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Xqlw urrwv dqg wkh ghpdqg iru
fljduhwwhv lq Wxunh|= Slwidoov dqg
srvvlelolwlhv1

Ndwdulqd Mxvholxv
Lqvwlwxwh ri Hfrqrplfv/Xqlyhuvlw| ri Frshqkdjhq/
Vwxglhvwudhgh 9/ 4788 Frshqkdjhq N/ Ghqpdun

Mdqxdu|/ 5334

Devwudfw

Wkh sduwldo dgmxvwphqw prgho iru fljduhwwh ghpdqg lq Wdqvho
+4<<6, lv irupxodwhg dv d uhvwulfwlrq rq wkh pruh jhqhudo YDU
prgho1 Wkh txhvwlrq zkhwkhu wkh Wdqvho hvwlpdwlrq uhvxowv duh
vsxulrxv dv fodlphg e| Fdphurq dqg Froolqv +4<<;, lv dgguhvvhg
lq wklv iudphzrun1 Wkh uroh ri lqwhuyhqwlrq gxpplhv dqg gdwd
wudqvirupdwlrqv iru wkh frlqwhjudwlrq uhvxowv lv glvfxvvhg lq vrph
ghwdlo1 Ilqdoo|/ d pruh jhqhudo prgho lv hvwlpdwhg dqg wzr vwhdg|0
vwdwh uhodwlrqv phdvxulqj ghpdqg dqg vxsso| ehkdylrxu lq wkh
fljduhwwh pdunhw duh lghqwl�hg1

Nh|zrugv= Sduwldo Dgmxvwphqw Prghov/ Frlqwhjudwhg YDU/
Lqwhuyhqwlrq Gxpplhv/ Gdwd Wudqvirupdwlrqv/ Lghqwl�fdwlrq1

MHO Fodvvl�fdwlrq= F6/ H61
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4 Lqwurgxfwlrq4

Wdqvho +4<<6, +khuhdiwhu DW, glvfxvvhv dq hpslulfdo dqdo|vlv ri fljduhwwh
frqvxpswlrq lq Wxunh| ryhu wkh shulrg 4<9304<;; edvhg rq d sduwldo
dgmxvwphqw prgho1 Fdphurq dqg Froolqv +4<<;, +khuhdiwhu FF, dujxh
lq d uhso| wr khu sdshu wkdw wkh sduwldo dgmxvwphqw dssurdfk lv  dzhg
ehfdxvh wkh gdwd frqwdlqv xqlw urrwv dqg wkdw wkh uhvxowv lq DW duh dq
duwhidfw ri gxpplhv ru wlph wuhqglqj1

Wkh glvfxvvlrq kljkoljkwv vrph ri wkh fkdoohqjhv ri hpslulfdo zrun lq
hfrqrplfv dv d uhvxow ri wkh �xqlw urrw uhyroxwlrq� dqg wkh frqvhtxhqw
qhhg wr surshuo| dffrxqw iru lqwhjudwlrq dqg frlqwhjudwlrq surshuwlhv
ri wkh gdwd1 Vlqfh pdq| dssolhg hfrqrplvwv duh olnho| wr eh idyrudeoh
wr wkh sduwldo dgmxvwphqw dssurdfk e| DW/ vwloo zlgho| xvhg lq dssolhg
hfrqrplfv5 L zloo khuh wdnh wkh rssruwxqlw| wr uh0dqdo|}h wkh Wxunlvk
fljduhwwh gdwd zlwk wkh sxusrvh ri vruwlqj rxw wkh glyhujlqj ylhzv dqg
uhvxowv ri wkh wzr sdshuv1 Lq grlqj vr L zloo dgguhvv wkh iroorzlqj txhv0
wlrqv= Zhuh wkh uhvxowv lq DW vsxulrxvB Lv lw srvvleoh wr uhsurgxfh wkhp
lq d pruh jhqhudo iudphzrunB Krz elj duh wkh frvwv ri ljqrulqj xqlw
urrwv dqg frlqwhjudwlrqB Dw wkh vdph wlph L zloo glvfxvv vrph iuhtxhqw
slwidoov lq hpslulfdo dqdo|vlv zkhq gdwd frqwdlq xqlw urrwv dqg ghprq0
vwudwh wkh dgglwlrqdo srvvlelolwlhv jlyhq e| xqlw0urrw gdwd1 Lw lv p| krsh
wr frqylqfh wkh dssolhg hfrqrplvwv wkdw xqlw urrwv duh qrw qhfhvvdulo|
d qxlvdqfh exw/ lqvwhdg/ zkhq surshuo| xqghuvwrrg fdq surylgh vrph
srzhuixo wrrov iru frqiurqwlqj wkhru| zlwk uhdolw|1

5 Wkh hpslulfdo sureohp6

DW hvwlpdwhv irxu gl�huhqw prghov/ wkuhh ri zklfk duh edvhg rq sduwldo
dgmxvwphqw wrzdugv ghvluhg +vwhdg|0vwdwh, frqvxpswlrq/ dqg rqh lv d
vwdwlf uhjuhvvlrq dqdo|vlv1 Doo irxu prghov lqfoxgh wkh iroorzlqj wkuhh
edvlf yduldeohv +vhh DW iru d ghwdlohg ghvfulswlrq ri wkh yduldeohv, lq
orjv=

41 shu dgxow fljduhwwh frqvxpswlrq/ �@

|

' �
|
� �@

|

c zkhuh �
|
lv dj0

juhjdwh fljduhwwh frqvxpswlrq lqfoxvlyh eodfn pdunhw fljduhwwhv lq
|hdu | dqg �@

|

lv wkh Wxunlvk srsxodwlrq ryhu 48 |hduv ri djh/

51 wkh uhdo sulfh ri fljduhwwhv/ �So
|

' �S
|
� �

|
c zkhuh �S

|
lv wkh sulfh

ri fljduhwwhv dqg �
|
lv wkh frqvxphu sulfh lqgh{/ dqg

4L dp judwhixo wr D|v|w Wdqvho iru pdq| foduli|lqj uhpdunv rq wkh gdwd dqg wkh
Wxunlvk lqvwlwxwlrqv1

5Iru h{dpsoh/ wkh Wxunlvk ghpdqg iru fljduhwwhv kdv ehhq xvhg dv dq looxvwudwlyh
h{dpsoh ri sduwldo dgmxvwphqw prghov e| Udpdqdwkdq +4<<;,

6Doo hpslulfdo uhvxowv kdyh ehhq fdofxodwhg xvlqj wkh vriwzduh surjudp FDWV lq
UDWV +Kdqvhq dqg Mxvholxv/ 4<<7, dqg JlyhZlq +Grruqln dqg Khqgu|/ 4<<;,1
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61 uhdo shu fdslwd jurvv qdwlrqdo surgxfw/ t S

|

�

Ixuwkhupruh/ wzr vwhs gxpp| yduldeohv/ (�
|
dqg (2

|
c gh�qhg dv

(�
|
' 4 iru w @ 4<;5/111/4<;;/ dqg (2

|
' 4 iru w @ 4<;9/111/4<;;/ 3 rwk0

huzlvh/ phdvxuh d srwhqwldo ghfolqh rq fljduhwwh frqvxpswlrq dvvrfldwhg
zlwk d khdowk zduqlqj rq fljduhwwh sdfndjhv vlqfh wkh hqg ri 4<;4/ dqg
zlwk dqwl0vprnlqj fdpsdljqv lq 4<;90;;1 Ilqdoo|/ wkh h�hfw ri hgxfd0
wlrq rq fljduhwwh frqvxpswlrq zdv hvwlpdwhg e| dgglwlrqdoo| lqfoxglqj
wzr yduldeohv phdvxulqj +wkh orjv ri, vhfrqgdu|/ .r

|
c dqg whuwldu|/ .|

|
c

hquroophqw udwlrv1 Doo prghov zhuh hvwlpdwhg dv vlqjoh htxdwlrq prghov1
Ehiruh hpedunlqj rq wkh hfrqrphwulf dqdo|vlv lw lv xvhixo wr kdyh d

orrn dw wkh gdwd1 Iljxuh 4 vkrz judskv ri wkh ohyhov dqg gl�huhqfhv ri
djjuhjdwh fljduhwwh frqvxpswlrq/ �

|
c+xsshu sdqhov,/ ri shu fdslwd JQS/

t S

|

c +plggoh sdqhov,/ dqg ri wkh dgxow srsxodwlrq/ �@

|

c +orzhu sdqhov,1
Vlploduo| Iljxuh 5 vkrz fljduhwwh sulfhv/ �S

|
c +xsshu sdqhov,/ FSL sulfhv/

�
|
c +plggoh sdqhov,/ dqg uhdo fljduhwwh sulfhv/ �S

|
��

|
c +orzhu sdqhov, dqg

Iljxuh 6 vhfrqgdu| hquroophqw udwlrv/ .r

|
c +xsshu sdqhov, dqg whuwldu|

udwlrv/ .|

|

c +orzhu sdqhov,1 Doo yduldeohv duh lq orjv1
D ylvxdo lqvshfwlrq ri wkh judskv ghprqvwudwhv wkdw wkh yduldeohv lq

ohyhov duh vwurqjo| wuhqglqj/ vxssruwlqj wkh zruulhv e| FF derxw xqlw
urrwv lq wkh gdwd1 Ixuwkhupruh/ wkh qrplqdo sulfh vhulhv lq ohyhov dqg
gl�huhqfhv lq Iljxuh 5 vkrz vrph hylghqfh ri h{sorvlyh ehkdylrxu/ w|s0
lfdo ri idvw jurzlqj lq dwlrq shulrgv1 Krzhyhu/ wkh uhdo sulfh vkrxog
qrw h{klelw h{sorvlyh ehkdylrxu li fljduhwwh sulfhv dqg frqvxphu sulfhv
iroorz wkh vdph h{sorvlyh ehkdylrxu/ l1h1 vkduh wkh vdph h{sorvlyh wuhqg
lq d rqh wr rqh uhodwlrqvkls1 Wklv vhhpv pruh ru ohvv wr eh wkh fdvh/
dowkrxjk wkh gl�huhqfhg uhdo fljduhwwh sulfh vhulhv vwloo vkrz vrph hyl0
ghqfh ri lqvwdelolw| dw wkh hqg ri wkh vdpsoh1 Wkh gl�huhqfhg srsxodwlrq
yduldeoh judskhg lq Iljxuh 4 h{klelwv vwhszlvh fkdqjhv dv d frqvhtxhqfh
ri frxqwlqj wkh srsxodwlrq rqfh hyhu| 8 |hduv1 Ixuwkhupruh/ wkh gli0
ihuhqfhg whuwldu| hquroophqw yduldeoh/ .|c lq Iljxuh 6 h{klelw vrph zlog
vzlqjv ehwzhhq 4<:8 dqg 4<;81

Wkhvh ihdwxuhv ri wkh gdwd zloo kdyh wr eh surshuo| dffrxqwhg iru wr
vhfxuh fruuhfw vwdwlvwlfdo lqihuhqfh1 Wklv zloo eh glvfxvvhg lq wkh vxevh0
txhqw hfrqrphwulf dqdo|vlv1

6 Wkh YDU irupxodwlrq

FF fodlp wkdw wkh orqj0uxq vwhdg|0vwdwh uhodwlrq irxqg lq DW lv dq duwh0
idfw ri wkh lqfoxghg gxpp| yduldeohv ru wkh uhvxow ri vsxulrxv uhjuhvvlrq
ri wuhqglqj yduldeohv1 Wkh| vxssruw wkhlu fodlp e| �uvw vkrzlqj wkdw wkh
gdwd frqwdlq xqlw urrwv xvlqj dxjphqwhg Glfnh|0Ixoohu whvwv/ dqg wkhq
whvwlqj iru frlqwhjudwlrq lq d YDUprgho ri wkh wkuhh edvlf yduldeohv zlwk
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1960 1970 1980 1990

10.5

11 C(t): cig. cons. in logs

1960 1970 1980 1990

-.1

0

.1 Diff C(t)

1960 1970 1980 1990

8

8.5 Y(t): Real per capita GDP 

1960 1970 1980 1990

0

.05

Diff Y(t)

1960 1970 1980 1990

10

10.5
N(t): Adult population

1960 1970 1980 1990

.0225

.025

.0275

.03
Diff N(t)

Iljxuh 4= Wkh orjv ri fljduhwwh frqvxpswlrq/ uhdo shu fdslwd JQS/ dqg
wkh dgxow srsxodwlrq judskhg ryhu wkh shulrg 4<9304<;;1

1960 1970 1980 1990

5

7.5

10 Pc(t): Cig. prices

1960 1970 1980 1990

.5

Diff Pc(t)

1960 1970 1980 1990

5

7.5
P(t): Consumer prices

1960 1970 1980 1990

.25

.5

.75

Diff P(t)

1960 1970 1980 1990

.5

1

PcR(t): Real cig.prices

1960 1970 1980 1990

-.2

0

.2
Diff PcR(t)

Iljxuh 5= Wkh orjv ri fljduhwwh sulfhv/ FSL sulfhv/ dqg uhdo fljduhwwh
sulfhv lq ohyhov dqg gl�huhqfhv judskhg ryhu 4<9304<;;1
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1960 1970 1980 1990

-2

-1.5

-1

Lsec

1960 1970 1980 1990

0

.05

.1

DLsec

1960 1970 1980 1990

-3.5

-3

-2.5
Ltert

1960 1970 1980 1990

-.2

0

.2

DLtert

Iljxuh 6= Wkh orjv ri vhfrqgdu| dqg whuwldu| hquroophqw udwlrv ryhu wkh
shulrg 4<930;;1

dqg zlwkrxw wkh wzr gxpp| yduldeohv dqg �qdoo| zlwkrxw gxpplhv exw
lqvwhdg zlwk d wuhqg lq wkh frlqwhjudwlrq vsdfh1

Ehiruh gh�qlqj wkh hpslulfdo prghov L zloo �uvw glvfxvv wkh surs0
huwlhv ri wkh yduldeohv iurp wkh srlqw ri ylhz ri vwdwlvwlfdo yhuvxv hfr0
qrplf prghoolqj1 Lq jhqhudo/ wkh glvwlqfwlrq ehwzhhq vwrfkdvwlf ydul0
deohv/ 5�

|
' d�

|
c �S

|
c �

|c
t S

|
c �@

|
c .r

|
c .|

|
oc dqg ghwhuplqlvwlf yduldeohv/ ^�

|
'

d(�
|
c (2

|
oc ghwhuplqhv wkh vfrsh ri wkh vwdwlvwlfdo prgho/ zkhuhdv wkh

glvwlqfwlrq ehwzhhq hqgrjhqrxv/ +
|
c dqg h{rjhqrxv/ %

|
c yduldeohv ghwhu0

plqhv wkh vfrsh ri wkh hfrqrplf prgho1 Wkh dqdo|vlv lq DW lv edvhg rq
wkh lpsolflw dvvxpswlrq ri rqh hqgrjhqrxv yduldeoh/ �o

|

c edvhg rq wkh
dujxphqw wkdw sulfhv duh vhw e| wkh vwdwh prqrsro| Whnho1 Qhyhuwkh0
ohvv/ rqh fdqqrw h{foxgh wkh srvvlelolw| iurp wkh rxwvhw wkdw sulfhv kdyh
ehhq lq xhqfhg e| fljduhwwh frqvxpswlrq1 Wkhuhiruh/ wkh fodvvl�fdwlrq
ri wkh vwrfkdvwlf yduldeohv lqwr 5�

|
' d+

|
c %

|
oc zkhuh +

|
' d�

|
c � S

|
o dqg

%
|
' d�

|c
t S

|

c �@

|

c .r

|
c .|

|

o vhhpv prwlydwhg1
Lq frlqwhjudwhg YDU prghov wkh forvhvw frxqwhusduw wr wkh fodvvl�fd0

wlrq lqwr hqgrjhqrxv dqg h{rjhqrxv yduldeohv lv lqwr yduldeohv h{klelw0
lqj orqj0uxq ihhg0edfn dqg yduldeohv zklfk gr qrw1 Wkh odwwhu duh riwhq
fdoohg +orqj0uxq, zhdno| h{rjhqrxv yduldeohv1 Dq lpsruwdqw gl�huhqfh
lv wkdw h{rjhqhlw| lq dq hfrqrplf prgho lv dq dvvxphg surshuw| ri d
yduldeoh/ zkhuhdv zhdn h{rjhqhlw| lq dq hfrqrphwulf prgho lv d whvwdeoh
surshuw| ri wkh hpslulfdo prgho1 Wkhuhiruh/ zhdn h{rjhqhlw| vkrxog li
srvvleoh eh whvwhg hpslulfdoo| zlwklq d ixoo| vshfl�hg YDU prgho1 Dv0
vxph iru vlpsolflw| d YDU+5, prgho=
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{5
|
' K{5

|3�
n�5

|3�
n >n 0

|
c +4,

zkhuh 0
|
lv �U

R
Efcl�� Wkh uhgxfhg udqn/ oc ri � ' kq �c zkhuh k dqg q

duh R� oc lv whvwhg zlwk wkh olnholkrrg udwlr whvw surfhgxuh/ wkh vr fdoohg
wudfh whvw1 Iru d jlyhq ydoxh ri oc orqj0uxq zhdn h{rjhqhlw| fdq eh whvwhg
dv d }hur urz uhvwulfwlrq rq wkh dgmxvwphqw frh!flhqwv k� Qrwh wkdw wkh
wudfh whvw dqg wkh vlpxodwhg dv|pswrwlf glvwulexwlrqv duh rqo| ydolg iru
d ixoo| vshfl�hg YDU v|vwhp +Kduer ) do1/ 4<<;,1

Wkh suhvhqw gdwd frqvlvw ri d wrwdo ri rqo| 5< |hduo| revhuydwlrqv/
zklfk lpsrvhv dq lpsruwdqw uhvwulfwlrq rq wkh qxpehu ri hvwlpdwhg sd0
udphwhuv71 L zloo/ wkhuhiruh/ hvwlpdwh dqg whvw iru frlqwhjudwlrq lq d
vlpsoh YDU+4, iru shu fdslwd frqvxpswlrq/ uhdo sulfh/ dqg shu fdslwd
uhdo JGS edvhg rq wzr yhuvlrqv ri wkh edvlf prgho lq DW1 Wkh �uvw
yhuvlrq/ Prgho D/ kdv qr gxpplhv/ zkhuhdv wkh vhfrqg yhuvlrq/ Prgho
E/ doorzv wkh gxpp| yduldeohv wr d�hfw wkh htxloleulxp phdq1 Vxevh0
txhqwo|/ lq Vhfwlrq : L zloo uhod{ wkh shu fdslwd dqg uhdo sulfh uhvwulfwlrq
xvhg e| DW dqg uh0hvwlpdwh wkh YDU prgho lq pruh jhqhudo irup vr
wkdw wkh dghtxdf| ri wkh dvvxphg uhvwulfwlrqv fdq eh whvwhg1 Wkh h�hfw
ri hgxfdwlrq dqg dqwl0vprnlqj fdpsdljqv zloo wkhq eh lqyhvwljdwhg e|
judgxdoo| h{whqglqj wkh prgho1

Prghov D dqg E duh gh�qhg e|=

Prgho D= {�
|
' ��

|3�
n >n 0

|
c +5,

zkhuh wkh wudqviruphg yduldeohv ��

|
' d�S

|
c �So

|
c t S

|
o dqg

Prgho E= {�
|
' �{^

|
n h� h�

|3�
n >n 0

|
c +6,

zkhuh h��

|
' d�

|
c ^

|
oc h� lv ��D dqg | @ 4<94/111/4<;;1 Prgho E lv wkh YDU

prgho frxqwhusduw ri wkh sduwldo dgmxvwphqw prgho 4 lq DW1 Prgho D lv
qhhghg wr glvfxvv wkh vsxulrxv frlqwhjudwlrq fodlphg e| FF1 Edvhg rq
wkhvh wzr prghov L zloo glvfxvv=

41 xqlw urrwv dqg frlqwhjudwlrq whvwlqj/

51 vwdelolw| phdvxuhg e| wkh urrwv ri wkh v|vwhp/

61 wkh uroh ri gxpp| yduldeohv lq wkh hpslulfdo prgho/ dqg

71 v|vwhpv yhuvxv vlqjoh htxdwlrqv1

7Hvwlpdwlqj wkh ixoo YDU prgho zlwk 5 odjv dqg 5 gxpp| yduldeohv zrxog rqo|
ohdyh d ihz ghjuhhv ri iuhhgrp iru hvwlpdwlrq1
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7 Xqlw urrwv ru qrwB

FF udlvh wkh txhvwlrq ri xqlw urrwv lq wkh gdwd dqg wkh frqvhtxhqfhv iru
hvwlpdwlrq dqg lqihuhqfh1 Lqirupdwlrq derxw wkh qxpehu ri xqlw urrwv
fdq eh irxqg erwk iurp wkh urrwv ri wkh prgho/ l1h1 wkh urrwv ri wkh
fkdudfwhulvwlf sro|qrpldo/ dqg iurp wkh uhgxfhg udqn ri wkh � pdwul{1
Li wkh yduldeohv duh dw prvw L+4,/ wkh qxpehu ri xqlw urrwv lq wkh prgho
dqg lq wkh � pdwul{ vkrxog eh wkh vdph1 Wkh lqwxlwlrq ehklqg wklv lv
hylghqw iurp wkh YDU irupxodwlrq +4,= li %

|
� UE��c wkhq {%

|
� UEf�

dqg wkh rqo| sodfh xqlw urrwv fdq dsshdu lq +4, lv lq wkh ohyhov pdwul{
�� Li rq wkh rwkhu kdqg %

|
� UE2�c wkhq {%

|
� UE�� dqg erwk K dqg �

zloo frqwdlq lqirupdwlrq derxw wkh qxpehu ri xqlw urrwv lq wkh prgho�
Iljxuh 5 vkrzv wkdw lq dwlrq udwhv pd| qrw eh vwdwlrqdu|/ vr wkh odwwhu
srvvlelolw| pljkw eh uhohydqw iru wkh vxevhtxhqw prghov F dqg G/ zkhuh
wkh uhdo sulfh uhvwulfwlrq lv uhod{hg1

Wkh uhgxfhg udqn ri � ' kq � lv xvxdoo| whvwhg e| vroylqj dq hljhq0
ydoxh sureohp zklfk gholyhuv R hljhqydoxhv b

�
dqg wkh fruuhvsrqglqj

hljhqyhfwruv q
�
� Li %

|
� UE�� wkhuh duh R � o hljhqydoxhv htxdo wr }hur/

fruuhvsrqglqj wr R � o xqlw urrwv/ l1h1 R� o frpprq vwrfkdvwlf wuhqgv
lq wkh prgho1 Wkh o �uvw hljhqyhfwruv fruuhvsrqg wr wkh vwdwlrqdu| frlq0
whjudwlrq uhodwlrqv q�

�

%
|
zklfk duh riwhq lqwhusuhwhg dv hfrqrplf vwhdg|0

vwdwh uhodwlrqv1 Wkh b
�
duh vtxduhg fdqrqlfdo fruuhodwlrq frh!flhqwv

phdvxulqj wkh fruuhodwlrq ehwzhhq wkh q�

�

5
|
dqg d olqhdu frpelqdwlrq ri

wkh +vwdwlrqdu|, gl�huhqfhg surfhvv {%
|
� Khqfh/ wkh odujhu b

�
wkh pruh

olnho| lv q �

�
5
|
wr eh vwdwlrqdu|1 Wkh vr fdoohg wudfh whvw lv d olnholkrrg

udwlr whvw surfhgxuh iru wkh qxoo k|srwkhvlv wkdw b
�
' fc � ' o n �c ���c R�

Wkhuh duh wkuhh srvvlelolwlhv=

� o ' fc R � o ' � xqlw urrwv lq wkh prgho1 Khqfh/ wkhuh duh qr
orqj0uxq vwhdg|0vwdwh uhodwlrqv lq wkh gdwd/ l1h1 wkh fdvh fodlphg
e| FF/

� o ' �c R� o ' 2 xqlw urrwv lq wkh prgho1 Khqfh/ wkhuh lv mxvw rqh
orqj0uxq uhodwlrq/ l1h1 wkh fdvh dvvxphg lpsolflwo| e| DW/

� o ' 2c R�o ' � xqlw urrw lq wkh prgho1 Khqfh/ wkhuh duh wzr orqj0
uxq uhodwlrqv/ dqg wkh vwhdg|0vwdwh uhodwlrq hvwlpdwhg e| DW frxog
eh d olqhdu frpelqdwlrq ri wkhvh wzr1 Wklv lv wkh fdvh glvfxvvhg lq
Vhfwlrq :1

� o ' �c qr xqlw urrwv lq wkh prgho1 Khqfh/ doo yduldeohv duh vwdwlrq0
du|1

:



Wdeoh 4= Plvvshfl�fdwlrq whvwv/ fkdudfwhulvwlf urrwv/ dqg wkh wudfh whvw
Prgho D +qr gxp1, Prgho E +gxpplhv,
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Wkh hljhqydoxhv/ wkh wudfh whvw vwdwlvwlfv/ dqg wkh urrwv ri wkh fkdu0
dfwhulvwlf sro|qrpldo ri wkh prgho duh jlyhq lq Wdeoh 48=

Zkhq whvwlqj d k|srwkhvlv rqh fdq pdnh dq huuru ri w|sh L +uhmhfwlqj
wkh wuxh qxoo k|srwkhvlv, ru w|sh LL +dffhswlqj wkh zurqj qxoo k|srwkhvlv,1
Jhqhudoo|/ zh zrxog olnh d whvw surfhgxuh wr surgxfh erwk d vpdoo w|sh L
huuru +8(, dqg d vpdoo w|sh LL huuru +kljk srzhu,1 Wkh wudfh whvw lv edvhg
rq wkh qxoo ri R � o xqlw urrwv zklfk lv d qdwxudo vwdwlvwlfdo k|srwkhvlv
vlqfh d urrw rq wkh xqlw flufoh lv d vlpsoh k|srwkhvlv zkhuhdv vwdwlrqdulw|
+d urrw 	 413, lv d frpsrvlwh k|srwkhvlv1 Iurp dq hfrqrplf srlqw ri
ylhz wkh qxoo ri d xqlw urrw lv qrw dozd|v d qdwxudo k|srwkhvlv1 Iru
h{dpsoh/ lq wkh fdvh ri fljduhwwh frqvxpswlrq wkh qxoo ri rqh ru wzr xqlw
urrwv vhhpv sodxvleoh/ exw qrw qhfhvvdulo| wkuhh xqlw urrwv91 Zkhq wkh
vdpsoh vl}h lv vpdoo/ wkh qxoo ri d xqlw urrw lv yhu| kdug wr uhmhfw1 Wklv
fdq ohdg wr wkh xqiruwxqdwh vlwxdwlrq wkdw zh pd| kdyh wr dffhsw wkh
qxoo ri qr frlqwhjudwlrq hyhq zkhq zh vwurqjo| eholhyh lq frlqwhjudwlrq
dqg wkh hvwlpdwhv duh hfrqrplfdoo| sodxvleoh1

Prgho D zlwk wkuhh yduldeohv ohdyhv 57 h�hfwlyh revhuydwlrqv iru hv0
wlpdwlrq/ Prgho E zlwk wkh wzr gxpplhv uhgxfhv wkh qxpehu ixuwkhu0
pruh1 Wkh wudfh whvw ri qr frlqwhjudwlrq lv edvhg rq d whvw vwdwlvwlf
APR

�'�
*?E�� b

�
�c vr hyhq zkhq b

�
lv txlwh odujh +idu iurp }hur dv lq wkh

suhvhqw h{dpsoh, pxowlso|lqj zlwk d vpdoo A pd|/ qhyhuwkhohvv/ qrw sur0
gxfh d whvw vwdwlvwlfv odujh hqrxjk wr uhmhfw wkh qxoo1 Ri frxuvh wklv rqo|
whoov xv wkh gdwd frqwdlqv olwwoh lqirupdwlrq derxw xqlw urrwv zkhq wkh
vdpsoh lv vpdoo1 Exw wkh frqvhtxhqfh ri iroorzlqj irupdo whvw surfhgxuhv

8Doo hvwlpdwhg prghov kdyh ehhq fkhfnhg iru plvvshfl�fdwlrq +qrupdolw|/ dxwrfru0
uhodwlrq/ dqg DUFK,1 Wkh| vhhp zhoo vshfl�hg1

9Wklv zrxog lpso| qr htxloleudwlqj irufh ehwzhhq sulfhv/ frqvxpswlrq dqg lqfrph1

;



lv wkdw frlqwhjudwlrq zloo riwhq eh uhmhfwhg lq vpdoo vdpsohv hyhq zkhq
lw lv wkhuh/ l1h1 wkh whvw kdv orz srzhu1 Vlpxodwlrq h{shulphqwv kdyh
vkrzq wkdw zkhq wkh vl}h ri wkh whvw +wkh w|sh L huuru, lv fruuhfw/ vd|
8(/ wkh srzhu lv derxw wkh vdph pdjqlwxgh/ l1h1 wkh w|sh LL huuru lv
yhu| kljk +Mûujhqvhq/ 5333,1 Lq odujh vdpsohv wkh rssrvlwh lv olnho| wr
eh wkh fdvh= urrwv hyhq yhu| forvh wr wkh xqlw flufoh/ olnh E�� b

�
� ' 31<<

zloo eh irxqg vwdwlvwlfdoo| gl�huhqw iurp rqh li A lv odujh hqrxjk1 Khqfh/
wkh lqwhusuhwdwlrq ri frlqwhjudwlrq dv hylghqfh ri orqj0uxq uhodwlrqvklsv
lq wkh gdwd kdv wr eh grqh zlwk fdxwlrq +Mxvholxv/ 4<<</ 5334,1

Wr dyrlg pdnlqj w|sh LL huuruv +lq sduwlfxodu zkhq wkh qxoo ri frlq0
whjudwlrq lv pruh qdwxudo wkdq wkh qxoo ri d xqlw urrw, rqh fdq xvh rwkhu
lqirupdwlrq lq wkh prgho/ iru h{dpsoh/ wkh pdjqlwxgh ri wkh odujhvw urrw
ohiw lq wkh prgho diwhu fkrrvlqj wkh frlqwhjudwlrq udqn oc wkh vljql�fdqfh
ri wkh k frh!flhqwv wr wkh o�|� frlqwhjudwlrq uhodwlrqv/ wkh vwdelolw| dqg
lqwhusuhwdelolw| ri wkh frlqwhjudwlrq uhodwlrqv/ hwf1 +iru ixuwkhu glvfxv0
vlrqv/ vhh Khqgu| dqg Mxvholxv/ 5334,1

Wkh Wxunlvk fljduhwwh frqvxpswlrq surylghv d jrrg h{dpsoh ri wklv1
Lq Prgho D wkh k|srwkhvlv ri wkuhh xqlw urrwv fdqqrw eh uhmhfwhg rq wkh
43 ( ohyho/ dowkrxjk wkh odujhvw hljhqydoxh/ b

�
' f�ec fruuhvsrqgv wr d

fruuhodwlrq frh!flhqw ri dssur{lpdwho| 3198 ehwzhhq wkh �uvw frlqwhjud0
wlrq uhodwlrq dqg wkh gl�huhqfhg +vwdwlrqdu|, surfhvv1 Wkh urrwv ri wkh
fkdudfwhulvwlf sro|qrpldo lq Wdeoh 4 duh frqvlvwhqw zlwk dw ohdvw rqh xqlw
urrw/ srvvleo| wzr/ exw wkh vpdoohvw urrw/ 316/ vhhpv wr vxjjhvw dw ohdvw
rqh vwdwlrqdu| gluhfwlrq1

Lq Prgho E wkh lqfoxvlrq ri wkh dqwl0vprnlqj gxpplhv lpsuryh wkh
vwdelolw| ri wkh frlqwhjudwlrq uhodwlrqv= wkh �uvw uhodwlrq/ hq

�

�
%
|
c: kdv d

b
�
' f�.Dc l1h1 fruuhvsrqgv wr d fruuhodwlrq frh!flhqw ri dssur{lpdwho|

31;81 Dowkrxjk dgglqj wkh wzr gxpplhv kdv lqfuhdvhg wkh wudfh whvw
vwdwlvwlfv/ lw dovr kdv lqydolgdwhg wkh dv|pswrwlf glvwulexwlrqv +dv ri
frxuvh kdv wkh vpdoo vdpsoh vl}h$,1 Wkh urrwv ri wkh fkdudfwhulvwlf sro|0
qrpldo vxjjhvw dv ehiruh rqh urrw yhu| forvh wr wkh xqlw flufoh/ zkhuhdv
wkh qh{w rqh lv rqo| 317/ l1h1 vljql�fdqwo| vpdoohu wkdq lq Prgho D1

Reylrxvo|/ dgglqj wkh gxpplhv kdv vljql�fdqwo| lpsuryhg vwdwlrq0
dulw|1 Wklv lv dovr hylghqw e| h{dplqlqj wkh dgmxvwphqw frh!flhqwv k

�
�

Lq Prgho D fljduhwwh frqvxpswlrq lv qrw vljql�fdqwo| dgmxvwlqj wrzdugv
q�

�
�

|
c zkhuhdv lq Prgho E wkhuh lv vwurqj dgmxvwphqw wrzdugv hq

�

�
h�
|
� Wkh

frh!flhqwv ri q
�
dqg hq

�
duh txlwh vlplodu/ srwhqwldoo| ghvfulelqj vwhdg|0

vwdwh fljduhwwh frqvxpswlrq dv qhjdwlyho| uhodwhg wr uhdo fljduhwwh sulfh
dqg srvlwlyho| wr uhdo lqfrph1 Wkh frh!flhqwv duh vlplodu wr wkh orqj0uxq
vroxwlrq ri Prgho 5 lq DW1 Wdeoh 4 dovr uhsruwv wkh vhfrqg frlqwhjudwlrq

:Wkh frh!flhqwv wr wkh gxpp| yduldeohv duh qrw uhsruwhg lq Wdeoh 41
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uhodwlrq iru erwk prghov1 Lw fruuhvsrqgv wr dq hljhqydoxh b
2
' f�2 lq

Prgho D dqg wr b
2
' f�e lq Prgho E1 Qrqh ri wkh k

2
frh!flhqwv ri Prgho

D duh vljql�fdqw rq wkh 8 ( ohyho;/ frqvlvwhqw zlwk wkh vpdoo ydoxh ri b
2
�

Khqfh/ lqfoxglqj wkh vhfrqg frlqwhjudwlrq uhodwlrq lq prgho D zrxog eh
xvhohvv1 Rq wkh rwkhu kdqg/ lq Prgho E wzr ri wkh k

2
frh!flhqwv duh

srvvleo| vljql�fdqw/ djdlq ghprqvwudwlqj wkh lpsruwdqfh ri wkh gxpp|
yduldeohv iru wkh frlqwhjudwlrq uhvxowv1

8 Gxpplhv ru qrwB

Dv srlqwhg rxw e| FF/ wkh txhvwlrq zkhwkhu lw lv vhqvleoh ru qrw wr lq0
foxgh wkh wzr gxpplhv lq wkh prgho vhhpv fuxfldo iru wkh lqwhusuhwdwlrq
ri wkh sduwldo dgmxvwphqw prghov lq DW dv d ghvfulswlrq ri d orqj0uxq
ghpdqg uhodwlrq iru fljduhwwhv1 Pdq| hfrqrplvwv grxew wkh ydolglw| ri
xvlqj gxpplhv/ fodlplqj wkdw wkh odwwhu whqg wr pdnh wkhru| orrn hp0
slulfdoo| fruuhfw zkhq lq idfw wkh jrrg �w lv dq duwhidfw ri wkh gxpplhv1
Ohw xv frqvlghu wzr k|srwkhwlfdo vfhqdulrv=

� Wkh Wxunlvk dxwkrulwlhv odxqfk dq dqwl0vprnlqj fdpsdljq zklfk lv
vxffhvvixo lq wkh fhwhulv sdulexv vhqvh= Lw pdnhv shrsoh vprnh ohvv
wkdq ehiruh/ jlyhq wkh uhdo sulfh ri fljduhwwhv dqg wkh uhdo lqfrph
ohyho1

� Wkh Wxunlvk dxwkrulwlhv odxqfk dq dqwl0vprnlqj fdpsdljq zklfk
kdv qr h�hfw1 Krzhyhu/ iru vrph rwkhu uhdvrq shrsoh vprnh ohvv
lq wkh shulrg ri wkh fdpsdljq1 Pruhryhu wkh Wxunlvk fljduhwwh
frqvxpswlrq kdv qrwklqj wr gr zlwk uhdo fljduhwwh sulfh qru zlwk
uhdo lqfrph ohyho1

Xqghu wkh �uvw vfhqdulr/ idlolqj wr surshuo| dffrxqw iru wkh gurs
lq frqvxpswlrq dvvrfldwhg zlwk wkh dqwl0vprnlqj fdpsdljq +dvvxplqj
wkdw wkh gurs lv qrw uhodwhg wr fkdqjhv lq uhdo fljduhwwh sulfh ru uhdo
lqfrph, lv olnho| wr eldv wkh hvwlpdwhv ri sulfh dqg lqfrph hodvwlflwlhv dqg
frlqwhjudwlrq zloo eh uhmhfwhg<1 Khqfh/ lqfoxglqj wkh gxpplhv lv d zd|
ri hpslulfdoo| dffrxqwlqj iru wkh fhwhulv sdulexv dvvxpswlrq suhydohqw lq
wkhru| prghov1 Dv ghprqvwudwhg lq Mxvholxv dqg PdfGrqdog +5333, lw
riwhq pdnhv wkhru| frph rxw pruh fohdq1

Xqghu wkh vhfrqg vfhqdulr/ lqfoxglqj wkh gxpplhv zloo vsxulrxvo| h{0
sodlq vrph yduldwlrq lq wkh gdwd xquhodwhg wr wkh dqwl0vprnlqj fdpsdljq1

;Zkhq zh duh ghdolqj zlwk qrqvwdwlrqdu| gdwd/ d Glfnh|0Ixoohu w|sh ri w0
glvwulexwlrq lv olnho| wr eh pruh dssursuldwh wkdq Vwxghqw*v w0glvwulexwlrq1

<Wklv lv ehfdxvh frlqwhjudwlrq uhvlgxdov zloo qrz frqwdlq vrph fxpxodwlyh h�hfwv ri
shupdqhqw vkrfnv wr fljduhwwh frqvxpswlrq qrw ehlqj dffrxqwhg iru e| wkh yduldeohv
ri wkh prgho1
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Ixuwkhupruh/ wklv zloo khos wr surgxfh vrph vwhdg|0vwdwh hvwlpdwhv ri
sulfh dqg lqfrph hodvwlflwlhv zklfk duh sodxvleoh exw/ qhyhuwkhohvv/ rqo|
duwlidfwv ri wkh gxpplhv1

Lq hfrqrplfv zkhuh frqwuroohg h{shulphqwv duh gl!fxow/ ru lpsrv0
vleoh/ lw lv kdug wr frqfoxvlyho| glvwlqjxlvk ehwzhhq wkh wzr vfhqdulrv=
dq hfrqrplvw kdylqj frq�ghqfh lq wkhru| dqg wkh h�hfwlyhqhvv ri dqwl0
vprnlqj fdpsdljqv zrxog suredeo| vwlfn wr wkh �uvw vfhqdulr dv klv2khu
pdlqwdlqhg sulru/ zkhuhdv pruh vfhswlfdo shuvrqv/ olnh FF/ zrxog sure0
deo| lqvlvw rq wkh vhfrqg vfhqdulr dv d uhdvrqdeoh sulru1

Vlqfh L ihho pruh idyrudeoh wr wkh iruphu jurxs eholhylqj lq wkh hp0
slulfdo xvhixoqhvv ri hfrqrplf vwuxfwxuhv diwhu dssursuldwho| dffrxqwlqj
iru wkh fhwhulv sdulexv dvvxpswlrqv e| lqfoxglqj rwkhu uhohydqw lqirupd0
wlrq wkdq wkhru| lqirupdwlrq lq wkh hpslulfdo prgho/ L zloo khu frqwlqxh
wkh hpslulfdo dqdo|vlv ri fljduhwwh frqvxpswlrq doorzlqj iru gxpplhv lq
wkh prgho1

9 Vlqjoh htxdwlrq ru v|vwhpB

Iurp dq hfrqrphwulf srlqw ri ylhz wkh hvwlpdwhv ri d orqj0uxq vwhdg|0
vwdwh uhodwlrq edvhg rq d vlqjoh htxdwlrq prgho iru +

�|
duh htxlydohqw wr

wkh hvwlpdwhv edvhg rq d ixoo| vshfl�hg frlqwhjudwhg YDU prgho zkhq
wkh iroorzlqj wzr frqglwlrqv duh vdwlv�hg=

41 wkh frlqwhjudwlrq udqn lv rqh/

51 wkh dgmxvwphqw frh!flhqwv k
��
' fc � ' 2c ���c R�

Wkh �uvw frqglwlrq vwdwhv wkdw wkhuh h{lvwv rqo| rqh vwdwlrqdu| uhod0
wlrq ehwzhhq wkh qrqvwdwlrqdu| yduldeohv lqfoxghg lq wkh frlqwhjudwlrq
vsdfh1 Khqfh/ o ' � lpsolhv R�� vwrfkdvwlf gulylqj wuhqgv lq wkh prgho1
Zkhq R lv prghudwho| odujh +: 6 yduldeohv, wkh odwwhu frqglwlrq lv riwhq
lpsodxvleoh iurp dq hfrqrplf srlqw ri ylhz/ dw ohdvw li rqh eholhyhv lq
htxloleudwlqj hfrqrplf irufhv +Mxvholxv/ 4<<<,1 Xqghu wkh �uvw frqglwlrq
wkhuh lv rqo| rqh vwhdg|0vwdwh uhodwlrq/ zklfk lv vxssrvhg wr eh d orqj0uxq
fljduhwwh ghpdqg uhodwlrq1 Wkh hvwlpdwhv ri wkh vhfrqg frlqwhjudwlrq uh0
odwlrq ri Prgho E whqwdwlyho| vxjjhvwv d sulfh uhodwlrq +srvlwlyho| uhodwhg
wr fljduhwwh frqvxpswlrq, zlwk d txlwh vwurqj dgmxvwphqw frh!flhqw lq
wkh uhdo sulfh htxdwlrq +k

22
' �f�eec w0udwlr 0618,1 Khqfh/ wkh hpslulfdo

hylghqfh vxjjhvwv wkdw wkh dvvxpswlrq ri mxvw rqh frlqwhjudwlrq uhodwlrq
pljkw eh txhvwlrqdeoh1

Dvvxplqj wkdw o ' �c wkh vhfrqg frqglwlrq lpsolhv qr ihhg0edfn hi0
ihfwv rq dq| ri wkh rwkhu yduldeohv ri wkh v|vwhp zkhq fljduhwwh ghpdqg
ghyldwhv iurp lwv orqj0uxq vwhdg|0vwdwh sdwk1 Rqo| wkh dgmxvwphqw fr0
h!flhqw lq wkh fljduhwwh frqvxpswlrq htxdwlrq vkrxog eh vljql�fdqwo|
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Wdeoh 5= Frpsdulqj orqj0uxq vwhdg|0vwdwh vroxwlrqv
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Qrwh= w0udwlrv lq eudfnhwv

gl�huhqw iurp }hur1 Wkh dgmxvwphqw frh!flhqw wr fljduhwwh sulfhv lq Wd0
eoh 4 lv/ krzhyhu/ vljql�fdqw +k

�2
' ����.c w0udwlr 0714,/ zkhuhdv wkh

dgmxvwphqw frh!flhqw wr uhdo JGS lv fohduo| lqvljql�fdqw dv d sulrul
h{shfwhg1 Khqfh/ wkh vhfrqg frqglwlrq pd| qrw eh vdwlv�hg1

L zloo qrz frpsduh wkh orqj0uxq vroxwlrq ri d sduwldo dgmxvwphqw
prgho vlplodu wr Prgho 4 lq DW zlwk d vwdwlf uhjuhvvlrq prgho/ vlplodu
wr Prgho 6 lq DW/ dqg zlwk wkh frlqwhjudwlrq uhvxowv ri Prgho E iru
o ' �1 Wkh ghulyhg orqj0uxq vroxwlrqv duh jlyhq lq Wdeoh 5=

Wkh hvwlpdwhg sulfh dqg lqfrph hodvwlflwlhv duh yhu| vlplodu iru doo
prghov1 Wkh fdofxodwhg w0udwlrv gl�hu wr vrph h{whqw/ zklfk looxvwudwhv
wkh idfw wkdw xqlw urrwv lq wkh gdwd duh pruh lpsruwdqw iru wkh glvwul0
exwlrq ri frh!flhqw hvwlpdwhv wkdq iru wkh hvwlpdwhv wkhpvhoyhv1 Iru
h{dpsoh/ wkh vwdwlf uhjuhvvlrq prgho jlyhv xqeldvhg hvwlpdwhv exw wkh
ROV irupxod iru vwdqgdug huuruv ri hvwlpdwhv whqg wr vwurqjo| xqghu0
hvwlpdwh wkh wuxh ydoxhv1 Wkh pruh dxwrfruuhodwhg wkh uhvlgxdov/ wkh
zruvh1 Vhh glvfxvvlrq lq Khqgu| dqg Mxvholxv +5333,1 Wkhuhiruh/ d sdu0
wldo dgmxvwphqw prgho wkdw doorzv iru dw ohdvw vrph g|qdplfv lq wkh
prgho xvxdoo| shuirupv pxfk ehwwhu wkdq wkh vwdwlf uhjuhvvlrq prgho1
Qhyhuwkhohvv/ wkh hvwlpdwhg vwdqgdug huuruv duh eldvhg lq erwk prghov1

Wkh hvwlpdwhg vwdqgdug huuruv ri wkh orqj0uxq sdudphwhuv q iurp
wkh frlqwhjudwhg YDU prgho duh dv|pswrwlfdoo| fruuhfw/ exw fdq ghyldwh
vxevwdqwldoo| iurp wkhlu wuxh ydoxhv lq vpdoo vdpsohv +Mrkdqvhq/ 5333/
5334,1 Wkh uhdvrq zk| doo wkuhh phwkrgv dsshdu wr gr txlwh zhoo lq
wklv h{dpsoh lv ehfdxvh prvw ri wkh g|qdplf dgmxvwphqw lq fljduhwwh
frqvxpswlrq kdv ehhq frpsohwhg zlwklq d |hdu1 Lq Prgho E/ wkh dg0
mxvwphqw frh!flhqw k

��
' �f�eD lqglfdwhv wkdw dssur{lpdwho| kdoi ri

wkh dgmxvwphqw kdv wdnhq sodfh zlwklq d |hdu/ zklfk lv frqvlvwhqw zlwk
d GZ vwdwlvwlf ri dssur{lpdwho| 417 lq wkh vwdwlf uhjuhvvlrq prgho1 Lq
wkh sduwldo dgmxvwphqw prgho wkh frh!flhqw wr odjjhg frqvxpswlrq zdv
31641

Vr xqprghoohg xqlw urrwv lq wkh gdwd fdq/ exw qhhg qrw/ kdyh vh0
ulrxv h�hfwv rq hvwlpdwlrq dqg lqihuhqfh1 Dv orqj dv wkh uhvlgxdov duh
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uhdvrqdeo| fohdq +qrw dxwrfruuhodwhg, hvwlpdwlrq uhvxowv qhhg qrw eh xq0
uholdeoh1 Krzhyhu/ dv glvfxvvhg deryh/ wklv frqfoxvlrq lv ydolg xqghu wkh
dvvxpswlrq ri rqh frlqwhjudwlrq uhodwlrq dqg qr vljql�fdqw ihhg0edfn hi0
ihfwv rq wkh rwkhu yduldeohv lq wkh v|vwhp1 Zkhq wklv lv qrw wkh fdvh d
ixoo| vshfl�hg v|vwhp zloo rxwshuirup wkh vlqjoh htxdwlrq prgho/ riwhq
yhu| vljql�fdqwo| vr1

Dv glvfxvvhg deryh/ wkh frqglwlrqv iru h!flhqw hvwlpdwlrq xvlqj d vlq0
joh htxdwlrq prgho pd| qrw eh vdwlv�hg lq wkh suhvhqw h{dpsoh1 Wkhuh0
iruh/ L zloo wdnh wkh glvfxvvlrq rqh vwhs ixuwkhu lq wkh qh{w vhfwlrq dqg
dqdo|}h wkh Wxunlvk fljduhwwh frqvxpswlrq gdwd dv d v|vwhp dvvxplqj
wzr frlqwhjudwlrq uhodwlrqv rqh iru fljduhwwh frqvxpswlrq dqg wkh rwkhu
iru fljduhwwh sulfh1

: Wkh shu fdslwd dqg wkh uhdo wudqvirupdwlrq

Prgho E zdv edvhg rq uhdo sulfh dqg shu fdslwd wudqvirupdwlrqv erwk
ri zklfk lpso| whvwdeoh frlqwhjudwlrq uhvwulfwlrqv1 Wkhuhiruh/ L zloo khuh
uhod{ wkh uhvwulfwlrqv dqg gr d surshu frlqwhjudwlrq whvwlqj edvhg rq
wkh ruljlqdo gdwd1 Pruhryhu/ L zloo glvfxvv hvwlpdwlrq lq sduwldo v|vwhpv
zklfk fdq eh prwlydwhg zkhq wkh qxpehu ri ruljlqdo yduldeohv lv txlwh
odujh dqg wkh vdpsoh vl}h lv vpdoo1 Ilqdoo|/ wkh wudfh whvwv/ wkh fkdudfwhu0
lvwlf urrwv/ dqg wkh vljql�fdqfh ri wkh dgmxvwphqw frh!flhqwv vxjjhvwhg
wkdw wkhuh pd| yhu| zhoo eh wzr vwdwlrqdu| frlqwhjudwlrq uhodwlrqv1 Lq wkh
fdvh ri wzr frlqwhjudwlrq uhodwlrqv lghqwl�fdwlrq ehfrphv dq lpsruwdqw
lvvxh1

Wkh udslg jurzwk lq qrplqdo sulfhv ryhu wklv shulrg pdnhv hyhq vpdoo
ghyldwlrqv iurp orqj0uxq sulfh krprjhqhlw| srwhqwldoo| lpsruwdqw iurp
dq hfrqrphwulf srlqw ri ylhz1 Wklv lv sduwlfxoduo| vr ehfdxvh wkh orqj0
uxq qrplqdo sulfh wuhqg zdv vkrzq wr frqwdlqv d vpdoo h{sorvlyh urrw
+4136,1 Hfrqrphwulfdoo| wklv kdv wr eh dffrxqwhg iru hlwkhu e| wudqviru0
pdwlrq dv grqh lq DW/ ru e| frqglwlrqlqj dv zloo eh looxvwudwhg ehorz1
Vlploduo|/ wkh shu fdslwd irupxodwlrq ri wkh fljduhwwh frqvxpswlrq lv
edvhg rq vrph xqwhvwhg k|srwkhvhv derxw wkh whpsrudo glvwulexwlrq ri
wkh Wxunlvk srsxodwlrq dv zhoo dv wkh glvwulexwlrq ri vprnhuv1

Wr fkhfn wkhvh lpsolflw dvvxpswlrqv L zloo �uvw vwduw wkh hpslulfdo
prgho dqdo|vlv e| uhod{lqj wkh uhdo sulfh uhvwulfwlrq dqg wkh shu fdslwd
uhvwulfwlrq iru Prgho E lq Wdeoh 4 xqghu vrph dvvxpswlrqv ri zhdn
h{rjhqhlw| wr eh ixuwkhu glvfxvvhg ehorz1 Lq wklv prgho/ Prgho F/ L zloo
whvw wkh uhdo sulfh dqg wkh shu dgxow fdslwd uhvwulfwlrq dv zhoo dv orqj0uxq
h{foxvlrq uhvwulfwlrqv1 Prgho F lv gh�qhg e|=
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Wdeoh 6= D pruh jhqhudo vshfl�fdwlrq
F
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K|srwkhvhv whvwv= �2ED� D s0ydoxh
Whvw ri uhdo sulfh uhvwulfwlrq ��S� 5 3178
Whvw ri shu fdslwd uhvwulfwlrq 4148 5 3189
Whvw ri orqj0uxq h{foxvlrq ri �@

|

4173 5 3183
Whvw ri orqj0uxq h{foxvlrq ri (�

|
45184 5 3133

Whvw ri orqj0uxq h{foxvlrq ri (2
|

41;6 5 3173

Wkh hvwlpdwhv ri k dqg q duh jlyhq lq Wdeoh 61 Prgho F lv d sduwldo prgho
edvhg rq d +xqwhvwhg, zhdn h{rjhqhlw| dvvxpswlrq ri frqvxphu sulfhv/
uhdo lqfrph/ dqg dgxow srsxodwlrq1 Lw lpsolhv wkdw wkh odwwhu yduldeohv
kdyh lq xhqfhg fljduhwwh sulfhv dqg frqvxpswlrq/ exw kdyh qrw ehhq
lq xhqfhg e| wkhp1 Wkh hvwlpdwhv ri k lq Wdeoh 4 vkrzhg wkdw zhdn
h{rjhqhlw| ri t S

|
zdv vxssruwhg e| wkh hvwlpdwhv ri Prgho E/ zkhuhdv

wkh lpsdfw ri fljduhwwh frqvxpswlrq dqg sulfhv rq frqvxphu sulfh lqgh{
dqg srsxodwlrq d sulrul frxog eh dvvxphg vpdoo1

Wkh dvvxpswlrq wkdw wkh frqglwlrqdo surfhvv i+
|
m %

|
c ^

|
j grhv qrw

frqwdlq h{sorvlyh urrwv lv vxssruwhg e| wkh hvwlpdwhg urrwv ri wkh fkdu0
dfwhulvwlf sro|qrpldo= ^3175/ 0314:`1 Qhyhuwkhohvv/ %

|
lv d qrqvwdwlrqdu|

surfhvv dqg frqglwlrqlqj rq lw kdv frqvhtxhqfhv iru wkh vwdwlvwlfdo dqdo0
|vlv1 Iru h{dpsoh/ wkh wudfh whvw lv qr orqjhu ydolg lq sduwldo prghov
olnh +7, +vhh Kduer hw do1/ 4<<;,1 Wkh odujhvw urrw ri wkh frqglwlrqdo
surfhvv/ 3175/ vxjjhvwv vwdwlrqdulw|1 Wkh vljql�fdqfh ri wkh dgmxvwphqw
frh!flhqwv k

�
dqg k

2
lq Wdeoh 6 duh frqvlvwhqw zlwk wklv lqwhusuhwdwlrq1

Khqfh/ L surfhhg zlwk wkh dvvxpswlrq wkdw o ' 2�
Wkh hvwlpdwhv lq Wdeoh 6 vkrz wkdw wkh sulfh h�hfwv duh vlplodu wr

Prgho E/ zkhuhdv wkh lqfrph h�hfwv kdyh qrz ehfrph odujhu dqg pxfk
forvhu wr xqlw frh!flhqwv1 Wkh whvw ri wkh uhdo sulfh uhvwulfwlrq -q ' fc
zkhuh - ' dfc �c �c fc fc fo zdv fohduo| dffhswhg zlwk d s0ydoxh ri 31781
Wklv lqglfdwhv wkdw wkh uhdo wudqvirupdwlrq/ �So

|
' �S

|
��

|
c uhpryhv wkh

h{sorvlyh urrw lq wkh gdwd1 D vlplodu whvw uhvxow zdv rewdlqhg iru wkh shu
dgxow fdslwd uhvwulfwlrq -q ' fc zlwk - ' d�c fc fc fc �c fc fo� Wklv vhhphg
pruh vxusulvlqj/ frqvlghulqj wkdw wkh xquhvwulfwhg frh!flhqwv gr qrw
vhhp wr vdwlvi| wklv uhvwulfwlrq1 Krzhyhu/ wkh k|srwkhvlv wkdw �@

|

frxog
eh h{foxghg iurp wkh orqj0uxq uhodwlrqv zdv vwurqjo| dffhswhg1 Khqfh/
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wkh lqirupdwlrqdo frqwhqw ri wkh �yh0|hdu srsxodwlrq frxqwv lv vr orz
iru fljduhwwh frqvxpswlrq wkdw wklv yduldeoh fdq eh glvfdughg dowrjhwkhu1
Pruhryhu/ wkh dqwl0vprnlqj fdpsdljq gxpp| zdv dovr irxqg wr eh txlwh
lqvljql�fdqw lq wklv prgho dqg zdv ohiw rxw1

DW dovr lqyhvwljdwhv wkh h�hfw ri hgxfdwlrq rq fljduhwwh frqvxpswlrq/
e| lqfoxglqj lqirupdwlrq derxw vhfrqgdu|/ .r

|
c dqg whuwldu|/ .|

|
c hquroo0

phqw udwlrv1 L whvwhg wklv e| lqfoxglqj wkh wzr hquroophqw udwh yduldeohv
lq d vlpsol�hg yhuvlrq ri Prgho F/ lq zklfk �@

|
dqg (�

|
zhuh ohiw rxw1

Orqj0uxq h{foxvlrq ri wkh whuwldu| hquroophqw yduldeoh frxog qrw eh uh0
mhfwhg +s0ydoxh 3148, zkhuhdv wkh orqj0uxq h{foxvlrq ri wkh vhfrqgdu|
hquroophqw yduldeoh zdv uhmhfwhg +s0ydoxh 3137,1

; Lghqwl�fdwlrq

Wkh �qdo prgho/ Prgho G/ lv vshfl�hg dv d YDU+4, prgho iru fljduhwwh
frqvxpswlrq dqg fljduhwwh sulfhv zlwk frqvxphu sulfhv/ uhdo lqfrph/ vhf0
rqgdu| vfkrro hquroophqw udwh/ dqg wkh 4<;70;; dqwl0vprnlqj fdpsdljq
dv zhdno| h{rjhqrxv yduldeohv/ l1h1

Prgho G= {+
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Dv ghprqvwudwhg deryh L kdyh duulyhg dw wklv prgho xvlqj d vlpsol�fd0
wlrq vhdufk edvhg rq vwdwlvwlfdo fulwhuld1 Wkh �qdo lpsruwdqw txhvwlrq
wr eh dqvzhuhg lv zkhwkhu wkh hvwlpdwhg uhodwlrqv fdq eh lghqwl�hg dv
hfrqrplfdoo| phdqlqjixo vwhdg|0vwdwh uhodwlrqv iru fljduhwwh ghpdqg dqg
vxsso|1

Zkhq wkhuh duh xqlw urrwv lq wkh gdwd zh qhhg wr glvwlqjxlvk ehwzhhq
lghqwl�fdwlrq ri wkh orqj0uxq vwhdg|0vwdwh vwuxfwxuh dqg wkh vkruw0uxq
g|qdplf dgmxvwphqw vwuxfwxuh1 Iru erwk fdvhv zh qhhg wr ghprqvwudwh
wkdw wkh lpsrvhg vwuxfwxuhv duh jhqhulfdoo|/ hpslulfdoo| dqg hfrqrplfdoo|
lghqwl�hg +Mrkdqvhq dqg Mxvholxv/ 4<<7,1

Wkh �uvw fulwhulxp/ jhqhulf lghqwl�fdwlrq/ kdv wr eh vdwlv�hg lq ru0
ghu wr eh deoh wr xqltxho| hvwlpdwh wkh frh!flhqwv/ wkh vhfrqg fulwhulxp/
hpslulfdo lghqwl�fdwlrq kdv wr gr zlwk vwdwlvwlfdo vljql�fdqfh= lv d jhqhu0
lfdoo| lghqwl�hg sdudphwhu dovr vwdwlvwlfdoo| vljql�fdqwB Wkh uhvxowv ri
Wdeoh 7 ghprqvwudwh wkdw erwk wkh orqj0uxq dqg wkh vkruw0uxq vwuxf0
wxuh duh lghqwl�hg dqg wkdw wkh lpsrvhg ryhu0lghqwl�hg uhvwulfwlrqv duh
vwurqjo| dffhswdeoh lq erwk fdvhv1 Doo hvwlpdwhg frh!flhqwv duh vljqli0
lfdqw rq wkh 8( ohyho1 Khqfh/ wkh frqglwlrqv iru jhqhulf dqg hpslulfdo
lghqwl�fdwlrq vhhp wr eh vdwlv�hg1

Wkh wklug fulwhulxp/ hfrqrplf lghqwl�fdwlrq/ lv wkh prvw gl!fxow1 Gr
wkh wzr vwhdg|0vwdwh uhodwlrqv pdnh hfrqrplf vhqvh dv d ghpdqg uhodwlrq
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Wdeoh 7= Lghqwl�fdwlrq ri wkh orqj0uxq vwhdg|0vwdwh dqg wkh vkruw0uxq
dgmxvwphqw vwuxfwxuh

Wkh orqj0uxq frlqwhjudwlrq vwuxfwxuh
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Qrwhv= Vwdqgdug huuruv lq eudfnhwv/ whvw ri ryhulghqwli|lqj

uhvwulfwlrqv= �2ED� ' ��.bED�cs0ydoxh @ 31;;1

Wkh vkruw0uxq dgmxvwphqw vwuxfwxuh
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Qrwhv= w0ydoxhv lq eudfnhwv/ Whvw ri ryhulghqwli|lqj uhvwulfwlrqv=

�2ED� ' ��eDE2�cs0ydoxh @ 317;1

dqg d sulflqj vhwwlqj uhodwlrqB D sulrul/ lw vhhpv sodxvleoh wkdw wkh
phdvxuhphqwv ri fljduhwwh frqvxpswlrq uh hfw ghpdqghg txdqwlwlhv +l1h1
fljduhwwh frqvxpswlrq kdv qrw ehhq vxemhfw wr vxsso| uhvwulfwlrqv,/ dqg
wkdw wkh phdvxuhg sulfhv duh vhw e| wkh vwdwh prqrsrolvw Whnho vxemhfw
wr ydulrxv nlqgv ri wd{hv1 Jlyhq wklv fdq wkh hvwlpdwhg uhvxowv eh jlyhq
d phdqlqjixo hfrqrplf lqwhusuhwdwlrqB

Lw zdv qrw srvvleoh wr �qg vljql�fdqw fxuuhqw h�hfwv ri fljduhwwh sulfhv
dqg fljduhwwh frqvxpswlrq/ qru ri fxuuhqw fkdqjhv lq shu fdslwd JQS lq
wkh vkruw0uxq dgmxvwphqw vwuxfwxuh ri wkh prgho1 Fljduhwwh frqvxpswlrq
lq Wxunh| kdv dq hvwlpdwhg orqj0uxq lqfrph hodvwlflw| ri xqlw| zkhuhdv
wkh orqj0uxq sulfh hodvwlflw| lv hvvhqwldoo| }hur diwhu dffrxqwlqj iru wkh
h�hfwv ri wkh khdowk zduqlqjv dqg wkh ghyhorsphqw ri wkh vhfrqgdu|
hquroophqw udwh1 Wkh vkruw0uxq dgmxvwphqw wrzdugv wkh orqj0uxq vwhdg|0
vwdwh frqvxpswlrq wdnhv dssur{lpdwho| wzr |hduv1 Wkhvh uhvxowv duh
qrw pxfk gl�huhqw iurp Prgho 7 lq DW1 Fljduhwwh sulfhv vhhp wr kdyh
lqfuhdvhg vrphzkdw pruh wkdq sursruwlrqdoo| wr FSL sulfhv erwk lq wkh
vkruw0uxq dqg wkh orqj0uxq1 Qhyhuwkhohvv/ wkh hvwlpdwhg orqj0uxq FSL
sulfh hodvwlflw|/ 4144/ lv rqo| erughuolqh vljql�fdqwo| gl�huhqw iurp xqlw|1
Fljduhwwh sulfhv dgmxvw vljql�fdqwo| erwk wr erwk vwhdg|0vwdwh uhodwlrqv
uhvxowlqj lq wkh frpelqhg vwhdg|0vwdwh uhodwlrq=

�f�.eE�S� ����� �
|
� ��fE� � t n f�2f.r � f�fH(2�

|
�

Dowkrxjk fljduhwwh sulfhv vhhp wr kdyh lqfuhdvhg pruh wkdq frqvxphu
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sulfhv lq wklv shulrg/ wkh vhfrqg uhodwlrq vxjjhvwv wkdw wkh| pljkw kdyh
jrqh grzq zlwk h{fhvv frqvxpswlrq uhodwlyh wr uhdo shu fdslwd JQS1 Wkh
h�hfw ri hgxfdwlrq lv dovr qhjdwlyh/ zkhuhdv wkh khdowk vfduh fdpsdljq
kdv d vpdoo exw srvlwlyh h�hfw1 Wkh �h{fhvv frqvxpswlrq� h�hfw vhhpv
vxusulvlqj dqg zrxog prwlydwh ixuwkhu hfrqrphwulf vhqvlwlylw| dqdo|vhv431

Wkhuhiruh/ zkhwkhu wkh gdwd dqg wkh prgho frqylqflqjo| lghqwli| d
fljduhwwh ghpdqg dqg sulfh vhwwlqj uhodwlrq fdq eh glvfxvvhg1

< Frqfoxvlrqv

Wkh uhsruwhg YDU dqdo|vhv vxjjhvwhg wkdw wkh hvwlpdwhg orqj0uxq uh0
odwlrqv lq DW edvhg rq wkh sduwldo dgmxvwphqw prghov vxuylyhg prvw ri
wkh shuiruphg fkhfnv/ lq vslwh ri wkh idloxuh wr surshuo| dffrxqw iru xqlw
urrwv lq wkh gdwd1 FF lq uhfrjql}lqj wklv idloxuh ghprqvwudwhg wkdw wkh
qxoo ri qr frlqwhjudwlrq frxog rqo| eh uhmhfwhg zlwk wkh khos ri wkh dqwl0
vprnlqj fdpsdljq gxpplhv1 Krzhyhu/ d pruh ghwdlohg YDU dqdo|vlv
vxjjhvwhg wkdw wklv zdv sulpdulo| wkh uhvxow ri irfxvlqj wrr vwurqjo| rq
w|sh L huuru zlwkrxw frqvlghulqj wkh yhu| orz srzhu gxh wr wkh vpdoo
vdpsoh vl}h1

Lq pdq| zd|v DW glg txlwh zhoo= wkh g|qdplfv lq wkh gdwd zhuh
dssur{lpdwho| dffrxqwhg iru e| wkh odjjhg fljduhwwh frqvxpswlrq> wkh
uhdo sulfh wudqvirupdwlrq zdv vwdwlvwlfdoo| dffhswdeoh/ rqh frlqwhjudwlrq
uhodwlrq vhhphg ghihqgdeoh/ dqg wkh zhdn h{rjhqhlw| dvvxpswlrqv lp0
solflw lq wkh vlqjoh htxdwlrq prgho zhuh doprvw dffhswdeoh1 Krzhyhu/
xvlqj wkh wrrov ri �xqlw0urrw hfrqrphwulfv� dqg wkh lqvljkwv wkdw kdyh
ehhq dffxpxodwhg ryhu wkh odvw ghfdgh+v, vwloo vhhpv wr dgg dq h{wud
glphqvlrq wr wkh hpslulfdo dqdo|vlv1 Odvw exw qrw ohdvw lpsruwdqwo| lw
dfwv dv d vdihjxdug djdlqvw srvvleoh plvwdnhv dqg/ khqfh/ vkrxog ohdg wr
pruh frqylqflqj vflhqwl�f glvfxvvlrqv1

43 Uhihuhqfhv

Fdphurq/ V1 dqg Froolqv/ D1 +4<<;,/ *Fljduhwwh frqvxpswlrq lq Wxunh|=
Wdqvho*v vsxulrxv uhjuhvvlrq*/ Dssolhg Hfrqrplf Ohwwhuv/ 8/ 68406861

Grruqln/ M1D1 dqg Khqgu|/ G1I1 +4<<;,/ JlyhZlq1 Dq lqwhuidfh wr
hp slulfdo prghoolqj/ Wlpehuodnh Frqvxowdqwv1

Kdqvhq/ K1 dqg N1 Mxvholxv +4<<7,/ FDWV lq UDWV/ Pdqxdo wr Frlq0
whjudwlrq Dqdo|vlv ri Wlph Vhulhv/ HVWLPD Hydqvwrq/ LO1

Kduer/ L/ V1 Mrkdqvhq/ E1 Qlhovhq/ dqg D1 Udkehn +4<<;,/ �Dv|ps0
wrwlf Lqihuhqfh rq Frlqwhjudwlrq Udqn lq Sduwldo V|vwhpv�

43Iru h{dpsoh/ zkhq wkh eodfn pdunhw fljduhwwh frqvxpswlrq zdv qrw lqfoxghg
lq wkh dqdo|vlv wklv h�hfw glvdsshduhg1 Khqfh/ lw pljkw eh d uhvxow ri *qrlv|* phd0
vxuhphqwv ri fljduhwwh frqvxpswlrq dqg sulfhv lq wkh eodfn pdunhw1 Dovr wkh eodfn
pdunhw hodvwlflwlhv duh olnho| wr eh txlwh gl�huhqw iurp wkh rqhv ri wkh r!fldo pdunhw1
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Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 49=6;;06<<1
Khqgu|/ G1I1 dqg N1 Mxvholxv +5333,/ �H{sodlqlqj frlqwhjudwlrq dqdo0

|vlv1 Sduw L/� Wkh Hqhuj| Mrxuqdo/ Yro 54/ 4/ ss1 40751
Khqgu|/ G1I1 dqg N1 Mxvholxv +5334,/ �H{sodlqlqj frlqwhjudwlrq dqdo0

|vlv1 Sduw LL/� Wkh Hqhuj| Mrxuqdo/ Yro 55/ 4/ ss1 40851
Mrkdqvhq/ V1 +5333,/ cD Eduwohww fruuhfwlrq idfwru iru whvwv rq wkh

frlqwhjudwlqj uhodwlrqv*/ Hfrqrphwulf Wkhru|1
Mrkdqvhq/ V1 +5334,/ cD vpdoo vdpsoh fruuhfwlrq iru whvwv ri k|srwkh0

vhv rq wkh frlqwhjudwlqj yhfwruv*/ Iruwkfrplqj/ Mrxuqdo ri Hfrqrphwulfv1
Mrkdqvhq/ V1 dqg Mxvholxv/ N1 +4<<7,/ cLghqwl�fdwlrq ri wkh orqj0uxq

dqg wkh vkruw0uxq vwuxfwxuh/ Dq dssolfdwlrq wr wkh LVOPprgho*/ Mrxuqdo
ri Hfrqrphwulfv/ 96/ :0691

Mxvholxv/ N1 +4<<<,/ �Prghov dqg uhodwlrqv lq hfrqrplfv dqg hfrqr0
phwulfv�/ Mrxuqdo ri Hfrqrplf Phwkrgrorj|/ 9/ 58<05<31 Uhsulqwhg lq
Edfnkrxvh/ U1 dqg Vdodqwl/ D1 +hgv1, *Pdfurhfrqrplfv dqg wkh Uhdo
Zruog/ R{irug Xqlyhuvlw| Suhvv/ 53331

Mxvholxv/ N1 +5334,/ �Hxurshdq lqwhjudwlrq dqg prqhwdu| wudqvplv0
vlrq phfkdqlvpv= Wkh fdvh ri Lwdo|� Iruwkfrplqj lq Mrxuqdo ri Dssolhg
Hfrqrphwulfv1

Mxvholxv/ N1 dqg U1 PdfGrqdog +5333,/ �Lqwhuqdwlrqdo sdulw| uhod0
wlrqvklsv ehwzhhq Jhupdq| dqg wkh Xqlwhg Vwdwhv= d mrlqw prghoolqj
dssurdfk�/ zzz1hfrq1nx2rnrnm1 Vxeplwwhg iru sxeolfdwlrq1

Mûujhqvhq/ F1 +5333,/ cD vlpxodwlrq vwxg| ri whvwv lq wkh frlqwhjudwhg
YDU prgho*/ Fkdswhu 6 lq= Rq wkh L+5, Frlqwhjudwlrq Prgho/ Sk1g1
wkhvlv 99/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq1

Udpdqdwkdq/ U1 +4<<;, *Lqwurgxfwru| hfrqrphwulfv zlwk dssolfd0
wlrqv*/ 7wk hglwlrq/ Wkh Gu|ghq Suhvv/ Kdufrxuw Eudfh Froohjh Sxeolvk0
huv1

Wdqvho/ D1 +4<<6,/ *Fljduhwwh ghpdqg/ khdowk vfduhv dqg hgxfdwlrq lq
Wxunh|* Dssolhg Hfrqrplfv/ 58/ 854085<1
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