxhvwv ehwzhhq
lwhudwlrqv1 Frpsxwlqj dq htxloleulxp uhtxluhv �qglqj d �{hg srlqw lq wkh
fdslwdo vwrfn/ g/ dqg wkh wudqvihu ri xqlqwhqghg ehtxhvwv/ 1/ dqg frqvlvwv ri
wkh iroorzlqj vwhsv=

41 Jxhvvgf dqg 1f� Frpsxwh wkh djjuhjdwh oderu lqsxw� ' ��
S�-3�

�'� >�0��
Xvh wkh �uvw0rughu frqglwlrqv iurp wkh �up*v sur�w pd{lpl}dwlrq sure0
ohp wr rewdlq wkh lpsolhg ydoxhv iru wkh uhodwlyh idfwru sulfhv � dqg oc
dqg vxevwlwxwh wkhvh lq wkh lqglylgxdo*v exgjhw frqvwudlqw1

51 Frpsxwh wkh ghflvlrq uxohv iru hdfk frkruw e| frpsohwlqj d edfnzdug
uhfxuvlrq/ dqg wkh glvwulexwlrq ri djhqw w|shv iru hdfk frkruw e| frp0
sohwlqj d iruzdug uhfxuvlrq1

61 Frpsxwh wkh qhz djjuhjdwh fdslwdo vwrfng� '
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dqg fkhfn li �g�3gf�
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	 "21 Li qrw/ frpsxwh g2 '

	k�gf n E� � 	k��g� dqg 12 ' 	k21f n E� � 	k2�1�1 Vhw gf ' g2 dqg
1f ' 12 dqg jr wr vwhs 41 Iru hdfk ri wkh �-� � zrunlqj djhv/ frpsxw0
lqj wkh ghflvlrq uxohv lqyroyhv _6 � _6 � 2 ixqfwlrq hydoxdwlrqv/ dqg
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iru hdfk ri a � �- n � uhwluhg djhv/ rewdlqlqj ghflvlrq uxohv uhtxluhv
_6 � _6 ixqfwlrq hydoxdwlrqv1:

71 Frpsxwh djjuhjdwh frqvxpswlrq/ lqyhvwphqw/ dqg rxwsxw xvlqj wkh
ghflvlrq uxohv/ glvwulexwlrq ri djhqw w|shv/ dqg wkh srsxodwlrq vkduhv ri
frkruwv/ dqg fkhfn zkhwkhu wkh frpprglw| pdunhw fohdulqj frqglwlrq
jlyhq e| htxdwlrq +45, lv dssur{lpdwho| vdwlv�hg1; Li wkh sureohp lv
fruuhfwo| vshfl�hg dqg wkh frgh lv dffxudwh/ h{fhvv ghpdqg lv w|slfdoo|
ohvv wkdq 3134( ri rxwsxw zkhq wkh fdslwdo vwrfn frqyhujhv1 Li h{fhvv
ghpdqg lv vx!flhqwo| vpdoo zkhq wkh djjuhjdwh fdslwdo vwrfn frqyhujhv/
wkhq jr wr vwhs 81 Li qrw/ fkhfn wkh frgh iru dffxudf| ru wkh hfrqrplf
prgho iru lqwhuqdo frqvlvwhqf| dqg vwduw djdlq1

81 Vwrs1

6 D Olqhdu Txdgudwlf Prgho ri Vrfldo Vhfxulw|

Gh Qdugl/ 
Lpurkrur�jox/ dqg Vdujhqw +4<<;, ghprqvwudwh krz d ghprjudsklf
wudqvlwlrq fdq eh lqfrusrudwhg lq d jhqhudo htxloleulxp prgho zlwk orqj�olyhg
ryhuodsslqj jhqhudwlrqv ri lqglylgxdov idflqj vhyhudo vrxufhv ri xqfhuwdlqw|1
Wkh hpskdvlv lv rq wkh frpsxwdwlrq ri dq htxloleulxp wudqvlwlrq sdwk eh0
wzhhq vwhdg| vwdwhv zklfk lv lqgxfhg e| d ghprjudsklf wudqvlwlrq dqg wkh
jryhuqphqw*v �vfdo uhvsrqvh wr lw1

614 Ghprjudsklfv

Iru dq| yduldeoh 5c wkh vxevfulsw | ghqrwhv djh dqg wkh lqgh{ r lq sduhqwkhvhv
ghqrwhv fdohqgdu wlph1 Iru h{dpsoh/ �|Er� ghqrwhv wkh qxpehu ri djh0|
shrsoh dw wlph r�

:Wkh qxpehu ri julg srlqwv ydulhv iurp rqh sdshu wr wkh qh{w1 Iru h{dpsoh/ 
Lpur0
krur�jox/ 
Lpurkrur�jox/ dqg Mrlqhv +4<<8, xvh 934 julg srlqwv/ zkhuhdv 
Lpurkrur�jox/ 
Lp0
urkrur�jox/ dqg Mrlqhv +4<<;f, xvh 73<: julg srlqwv1 Lq doo fdvhv/ wkh frpsxwhu frgh lv
zulwwhq lq IRUWUDQ1 Lq wkh prgho zlwk 73<: julg srlqwv/ hdfk lwhudwlrq wdnhv derxw <3
vhfrqgv rq d 533 PK} Shqwlxp Sur1 Ilqglqj dq htxloleulxp jhqhudoo| uhtxluhv ehwzhhq
�yh dqg hljkw lwhudwlrqv dqg uduho| wdnhv pruh wkdq whq lwhudwlrqv1

;Qrwh wkdw wklv lv phuho| d fkhfn rq wkh lqwhuqdo frqvlvwhqf| ri wkh prgho dqg wkh
dffxudf| ri wkh frgh wkdw shuirupv wkh frpsxwdwlrqv1 Zkhq wkh prgho lv zhoo0vshfl�hg/
ghflvlrq uxohv dqg wkh glvwulexwlrq ri wkh djhqw w|shv dqg wkh djjuhjdwh yduldeohv fdofxodwhg
fruuhfwo|/ wkh pdunhw fohdulqj frqglwlrq vkrxog krog lq htxloleulxp vlqfh lw lv d zhljkwhg
dyhudjh ri wkh lqglylgxdov* exgjhw frqvwudlqwv1



Frpsxwlqj RJ Prghov 47

Wlph lv glvfuhwh dqg lqgh{hg e| r� Dw hdfk gdwh r/ d frkruw ri lqglylgxdov
ri phdvxuh �fEr� duulyhv1 Wkhvh duh �djh 3� lqglylgxdov zkr idfh udqgrp
vxuylydo1 Wkh oxfn| rqhv olyh wkurxjk rc rn �c rn 2c � � � c rn Ac iru d wrwdo ri
A n � |hduv� Ohw k|Er� ghqrwh wkh frqglwlrqdo suredelolw| ri vxuylylqj iurp
djh | wr djh | n � dw wlph r� Wkh qxpehu djh | shrsoh dolyh dw wlph r pryhv
dffruglqj wr

�|n�Ern �� ' k|Er��|Er�� +47,

Lwhudwlqj rq +47, jlyhv�|Er� ' k|3�Er���k|32Er�2� � � �kfEr�|��fEr�|��Zh
frpsxwh wkh suredelolw| wkdw d shuvrq eruq dw r� | vxuylyhv wr djh | dv

b|Er� �
|\

�'�

k|3�Er� ��� +48,

Gh Qdugl/ 
Lpurkrur�jox/ dqg Vdujhqw dvvxph wkdw dw wlph rc wkh qxpehu ri
qhz lqglylgxdov jurzv dw wkh udwh ?Er� � �/ vr wkdw �fEr� ' ?Er��fEr � ��/
zklfk lpsolhv �fEr� '

Tr
�'� ?E���fEf�1 Ohw DEr� '

Tr
�'� ?E��1 Wkhq wkh

iudfwlrq s|Er� ri djh | shrsoh dw wlph r lv jlyhq e|

s|Er� '
b|Er�DEr�SA

�'f b�Er�DEr� ��
c +49,

zklfk zloo eh xvhg dv frkruw zhljkwv wr frpsxwh djjuhjdwh txdqwlwlhv1 Wkh
hqwluh srsxodwlrq dw wlph r lv jlyhq e|�Er� '

SA
|'f�|Er�� Wkh sdwkv ?Er� dqg

k|Er� iru r ' �b.fc � � � c 2fSfn�A duh wdnhq dv jlyhq dqg fdoleudwhg xvlqj wkh
surmhfwlrqv ri wkh Vrfldo Vhfxulw| Dgplqlvwudwlrq iru Xqlwhg Vwdwhv1 Qrwh
wkdw wkh shrsoh wkdw hqwhu wkh prgho dw �djh� 3 E| ' f� duh 54 |hduv rog
lqglylgxdov1 Wkh pdqgdwru| uhwluhphqw djh lv 98 E| ' |-n2� dqg rog djhqwv
pd| olyh xs wr <3 |hduv rog E| ' A ��

Gxulqj wkh �uvw |- n � shulrgv ri olih/ d frqvxphu vxssolhv oderu lq h{0
fkdqjh iru zdjhv wkdw kh doorfdwhv dprqj frqvxpswlrq/ wd{hv/ dqg dvvhw
dffxpxodwlrq1 Gxulqj wkh �qdo A � |- shulrgv ri olih/ wkh frqvxphu uhfhlyhv
vrfldo vhfxulw| ehqh�wv1 Lq dgglwlrq wr olih vsdq ulvn/ djhqwv idfh gl�huhqw
lqfrph vkrfnv wkdw wkh| fdqqrw lqvxuh1 Wkh| fdq vprrwk frqvxpswlrq e|
dffxpxodwlqj wzr ulvn�iuhh dvvhwv= sk|vlfdo fdslwdo dqg jryhuqphqw erqgv1
Wkh jryhuqphqw wd{hv frqvxpswlrq dqg lqfrph iurp fdslwdo dqg oderu/ lv0
vxhv dqg vhuylfhv ghew/ sxufkdvhv jrrgv/ dqg sd|v uhwluhphqw ehqh�wv1 Wkhuh
lv d frqvwdqw uhwxuqv wr vfdoh Free�Grxjodv djjuhjdwh surgxfwlrq ixqfwlrq
dqg qr djjuhjdwh xqfhuwdlqw|1 Dv d frqvhtxhqfh/ idfwru sulfhv zloo eh wlph�
ydu|lqj exw ghwhuplqlvwlf1
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615 Whfkqrorj|

Wkh djjuhjdwh whfkqrorj| lv ghvfulehg e| d frqvwdqw uhwxuqv wr vfdoh Free0
Grxjodv surgxfwlrq ixqfwlrq1 Sulfhv ri fdslwdo dqg oderu dw wlph r/ ghqrwhg
e| oEr � �� dqg �Er�/ uhvshfwlyho|/ duh ghwhuplqhg iurp wkh �up*v sur�w
pd{lpl}dwlrq sureohp lq d frpshwlwlyh htxloleulxp=

oEr� �� ' hk� %
gEr� ��

uEr�

&hk3�
c +4:,

�Er� ' E�� hk�� %
gEr� ��

uEr�

&hk
c +4;,

zkhuh uEr� '
S|-

|'f "| �|Er��|Er� lv wkh djjuhjdwh oderu lqsxw lq h!flhqf|
xqlwv/ "| lv d wlph lqyduldqw dqg h{rjhqrxv djh�h!flhqf| lqgh{/ dqg �|Er� lv
wkh oderu vxsso| ri dq djhqw ri djh | dw wlph r� Wkh djjuhjdwh fdslwdo lqsxw lv
jlyhq e| gEr� �� '

S|-
|'f &|Er� ���|Er�/ zkhuh &|Er� lv wkh sk|vlfdo fdslwdo

kroglqjv ri dq djhqw ri djh | dw wlph r� �k 5 Efc �� lv wkh lqfrph vkduh ri
fdslwdo dqg � lv wrwdo idfwru surgxfwlylw|1

616 Jryhuqphqw

Dq djh0| shuvrq glylghv klv wlph r dvvhw kroglqjv @|Er� ehwzhhq jryhuqphqw
erqgv dqg sulydwh fdslwdo= @|Er� ' K|Er� n &|Er�/ zkhuh K|Er� lv jryhuqphqw
ghew1< Wkh jryhuqphqw*v exgjhw frqvwudlqw dw r lv=

}Er��Er� n
A[

|'|-n�

7|Er��|Er� n-Er� ��
A[
|'f

K|Er� ���|Er� +4<,

' � K-Er� ���e^Er� n
A[
|'f

K|Er��|Er�

n
A[
|'f

�|Er�i�@Er�d-Er� ��� �o@|3�Er� ��

n� �Er��Er�"|�|Er� n � SEr�S|Er�jc
<Zh dvvxph wkdw wkhvh wzr dvvhwv sd| wkh vdph uhwxuq zklfk lpsolhv wkdw lqglylgxdo

sruwirolrv duh lqghwhuplqdwh1 Zh fdq frpsxwh wkh djjuhjdwh kroglqjv ri hdfk dvvhw vlqfh
wkh hfrqrp|*v uhvrxufh frqvwudlqw |lhogv wkh dprxqw ri djjuhjdwh sk|vlfdo fdslwdo/ dqg
jryhuqphqw erqg kroglqjv duh wkhq frpsxwhg dv d uhvlgxdo diwhu wkh wrwdo dvvhw kroglqjv
duh frpsxwhg1
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zkhuh

�e^Er� '
A[
|'f

d�� k|Er�o @|Er� ���|Er� ��c +53,

dqg

@3�Er� �� '
�e^Er�E�� � K�

�fEr�
� +54,

Lq htxdwlrq +4<,/ }Er� lv wkh dprxqw ri jryhuqphqw sxufkdvhv dw wlph rc
7|Er� lv wkh vrfldo vhfxulw| ehqh�wv uhfhlyhg e| dq djh | lqglylgxdo dw wlph
r/ -Er� �� ' � n oEr � �� � B lv wkh udwh ri uhwxuq rq dvvhw kroglqjv qhw ri
ghsuhfldwlrq/ � K lv wkh wd{ rq lqkhulwdqfhv/ �@Er�c � �Er� dqg � SEr� duh wd{hv
rq dvvhw lqfrph/ oderu lqfrph dqg frqvxpswlrq/ uhvshfwlyho|1 kh dprxqw ri
dvvhwv lqkhulwhg dw wlph r e| hdfk qhz zrunhu lv ghqrwhg e| @3�Er���c zklfk
lv dvvxphg wr eh glylghg ehwzhhq sk|vlfdo fdslwdo dqg jryhuqphqw erqgv lq
wkh vdph sursruwlrqv wkdw wkhvh duh khog lq wkh djjuhjdwh sruwirolr=

&3�Er� �� '

SA
|'f d�� k|Er�o &|Er��|Er�

�fEr�
c +55,

K3�Er� �� '

SA
|'f d�� k|Er�o K|Er��|Er�

�fEr�
�

Lq wkh ehqh�w irupxod/ s�%Ke?c iru shrsoh olylqj lq d vwhdg| vwdwh/ lv jlyhq
e|

s�%Ke? ' s�%o@|e � �Tc
zkhuh �T uhfrugv wkh dyhudjh hduqlqjv ri d zrunhu zkr kdv vxuylyhg wr
uhwluhphqw djh1 Iru shrsoh olylqj gxulqj wkh wudqvlwlrq/ s�%Ke? lv d olqhdu
frpelqdwlrq ri wkh frqwulexwlrqv lq wkh lqlwldo dqg �qdo vwhdg| vwdwhv143

43Zh glvwulexwh ehtxhvwv dv iroorzv1 Hdfk djhqw eruq dw wlph v ehjlqv olih zlwk dvvhwv
d
�4+v�4,/ zklfk zh vhw htxdo wr d shu fdslwd vkduh ri wrwdo ehtxhvwv iurp shrsoh zkr glhg
dw wkh hqg ri shulrg v�41 Wklv glvwulexwlrq vfkhph lpsolhv wkdw zlwklq d vwhdg| vwdwh/ shu
fdslwd lqlwldo dvvhwv htxdo shu fdslwd ehtxhvwv dgmxvwhg iru srsxodwlrq jurzwk1 Krzhyhu/
gxulqj hlwkhu srolf| ru ghprjudsklf wudqvlwlrqv ehwzhhq vwhdg| vwdwhv/ wklv glvwulexwlrq
vfkhph lpsolhv wkdw zkdw d jhqhudwlrq uhfhlyhv lq ehtxhvwv qr orqjhu htxdov zkdw lw ohdyhv
ehklqg1
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617 Krxvhkrog*v Sureohp

61714 Exgjhw Frqvwudlqwv

Lqglylgxdov idfh wkh iroorzlqj exgjhw frqvwudlqwv=

S|Er� n @|Er� ' -Er� ��@|3�Er� �� n �Er�"|�|Er� n 7|Er��C|Er� n _|c+56d,

C| ' � fEr� n � �Er� d�Er�"|�|Er� n _|o +56e,

n�@Er� d-Er� ��� �o @|3�Er� �� n � SEr�S|Er�c

e|Er� ' e|3�Er� �� n �Er�"|�|Er�c +56f,

7|Er� '

+
f uLh | � |- n �c
s �%Ke?|Er� n oo@|e|Er�e|3�Er� �� uLh | : |- n �c

+56g,

5|n� ' �225| n �2/|n�c +56h,%
_|
�|

&
'

%
L_c|

L�

&
5|� +56i,

Lq htxdwlrq +56d,/ � fEr� lv d oxps0vxp wd{/ dqg e|Er� lv wkh fxpxodwhg
hduqlqjv ri dq lqglylgxdo1 Wkh ehqh�w irupxod +56g, doorzv iru hlwkhu d
oxps0vxp uhwluhphqw ehqh�w ru ehqh�wv wkdw duh uhodwhg wr sdvw fxpxodwhg
hduqlqjv1 Htxdwlrq +56h, ghvfulehv wkh hyroxwlrq ri wkh lqirupdwlrq yduldeoh
5|c zkhuh /|n� lv d pduwlqjdoh gl�huhqfh surfhvv1 L_c| dqg L� duh vhohfwru
yhfwruv wkdw vshfli| wkh lqfrph vkrfn _| dqg wkh vwrfkdvwlf eolvv srlqw �|�
Gh Qdugl/ 
Lpurkrur�jox dqg Vdujhqw vhw wkh suhihuhqfh vkrfn wr d frqvwdqw
exw vshfli| _| wr eh udqgrp surfhvv zlwk phdq }hur= _| ' 4�_|3� n /�|�
Wkh pduwlqjdoh gl�huhqfh vhtxhqfh /|n� lv dgdswhg wr a| ' E/|

fc %f�/ zlwk
.E/|n�ma|� ' fc .E/|n�/

�
|n�ma|� ' U1 Zh dvvxph wkdw wkh lqglylgxdo lqfrph

vkrfnv duh lqghshqghqw dfurvv lqglylgxdov1 Wkh odz ri odujh qxpehuv wkhq
lpsolhv wkdw doo xqfhuwdlqw| dw wkh lqglylgxdo ohyho zloo dyhudjh rxw dqg wkdw
wkh djjuhjdwh hfrqrp| zloo eh ghwhuplqlvwlf1

61715 Suhihuhqfhv

Wkh rqh0shulrg xwlolw| ixqfwlrq iru dq djh | shuvrq lv jlyhq e|

� ES|Er�c �|Er�� ' ��*2
k
ES|Er�� �|Er��

2 n EZ2�|Er��
2
l
c +57,

zkhuh Z2 lv d sdudphwhu/ dqg �|Er� lv d vwrfkdvwlf eolvv srlqw1 Wkhuh lv d
vxemhfwlyh glvfrxqw idfwru q zklfk lv frpprq dfurvv lqglylgxdov dqg frkruwv1



Frpsxwlqj RJ Prghov 4;

Wkh h�hfwlyh glvfrxqw idfwru iurp djh | wr | n � dw wlph r lv wkh surgxfw
qk|Er�� Ohw %|Er� ' d@|3�Er� ��c e|3�Er� ��c 5�|o

� ghqrwh wkh vwdwh yhfwru ri
dq djh | lqglylgxdo dw wkh ehjlqqlqj ri shulrg r1 Li dq lqglylgxdo glhv dw
wkh hqg ri djh | � �c klv ydoxh ixqfwlrq lv jlyhq e| T|E%|Er�m _i@_ @| |� '
TAn�E%|Er�� ' %|Er�

��An�%|Er�/ zkhuh �An� lv d qhjdwlyh vhpl0gh�qlwh pdwul{
zlwk sdudphwhuv wkdw ghwhuplqh wkh vwuhqjwk ri wkh ehtxhvw prwlyh1 Wklv
irupxodwlrq ri ehtxhvw prwlyh lv whuphg �wkh mr| ri jlylqj� lq wkh olwhudwxuh144

Rxu irupxodwlrq judgxdoo| dfwlydwhv wkh ehtxhvw prwlyh/ lqwhqvli|lqj lw
zlwk djh dv wkh pruwdolw| wdeoh pdnhv wkh krxvhkrog wklqn pruh derxw wkh
khuhdiwhu1

Iru | ' fc � � � c A / ohw T|E%|Er�� eh wkh rswlpdo ydoxh ixqfwlrq iru dq djh |
shuvrq dw wlph r� Wkh krxvhkrog*v Ehoopdq htxdwlrqv duh

T| E@|3�Er� ��c e|3�Er� ��c 5|� ' 4@ 
tS|Er�c@|Er�c�|Er��

i�ES|Er�c �|Er��
nqk|Er�.|T|n� E@|Er�c e|Er�c 5|n��

nqdE�� k|Er�o.|TAn� E@|Er�c e|Er�c 5|n��j c
zkhuh wkh pd{lpl}dwlrq lv vxemhfw wr wkh frqvwudlqwv +56d,0+56i,1

Xvlqj vwdqgdug olqhdu0txdgudwlf frqwuro wkhru|/ wkh vroxwlrq wr wkh deryh
�qlwh0vwdwh/ �qlwh0krul}rq g|qdplf surjudp lv rewdlqhg dv iroorzv1 Vxssuhvv0
lqj wkh wlph vxevfulsw iru hdvh ri h{srvlwlrq/ zh fdq h{suhvv Ehoopdq htxd0
wlrqv dv

T|E%|� ' 4@ 
�|c%|n�

i��|'|�| n %�|-|%| n q.|T|n�E%|n��j c +58,

zkhuh

.|T|n�E%|n�� ' k|Er�.|dT|n�E%|n��m @*��io +59,

nd�� k|Er�o.|dT|n�E%|n��m _i@_oc
T|E%|m @*��i� ' %�|�|%| n 1|c

T|E%|m _i@_� ' %�|�An�%|c

%�|�An�%| ' �aC EE�� � K�@|3� � a��2 �

44Dq dowuxlvwlf ehtxhvw prwlyh khosv wkh prgho wr surgxfh dq hpslulfdoo| sodxvleoh
fdslwdo0rxwsxw udwlr1 Dovr/ wkh suhvhqfh ri d ehtxhvw prwlyh pdnhv sulydwh vdylqj dqg
khqfh wkh djjuhjdwh fdslwdo vwrfn pruh uhvlolhqw wr fkdqjhv lq wkh hqylurqphqw1 Ixvwhu
+4<<:, hpskdvl}hv wkh lpsruwdqfh ri wklv ihdwxuh ri khu prgho lq |lhoglqj uhvxowv wkdw duh
gl�huhqw iurp wkrvh lq Dxhuedfk dqg Nrwolnr� +4<;:,1
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Wkh odvw htxdwlrq ghvfulehv wkh ehtxhvw prwlyh1 aC lv d sdudphwhu jryhuqlqj
wkh lqwhqvlw| ri wkh ehtxhvw prwlyh dqg a� lv dq lqkhulwdqfh eolvv srlqw1
Vlqfh wkh lqglylgxdo*v vxuylydo suredelolw| ghfolqhv ryhu wkh olih f|foh/ htxdwlrq
+59, uhyhdov wkh kljkhu zhljkw dwwdfkhg wr ghdwk dqg khqfh ehtxhvwv dv wkh
lqglylgxdo djhv1

Wkh pdwul{ Ulffdwl htxdwlrqv iru �|/ 8| dqg 1| duh=

8| ' E'| n qk|Er��
�
|�|n��| n qd�� k|Er�o�

�
|�An��|�

3�

Eqk|Er��
�
|�|n��| n qd�� k|Er�o�

�
|�An��|� c

�| ' -| n 8 �
|'|8| n qk|Er�d�| � �|8|o

��|n�d�| � �|8|o

nqd�� k|Er�od�| � �|8|o
��An�d�| ��|8|oc

1| ' qk|Er�
k
wudfhE�|n��

��� n 1|n�
l
n qd�� k|Er�o dwudfhE�An��

���o �

Uhlqwurgxflqj wkh wlph vxevfulsw/ wkh deryh uhfxuvlrqv surgxfh wkh wlph0
dqg djh0ghshqghqw ghflvlrq uxohv

�|Er� ' �8|Er�%|Er�c

dqg wkh odz ri prwlrq

%|n�Ern �� ' �|Er�%| n �|Er�/|n��

Qrwh wkdw wkh fhuwdlqw| htxlydohqfh vshfl�fdwlrq ri suhihuhqfhv pdnhv wkh
ghflvlrq uxohv lqghshqghqw ri wkh qrlvh vwdwlvwlfv/ i�|Er�j145

Jlyhq dphdq dqg fryduldqfh pdwul{ iru wkh lqlwldo vwdwh yhfwru/ E>fEr�cPfEr��/
wkh �uvw wzr prphqwv ri wkh vwdwh yhfwru iroorz wkh odz ri prwlrq

>|n�Ern �� ' �|Er�>|Er�c

P|n�Ern �� ' �|Er�P|Er��|Er�
� n �|Er��|Er�

��

Wkh phdq dqg vwdqgdug ghyldwlrq ri djjuhjdwh txdqwlwlhv vxfk dv djjuh0
jdwh frqvxpswlrq/ lqyhvwphqw/ rxwsxw dqg sk|vlfdo fdslwdo vwrfn fdq wkhq eh
hdvlo| frpsxwhg dv zhljkwhg dyhudjhv ri wkh deryh prphqwv ri wkh glvwulex0
wlrq ri wkh vwdwh yhfwru1

45Kxdqj/ 
Lpurkrur�jox/ dqg Vdujhqw +4<<:, ghsduw iurp fhuwdlqw| htxlydohqfh e| hpsor|0
lqj qrqh{shfwhg xwlolw|1 Iroorzlqj Kdqvhq dqg Vdujhqw +4<<8,/ wkh olqhdulw| ri ghflvlrq
uxohv lv suhvhuyhg dowkrxjk wkh qrlvh vwdwlvwlfv lq xhqfh wkh ghflvlrq uxohv1
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618 Uhvrxufh Frqvwudlqw

Wkh qdwlrqdo lqfrph lghqwlw| dw wlph r lq wklv hfrqrp| lv jlyhq e|

}Er��Er� n
A[
|'f

S|Er��|Er� ngEr� ' -Er� ��gEr� �� n �Er�
|-[
|'f

"|�|Er��|Er��

619 Wlph0Yduldwlrq lq Ghprjudsklfv

Gh Qdugl/ 
Lpurkrur�jox/ dqg Vdujhqw +4<<;, lqfrusrudwh wkh djlqj ri wkh
srsxodwlrq lq wkhlu prgho dv d wudqvlwlrq lq wkh ghprjudsklf vwuxfwxuh ri
wkh prgho1 Dq lqlwldo vwhdg| vwdwh/ dvvrfldwhg zlwk frqvwdqw suh04<:8 ydoxhv
ri wkh ghprjudsklf sdudphwhuv ik|c ?j lv vshfl�hg1 Wkhq/ wkh surmhfwhg
pruwdolw| wdeohv iurp wkh Vrfldo Vhfxulw| Dgplqlvwudwlrq +VVD, duh xvhg iru
|hduv ehwzhhq 4<:805393/ vr wkdw

k|Er� '

;A?A=
kf
| iru r � �b.ecek|Er� iru �b.D � r � 2fSfc

k�
| iru r : 2fSfc

zkhuh kf
| ' k|E�b.f� iurp wkh pruwdolw| wdeoh/ k�

| ' k|E2fSf n |�/ dqg wkh
VVD qxpehuv iru wkh frkruw wr eh eruq lq 5393> wkh 	k|Er� duh wdnhq iurp wkh
VVD146 Wkh sdwk iru wkh jurzwk udwh ri qhz eruqv lv fdoleudwhg lq rughu wr
pdwfk VVD*v iruhfdvwv ri wkh ghshqghqf| udwlr/ zklfk lv surmhfwhg wr lqfuhdvh
iurp 4;( lq 4<:7 wr 83( lq 53931

Gh Qdugl/ 
Lpurkrur�jox dqg Vdujhqw dvvxph wkdw lqglylgxdov lq wkh hfrq0
rp| vxgghqo| uhdol}h lq 4<:8 wkdw wkh pruwdolw| wdeohv kdyh fkdqjhg dqg wkdw
wkh| vwduw xvlqj wkh qhz wdeohv1 Wkh pruwdolw| wdeohv duh dvvxphg wr uhdfk d
vwhdg| vwdwh lq 5393 lq olqh zlwk wkh VVD surmhfwlrqv1 wkh ghprjudsklf vwuxf0
wxuh fkdqjhv iru dqrwkhu A n � |hduv/ xqwlo lw uhdfkhv d qhz vwhdg| vwdwh lq
5393nEA n��1 Wkh ghprjudsklf wudqvlwlrq uhtxluhv wkh jryhuqphqw wr pdnh
�vfdo dgmxvwphqwv dqg fdxvhv wkh lqglylgxdov wr uh0frpsxwh wkhlu ghflvlrq
uxohv lq oljkw ri doo wkh vxusulvh fkdqjhv lq wkhlu hqylurqphqw1 Lq vwhsv/ wkh
jryhuqphqw lqfuhdvhv rqh wd{ udwh +hlwkhu � � ru � S, gxulqj d srolf| wudqvlwlrq
shulrg/ ohdylqj doo rwkhu wd{ udwhv frqvwdqw1 Wkhvh wd{ fkdqjhv duh vfkhgxohg
dqg dqqrxqfhg dv iroorzv1 Lq 4<:8 wkh jryhuqphqw dqqrxqfhv wkdw vwduwlqj
lq |hdu 5333/ lw zloo lqfuhdvh wkh wd{ rq oderu lqfrph +lq h{shulphqwv 4/ 6/
8/ dqg 9, ru rq frqvxpswlrq +lq h{shulphqwv 5 dqg 7, hyhu| whq |hduv lq

46Wkh olih wdeohv duh wdnhq iurp Ehoo/ Zdgh dqg Jrvv +4<<5,1
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rughu wr uhdfk wkh whuplqdo vwhdg| vwdwh zlwk wkh ghvluhg ghew0wr0JGS udwlr1
Vwduwlqj lq 5393/ wkdw wd{ udwh lv khog frqvwdqw dw lwv qhz vwhdg| vwdwh ohyho/
exw wkh zdjh udwh dqg lqwhuhvw udwh frqwlqxh wr ydu| iru dqrwkhu 2EA n ��
shulrgv/ diwhu zklfk wlph wkh| duh khog �{hg1

61: Frpsxwlqj dq Htxloleulxp Wudqvlwlrq Sdwk

41 Frpsxwh wkh lqlwldo vwhdg| vwdwh htxloleulxp1 Xvh d edfnzdug uhfxuvlrq
wr frpsxwh wkh djhqwv* ydoxh ixqfwlrqv dqg srolf| ixqfwlrqv/ wdnlqj dv
jlyhq jryhuqphqw srolf|/ ehtxhvwv dqg sulfhv1 Lwhudwh xqwlo frqyhujhqfh
rq wkh iroorzlqj irxu0glphqvlrqdo �{hg0srlqw sureohp zlwk dujxphqwv
jlyhq e|

+d, wkh vrfldo vhfxulw| shqvlrq/ lq rughu wr pdwfk wkh ghvluhg uhsodfh0
phqw udwh>

+e, ehtxhvwv/ vr wkdw sodqqhg ehtxhvwv frlqflgh zlwk uhfhlyhg rqhv>

+f, wkh oderu lqfrph ru frqvxpswlrq wd{ wr vdwlvi| wkh jryhuqphqw
exgjhw frqvwudlqw>

+g, idfwru sulfhv/ wr pdwfk wkh �upv* �uvw rughu frqglwlrqv147

51 Frpsxwh wkh �qdo vwhdg| vwdwh htxloleulxp1 Lq dgglwlrq wr iroorzlqj
wkh deryh surfhgxuh iru wkh lqlwldo vwhdg| vwdwh/ wkhuh lv dq dgglwlrqdo
od|hu ri gr0orrs lq zklfk lwhudwlrqv duh shuiruphg rq wkh jryhuqphqw
ghew ohyho wr pdwfk wkh ghew0wr0JGS udwlr wr d suhvfulehg ydoxh vxfk
dv wkdw lq wkh lqlwldo vwhdg| vwdwh1

61 Frpsxwh wkh htxloleulxp wudqvlwlrq sdwk ehwzhhq wkh vwhdg| vwdwhv1
Iru d jlyhq wlph sdwk ri idfwru sulfhv/ ehtxhvwv/ dqg jryhuqphqw srolf|
sdudphwhuv/ frpsxwh wkh wudqvlwlrq g|qdplfv e| vroylqj edfnzdug wkh
vhtxhqfh ri ydoxh ixqfwlrqv dqg srolf| ixqfwlrqv/ dqg wkhq

+d, lwhudwh xqwlo frqyhujhqfh rq d sdudphwhul}hg sdwk iru wkh wd{ udwh
wr pdwfk wkh �qdo ghew0wr0JGS udwlr>

47Lq sudfwlfh/ wkh zdjh udwh lv d ixqfwlrq ri wkh uhdo lqwhuhvw udwh wkurxjk wkh Free0
Grxjodv surgxfwlrq ixqfwlrq1 Wkhuhiruh/ wkh odvw frpsrqhqw ri wkh vwhdg| vwdwh �{hg srlqw
lv mxvw wkh uhdo lqwhuhvw udwh1
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+e, lwhudwh xqwlo frqyhujhqfh rq wkh wlph sdwk ri idfwru sulfhv wr pdwfk
wkh �upv* �uvw rughu frqglwlrqv1

Dowkrxjk wkh prgho hfrqrp| zrxog frqyhujh wr wkh �qdo vwhdg| vwdwh
htxloleulxp rqo| dv|pswrwlfdoo| +ehfdxvh sulfhv duh hqgrjhqrxv, Gh Qdugl/

Lpurkrur�jox/ dqg Vdujhqw iroorz Dxhuedfk dqg Nrwolnr� +4<;:, dqg dvvxph
wkdw frqyhujhqfh rewdlqv lq �A shulrgv148

7 Frqfoxvlrqv

Wklv fkdswhu suhvhqwv wzr yhuvlrqv ri dq ryhuodsslqj jhqhudwlrqv prgho zlwk
lqfrpsohwh pdunhwv dqg ghvfulehv krz wklv prgho fdq eh xvhg wr dqdo|}h
lvvxhv uhodwhg wr sxeolf shqvlrq v|vwhpv vxfk dv wkh xqixqghg vrfldo vhfxulw|
v|vwhp fxuuhqwo| lq sodfh lq wkh Xqlwhg Vwdwhv dqg pdq| rwkhu ghyhorshg
frxqwulhv1 Wkh �uvw yhuvlrq ri wkh prgho ghsduwv iurp wkh Duurz0Gheuhx
zruog ri frpsohwh frqwlqjhqw fodlpv pdunhwv e| dvvxplqj wkh suhvhqfh ri
h{rjhqrxvo| jlyhq eruurzlqj frqvwudlqwv1 Erwk yhuvlrqv ri wkh prgho dv0
vxph wkdw sulydwh dqqxlw| pdunhwv duh plvvlqj/ wkhuhe| olplwlqj wkh delolw|
ri djhqwv wr lqvxuh djdlqvw xqfhuwdlq olihvsdqv1

Wkh wzr yhuvlrqv ri wkh prgho gl�hu lq wkhlu suhihuhqfh vwuxfwxuhv dv
zhoo dv lq rwkhu uhvshfwv1 Wkh �uvw yhuvlrq dvvxphv wkdw oderu lv vxssolhg
lqhodvwlfdoo|/ zkhuhdv wkh vhfrqg yhuvlrq uhod{hv wklv dvvxpswlrq1 Wkh vhfrqg
yhuvlrq lqfrusrudwhv d irup ri ehtxhvw prwlyh/ zkhuhdv wkh �uvw yhuvlrq lv
srsxodwhg e| sxuh olih0f|foh frqvxphuv1 Wkh �uvw yhuvlrq doorzv iru d ulfkhu
vhw ri zlwklq0frkruw khwhurjhqhlw|/ zkhuh dv wkh vhfrqg yhuvlrq +hvvhqwldoo|,
dvvxphv wkdw lqwud0frkruw khwhurjhqhlw| lv qrupdoo| glvwulexwhg1 Kxjjhww dqg
Yhqwxud +4<<:, dqg Ixvwhu +4<<:, kdyh lqfrusrudwhg d yduldeoh oderu vxsso|
lqwr d prgho zlwk suhihuhqfhv vlplodu wr wkrvh xvhg lq wkh �uvw yhuvlrq ri wkh
prgho suhvhqwhg khuh1 Lq dgglwlrq/ Ixvwhu*v prgho lqfoxghv d ehtxhvw prwlyh
wkdw lv gl�huhqw iurp wkh rqh ghvfulehg khuh1

48Wr frpsxwh d vwhdg|0vwdwh htxloleulxp/ Gh Qdugl/ 
Lpurkrur�jox/ dqg Vdujhqw +4<<;,
xvh d vhfdqw dojrulwkp zklfk lv d phwkrg wr �qg wkh urrw ri d v|vwhp ri qrqolqhdu htxd0
wlrqv1 Lq frpsxwlqj dq htxloleulxp wudqvlwlrq sdwk ehwzhhq vwhdg| vwdwhv/ Gh Qdugl/

Lpurkrur�jox/ dqg Vdujhqw +4<<;, xvh d uhod{dwlrq dojrulwkp zklfk lv d phwkrg iru vroy0
lqj wzr0srlqw erxqgdu| ydoxh sureohpv1 Vhh Suhvv/ Whxnrovn|/ Yhwwhuolqj/ dqg Iodqqhu|
+4<;9, dqg uhihuhqfhv frqwdlqhg wkhuhlq iru d ghwdlohg ghvfulswlrq ri wkh vhfdqw dqg uhod{0
dwlrq dojrulwkpv1
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Wkh fkdswhu suhvhqwv wkh qxphulfdo vroxwlrq dojrulwkpv xvhg wr frpsxwh
vwhdg| vwdwh htxloleuld iru hdfk yhuvlrq ri wkh prgho1 Iru wkh vhfrqg yhuvlrq
ri wkh prgho/ wkh fkdswhu dovr ghvfulehv wkh vroxwlrq dojrulwkp iru frpsxwlqj
wudqvlwlrq sdwkv ehwzhhq vwhdg| vwdwhv1
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Uhihuhqfhv

Dodq M1 Dxhuedfk dqg Odxuhqfh M1 Nrwolnr�1 G|qdplf Ilvfdo Srolf|1 Fdp0
eulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ 4<;:1

I1 F1 Ehoo/ D1 Zdgh/ dqg V1 F1 Jrvv1 Olih Wdeohv iru wkh Xqlwhg Vwdwhv Vrfldo
Vhfxulw| Duhd= 4<33053;31 Dfwxduldo Vwxg| Qr1 43:/ Vrfldo Vhfxulw|
Dgplqlvwudwlrq/ Dxjxvw 4<<51

Mxdq F1 Frqhvd dqg Glun Nuxhjhu1 Yrwlqj rq vrfldo vhfxulw| uhirup zlwk
khwhurjhqhrxv djhqwv1 Iheuxdu| 4<<;1

Wkrpdv I1 Frroh| dqg Hgzdug F1 Suhvfrww1 Hfrqrplf Jurzwk dqg Exvl0
qhvv F|fohv1 Lq Wkrpdv I1 Frroh|/ hglwru/ Iurqwlhuv ri Exvlqhvv F|foh
Uhvhdufk1 Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<<81

Wkrpdv I1 Frroh| dqg Mrujh Vrduhv1 D srvlwlyh wkhru| ri vrfldo vhfxulw|
edvhg rq uhsxwdwlrq1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ iruwkfrplqj/ 4<<81

Wkrpdv I1 Frroh| dqg Mrujh Vrduhv1 Zloo vrfldo vhfxulw| vxuylyh wkh
ede| errpB Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/
78+Ghfhpehu,=;<0454/ 4<<91

Pduldfulvwlqd Gh Qdugl/ Vhodkdwwlq 
Lpurkrur�jox/ dqg Wkrpdv M1 Vdujhqw1
Surmhfwhg X1V1 ghprjudsklfv dqg vrfldo vhfxulw|1 Mdqxdu| 4<<;1

Oxlvd Ixvwhu1 Lv dowuxlvp lpsruwdqw iru xqghuvwdqglqj wkh orqj0uxq h�hfwv
ri vrfldo vhfxulw|B Vhswhpehu 4<<:1

Oduv Shwhu Kdqvhq dqg Wkrpdv M1 Vdujhqw1 Glvfrxqwhg olqhdu h{srqhqwldo
txdgudwlf jdxvvldq frqwuro1 LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro/
73=<9;�<:4/ 4<<81

Kh Kxdqj/ Vhodkdwwlq 
Lpurkrur�jox/ dqg Wkrpdv M1 Vdujhqw1 Wzr frpsx0
wdwlrqv wr ixqg vrfldo vhfxulw|1 Pdfurhfrqrplf G|qdplfv/ 4+4,=:�77/
4<<:1

U1 Johqq Kxeedug dqg Nhqqhwk O1 Mxgg1 Vrfldo vhfxulw| dqg lqglylgxdo
zhoiduh1 Dphulfdq Hfrqrplf Uhylhz/ ::+7,=963�979/ Vhswhpehu 4<;:1

Pdun Kxjjhww dqg Jxvwdyr Yhqwxud1 Rq wkh glvwulexwlrqdo h�hfwv ri vrfldo
vhfxulw| uhirup1 4<<:1

Vhodkdwwlq 
Lpurkrur�jox1 D txdqwlwdwlyh dqdo|vlv ri fdslwdo lqfrph wd{dwlrq1
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Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6<+5/ Pd|,/ 4<<;1

D|�vh 
Lpurkrur�jox/ Vhodkdwwlq 
Lpurkrur�jox/ dqg Grxjodv K1 Mrlqhv1 D olih
f|foh dqdo|vlv ri vrfldo vhfxulw|1 Hfrqrplf Wkhru|/ 9+4,=;6�447/ 4<<81

D|�vh 
Lpurkrur�jox/ Vhodkdwwlq 
Lpurkrur�jox/ dqg Grxjodv K1 Mrlqhv1 D g|0
qdplf vwrfkdvwlf jhqhudo htxloleulxp dqdo|vlv ri vrfldo vhfxulw|1 Lq
Wlprwk| M1 Nhkrh dqg Hgzdug F1 Suhvfrww/ hglwruv/ Wkh Glvflsolqh
ri Dssolhg Jhqhudo Htxloleulxp1 Vsulqjhu0Yhuodj/ 4<<;d1

D|�vh 
Lpurkrur�jox/ Vhodkdwwlq 
Lpurkrur�jox/ dqg Grxjodv K1 Mrlqhv1 Wkh
H�hfw ri Wd{0Idyruhg Uhwluhphqw Dffrxqwv rq Fdslwdo Dffxpxodwlrq1
Iruwkfrplqj/ Dphulfdq Hfrqrplf Uhylhz/ 4<<;e1

D|�vh 
Lpurkrur�jox/ Vhodkdwwlq 
Lpurkrur�jox/ dqg Grxjodv K1 Mrlqhv1 Vrfldo
vhfxulw| lq dq ryhuodsslqj jhqhudwlrqv hfrqrp| zlwk odqg1 Mdqxdu|
4<<;f1

Zlooldp K1 Suhvv/ Vdxo D1 Whxnrovn|/ Zlooldp W1 Yhwwhuolqj dqg Euldq S1
Iodqqhu|1 Qxphulfdo Uhflshv lq Iruwudq1 Fdpeulgjh Xqlyhuvlw| Suhvv/
Fdpeulgjh/ 4<<51

Mrvì0Yðfwru Uðrv0Uxoo1 Olih0f|foh hfrqrplhv dqg djjuhjdwh  xfwxdwlrqv1
Uhylhz ri Hfrqrplf Vwxglhv/ 96+549,=798�7;</ Mxo| 4<<91

Mrkq Uxvw dqg Fkulvwrskhu Skhodq1 Krz vrfldo vhfxulw| dqg phglfduh d�hfw
uhwluhphqw ehkdylru lq d zruog ri lqfrpsohwh pdunhwv1 Hfrqrphwulfd/
98+7,=:;4�;64/ Mxo| 4<<:1

Wkrpdv M1 Vdujhqw1 G|qdplf Pdfurhfrqrplf Wkhru|1 Kduydug Xqlyhuvlw|
Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv/ 4<;:1

Qdqf| O1 Vwrnh| dqg Mu1 Oxfdv/ Urehuw H1 Uhfxuvlyh Phwkrgv lq Hfrqrplf
G|qdplf1 Kduydug Xqlyhuvlw| Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv/ 4<;<1

Nmhwlo Vwruhvohwwhq/ Fkulv Whophu dqg Dplu \durq1 Frqvxpswlrq dqg ulvn
vkdulqj ryhu wkh olih f|foh1 Qryhpehu 4<<:1


