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4 Lqwurgxfwlrq

Lw lv riwhq pdlqwdlqhg wkdw d wd{ rq d frpsohwho| preloh idfwru kdv hyhqwxdoo| wr eh eruqh

e| wkh ohvv preloh idfwruv li wkh frxqwu| lqwurgxflqj wkh wd{ lv vpdoo1 Wkh xqghuo|lqj

dujxphqw lv vlpsoh hqrxjk= Frqvlghu d frxqwu| wrr vpdoo wr kdyh dq lq xhqfh rq zruog

htxloleulxp sulfhv/ dqg dvvxph wkdw fdslwdo lv wkh preloh idfwru dqg oderu lv wkh �{hg

rqh1 Wkh lqwurgxfwlrq ri d vrxufh0edvhg wd{ � rq fdslwdo lq vxfk d frxqwu| zloo wkhq qrw

d�hfw wkh zruog htxloleulxp udwh ri uhwxuq rq fdslwdo/ o�1 Dqg dv fdslwdo lv dvvxphg wr eh

shuihfwo| preloh dfurvv erughuv/ lqyhvwruv lq wkh frxqwu| zlwk wkh wd{ zloo kdyh wr uhdol}h

wkh vdph qhw uhwxuq wkh| pd| rewdlq deurdg1 Khqfh wkhlu jurvv uhwxuq pxvw htxdo o�n � /

dqg wkh grphvwlf pdunhw0fohdulqj zdjh kdv wr idoo1 Wklv lv dw wlphv lqwhusuhwhg wr phdq

E@� wkdw wkh wd{ lv eruqh e| oderu dqg EK� wkdw fdslwdo rzqhuv uhpdlq vsduhg1

Zkloh wd{lqj oderxu zrxog dovr uhgxfh wkh qhw zdjh udwh/ lw zrxog qrw glvwruw wkh

ghflvlrq wr lqyhvw dw krph yv1 deurdg1 Khqfh d oderxu lqfrph wd{ lv wkrxjkw wr grplqdwh d

frusrudwh lqfrph wd{/ hyhq iurp wkh shuvshfwlyh ri oderxu ^Gldprqg dqg Pluuohhv +4<:4,`1

Dv d uhvxow/ lw lv frqfoxghg ES� wkdw d vrxufh0edvhg wd{ rq fdslwdo vkrxog qhyhu eh xvhg1

Ri frxuvh/ wklv wkhruhwlfdo iruhfdvw lv qrw lq olqh zlwk revhuydwlrq= yluwxdoo| doo frxqwulhv

lq wkh zruog wd{ wkh fdslwdo lqfrph hduqhg e| frusrudwlrqv orfdwhg zlwklq wkhlu erughuv14

Lw lv wkh sxusrvh ri wklv qrwh wr ghprqvwudwh rq wkh edvlv ri d vlpsoh jhqhudo htxl0

oleulxp prgho wkdw frqfoxvlrq E@� lv plvohdglqj dqg wkdw erwk EK� dqg ES� duh idovh1 Zh

wkxv surylgh d wkhruhwlfdo h{sodqdwlrq iru wkh vxuylydo ri fdslwdo wd{dwlrq lq vslwh ri wkh

lqwhjudwlrq ri zruog fdslwdo pdunhwv1

5 Wkh prgho

514 Dvvxpswlrqv

Frqvlghu wkh iroorzlqj h{whqvlrq ri Eudgirug*v +4<:;, wzr0idfwru prgho lq zklfk frxqwulhv

duh doorzhg wr kdyh gl�huhqw vkduhv lq wkh zruog*v oderxu1 Wkh zruog frqvlvwv ri frxqwulhv

� ' �c 2c ���c U wkdw surgxfh d vlqjoh rxwsxw zlwk dq lghqwlfdo olqhdu0krprjhqhrxv whfkqrorj|

8 Eg�c u��1 Idfwru pdunhwv duh frpshwlwlyh vr wkdw idfwruv hduq wkhlu uhvshfwlyh pdujlqdo

surgxfw1 Wrwdo zruog fdslwdo/ ghqrwhg e|g '
SU

�'�g
�/ lv shuihfwo| preloh dfurvv erughuv1

Oderu lv phdvxuhg lq vnloo xqlwv/ ghqrwhg e| u '
SU

�'� u�/ dqg frpsohwho| lppreloh1 Ohw

b� ' u�*u ghqrwh wkh vkduh ri frxqwu| �*v oderxu lq wrwdo oderxu1

Lq wkh vwdwxv0txr wkhuh lv qr wd{dwlrq dqg wkh hqwluh zruog lv d odlvvh}0idluh hfrqrp|1

4Iru dq ryhuylhz ri fxuuhqw v|vwhpv ri lqwhuqdwlrqdo wd{dwlrq/ vhh h1j1 Fqrvvhq +5333,1 Wkh uhfhqw
hylghqfh rq wkh lpsdfw ri frpsdq| wd{hv rq iruhljq gluhfw lqyhvwphqw lv glvfxvvhg e| Klqhv +4<<<,1



Wkhq/ frxqwu| � lqwurgxfhv d vpdoo wd{ � rq fdslwdo lqyhvwhg zlwklq wkh frxqwu|1 Wkh

surfhhgv ri wd{dwlrq duh xqlirupo| uhglvwulexwhg wr frxqwu| �*v uhvlghqwv/ ghqrwhg e|

� ' �c 2c ���a 1 Wkh oderxu hqgrzphqw ri d frxqwu| �*v uhvlghqw lv ghqrwhg e| ,�/ zkloh

klv hqgrzphqw ri �qdqfldo dvvhwv 0 uhsuhvhqwlqj fodlpv rq wkh fdslwdo xvhg e| �upv 0 lv

ghqrwhg e| @�1

515 Idfwru Uhwxuqv

Jlyhq wkh olqhdu krprjhqhlw| ri wkh surgxfwlrq ixqfwlrqv zh kdyh wkh zhoo0nqrzq lghq0

wlw| 8 Eg�c u�� ' u�sE&
�� dqg wkh htxdoo| zhoo0nqrzq uhodwlrqv 8gEg

�c u�� ' s �E&�� dqg

8uEg
�c u�� ' sE&�� � &�s �E&��1 Wkxv/ wkh pdujlqdo surgxfwv ri fdslwdo dqg oderxu rqo|

ghshqg rq wkh frxqwu|*v fdslwdo lqwhqvlw| &�1 Qrz/ dvvxph wkdw frxqwu| � lqwurgxfhv d

vrxufh0edvhg wd{ � rq fdslwdo1 Vlqfh wklv idfwru lv shuihfwo| preloh e| dvvxpswlrq/ lwv qhw

uhwxuq pxvw eh htxdo lq doo frxqwulhv luuhvshfwlyh ri zkhuh lw lv lqyhvwhg1 Khqfh/

o�E�� n � ' s �E&�E��� +4,

dqg

o�E� � ' s �E&�E� �� c � ' 2c ���c U +5,

pxvw krog1 Gl�huhqwldwlqj +4, dqg +5, zlwk uhvshfw wr � |lhogv

o�� E�� n � ' s ��E&�E���g�

� E��*u� +6,

dqg

o�� E�� ' s ��E&�E���g�
�E� �*u� c � ' 2c ���c U� +7,

Qrz/ pxowlso| +6, e| b� ' u�*u dqg +7, e| b� ' u�*u dqg vxp wkh uhvxowv wr jhw

o�� E� � n b� '
S

� s
��E&�E� ��g �

�*u zklfk/ dw wkh srlqw � ' f/ vlpsol�hv wr

o�� Ef� n b� ' s ��E&�
[
�

g�
�Ef�*u

ehfdxvh dw � ' f doo frxqwulhv vwloo rshudwh dw lghqwlfdo fdslwdo lqwhqvlwlhv= &�Ef� ' & '

g*u1 Dv d uhvxow/

o�� Ef� ' �b�c +8,

vlqfh wkh fkdqjhv lq wkh frxqwulhv* fdslwdo vwrfnv/ g�
� / pxvw vxp wr }hur1

Ehiruh zh surfhhg wr lqwhusuhw wklv nh| uhvxow/ lw lv xvhixo wr ghulyh wkh fkdqjhv lq wd{

uhyhqxh/ zruog fdslwdo lqfrph dqg zruog zdjh lqfrph �uvw1

Gl�huhqwldwlqj wkh wd{ uhyhqxh A E�� ' �g�E� � zlwk uhvshfw wr � rqh kdv A�E�� '

g�E�� n �g�

� E� �/ zklfk jlyhv

A�Ef� ' g�Ef�� +9,

5



Iru zruog fdslwdo lqfrph �E� � ' o�E� �g rqh �qgv dffruglqjo| ��E�� ' o�� E��g dqg

��Ef� ' o�� Ef�g ' �b�g ' �g�Ef�c +:,

zkhuh xvh zdv pdgh ri +8, dqg wkh idfw wkdw b�g ' u�g*u ' g�Ef� pxvw krog1 Dqg

�qdoo|/ iru zruog zdjh lqfrph ` E�� '
S

�dsE&
�E� ��� &�E� �s �E&�E���ou� zh kdyh

`�E� � ' �[
�

&�E��s ��E&�E� ��g�
�E���

Hydoxdwlqj wklv h{suhvvlrq dw � ' f |lhogv

`� Ef� ' �&s ��E&�
[
�

g�
�Ef� ' f� +;,

516 Shuvrqdo lqfrphv

Glvsrvdeoh lqfrph ri d uhvlghqw � lq frxqwu| � dprxqwv wr

+�E� � ' ,�
` �E� �

u�

n @�o
�E�� n

A E� �

a
c � ' �c 2c ���c ac

zkhuh ` �E�� lv wkh frxqwu|*v zdjh eloo1 Wkh h�hfw iurp wd{lqj fdslwdo dqg glvwulexwlqj

wkh surfhhgv lv jlyhq e|

+�� Ef� ' ,�
` �

� Ef�

u�

n @�o
�
� Ef� n

A�Ef�

a
c +<,

zkhuh

` �

� E�� ' �&�E� �s ��E&�E� ��g�

� E� ��

E| +6, dqg +8, rqh rewdlqv

` �

� Ef� ' �E�� b��g
�Ef�� +43,

Lqvhuwlqj htxdwlrqv +43,/ +8, dqg +9, lqwr +<, |lhogv

+��Ef� ' �,�E�� b��& � @�b� n &, c � ' �c 2c ���c ac +44,

zkhuh , ' u�*a ghqrwhv wkh dyhudjh hqgrzphqw ri vnloo xqlwv lq frxqwu| �1 Lw iroorzv wkdw

lqglylgxdo � ehqh�wv iurp wkh uhglvwulexwlyh surjudp li dqg rqo| li &, : ,�E��b��&n@�b�

ru

,�
,
E�� b�� n

@�
@
k� 	 �c +45,

zkhuh @ '
Sa

�'� @�*a ghqrwhv dyhudjh �qdqfldo zhdowk lq wkh frxqwu| dqg k� '
Sa

�'� @�*g

lv wkh vkduh ri zruog fdslwdo rzqhg e| grphvwlf uhvlghqwv1
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E| +44, wkh h�hfw ri wkh wd{ rq qdwlrqdo lqfrph lv jlyhq e|

a[
�'�

+��Ef� ' b�

3
Cg�Ef��

a[
�'�

@�

4
D �

Khqfh/ wkh frqglwlrq iru qdwlrqdo lqfrph wr ulvh lv

a[
�'�

+��Ef� : f / b� : k�� +46,

517 Lqfrph lqhtxdolw|

Frqvlghu wkh ehqfkpdun fdvh zkhuh ,�*, ' @�*@ ' w� dqg wkh lqglylgxdov duh rughuhg lq

vxfk d zd| wkdw w� lv zhdno| lqfuhdvlqj lq �1 Glvsrvdeoh lqfrph wkhq uhdgv

+�Ef� ' w�

#
` �Ef�

a
n o�Ef�@

$
n

A Ef�

a
c � ' �c 2c ���c a� +47,

Ghqrwh wkh Oruhq} fxuyh ri glvsrvdeoh lqfrph lq frxqwu| � dv

O
#
�

a

$
'

S�
�'� +

�Sa
�'� +

�
c � ' �c 2c ���c a�

Wkh h�hfw ri wkh fdslwdo wd{ rq wkh glvwulexwlrq ri lqfrph lq frxqwu| � lv

YOE�*a�m�'f
Y�

� f /
S�

�'� +
�
�Ef�S�

�'� +
�Ef�

�
Sa

�'� +
�
�Ef�Sa

�'� +
�Ef�

� +48,

Vlqfh zh pd| zulwh +��Ef� ' &,� w�dE��b��&,nb�@o/ lw lv reylrxv wkdw +��Ef� ghfuhdvhv

zlwk � zkloh/ dffruglqj wr +47,/ +�Ef� lqfuhdvhv zlwk �1 Wkhuhiruh/
S�

�'� +
�
�Ef�S�

�'� +
�Ef�

c � ' �c 2c ���c a

lv ghfuhdvlqj lq �1 Lq frqmxqfwlrq zlwk +48,/ wklv lpsolhv wkdw wkh fdslwdo wd{ vkliwv wkh

Oruhq} fxuyh xszdugv xqohvv w� lv frqvwdqw iru doo �1

6 Lpsolfdwlrqv

�� Htxdwlrq +8, vd|v wkdw wkh lqwurgxfwlrq ri d wd{ rq fdslwdo lq frxqwu| � uhgxfhv wkh

zruog pdunhw udwh ri lqwhuhvw o� e| h{dfwo| b�/ lwv vkduh lq zruog fdslwdo51 Li frxqwu| � lv

vpdoo/ wkh zruog lqwhuhvw udwh zloo idoo e| fruuhvsrqglqjo| olwwoh ru/ lq wkh erughuolqh fdvh

b� $ f/ qrw dw doo1

5Dw � @ 3 doo frxqwulhv rshudwh dw dq lghqwlfdo fdslwdo lqwhqvlw|1 Khqfh/ wkhlu vkduh lq zruog oderxu/
phdvxuhg lq vnloo xqlwv/ lv dovr wkhlu vkduh lq zruog fdslwdo1
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2� Wkh fdslwdo rzqhuv fduu| wkh ixoo wd{/ dv fdq eh vhhq iurp +:, lq frqmxqfwlrq zlwk

+9,1 Luuhvshfwlyh ri krz vpdoo frxqwu| � dqg wkxv b� lv/ zruog fdslwdo lqfrph ghfolqhv e|

h{dfwo| wkh dprxqw ri wkh wd{ uhyhqxh1 Iurp d joredo srlqw ri ylhz lw lv wkxv wkh fdslwdo

rzqhuv zkr sd| wkh hqwluh wd{1

�� Iurp d sxuho| qdwlrqdo srlqw ri ylhz wkh rxwfrph lv vrphzkdw gl�huhqw1 Zkhq

orrnlqj dw frxqwu| �/ htxdwlrq +43, vwdwhv wkdw d vkduh �� b� ri wkh wd{ kdv wr eh eruqh

e| frxqwu| �*v zdjh hduqhuv wkurxjk d idoo ri wkh grphvwlf pdunhw0fohdulqj zdjh udwh1

e� Iurp d joredo srlqw ri ylhz/ krzhyhu/ zruog zdjh lqfrph uhpdlqv xqwrxfkhg1 Wklv

lv zkdw +;, vd|v/ dqg wkdw phdqv wkdw zrunhuv lq wkh uhvw ri wkh zruog jdlq h{dfwo| zkdw

wkh zrunhuv lq frxqwu| � orrvh1 Wkh uhdvrq lv/ ri frxuvh/ wkh rxwerxqg fdslwdo pljudwlrq

lqgxfhg e| wkh wd{1

D� Iurp wkh srlqw ri ylhz ri frxqwu| �*v uhvlghqwv/ uhglvwulexwlrq yld d vrxufh0edvhg wd{

lqfuhdvhv frqvxpswlrq li frqglwlrq +45, lv phw1 Wklv lv wkh pruh olnho| zkhq d uhvlghqw*v

vnloo ru �qdqfldo zhdowk lv orz uhodwlyh wr wkh fruuhvsrqglqj grphvwlf dyhudjh/ dqg zkhq

kh olyhv lq d frxqwu| wkdw lv frpsdudwlyho| ulfk lq whupv ri kxpdq fdslwdo dqg srru lq

whupv ri �qdqfldo zhdowk1 Li ,�*, ' @�*@ dqg b� ' k�/ wkh lqglylgxdo ehqh�wv iurp wkh

surjudp li dqg rqo| li klv pdunhw lqfrph lv ehorz grphvwlf dyhudjh1

S� Kdylqj d xqlirup vrfldo wudqvihu �qdqfhg e| d vrxufh0edvhg wd{ rq fdslwdo pd|

ixho grphvwlf zhoiduh hyhq li wkh frxqwu| zlwk wklv surjudp kdv dq hjdolwduldq lqfrph

glvwulexwlrq1 Lq fdvh ri ,� ' , dqg @� ' @ iru doo �/ frqglwlrq +45, vkrzv wkdw d Sduhwr0

lpsuryhphqw rffxuv lq frxqwu| � li b� : k�/ l1h1 li qdwlrqdov duh uhodwlyho| ulfkhu lq whupv

ri kxpdq udwkhu wkdq lq whupv ri �qdqfldo fdslwdo1

.� Dq hjdolwduldq zruog hfrqrp| kdv ,� ' ,/ @� ' @ dqg b� ' k�1 Dv lpsolhg e| +45,/

lq dq hjdolwduldq zruog hfrqrp| qr frxqwu| zrxog hyhu xvh d wd{ rq fdslwdo1

H� Li ,�*, ' @�*@ 9' � iru doo �/ frqglwlrq +48, vkrzv wkdw lqwurgxflqj wkh fdslwdo wd{

surprwhv htxdolw| lq whupv ri Oruhq} grplqdqfh1 Dvvxph wkdw uhvlghqwv lq frxqwu| � duh

hqgrzhg zlwk d frpprq xwlolw| ixqfwlrq/ vwulfwo| lqfuhdvlqj dqg frqfdyh lq frqvxpswlrq1

Li b� � k�/ dyhudjh lqfrph grhv qrw ghfuhdvh lq wkh frxqwu| 0 vhh frqglwlrq +46,1 Lq wklv

fdvh/ wkh wkhruhp ri Dwnlqvrq +4<:3, dssolhv wr vkrz wkdw vrfldo zhoiduh lq frxqwu| � lv

udlvhg e| wkh wd{ rq fdslwdo1

b� Frqvlghu dq xqhtxdo zruog hfrqrp| zlwk wkh ihdwxuhv ri wkh srlqw deryh dqg lq

zklfk xwlolwduldq qdwlrqdo sodqqhuv qrqfrrshudwlyho| vhw vrxufh0edvhg fdslwdo wd{hv1 Lq

dq| Qdvk0htxloleulxp ri wkdw jdph/ fdslwdo wd{hv h{lvw zlwk vwulfwo| srvlwlyh suredelolw|1
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Uhihuhqfhv

Dwnlqvrq/ D1/ 4<:3/ Rq wkh phdvxuhphqw ri lqhtxdolw|/ Mrxuqdo ri Hfrqrplf Wkhru| 5/

5770961

Eudgirug/ G1/ 4<:;/ Idfwru sulfhv pd| eh frqvwdqw exw idfwru uhwxuqv duh qrw/ Hfrqrplfv

Ohwwhuv 4/ 4<<05361

Fqrvvhq/ V1/ hg1/ 5333/ Wd{lqj Fdslwdo Lqfrph lq wkh Hxurshdq Xqlrq +R{irug Xqlyhuvlw|

Suhvv/ Qhz \run,

Gldprqg/ S1 dqg M1 Pluuohhv/ 4<:4/ Rswlpdo wd{dwlrq dqg sxeolf surgxfwlrq/ L= Surgxf0

wlrq h!flhqf| +LL= Wd{ uxohv,/ Dphulfdq Hfrqrplf Uhylhz 94/ ;05: +59405:;,1

Klqhv Mu1/ M1U1/ 4<<</ Ohvvrqv iurp ehkdylrudo uhvsrqvhv wr lqwhuqdwlrqdo wd{dwlrq/ Qd0

wlrqdo Wd{ Mrxuqdo 85/ 63806551
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