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Devwudfw

Zh suhvhqw d wzr0vhfwru prgho zkhuh roljrsrolvwlf �upv vhoo gl�huhqwldwhg

surgxfwv1 Qhz surgxfwv duh lqwurgxfhg ryhu wlph wkurxjk irupdo U)G df0

wlylw|1 Pdunhw frpshwlwlrq wdnhv sodfh hlwkhu ã od Frxuqrw ru ã od Ehuwudqg1

Zh vkrz wkdw wrxjkhu frpshwlwlrq dvvrfldwhg zlwk sulfh0vhwwlqj ehkdylrxu

grhv qrw hqwdlo d odujhu vrfldo zhoiduh dv orqj dv lw uhtxluhv pruh h�ruw iru

wkh surgxfwlrq ri wkh �qdo jrrgv1

M1H1O1 fodvvl�fdwlrq= O46/ R64/ R73

Nh|zrugv= roljrsro|/ jurzwk/ surgxfw gl�huhqwldwlrq/ U)G



4 Lqwurgxfwlrq

Zh suhvhqw d prgho ri roljrsrolvwlf frpshwlwlrq dqg krul}rqwdo surgxfw lqqr0

ydwlrq wkurxjk uhvhdufk dfwlylw|1 Wkh qryhow| ri wkh prgho vwdqgv lq eulgjlqj

wkh olwhudwxuh rq roljrsrolvwlf frpshwlwlrq +vhh Vlqjk dqg Ylyhv/ 4<;7> Ylyhv/

4<;8> Rnxjxfkl/ 4<;:/ lqwhu dold,/ zlwk wkh dqdo|vlv ri hqgrjhqrxv fuhdwlrq ri

qhz ydulhwlhv ghyhorshg lq wkh olwhudwxuh rq hqgrjhqrxv jurzwk +vhh Oxfdv/

4<;;> Jurvvpdq dqg Khospdq/ 4<<4,1 Zh prgho pdunhw frpshwlwlrq dowhu0

qdwlyho| ã od Ehuwudqg dqg ã od Frxuqrw1 Rxu surplqhqw uhvxow lv wkdw wkh

wrxjkhu frpshwlwlrq dvvrfldwhg zlwk sulfh0vhwwlqj ehkdylrxu +frpsduhg wr

txdqwlw| vhwwlqj ehkdylrxu, grhv qrw hqwdlo d odujhu vrfldo zhoiduh/ dv orqj dv

lw uhtxluhv pruh h�ruw lq wkh surgxfwlrq ri sk|vlfdo jrrgv/ dqg ohvv uhvrxufhv

dydlodeoh iru U)G1

Lq wkh h{lvwlqj olwhudwxuh rq roljrsro| pdunhwv/ zhoiduh hydoxdwlrqv eh0

wzhhq sulfh dqg txdqwlw| frpshwlwlrq duh xvxdoo| fduulhg rxw iru d jlyhq

pdunhw vwuxfwxuh/ wkdw lv/ iru d jlyhq qxpehu ri �upv +Ylyhv/ 4<;8> Rnxjxfkl/

4<;:> Fhoolql dqg Odpehuwlql/ 4<<;,1 Iru d jlyhq qxpehu ri �upv +dqg surg0

xfw ydulhwlhv,/ wkh kduvkhu frpshwlwlrq fkdudfwhulvlqj d Ehuwudqg ehkdylrxu

ylv ã ylv lwv Frxuqrw frxqwhusduw lpsolhv wkdw sulfh frpshwlwlrq lv vrfldoo|

suhihudeoh wr txdqwlw| frpshwlwlrq1

4



Wkh dlp ri rxu sdshu fdq eh rxwolqhg dv iroorzv1 Zh zdqw wr hqgrjhqlvh

wkh htxloleulxp pdunhw vwuxfwxuh/ jlyhq wzr dowhuqdwlyh irupv ri pdunhw frp0

shwlwlrq/ l1h1/ Ehuwudqg dqg Frxuqrw1 Wkh qxpehu ri �upv lq wkh orqj0uxq

htxloleulxp lv ghwhuplqhg e| wkh dprxqw ri uhvrxufhv dydlodeoh iru U)G df0

wlylw|1 Lq sduwlfxodu/ zh suryh wkdw Frxuqrw frpshwlwlrq doorzv iru d odujhu

qxpehu ri �upv wr hqwhu1 Khqfh/ wkh frqyhqwlrqdo zlvgrp rq lqgxvwu| rxwsxw

dqg vrfldo zhoiduh pd| qrw krog1 Lq idfw/ zh vkrz wkdw wkhuh h{lvwv d uhjlrq ri

sdudphwhuv iru zklfk wkh hfrqrplf v|vwhp frqyhujhv wr d vwhdg| vwdwh zkhuh

vrfldo vxusoxv lv odujhu xqghu Frxuqrw wkdq xqghu Ehuwudqg frpshwlwlrq1

Wr rxu nqrzohgjh/ wklv uhvxow kdv ehhq ryhuorrnhg vr idu lq wkh olwhudwxuh/

srvvleo| ehfdxvh wkh lvvxh ri surgxfw glyhuvlw| kdv ehhq prvwo| wdfnohg lq

whupv ri prqrsrolvwlf frpshwlwlrq udwkhu wkdq roljrsro|1 Dv lw lv zhoo nqrzq

+vhh/ h1j1 Gl{lw dqg Vwljolw}/ 4<::,/ xqghu prqrsrolvwlf frpshwlwlrq wkh fkrlfh

ehwzhhq vhwwlqj sulfhv dqg vhwwlqj txdqwlwlhv lv luuhohydqw iru �upv14

Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Wkh prgho lv odlg

rxw lq vhfwlrq 51 G|qdplf dqdo|vlv lv lq vhfwlrq 61 Vhfwlrq 7 irfxvhv xsrq

4Vhyhudo prghov ri hqgrjhqrxv jurzwk zlwk prqrsrolvwlf frpshwlwlrq duh dydlodeoh

+Jurvvpdq dqg Khospdq/ 4<<4> Djklrq dqg Krzlww/ 4<<5> Jdoï/ 4<<7/ 4<<9/ lqwhu dold,1 Rq

wkh frqwudu|/ wkh olwhudwxuh rq hqgrjhqrxv jurzwk dqg roljrsro| lv yhu| olplwhg +Shuhwwr/

4<<9/ 4<<;> Yhqfdwdfkhooxp/ 4<<;,1
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wkh zhoiduh surshuwlhv ri wkh vwhdg| vwdwhv1 Glvfxvvlrq dqg frqfoxvlrqv duh

jdwkhuhg lq vhfwlrq 81

5 Wkh vhwxs

Zh frqvlghu d wkuhh0vhfwru hfrqrp| zlwk rqo| rqh idfwru ri surgxfwlrq1 Wkh

�uvw wzr vhfwruv surgxfh �qdo jrrgv1 Rqh vhfwru lv frpshwlwlyh dqg vxssolhv

wkh qxphudluh jrrg/ wkh rwkhu lv dq roljrsro| pdunhw zkhuh vlqjoh0surgxfw

�upv vhoo gl�huhqwldwhg surgxfwv1 Wkh wklug vhfwru lv frpshwlwlyh dqg fduulhv

rxw wkh U)G dfwlylw| dlphg dw surgxfw lqqrydwlrq1 Wkh rqo| surgxfwlrq

idfwru lv oderxu dqg wrwdo oderxu irufh dydlodeoh lq wkh hfrqrp| lv u� Zh vroyh

wkh prgho e| edfnzdug lqgxfwlrq1 Zh vwduw e| fkdudfwhulvlqj wkh pdunhw

htxloleulxp iru d jlyhq qxpehu ri �upv1 Wkhq/ zh lqyhvwljdwh krz wkh U)G

dfwlylw| hqgrjhqrxvo| ghwhuplqhv wkh qxpehu ri �upv1

514 Wkh gl�huhqwldwhg jrrgv pdunhw

Wkh ghpdqg vwuxfwxuh lv eruurzhg iurp Vshqfh +4<:9,1 Wkh pdunhw lv vxs0

solhg e| ? �upv1 Wkh lqyhuvh ghpdqg ixqfwlrq iru ydulhw| � lv=

R� ' @� K^� � _
[

� �'�

^� +4,
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zkhuh _ 5 dfc Ko lv wkh v|pphwulf ghjuhh ri vxevwlwxwdelolw| ehwzhhq dq|

sdlu ri ydulhwlhv1 Li _ ' Kc surgxfwv duh frpsohwho| krprjhqhrxv> li _ ' fc

surgxfwv duh frpsohwho| lqghshqghqw dqg hdfk �up ehfrphv d prqrsrolvw1

Wkh fruuhvsrqglqj gluhfw ghpdqg ixqfwlrq iru ydulhw| � lv +Pdmhuxv/ 4<;;,=

^� '

�

Kn _E? � ��
�

;?
=@�

Kn _E?� 2�

K� _
� R� n

_

K� _
�

[

� �'�

R�

<@
> � +5,

Gxdolw| dqg lqwhjudelolw| wkhruhpv doorz wr ghulyh wkh lqgluhfw xwlolw| ixqfwlrq

fruuhvsrqglqj wr +4, dqg +5, +vhh Luphq/ 4<<:,=

T ' �
@

Kn _
�

[

�

R� n
K

2EK2 � _2�
�

[

�

ER��
2
�

_

K2 � _2
�

[

�

[

� �'�

R� � R� n . c +6,

zkhuh . lv lqglylgxdo h{shqglwxuhv iru wkh frqvxpswlrq ri wkh gl�huhqwldwhg

jrrg dqg wkh frpshwlwlyh qxphudluh jrrg1 Zh dvvxph wkdw wkh qxphudluh

jrrg lv vxssolhg xqghu frqvwdqw uhwxuqv wr vfdoh dqg zh vhw lwv xqlw lqsxw

frh!flhqw wr rqh e| fkrlfh ri xqlwv vr wkdw lq htxloleulxp wkh zdjh udwh lv

dovr htxdo wr �1

Surgxfwlrq ri gl�huhqwldwhg jrrgv wdnhv sodfh wkurxjk wkh iroorzlqj whfk0

qrorj|=

^� '
�

k
,� +7,

zkhuh ,� ghqrwhv wkh dprxqw ri oderxu hpsor|hg lq wkh surgxfwlrq ri ydulhw|

�c dqg �*k lv wkh frqvwdqw dyhudjh surgxfwlylw| ri oderxu1 Wrwdo frvwv eruqh

7



e| �up � duh A�� ' k^��

Ilup �*v remhfwlyh ixqfwlrq lv Z&

�
' R�^��A��� Vxshuvfulsw & ' �c� lqgl0

fdwhv zkhwkhu pdunhw frpshwlwlrq wdnhv sodfh ã od Frxuqrw ru ã od Ehuwudqg1

Zkhq �upv frpshwh lq txdqwlwlhv/ �up �*v sur�w ixqfwlrq lv=

Z
�

�
'

3
C@� K^� � _

[

� �'�

^� � k

4
D ^� � +8,

Wkh �uvw rughu frqglwlrq iru �up � lv=

YZ�

�

Y^�
' @� k� 2K^� � _

[

� �'�

^� ' f � +9,

Iurp +9, zh lpphgldwho| ghulyh wkh ehvw uhso| ixqfwlrq=

^� '

@� k� _
S

� �'� ^�

2K
� +:,

Rq wkh edvlv ri h{ dqwh v|pphwu| dfurvv wkh srsxodwlrq ri �upv/ zh lqwurgxfh

wkh iroorzlqj dvvxpswlrq=

[

� �'�

^� ' E? � ��^� c +;,

wkdqnv wr zklfk zh fdq gurs/ lq wkh uhpdlqghu/ wkh lqglfdwlrq ri wkh lghqwlw|

ri wkh �up1 Wkh lqglylgxdo rxwsxw ohyho lq htxloleulxp lv

^
�E?� '

@� k

2Kn _E?� ��
c +<,
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wr zklfk wkh iroorzlqj sur�wv duh dvvrfldwhg=

Z
�E?� '

E@� k�2K

d2Kn _E?� ��o2
� +43,

Dq reylrxv qrq0qhjdwlylw| frqvwudlqw rq lqglylgxdo rxwsxw +<, lv @ � k1

Lqgxvwu| rxwsxw lv '�E?� ' ?^
�E?�� Wkh ryhudoo dprxqw ri oderxu hpsor|hg

e| wkh lqgxvwu| lq htxloleulxp/ iru wkh surgxfwlrq ri gl�huhqwldwhg ydulhwlhv/

lv u�
8
' k'�E?� 5 Efcuoc zkhuh vxevfulsw 8 ghqrwhv wkdw wklv dprxqw ri

oderxu lv hpsor|hg wr surgxfh wkh �qdo jrrgv1

Xqghu sulfh frpshwlwlrq/ wkh lqglylgxdo sur�w ixqfwlrq lv=

Z
�

�
'

R� � k

Kn _E?� ��
�

;?
=@�

Kn _E?� 2�

K� _
� R� n

_

K� _
�

[

� �'�

R�

<@
> � +44,

Fdofxodwlqj wkh �uvw rughu frqglwlrq rq +44, z1u1w1 R�c dqg wkhq xvlqj wkh

v|pphwu| dvvxpswlrq
S

� �'� R� ' E?� ��Rc zh ghulyh wkh htxloleulxp sulfh

R
�E?� '

@EK� _� n k dKn _E? � 2�o

2EK� _� n _E?� ��
� +45,

Soxjjlqj +45, lqwr wkh sur�w ixqfwlrq +44, dqg vlpsoli|lqj/ zh jhw wkh lqgl0

ylgxdo htxloleulxp sur�wv=

Z
�E?� '

E@� k�2EK� _� dKn _E?� 2�o

d2EK� _� n _E?� ��o2 dKn _E?� ��o
� +46,

Lqglylgxdo dqg lqgxvwu| rxwsxw duh/ uhvshfwlyho|/

^
�E?� '

E@� k� dKn _E?� 2�o

d2EK� _� n _E?� ��o dKn _E?� ��o
c +47,
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dqg '�E?� ' ?^
�E?�c uhtxlulqj wkh hpsor|phqw ri dq ryhudoo dprxqw ri

oderxu u
�

8
' k'�E?� 5 Efc uo�

515 Wkh U)G vhfwru

Wkh dfwlylw| fduulhg rxw lq wkh U)G lqgxvwu| lv vxppdulvhg e| wkh iroorzlqj

surgxfwlrq ixqfwlrq=

u

?�
_?

_|
'

�

q
u- c +48,

zkhuh q lv d srvlwlyh sdudphwhu/ dqg u- 5 dfcu� lv wkh dprxqw ri oderxu

hpsor|hg lq wklv vhfwru15 Vxevfulsw - vwdqgv iru uhvhdufk dqg ghyhorsphqw1

Wr vlpsoli| qrwdwlrq/ zh rplw wkh lqglfdwlrq ri wlph lq +48,1 Wkh iroorzlqj

uhpdunv duh lq rughu=

� Whfkqrorj| +48, lv d vshfldo fdvh ri d frpprqo| xvhg U)G ixqfwlrq/

qdpho|/
u

?' u-?�*qc zlwk wkh uhvwulfwlrq � ' f� Wklv uhvwulfwlrq lpsolhv

wkdw

� Wkhuh h{lvwv qr ohduqlqj e| grlqj1 Lq rwkhu zrugv/ wkh qxpehu ri

h{lvwlqj ydulhwlhv grhv qrw d�hfw oderxu surgxfwlylw| lq wkh U)G vhfwru1

� Wkh U)G whfkqrorj| h{klelwv frqvwdqw uhwxuqv wr vfdoh1

5AIurp qrz rq zh devwudfw iurp wkh lqwhjhu sureohp dqg wuhdw q dv d uhdo qxpehu1

:



� Dv d uhvxow/ zh nqrz wkdw wkh g|qdplf v|vwhp frqyhujhv wr d vwhdg|

vwdwh +Vrorz/ 4<<5/ 4<<7,1

Uhvrxufhv duh ghyrwhg wr U)G dffruglqj wr lqwhuwhpsrudo vdylqj ghfl0

vlrqv e| frqvxphuv/ zkr ohqg wr �upv dw wkh pdunhw lqwhuhvw udwh o1 Lq0

whuwhpsrudo xwlolw| lv orj0olqhdu zlwk udwh ri wlph suhihuhqfh 4/ zklfk lpsolhv

wkh Hxohu htxdwlrq=
�

.

.
' o � 4 +49,

zkhuh . lv lqglylgxdo h{shqglwxuhv lq fxuuhqw frqvxpswlrq1

Vlqfh wkh zdjh lv frqvwdqw dqg qr ohduqlqj e| grlqj lv revhuyhg/ wkh frvw

iru lqwurgxflqj d qhz ydulhw| lv dovr frqvwdqw dqg htxdo wr q� Wkh ydoxh ri d

qhz ydulhw| pxvw fruuhvsrqg wr wkh glvfrxqwhg  rz ri sur�wv jhqhudwhg e|

wkh vdph ydulhw|1 Xqghu shuihfw frpshwlwlrq lq wkh U)G vhfwru/ wklv hqwdlov=

�
&
�cr �

]
"

r

e3o|Z&

�|
_| ' q c +4:,

Dv q lv frqvwdqw ryhu wlph/ wkh suhvhqw ydoxh ri sur�wv ��cr dvvrfldwhg

zlwk ydulhw| � lqwurgxfhg dw wlph rc pxvw eh frqvwdqw dv zhoo/ dqg wkh Ilvfkhu

htxdwlrq vlpsol�hv dv iroorzv=

Z&E?�

q
' o c +4;,

;



zklfk fdq eh vxevwlwxwhg lqwr +49, wr jlyh=

�

.

.
'

Z&E?�

q
� 4 +4<,

6 G|qdplfv

E| +48,/ wkh g|qdplfv ri ? pd| eh zulwwhq dv
u

?' Eu � u8 � u� �*q/ zkhuh

u� lv wkh dprxqw ri oderxu hpsor|hg lq wkh surgxfwlrq ri wkh qxphudluh1

Zh douhdg| nqrz wkdw u8 ' k'E?� dqg zh fdq uhdglo| ghwhuplqh u� e|

frqvlghulqj wkh fruuhvsrqglqj surgxfw pdunhw fohdulqj frqglwlrq= u� ' . �

u� RE?�'E?�� vr wkdw=

u

?' du n Z
&E?�?� . � uo*q c ?f : f +53,

zklfk vkrzv wkdw lqqrydwlrq lv ihg e| vdyhg lqfrph dun Z
&E?�?� . � uo1

Wrjhwkhu +4<, dqg +53, irup d wzr0glphqvlrqdo v|vwhp ri gl�huhqwldo htxd0

wlrqv wkdw pluuruv wkh vwdqgdug Udpvh| v|vwhp1

Zkhq
�

.' f dqg
u

?' f/ wkh v|vwhp lv lq vwhdg| vwdwh1 Wr �qg wkh fru0

uhvsrqglqj qxpehu ri ydulhwlhv lv d pdwwhu ri vwudljkwiruzdug fdofxodwlrqv

Iluvw/ lpsrvlqj
�

.' f lq +4<, gh�qhv wkh vwhdg| vwdwh qxpehu ri �upv ?&
rr

dv

<



wkh vroxwlrq wr=
6

Z
&E?� ' 4q +54,

Wkhq/ vxevwlwxwlqj +54, dqg ?&
rr

lq +53,/ frqglwlrq
u

?' f jlyhv vwhdg| vwdwh

h{shqglwxuhv=

.
&

rr
' E� n 4q?&

rr
�*u +55,

zkhuh/ vlqfh q lv wkh ydoxh ri d ydulhw| +vhh +4:,,/ 4q?&
rr
uhsuhvhqwv wkh dqqxlw|

ydoxh ri wkh vwhdg| vwdwh vwrfn ri ydulhwlhv1

Wkh uhohydqw sdudphwhu vsdfh lv \ ' i@c Kc _c uc kc qc 4j � Qxphulfdo vlpx0

odwlrqv ryhu \ lqglfdwh wkdw wkh vwdqgdug uhvxow rq txdqwlwlhv/ qdpho| ^
�

rr
:

^�
rr
/ krogv vr wkdw sulfh frpshwlwlrq ohdgv wr odujhu shu0�up rxwsxw ri wkh

gl�huhqwldwhg jrrg wkdq txdqwlw| frpshwlwlrq1 Krzhyhu wkh dvvrfldwhg lq0

htxdolw| rq wkh qxpehuv ri ydulhwlhv lv ?�
rr
	 ?�

rr
� Lq sodlq zrugv/ wkh g|qdplf

hyroxwlrq ri wkh v|vwhp surgxfhv d vwhdg| vwdwh zkhuh pruh ydulhwlhv h{lvw

xqghu Frxuqrw ehkdylrxu wkdq xqghu Ehuwudqg ehkdylrxu1 Wkh lqwxlwlrq lv

vwudljkwiruzdug= vlqfh sulfh frpshwlwlrq lv kduvkhu wkdq txdqwlw| frpsh0

wlwlrq/ wkh iruphu uhtxluhv pruh uhvrxufhv wkdq wkh odwwhu iru surgxfwlrq/

olplwlqj wkxv wkh delolw| ri wkh lqqrydwlyh vhfwru wr lqwurgxfh qhz ydulhwlhv1

6Wkh h{suhvvlrq ri qF
vv

lv lq wkh dsshqgl{1 Wkh h{suhvvlrq ri qE
vv

lv dydlodeoh xsrq

uhtxhvw1
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Wkhuhiruh/ lw lv qrw d sulrul reylrxv wkdw sulfh frpshwlwlrq lv vxshulru wr

txdqwlw| frpshwlwlrq iurp d zhoiduh srlqw ri ylhz1

7 Zhoiduh lq vwhdg| vwdwh

Wr rewdlq wkh vrfldo zhoiduh ohyho lq wkh wzr vwhdg| vwdwhv dvvrfldwhg zlwk

Ehuwudqg dqg Frxuqrw frpshwlwlrq/ zh vxevwlwxwh wkh uhohydqw vwhdg| vwdwh

pdjqlwxghv lqwr wkh lqgluhfw xwlolw|+6,1

Qrwlfh wkdw wkh lqhtxdolw| ?
�

rr
	 ?�

rr
pljkw lpso| T �

rr
	 T �

rr
c wkdw lv/

frqwudu| wr wkh hvwdeolvkhg zlvgrp/ wkh lqgluhfw xwlolw| ri wkh uhsuhvhqwdwlyh

frqvxphu lq vwhdg| vwdwh pd| eh kljkhu xqghu Frxuqrw frpshwlwlrq wkdq

xqghu Ehuwudqg frpshwlwlrq1 Lqwxlwlyho|/ sulfh frpshwlwlrq lv kduvkhu wkdq

txdqwlw| frpshwlwlrq1 Khqfh/ wkh iruphu devruev d odujhu dprxqw ri oderxu

wkdq wkh odwwhu iru wkh surgxfwlrq ri wkh �qdo jrrgv1 Wkxv/ xqghu Ehuwudqg

ehkdylrxu/ d vpdoohu dprxqw ri uhvrxufhv lv dydlodeoh iru wkh lqqrydwlyh dfwly0

lw|1 Wkh xowlpdwh lpsolfdwlrq lv wkdw Ehuwudqg ehkdylrxu pd| |lhog d kljkhu

ghjuhh ri frqfhqwudwlrq lq wkh pdunhw iru wkh gl�huhqwldwhg jrrgv/ gdpdjlqj

frqvxphuv1 Pruhryhu/ qrwlfh wkdw/ gxh wr wkh idfw wkdw zh fduu| rxw d jhqhudo

htxloleulxp dqdo|vlv/ h{shqglwxuhv .&

rr
ghshqg srvlwlyho| rq wkh vwhdg| vwdwh
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qxpehu ri �upv +zklfk h{huwv dqrwkhu h�hfw lq idyru ri Frxuqrw,1

Frqvlghu qrz lqgxvwu| sur�wv lq wkh wzr vhwwlqjv1 Jlyhq wkdw shu0�up

sur�wv duh wkh vdph xqghu erwk Frxuqrw dqg Ehuwudqg ehkdylrxu +vhh +54,,/

lqgxvwu| sur�wv duh odujhu xqghu Frxuqrw frpshwlwlrq ehfdxvh ?�
rr

: ?�
rr
�

Wklv kdv vrph uhohydqw lpsolfdwlrqv dv wr �upv* suhihuhqfhv frqfhuqlqj wkh

fkrlfh ri wkh pdunhw yduldeoh1 Wkh hvwdeolvkhg zlvgrp vwdwhv wkdw txdqwlw|0

vhwwlqj ehkdylrxu lv d grplqdqw vwudwhj| iru �upv +Vlqjk dqg Ylyhv/ 4<;7,1

Lq wkh suhvhqw vhwwlqj/ wkh lqglylgxdo �up kdv qr vxfk suhihuhqfh/ rq wkh

edvlv ri +54,1 Qhyhuwkhohvv/ h{ dqwh +l1h1/ ehiruh wkh hqwu| surfhvv vwduwv,/

hyhu| �up suhihuv Frxuqrw ehkdylrxu vlqfh lw doorzv iru d odujhu qxpehu ri

�upv wr vxuylyh lq wkh orqj uxq htxloleulxp1

Wkh ryhudoo dssudlvdo ri vrfldo zhoiduh lq wkh wzr vhwwlqjv uhpdlqv wr eh

fduulhg rxw1 Rq wkh edvlv ri wkh iruhjrlqj glvfxvvlrq/ wkhuh pd| h{lvw fdvhv

zkhuh Frxuqrw lv vrfldoo| suhihuuhg wr Ehuwudqg1 Dq h{wuhph vlwxdwlrq zkhuh

wklv lv lqghhg wkh fdvh rewdlqv li ydulhwlhv duh yhu| forvh vxevwlwxwhv/ l1h1/

_ $ K� Li vr/ wkhq sulfh frpshwlwlrq |lhogv d vwhdg| vwdwh zkhuh wkh pdunhw

iru wkh �qdo jrrg lv d prqrsro|/ ehfdxvh hqwu| e| dq| rwkhu �up zrxog gulyh

lqglylgxdo lqvwdqwdqhrxv sur�wv wr Z
�

�
' f� Xqghu wkh vdph frqglwlrqv/

*�4
_<K

?
�

rr
'

E@� k�s
Kq4

� � c +56,
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zklfk lv dw ohdvw dv odujh dv wzr/ surylghg E@� k� � �
s
Kq4�

8 Frqfoxglqj uhpdunv

Zh kdyh suhvhqwhg d prgho zkhuh roljrsrolvwlf �upv frpshwh lq d pdunhw iru

gl�huhqwldwhg jrrgv/ dqg qhz ydulhwlhv duh lqwurgxfhg wkurxjk wkh lqqrydwlyh

dfwlylw| fduulhg rxw e| dq U)G vhfwru rshudwlqj xqghu shuihfw frpshwlwlrq1

Wklv prgho kdv vkrzq wkdw Frxuqrw frpshwlwlrq/ qrwrulrxvo| ploghu wkdq

Ehuwudqg frpshwlwlrq/ ohdyhv pruh uhvrxufhv dydlodeoh iru U)G/ khqfh doorz0

lqj wkh v|vwhp wr frqyhujh wr d vwhdg| vwdwh fkdudfwhulvhg e| d odujhu qxpehu

ri surgxfwv dv zhoo dv �upv/ frpsduhg wr Ehuwudqg ehkdylrxu1 Wkh xowlpdwh

frqvhtxhqfh lv wkdw/ frqwudu| wr wkh hvwdeolvkhg zlvgrp/ wkh vrfldo zhoiduh

dvvrfldwhg zlwk d Ehuwudqg pdunhw pd| zhoo eh orzhu wkdq wkdw dvvrfldwhg

zlwk d Frxuqrw pdunhw1

Wkh frqyhqwlrqdo uhvxow wkdw d kljkhu zhoiduh pxvw eh dvvrfldwhg wr d

kljkhu lqwhqvlw| ri frpshwlwlrq/ idyrxulqj wkxv sulfh ehkdylrxu djdlqvw txdq0

wlw| ehkdylrxu/ vwhpv iurp d zhoiduh frpsdulvrq fduulhg rxw iru d jlyhq pdu0

nhw vwuxfwxuh1 Uhprylqj vxfk olplwlqj k|srwkhvlv/ lw wxuqv rxw wkdw d kduvkhu

pdunhw frpshwlwlrq wudqvodwhv lqwr d pruh frqfhqwudwhg pdunhw/ zlwk qhjd0
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wlyh frqvhtxhqfhv rq vrfldo zhoiduh1 Rxu frqfoxvlrqv duh lq olqh zlwk dqdor0

jrxv srlqwv udlvhg e| Qrupdq dqg Wklvvh +4<<9, lq d vwdwlf prgho ri vsdwldo

frpshwlwlrq1
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Dsshqgl{

Wkh fdofxodwlrq ri ?�
rr

lv vwudljkwiruzdug1 Iurp

Z
�E?� '

E@� k�2K

E2Kn _E�� n ?��2
' 4q +d4,

zh jhw wkh iroorzlqj urrwv=

?
�

3

' � �
2K

_
�

E@� k�
s
Kq4

_q4
+d5,

dqg

?
�

n
' ��

2K

_
n
E@� k�

s
Kq4

_q4
+d6,

iurp zklfk lw iroorzv lpphgldwho| wkdw ?�
rr
' ?

�

n
c vlqfh ?�

3

lv dozd|v qhjdwlyh1

Pruhryhu/ ?�
rr
� � l� @� k � 2

s
Kq4�

Ilqglqj ?�
rr

lv pruh lqyroyhg/ dv wkh htxdwlrq Z
�E?� � 4q ' f lv fxelf

lq ?� Iruwxqdwho|/ rqo| rqh urrw lv uhdo/ vr wkdw wkh uhpdlqlqj wzr fdq eh

glvuhjdughg1

Dv dq h{dpsoh/ zkhq i@ ' �f( K ' �(u ' �ff(k ' �*2(q ' �f( 4 '

�*�fjc wkh gl�huhqfh ?�
rr
�?

�

rr
lv dozd|v odujhu wkdq 6 dqg lqfuhdvlqj lq _c iru

doo _ 5 dfc �o�
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Uhihuhqfhv

^4` Djklrq/ S1 dqg S1 Krzlww +4<<5,/ �D Prgho ri Jurzwk wkurxjk Fuhdwlyh

Ghvwuxfwlrq�/ Hfrqrphwulfd/ 93/ 65606841

^5` Fhoolql/ U1 dqg O1 Odpehuwlql +4<<;,/ �D G|qdplf Prgho ri Gl�huhqwl0

dwhg Roljrsro| zlwk Fdslwdo Dffxpxodwlrq�/ Mrxuqdo ri Hfrqrplf Wkh0

ru|/ ;6/ 47804881

^6` Gl{lw/ D1N1 dqg M1H1 Vwljolw} +4<::, Prqrsrolvwlf Frpshwlwlrq dqg Rs0

wlpxp Surgxfw Glyhuvlw|/ Dphulfdq Hfrqrplf Uhylhz/ 9:/ 5<:063;1

^7` Jdoï/ M1 +4<<7,/ �Prqrsrolvwlf Frpshwlwlrq/ Hqgrjhqrxv Pdunxsv/ dqg

Jurzwk�/ Hxurshdq Hfrqrplf Uhylhz/ 6;/ :7;0:891

^8` Jdoï/ M1 +4<<9,/ �Pxowlsoh Htxloleuld lq d Jurzwk Prgho zlwk Prqrsr0

olvwlf Frpshwlwlrq�/ Hfrqrplf Wkhru|/ ;/ 58405991

^9` Jurvvpdq/ J1P1 dqg H1 Khospdq +4<<4,/ Lqqrydwlrq dqg Jurzwk lq wkh

Joredo Hfrqrp|/ Fdpeulgjh/ PD/ PLW Suhvv1

^:` Luphq/ D1 +4<<:,/ �Qrwh rq Gxrsrolvwlf Yhuwlfdo Uhvwudlqwv�/ Hxurshdq

Hfrqrplf Uhylhz/ 74/ 488<0489:1
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^;` Oxfdv/ U1H1/ Mu1 +4<;;,/ �Rq wkh Phfkdqlfv ri Hfrqrplf Ghyhorsphqw�/

Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 55/ 60751

^<` Pdmhuxv/ G1 +4<;;,/ �Sulfh yv Txdqwlw| Frpshwlwlrq lq Roljrsro| Vx0

shujdphv�/ Hfrqrplfv Ohwwhuv/ 5:/ 5<605<:1

^43` Qrupdq/ J1 dqg M10I1 Wklvvh +4<<9,/ �Surgxfw Ydulhw| dqg Zhoiduh xq0

ghu Wrxjk dqg Vriw Sulflqj Uhjlphv�/ Hfrqrplf Mrxuqdo/ 439/ :90<41

^44` Rnxjxfkl/ N1 +4<;:,/ �Htxloleulxp Sulfhv lq wkh Ehuwudqg dqg Frxuqrw

Roljrsrolhv�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 75/ 45;046<1

^45` Shuhwwr/ S1 +4<<9,/ �Vxqn Frvw/ Pdunhw Vwuxfwxuh dqg Jurzwk�/ Lqwhu0

qdwlrqdo Hfrqrplf Uhylhz/ 6:/ ;8<0<561

^46` Shuhwwr/ S1 +4<<;,/ �Frvw Uhgxfwlrq/ Hqwu| dqg Lqwhughshqghqfh ri Pdu0

nhw Vwuxfwxuh dqg Hfrqrplf Jurzwk�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/

iruwkfrplqj1

^47` Urphu/ S1P1 +4<<3,/ �Hqgrjhqrxv Whfkqrorjlfdo Fkdqjh�/ Mrxuqdo ri

Srolwlfdo Hfrqrp|/ <;/ V:40V4351

^48` Vlqjk/ Q1 dqg [1 Ylyhv +4<;7,/ �Sulfh dqg Txdqwlw| Frpshwlwlrq lq d

Gl�huhqwldwhg Gxrsro|�/ UDQG Mrxuqdo ri Hfrqrplfv/ 48/ 87908871
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^49` Vrorz/ U1 +4<<5,/ �Vlhqd Ohfwxuhv rq Hqgrjhqrxv Jurzwk�/ zrunlqj

sdshu q1 9/ Xqlyhuvlw| ri Vlhqd1

^4:` Vrorz/ U1 +4<<7,/ �Shuvshfwlyhv rq Jurzwk Wkhru|�/ Mrxuqdo ri Hfr0

qrplf Shuvshfwlyhv/ ;/ 780871

^4;` Vshqfh/ D1P1 +4<:9,/ �Surgxfw Gl�huhqwldwlrq dqg Zhoiduh�/ Dphulfdq

Hfrqrplf Uhylhz/ 99/ 73:07471

^4<` Yhqfdwdfkhooxp/ G1 +4<<;,/ �Hqgrjhqrxv Jurzwk zlwk Vwudwhjlf Lqwhu0

dfwlrq�/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 56/ 56605871

^53` Ylyhv/ [1 +4<;8,/ �H!flhqf| ri Ehuwudqg dqg Frxuqrw Htxloleuld zlwk

Surgxfw Gl�huhqwldwlrq�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 69/ 49904:81
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