
Frruglqdwlqj Fdslwdo Lqfrph Wd{dwlrq dprqj d
Vxevhw ri Frxqwulhv�

Er Vdqghpdqq Udvpxvvhq|

Mdqxdu| 5;/ 5333 +uhylvhg,

Devwudfw

Wd{ frpshwlwlrq dprqj frxqwulhv jhqhudoo| ohdgv wr lqh!flhqwo| orz
wd{ udwhv rq preloh wd{ edvhv olnh fdslwdo lqfrph1 Wklv vkrxog fdoo iru
frrshudwlyh wd{ srolflhv wr eh lpsohphqwhg/ exw dv orqj dv vrph frxqwulhv
gr qrw wdnh sduw lq wkh frrshudwlrq wkh lqfhqwlyhv iru d vxevhw ri frxqwulhv
wr xqghuwdnh frrshudwlyh dfwlrq pd| eh olplwhg1 Wkh rxwfrph ri vxfk
�sduwldo frrshudwlrq� lv ghulyhg zlwklq d olqhdu0txdgudwlf wd{ frpshwlwlrq
prgho/ dqg wkh uhvxowv vxjjhvw wkdw srvlwlyh/ exw lqvljql�fdqw zhoiduh h�hfwv
duh wr eh uhdshg iru wkh sduwlflsdwlqj frxqwulhv +wkh pdlq ehqh�wv dffuxlqj
wr wkh frxqwulhv qrw sduwlflsdwlqj,1 Wkh lpsolfdwlrqv ri wkhvh uhvxowv iru
HX0srolflhv rq fdslwdo lqfrph wd{dwlrq duh eulh | glvfxvvhg1

Nh|zrugv= Fdslwdo lqfrph wd{dwlrq/ wd{ frpshwlwlrq/ wd{ frrshudwlrq1

MHO= K54/ K59/ I541

41 Lqwurgxfwlrq

Wkh wkhruhwlfdo olwhudwxuh rq lqwhuqdwlrqdo wd{ frpshwlwlrq kdv hvwdeolvkhg wkdw
lq d zruog zlwk kljko| lqwhjudwhg fdslwdo pdunhwv qrq0frrshudwlyh wd{dwlrq ri
fdslwdo lqfrph lv olnho| wr eh lqh!flhqw iurp d zruog hfrqrp| srlqw ri ylhz/
dqg wkdw frrshudwlyh wd{ srolflhv duh zduudqwhg +vhh h1j1 Exfryhwvn| dqg Zlovrq

�Wkh �uvw yhuvlrq ri wklv sdshu zdv suhvhqwhg dw wkh zrunvkrs rq �Joredol}dwlrq dqg wkh

Zhoiduh Vwdwh�/ Pdufk 4<<</ Hehowriw/ Ghqpdun1 Frpphqwv iurp sduwlflsdqwv dw wkh zrunvkrs

duh judwhixoo| dfnqrzohgjhg1 Wkh sdshu lv sduw ri wkh surmhfw �Wkh Zhoiduh Vwdwh= Wkuhdwv/

Sureohpv dqg Vrph Vroxwlrqv�/ �qdqfhg e| wkh Gdqlvk Vrfldo Vflhqfh Uhvhdufk Frxqflo1
|Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv1 Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Xql0

yhuvlw| ri Ddukxv/ Exloglqj 683/ GN ;333 Ddukxv F/ Ghqpdun1 h0pdlo= eudvpxvvhqChfrq1dx1gn1



+4<<4,/ Jrugrq +4<<5,/ Zlovrq +4<;9/ 4<<4, dqg ]rgurz dqg Plhv}nrzvnl +4<;9,,1
E| lqyhvwlqj deurdg lqyhvwruv fdq h�hfwlyho| hvfdsh grphvwlf wd{dwlrq/ sxwwlqj
vhyhuh uhvwudlqwv rq wkh lqfhqwlyhv ri d vlqjoh frxqwu| wr vhw kljk wd{hv rq fdslwdo
lqfrph1 Khqfh/ fdslwdo  ljkw lv dw wkh khduw ri wklv wkhru|1 Dv qrwhg e| Ud}lq dqg
Vdgnd +4<<4,/ fdslwdo  ljkw fdq eh suhyhqwhg li wkh wd{ dxwkrulwlhv lq wkh gl�huhqw
frxqwulhv djuhh wr h{fkdqjh lqirupdwlrq rq iruhljq vrxufh fdslwdo lqfrph1 Wr eh
ixoo| h�hfwlyh/ krzhyhu/ doo frxqwulhv lq wkh zruog hfrqrp| pxvw sduwlflsdwh lq wkh
vkdulqj ri lqirupdwlrq/ vlqfh rwkhuzlvh fdslwdo  ljkw lqwr wkh qrq0sduwlflsdwlqj
frxqwulhv lv vwloo yldeoh1 Lq wkh h{wuhph fdvh zlwk frrshudwlrq dprqj rqo| wzr
vpdoo hfrqrplhv wdnlqj wkh zruog udwh ri uhwxuq wr fdslwdo dv jlyhq Ud}lq dqg Vdgnd
+4<<4, kdyh vkrzq wkdw vxfk srolf| frrshudwlrq lv xvhohvv vlqfh wkh lqyhvwruv lq wkh
wzr frrshudwlqj frxqwulhv fdq vwloo rewdlq wkh zruog udwh ri uhwxuq e| lqyhvwlqj
lq vrph frxqwu| qrw sduwlflsdwlqj lq wkh frrshudwlrq1 Khqfh/ wkh jdlqv iurp
frrshudwlrq pd| eh udwkhu vpdoo/ dw ohdvw zkhq wkh frrshudwlqj frxqwulhv duh
vpdoo wkhpvhoyhv1

Dqrwkhu srwhqwldoo| lpsruwdqw dvshfw ri wd{ frrshudwlrq lv wkh �lpsruwdqfh
ri ehlqj vpdoo� lq wd{ frpshwlwlrq iroorzlqj Zlovrq +4<<4,/ zkr lq d wzr0frxqwu|
vhwwlqj vkrzv wkdw wkh vpdoo frxqwu| zloo dozd|v eh ehwwhu r� wkdq wkh odujh frxq0
wu|1 Vlqfh frrshudwlrq lv olnh ehfrplqj eljjhu wklv pd| eh d grzqvlgh iru wkh
frrshudwlqj frxqwulhv dv orqj dv wd{ frpshwlwlrq ylv0ä0ylv wkh qrq0sduwlflsdwlqj
frxqwulhv wdnhv sodfh1 Wkh txhvwlrq lv zkhwkhu wkh �vl}h0h�hfw� pd| eh vr grp0
lqdqw wkdw sduwldo frrshudwlrq ehfrphv rxwuljkw ghwulphqwdo wr wkh frrshudwlqj
frxqwulhv1

Wkhvh wkhruhwlfdo frqvlghudwlrqv duh ri sduwlfxodu lpsruwdqfh iru wkh fxu0
uhqw glvfxvvlrqv derxw kduprql}lqj fdslwdo lqfrph wd{dwlrq zlwklq wkh Hxurshdq
Xqlrq1 Sursrqhqwv ri fdslwdo lqfrph wd{ kduprql}dwlrq zlwklq wkh HX dujxh lq
idyrxu ri vxfk frrshudwlrq4 e| hpskdvl}lqj wkh ehqh�wv iurp uhgxfhg wd{ frpsh0
wlwlrq1 Dowkrxjk lw lqyduldeo| zloo eh wuxh wkdw frrshudwlrq zloo uhgxfh +ru hyhq
ixoo| uhpryh, wd{ frpshwlwlrq zlwklq wkh HX/ wkh sursrqhqwv ri wd{ frrshudwlrq
vhhp wr ryhuorrn wkdw fdslwdo fdq vwloo  rz rxwvlgh wkh HX vxfk wkdw wkh fdslwdo
 ljkw sureohp shuvlvwv1

Wkh sxusrvh ri wklv sdshu lv wr dqdo|}h wkhvh lqwhuhvwlqj wkhruhwlfdo dvshfwv
wkdw vhhp wr eh uhohydqw wr wkh glvfxvvlrq ri wd{ frrshudwlrq zlwklq wkh HX1 Wr wklv
hqg zh vhw xs d jhqhudo htxloleulxpprgho ri d�0frxqwu| zruog hfrqrp|1 Zlwkrxw
lpsrvlqj uhvwulfwlyh dvvxpswlrqv rq wkh ixqfwlrqdo irupv ghvfulelqj suhihuhqfhv

4Lq sulqflsoh/ kduprql}dwlrq dqg frrshudwlrq duh wzr glvwlqfw frqfhswv zlwk kduprql}dwlrq
dv wkh zhdnhu frqfhsw zkhuh wkh glvshuvlrq lq wkh qrq0frrshudwlyh wd{ udwhv lv uhgxfhg1 Frrs0
hudwlrq lv d vwurqjhu frqfhsw wkdw fdq hlwkhu lpso| mrlqw zhoiduh pd{lpl}dwlrq iru wkh lqglylgxdo
frxqwulhv ru edujdlqlqj ryhu wd{ udwhv e| lqglylgxdo frxqwulhv wdnlqj wkh qrq0frrshudwlyh htxl0
oleulxp dv wkh idoo0edfn srvlwlrq +vhh h1j1 Udvpxvvhq +4<<5, lq d gl�huhqw vhwwlqj,1
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dqg whfkqrorjlhv zh looxvwudwh wkh jhqhudo dvshfwv ri wd{ frpshwlwlrq/ dqg wkh
ehqh�wv ri joredo wd{ frrshudwlrq1 Wr ghulyh uhvxowv pruh forvho| uhodwhg wr wkh
Hxurshdq srolf| glvfxvvlrq d vlpsol�hg yhuvlrq ri wkh prgho lv sursrvhg/ doorzlqj
xv wr dgguhvv vrph ri wkh txhvwlrqv udlvhg deryh1 Dowkrxjk rqh vkrxog khvlwdwh wr
lqwhusuhw wkhvh uhvxowv wrr zlgho|/ rxu uhvxowv vhhp wr lqglfdwh wzr wklqjv1 Iluvw/
lq fdvh qrw doo frxqwulhv sduwlflsdwh lq wkh srolf| frrshudwlrq wkhuh dsshduv wr
eh qr dgyhuvh h�hfwv rq wkh frxqwulhv sduwlflsdwlqj lq wkh frrshudwlrq/ dowkrxjk
wkhuh lv d whqghqf| iru wkh frxqwulhv qrw sduwlflsdwlqj wr rewdlq d odujhu zhoiduh
jdlq wkdq wkrvh dfwxdoo| sduwlflsdwlqj lq wkh frrshudwlrq1 Vhfrqg/ wkh jdlqv iurp
frrshudwlrq dprqj d vxevhw ri frxqwulhv +uhodwlyh wr ixoo qrq0frrshudwlrq, dsshdu
wr eh udwkhu lqvljql�fdqw/ xqohvv wkh qxpehu ri qrq0frrshudwlqj frxqwulhv ehfrphv
vpdoo frpsduhg wr wkh qxpehu ri frrshudwlqj frxqwulhv1 Khqfh/ rxu dqdo|vlv gr
qrw lqglfdwh wkdw wkh HX frxqwulhv vkrxog eh zduqhg djdlqvw frrshudwlqj lq fdslwdo
lqfrph wd{dwlrq/ zklovw dw wkh vdph wlph vxjjhvwlqj wkdw wkh jdlqv iurp grlqj vr
pd| eh yhu| olplwhg1 Pruhryhu/ vlqfh d pdujlqdo frxqwu| zloo orvh iurp mrlqlqj wkh
frrshudwlqj frxqwulhv lw frxog eh dujxhg wkdw dq| djuhhphqwv zlwklq wkh HX wr
frrshudwh lq fdslwdo lqfrph wd{dwlrq vkrxog eh hqirufhg rq doo phpehu frxqwulhv
wr dyrlg iuhh ulglqj15

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 wkh jhqhudo prgho lv vhw xs dqg
qrq0frrshudwlyh dqg frrshudwlyh wd{ srolflhv duh ghulyhg dqg frpsduhg1 Vhfwlrq
6 ghdov zlwk wkh vlpsol�hg prgho doorzlqj d vxevhw ri frxqwulhv wr frrshudwh rq
wd{ srolflhv1 Wkh lqwhusuhwdwlrq ri wkhvh uhvxowv iru wkh HX lv surylghg lq vhfwlrq
7 zkloh vrph frqfoxglqj uhpdunv duh jlyhq lq vhfwlrq 81

51 Wkh Jhqhudo Prgho

Dv d jhqhudo wd{ frpshwlwlrq prgho/ frqvlghu d wzr0shulrg prgho ri d zruog
hfrqrp| frqvlvwlqj ri � lqghshqghqw frxqwulhv +lqgh{hg e| �, surgxflqj d kr0
prjhqrxv jrrg xvlqj fdslwdo dqg oderxu +wkh prgho lv d vwudljkwiruzdug h{whqvlrq
ri wkh prgho e| Zlovrq +4<<4, wr d wzr0shulrg iudphzrun,1 Lq wkh �uvw shulrg
qr surgxfwlrq wdnhv sodfh zkloh krxvhkrogv doorfdwh d �{hg hqgrzphqw wrzdugv
frqvxpswlrq ru fdslwdo irupdwlrq +vdylqj,1 Lq wkh vhfrqg shulrg �upv frpelqh
fdslwdo dqg oderxu wr surgxfh rxwsxw1 Oderxu lv vxssolhg lqhodvwlfdoo| e| krxvh0
krogv dqg lv lppreloh dfurvv frxqwulhv zkloh fdslwdo lv shuihfwo| preloh1

5Wklv lv d yduldqw ri wkh xvxdo dujxphqw wkdw d frrshudwlyh htxloleulxp lv qrw d Qdvk htxl0
oleulxp lq wkh vhqvh wkdw wkh frxqwulhv duh qrw sod|lqj ehvw uhvsrqvhv lq wkh frrshudwlyh htxlole0
ulxp1 Krzhyhu/ li d jurxs ri frxqwulhv vlpxowdqhrxvo| mrlqv wkh srolf| frrshudwlrq/ wkh mrlqlqj
frxqwulhv zloo eh ehfrph ehwwhu r� li wkh jurxs lv vx!flhqwo| elj1
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5141 Wd{hv

Wzr nlqgv ri wd{hv duh glvwlqjxlvkhg/ d vrxufh0edvhg wd{ rq �upv* xvh ri fdslwdo/
|�/ dqg d uhvlghqfh0edvhg fdslwdo lqfrph wd{/ A �1 Wkh dydlodelolw| ri wkhvh wd{hv
ghshqgv rq wkh lqvwlwxwlrqdo vhwwlqj iru wd{ srolflhv zkhuh h1j1 d sxuh uhvlghqfh
wd{ rq fdslwdo lqfrph uhtxluhv d plqlpdo dprxqw ri frrshudwlrq dprqj doo wkh
� frxqwulhv wr vkduh lqirupdwlrq rq fdslwdo lqfrph ri qrq0uhvlghqwv1 Dv vkrzq
e| Edffkhwwd dqg Hvslqrvd +4<<8, ixoo lqirupdwlrq vkdulqj dqg dssolfdwlrq ri wkh
uhvlghqfh sulqflsoh lq doo frxqwulhv lv d frrshudwlyh htxloleulxp dv orqj dv frxqwulhv
duh lghqwlfdo1 Krzhyhu/ li hlwkhu qrw doo frxqwulhv sduwlflsdwh lq wkh lqirupdwlrq
vkdulqj ru wkhuh duh vrph ixqgdphqwdo dv|pphwulhv dprqj wkh frxqwulhv +h1j1
zlwk uhvshfw wr vl}h ru lqlwldo hqgrzphqwv, wkh uhvlghqfh sulqflsoh fdq qr orqjhu
eh dssolhg h�hfwlyho|16 Vlqfh oderxu vxsso| lv lqhodvwlf dqg zh gr qrw zdqw wr
frqvlghu oxps vxp wd{hv/ oderxu lqfrph lv dvvxphg wr eh xqwd{hg1

5151 Ilupv

Wkh uhsuhvhqwdwlyh �up lq hdfk frxqwu| rshudwhv lq d frpshwlwlyh zruog pdunhw1
Wkh sulfh ri rxwsxw lv qrupdol}hg dw xqlw|1 Vlqfh wkh surgxfwlrq ixqfwlrq h{klelwv
frqvwdqw uhwxuqv wr vfdoh zh fdq h{suhvv rxwsxw lq frxqwu| �/ +�/ dv d ixqfwlrq ri
wkh fdslwdo0oderxu udwlr/ &�

+� ' sE&��c sEf� ' fc s �E&�� : fc s ��E&�� 	 f�

Sur�w pd{lpl}lqj fkrlfhv ri fdslwdo dqg oderxu/ dqg }hur sxuh sur�wv lpso| wkdw

s �E&�� ' o� ' -n |�

sE&��� s �E&��&� ' ��c

zkhuh - lv wkh zruog udwh ri uhwxuq wr fdslwdo/ o� lv wkh frvw ri fdslwdo wr �upv
dqg �� lv wkh zdjh udwh1 Khqfh/ wkh ghpdqg iru fdslwdo dqg wkh zdjh udwh duh
ixqfwlrqv ri wkh frvw ri fdslwdo

&� ' &E-n |�� ' &Eo��

�� ' �E-n |�� ' �Eo��c

zlwk &�Eo�� ' �
s ��E&Eo���

	 f/ dqg ��Eo�� ' �&Eo�� 	 f +�Eo�� lv vlpso| wkh idfwru

sulfh iurqwlhu,1

6Lq wklv fdvh fdslwdo  ljkw suhyhqwv h�hfwlyh xvh ri wkh uhvlghqfh sulqflsoh lq fdslwdo lqfrph
wd{dwlrq/ dq dvvxpswlrq zklfk lv riwhq xvhg lq wklv olwhudwxuh/ vhh h1j1 Zlovrq +4<<4,1
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5161 Krxvhkrogv

Krxvhkrog xwlolw| ghshqgv rq frqvxpswlrq ri sulydwh jrrgv lq erwk shulrgv/ S� lq
shulrg � dqg �� lq shulrg 2/ dqg iurp wkh surylvlrq ri wkh sxeolf jrrg +lq wkh
vhfrqg shulrg, }�=

L � ' �ES�c ��� n 5E}��c

zkhuh wkh sulydwh xwlolw| ixqfwlrq �E�� lv dvvxphg wr eh wzlfh frqwlqxrxvo| gl�hu0
hqwldeoh/ vwulfwo| lqfuhdvlqj lq S� dqg �� dqg vwulfwo| txdvl frqfdyh1 Wkh vxexwlolw|
ixqfwlrq 5E�� lv vwulfwo| lqfuhdvlqj dqg frqfdyh lq }�1 Hdfk krxvhkrog lv eruq zlwk
d �{hg hqgrzphqw ri jrrgv/ e�/ wr eh doorfdwhg wr �uvw shulrg frqvxpswlrq dqg
vdylqj zkloh wkh| vxsso| rqh xqlw ri oderxu lqhodvwlfdoo| lq wkh vhfrqg shulrg1 Wkh
krxvhkrogv wkhpvhoyhv duh lppreloh zkhuhdv wkhlu vdylqjv pd| eh lqyhvwhg hlwkhu
dw krph ru deurdg1 Wkh suhvhqw ydoxh exgjhw frqvwudlqw ri wkh uhsuhvhqwdwlyh
krxvhkrog lv

�� '
�
� n 4�

� �
e� � S�

�
n ��c

zkhuh 4� ' -�A � lv wkh diwhu0wd{ uhwxuq wr vdylqj1 Vroylqj wkh xwlolw| pd{lpl}d0
wlrq sureohp |lhogv wkh vwdqgdug frqvxpswlrq ghpdqg ixqfwlrqv/ S� ' SE4�c ���
dqg �� ' �E4�c ��� iurp zklfk wkh lqgluhfw sulydwh xwlolw| ixqfwlrq iroorzv/

�� ' �ESE4�c ���c �E4�c ���� ' �E4�c ����

Frqvxpswlrq lq erwk shulrgv duh dvvxphg wr eh qrupdo/ l1h1 S�� : f dqg ��� : f1
Iru odwhu xvh vdylqjv fdq eh ghulyhg iurp Ur|*v lghqwlw| wr eh

r� ' rE4�c ��� � e� � SE4�c ��� '
�4�

���

c

lpso|lqj wkdw
�4� � r���� ' f� +514,

Ohwwlqj hSE4�c �� ghqrwh frpshqvdwhg ghpdqg lq shulrg �/ wkh Voxwvn| htxdwlrq iru
shulrg � frqvxpswlrq uhdgv

S4� ' hS4� n r�S�� c +515,

zkhuh hS4� 	 f�

5171 Jryhuqphqwv

Jryhuqphqwv xvh wd{ uhyhqxhv wr �qdqfh h{shqglwxuhv rq wkh sxeolf jrrg/ dqg
wkh jryhuqphqw exgjhw frqvwudlqw ri frxqwu| � uhdgv

}� ' |�&E-n |�� n A �
�
e� � S

�
-� A �c � E-n |��

��
�
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5181 Htxloleulxp

Htxloleulxp lq wkh lqwhuqdwlrqdo fdslwdo pdunhw uhtxluhv wkdw wkh ghpdqg iru fds0
lwdo htxdov wkh vxsso| ri fdslwdo/ l1h1

�[
�'�

u�&E-n |�� '
�[
�'�

u�
�
e� � SE-� A �c �E-n |��

�
c

ghwhuplqlqj dq htxloleulxp zruog udwh ri uhwxuq dv d ixqfwlrq ri wkh ydulrxv wd{
udwhv/ - ' -E|c A �/ zkhuh | '

�
|�c ���c |�

�
dqg A ' EA �c ���c A�� duh wkh yhfwruv ri

wkh zruog wd{ udwhv17 Wkhq/ zh fdq zulwh htxloleulxp fdslwdo vwrfnv dqg zdjhv dv
ixqfwlrqv ri wkh wd{ yhfwruv/ &� ' &E|c A � dqg �� ' � E|c A �1 Pruhryhu/ iru ixwxuh
xvh zh gh�qh |3� ' E|�c ���c |�3�c |�n�c ���c |�� dqg A3� ' EA �c ���c A �3�c A �n�c ���c A��1

5191 H!flhqf|

Dv orqj dv rqo| glvwruwlrqdu| wd{hv duh dydlodeoh dq| frrshudwlyh ru qrq0frrshudwlyh
htxloleulxp zloo eh lqh!flhqw uhodwlyh wr wkh �uvw0ehvw vroxwlrq zklfk rewdlqv zkhq/
vd|/ oxps vxp wd{hv rq oderxu lqfrph duh dydlodeoh1 Wr fkdudfwhul}h wkh �uvw0ehvw
vroxwlrq zh vroyh wkh rswlpdo wd{ sureohp zkhq doo jryhuqphqw h{shqglwxuhv duh
�qdqfhg wkurxjk d wd{/ � �/ rq oderxu lqfrph +iru vlpsolflw| doo frxqwulhv duh dv0
vxphg wr eh lghqwlfdo,=

4@ 
� �

T � ' �E-c�E-�� � �� n 5E}��

r�|�
�[
�'�

&E-� '
�[
�'�

e� � SE-c�E-�� � ���

}� ' � �

�3� }��e?�

Wkh �uvw0rughu frqglwlrq lv

YT �

Y� �
' �4�

Y-

Y� �
n �����Eo��

Y-

Y� �
� ��� n 5�E}�� ' f�

Xvlqj wkdw lq d v|pphwulf htxloleulxp qr qhw fdslwdo  rzv shuvlvw/ r� ' &�/ vxfk
wkdw ��Eo�� ' �r�/ zh fdq xvh 514 wr uhzulwh wkh �uvw0rughu frqglwlrq iru wd{hv

���� n 5�E}�� ' fc

7Wkh htxloleulxp zruog udwh ri uhwxuq ghshqgv/ ri frxuvh/ dovr rq wkh �uvw shulrg hqgrzphqwv1

Wkhvh duh vxssuhvvhg/ iru vlpsolflw|1
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vr qrwlqj wkdw wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq wkh sxeolf jrrg/ }�/ dqg

sulydwh lqfrph/ ��/ lv �-7� ' 5�E}��
�
��

zh duulyh dw wkh frqglwlrq iru h!flhqw vxsso|

ri wkh sxeolf jrrg
�-7� ' ��

Lqwxlwlyho|/ wklv mxvw vwdwhv wkdw wkh pdujlqdo udwh ri wudqvirupdwlrq +htxdo wr �
vlqfh zh kdyh d rqh jrrg prgho, vkrxog htxdo wkh pdujlqdo udwh ri vxevwlwxwlrq1

51:1 Wd{ Frpshwlwlrq

Frqvlghu �uvw wkh fdvh ri d v|pphwulf zruog hfrqrp| zkhuh wkh � frxqwulhv
duh lghqwlfdo +vhwwlqj u� ' �c � ' �c ���c �, / dqg ohw wd{ srolflhv eh vhw qrq0
frrshudwlyho|1 Iroorzlqj wkh olwhudwxuh rq wd{ frpshwlwlrq wklv lpsolhv wkdw uhvlghqfh0
edvhg wd{dwlrq ri fdslwdo lqfrph lv qrw yldeoh/ A � � f1 Wkh rswlpdo wd{ sureohp
ri d frxqwu| � lv wkhq

4@ 
|�

T � ' �E-c�E-n |��� n 5E}��

r�|�
�[
�'�

&E-n |�� '
�[
�'�

e� � SE-c�E-n |���

}� ' |�&E-n |��

|3� }��e?�

Wkh �uvw0rughu frqglwlrq uhdgv
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lv wkh hodvwlflw| ri wkh fdslwdo vwrfn zlwk uhvshfw wr wkh wd{ udwh lq frxqwu| �18

Djdlq zh fdq vlpsoli| wkh �uvw0rughu frqglwlrq iru wd{hv e| xvlqj wkdw r� ' &� lq
v|pphwulf htxloleulxp vxfk wkdw

���� n 5�E}��
�
�� 0�&c|

�
' fc

dqg

�-7� '
�

�� 0�&c|
� +516,

8Iru wd{ uhyhqxhv wr eh lqfuhdvlqj lq wl wklv hodvwlflw| pxvw eh ohvv wkdq rqh1 Lq wkh suhvhqw
vhw xs %ln>w pd| h{fhhg rqh +ru lw pd| hyhq eh qhjdwlyh/ l1h1 Cnl

Cwl
A 3, lq zklfk fdvh wkh vwdqgdug

wd{ frpshwlwlrq uhvxow idlov wr krog/ vhh ehorz1

:



Lq rughu wr xvh 516 wr fkdudfwhul}h wkh htxloleulxp9 zh qhhg wr ghulyh wkh hodvwlflw|
ri wkh fdslwdo vwrfn zlwk uhvshfw wr wkh wd{/ 0�&c| Wkxv/

0�&c| ' �
&�Eo��|�

&�

#
� n

Y-

Y|�

$
c

zkhuh Y-
Y|�

fdq eh ghulyhg iurp wkh fdslwdo pdunhw htxloleulxp frqglwlrq=
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Hydoxdwlqj lq wkh v|pphwulf htxloleulxp +zkhuh &� ' r� dqg ��Eo�� ' �r�, dqg
xvlqj wkh Voxwvn| htxdwlrq 515 zh rewdlq
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Ilqdoo|/ zh rewdlq
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Wkh ghqrplqdwru lv vwulfwo| qhjdwlyh zkloh wkh qxphudwru fdqqrw eh vljqhg xq0
dpeljxrxvo|1 Ri wkh whupv lqvlgh wkh eudfnhw lq wkh qxphudwru wkh �uvw wzr duh
qhjdwlyh +dqg lqfuhdvlqj qxphulfdoo| zlwk wkh qxpehu ri frxqwulhv/ �, zkloh wkh
odvw whup lv srvlwlyh1 Khqfh/ xqohvv wkhuh lv d vwurqj lqfrph h�hfw lq �uvw0shulrg
frqvxpswlrq ru wkh qxpehu ri frxqwulhv lv vpdoo/ wkh ryhudoo vljq ri 0�&c| lv srvlwlyh1
Iru d srvlwlyh 0�&c| lw pd| eh vpdoohu ru odujhu wkdq xqlw|1 Wkxv/ wkuhh txdolwd0
wlyho| gl�huhqw htxloleuld pd| eh rewdlqhg1 Iluvw/ wkh vwdqgdug wd{ frpshwlwlrq
uhvxow rewdlqv zkhq f 	 0�&c| 	 �/ lq zklfk fdvh �-7� : � dqg wkh sxeolf jrrg
lv xqghusurylghg uhodwlyh wr wkh �uvw0ehvw1 Vhfrqg/ li 0�&c| : � qr lqwhulru vroxwlrq

h{lvwv dv YT �

Y|�
	 f dqg |� ' }� ' f1: Ilqdoo|/ li 0�&c| 	 f wkhq �-7� 	 � dqg wkh

sxeolf jrrg lv ryhusurylghg uhodwlyh wr wkh �uvw0ehvw1

9Lw lv zhoo nqrzq lq wklv olwhudwxuh wkdw h{lvwhqfh dqg xqltxhqhvv ri htxloleulxp pd| idlo wr
krog xqohvv ixuwkhu uhvwulfwlrqv duh lpsrvhg rq suhihuhqfhv dqg whfkqrorjlhv/ vhh Zlovrq +4<<4,1
Iru wkh vdnh ri wkh dujxphqw zh dvvxph d xqltxh htxloleulxp h{lvwv1

:Qrwlfh/ wkdw wklv vhhpv udwkhu xqolnho| dv lw uhtxluhv wkdw wkh Od�hu0fxuyh lv qhjdwlyho|
vorshg dw w

l
@ 31 Iru wklv uhdvrq lw vhhpv uhdvrqdeoh wr dvvxph wkdw wkh hfrqrp| lv rq wkh ulvlqj

sduw ri wkh Od�hu0fxuyh dw wkh rswlpxp1

;



51;1 Frrshudwlyh Wd{ Srolflhv

Wkh vlpsoh fdvh ri frrshudwlyh wd{ srolflhv rewdlqv zkhq doo � frxqwulhv wdnh sduw
lq wkh frrshudwlrq1 Lq wkdw fdvh wkh rswlpdo wd{ sureohp fdq eh zulwwhq dv
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zkhuh | lv wkh frpprq fdslwdo lqfrph wd{ udwh1 Wkh �uvw0rughu frqglwlrq fdq vwloo
eh h{suhvvhg lq wkh irup
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zkhuh
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Dvvxplqj f 	 0
SJJR
&c| 	 � lw iroorzv wkdw 0SJJR&c| : 0�&c| dqg khqfh wkdw

�-7� : �-7SJJR : �c

uhyhdolqj wkdw wkh frrshudwlyh vroxwlrq lqyroyhv ohvv �xqghusurylvlrq� ri wkh sxeolf
jrrg wkdq xqghu qrq0frrshudwlyh wd{ srolflhv1 Krzhyhu/ vlqfh vdylqjv duh vwloo
ehlqj glvwruwhg e| wkh fdslwdo lqfrph wd{ zh uhpdlq lq d vhfrqg0ehvw vlwxdwlrq1

61 D Vshfl�f Prgho

Xqiruwxqdwho|/ wkhuh lv olwwoh krsh iru rewdlqlqj jhqhudo uhvxowv zkhq wkh v|pphw0
ulf pxowl0frxqwu| vhw0xs lv dedqgrqhg1; Wkhuhiruh/ zh qrz suhvhqw d vlpsol�hg
yhuvlrq ri wkh prgho +vhh Exfryhwvn| +4<<4, iru d vlplodu vshfl�f prgho lq d
wzr0frxqwu| vhw0xs,1 Iluvw/ wkh prgho lv vwdwlf/ pdnlqj wkh ohyho ri vdylqjv h{0
rjhqrxvo| htxdo wr wkh hqgrzphqwv ri fdslwdo1 Vhfrqgo|/ vshfl�f ixqfwlrqdo irupv
iru suhihuhqfhv dqg whfkqrorjlhv duh xvhg1 Wr frqfhqwudwh rq wkh lpsolfdwlrqv ri
dv|pphwulhv lq wkh h{whqw ri frrshudwlrq/ doo frxqwulhv duh dvvxphg wr eh lghqwlfdo
dqg u� ' �/ iru vlpsolflw|/ iru doo �1

;Zlovrq +4<<4, frqwdlqv vrph txlwh jhqhudo uhvxowv iru wkh wzr0frxqwu| fdvh zlwk dv|pphwulhv
+dowkrxjk h{lvwhqfh dqg xqltxhqhvv ri htxloleulxp lv phuho| dvvxphg zlwkrxw jlylqj pxfk lqvljkw
lqwr zkdw edvlf dvvxpswlrqv duh qhhghg iru wkdw wr fduu| wkurxjk,1 Iru wkh pxowl0frxqwu| fdvh
wkhuh vhhpv wr eh qr jhqhudo uhvxowv dydlodeoh zkhq dv|pphwulhv duh suhvhqw1

<



6141 Wd{hv

Vlqfh wkh ohyho ri vdylqjv lv h{rjhqrxv lq wklv yhuvlrq ri wkh prgho d uhvlghqfh0edvhg
fdslwdo lqfrph wd{ lv d oxps0vxp wd{1 Dv lq wkh suhylrxv vhfwlrq uhvlghqfh wd{dwlrq
lv rqo| dydlodeoh zkhq doo frxqwulhv djuhh wr frrshudwh rq vkdulqj lqirupdwlrq rq
fdslwdo lqfrph ri qrq0uhvlghqwv1< Krzhyhu/ dv zh frqfhqwudwh rq fdvhv zlwk sduwldo
frrshudwlrq zkhuh uhvlghqfh wd{dwlrq fdqqrw eh dssolhg lq lwv sxuh irup/ vrxufh0
edvhg fdslwdo lqfrph wd{hv/ |�/ duh wkh rqo| rqhv dydlodeoh1

6151 Ilupv

Wkh surgxfwlrq ixqfwlrq lv dvvxphg wr eh txdgudwlf lq wkh fdslwdo0oderxu udwlr=
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k� q&�
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zlwk k : f/ q : f dqg k � 2q&� : f iru doo srvvleoh ydoxhv ri &� +lpso|lqj d
srvlwlyh pdujlqdo surgxfw ri fdslwdo,1 Wkh ghpdqg iru fdslwdo ehfrphv
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zkloh wkh zdjh ehfrphv
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6161 Krxvhkrogv

Krxvhkrogv duh hqgrzhg zlwk rqh xqlw ri fdslwdo wr eh lqyhvwhg dw krph ru deurdg1
Wkh xwlolw| ixqfwlrq lv dvvxphg wr eh olqhdu zlwk d frqvwdqw pdujlqdo udwh ri
vxevwlwxwlrq ehwzhhq sulydwh jrrgv/ S�/ dqg sxeolf jrrgv/ }�

L � ' S� n w}�c

zkhuh w : �143 Wkh exgjhw frqvwudlqw uhdgv

S� ' �� n-c

+vlqfh wkhuh lv qr uhvlghqfh wd{dwlrq, vxfk wkdw wkh vhpl0lqgluhfw xwlolw| ixqfwlrq
ehfrphv

T � ' �� n-n w}�1

<Wklv lpsolhv wkdw zlwk frrshudwlrq dprqj doo frxqwulhv wkh �uvw ehvw htxloleulxp fdq eh
rewdlqhg1

43Dq lqwhulru vroxwlrq zlwk srvlwlyh ydoxhv ri erwk sulydwh dqg sxeolf frqvxpswlrq jhqhudoo|

h{lvwv zlwk � A 4 vlqfh wkh sxeolf jrrg lv �qdqfhg wkurxjk d glvwruwlrqdu| wd{1 Zlwk oxps vxp

wd{hv d fruqhu vroxwlrq zlwk jl @ zl .U dqg fl @ 3 iroorzv1 Li � � 4 qr sxeolf jrrgv vkrxog eh

surylghg1

43



6171 Jryhuqphqwv

Wkh jryhuqphqw exgjhw frqvwudlqw ri frxqwu| � uhdgv

}� ' |�&��

6181 Htxloleulxp

Htxloleulxp lq wkh lqwhuqdwlrqdo fdslwdo pdunhw uhtxluhv wkdw +uhphpehu wkdw
u� ' � iru doo �,

�[
�'�

&� ' �c

vr xvlqj htxdwlrq 614 wkh htxloleulxp zruog udwh ri uhwxuq ehfrphv44
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6191 Wd{ Frpshwlwlrq

Wkh qrq0frrshudwlyh htxloleulxp wd{hv fdq eh h{solflwo| ghulyhg iru wklv prgho145

Hdfk frxqwu| fkrrvhv lwv wd{/ |�/ wr pd{lpl}h xwlolw| ri wkh uhsuhvhqwdwlyh frqvxphu
vxemhfw wr wkh uhohydqw frqvwudlqwv
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Wkh �uvw0rughu frqglwlrq uhdgv
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44Lw lv lpsolflwo| dvvxphg wkdw lq htxloleulxp U � 31 Wklv mxvw uhtxluhv wkdw � lv vx!flhqwo|
odujh +� grhv qrw d�hfw wkh htxloleulxp wd{hv,1

45H{lvwhqfh ri d Qdvk htxloleulxp wr vxfk d jdph lv jxdudwhhg li wkh xwlolw| ixqfwlrqv duh
frqwlqxrxv dqg txdvl0frqfdyh +lq wd{hv, dqg wkh vwudwhj| vhwv duh frpsdfw dqg frqyh{ +vhh
Exfryhwvn| +4<<4, dqg ydq\shuvhoh +4<<;,,1 Wkhvh frqglwlrqv duh ixo�oohg iru rxu fkrlfh ri
ixqfwlrqdo irupv1

44



Qrwlflqj wkdw
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wkh v|pphwulf htxloleulxp wd{ udwh xqghu wd{ frpshwlwlrq +qrq0frrshudwlrq,/ |��/
ehfrphv

|�� '
2q� Ew � ��

w E� � ��
�

Zkloh wklv qrq0frrshudwlyh htxloleulxp pd| qrw eh wkdw lqwhuhvwlqj lq lwvhoi/ lw lv
d xvhixo uhihuhqfh srlqw wr frpsduh zlwk zkhq zh qrz frqvlghu htxloleuld zlwk
sduwldo frrshudwlrq1

61:1 Sduwldo Frrshudwlrq

Wr dqdo|}h wkh h�hfwv ri frrshudwlrq dprqj d vxevhw ri wkh � frxqwulhv/ zh ohw
� 	 � ghqrwh wkh qxpehu ri frxqwulhv wdnlqj sduw lq wkh frrshudwlrq zkloh
wkh uhpdlqlqj � � � frxqwulhv duh dvvxphg wr dfw qrq0frrshudwlyho|1 Wr eh
vshfl�f/ vlqfh wkh � frxqwulhv frrshudwlqj duh lghqwlfdo wkh vdph wd{ |� dssolhv
lq wkhvh frxqwulhv1 Wkh htxloleulxp wd{ dsso|lqj lq wkh qrq0frrshudwlqj frxqwulhv
lv vlpso| ghqrwhg |1

Iru hdfk ri wkh qrq0frrshudwlqj frxqwulhv/ � 5 i� n �c� n 2c ����c �j/ wkh
rswlpdo wd{ sureohp uhdgv
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zklfk lv lghqwlfdo wr wkh rswlpdo wd{ sureohp xqghu wd{ frpshwlwlrq1 Khqfh/ wkh
�uvw0rughu frqglwlrq vwloo uhdgv
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Krzhyhu/ iru wkh � frrshudwlqj frxqwulhv pdwwhuv duh d olwwoh gl�huhqw dv wkh|
dv d zkroh kdyh jrw pruh �pdunhw srzhu� lq wkh lqwhuqdwlrqdo fdslwdo pdunhw
wkdq d vlqjoh qrq0frrshudwlqj frxqwu|1 Khqfh/ wkh rswlpdo wd{ sureohp iru wkh
frrshudwlqj frxqwulhv uhdgv46
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Wkh �uvw0rughu frqglwlrq uhdgv
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Wkh pdlq gl�huhqfh ehwzhhq wkh wzr �uvw0rughu frqglwlrqv/ 615 dqg 616/ lv wkh vl}h
ri wkh ghulydwlyh ri wkh zruog udwh ri uhwxuq zlwk uhvshfw wr wkh wd{hv=
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lpso|lqj wkdw d fkdqjh lq wkh wd{ lq wkh frrshudwlqj frxqwulhv kdv d odujhu h�hfw rq
wkh zruog udwh ri uhwxuq wkdq d wd{ fkdqjh lq d vlqjoh qrq0frrshudwlqj frxqwu| kdv
+uh hfwlqj wkh gl�huhqfhv lq �pdunhw srzhu�,1 Vroylqj wkh �uvw0rughu frqglwlrqv
ohdgv +diwhu vrph whglrxv pdqlsxodwlrqv, wr wkh htxloleulxp wd{hv=
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Dowkrxjk lw lv srvvleoh wr rewdlq dq dqdo|wlfdo vroxwlrq iru wkh wzr wd{hv/ wkh
h{suhvvlrqv duh vr frpsoh{ wkdw wkh| duh qrw yhu| khosixo iru fkdudfwhul}lqj htxl0
oleulxp1 Pruhryhu/ zkdw zh edvlfdoo| duh lqwhuhvwhg lq lv wkh zhoiduh ohyho lq wkh

46Iru vlpsolflw|/ wkh htxloleulxp wd{ ri wkh qrq0frrshudwlqj frxqwulhv/ w +|hw wr eh ghwhuplqhg,/
lv lqvhuwhg lq wkh h{suhvvlrq iru wkh htxloleulxp zruog udwh ri uhwxuq1

46



ydulrxv frxqwulhv lq wkh gl�huhqw htxloleuld/ dqg dowkrxjk lw lv srvvleoh wr rewdlq
h{solflw dqdo|wlfdo h{suhvvlrqv iru wkh htxloleulxp zhoiduh ohyhov wkhuh lv qrwklqj
wr eh jdlqhg iurp grlqj vr +djdlq/ gxh wr wkh frpsoh{lw| ri wkh h{suhvvlrqv,1 Lq0
vwhdg/ zh looxvwudwh wkh uhvxowv wkurxjk d qxphulfdo h{dpsoh doorzlqj xv wr irfxv
rq wkh lpsruwdqfh ri wkh qxpehu ri frxqwulhv sduwlflsdwlqj lq wkh frrshudwlrq/ �

61:141 Qxphulfdo H{dpsoh

Lq rxu edvlf qxphulfdo h{dpsoh zh fkrrvh wkh iroorzlqj sdudphwhu ydoxhv=

� ' �ffc k ' .fc q ' �c w ' 2c

zkloh zh ohw � ydu| ehwzhhq � dqg bb1 Wr jhw lqvljkwv lqwr wkh zhoiduh h�hfwv ri
sduwldo frrshudwlrq zh phdvxuh wkh xwlolw| ohyho uhodwlyh wr wkh �uvw ehvw rxwfrph
+zkhuh doo rxwsxw jrhv wr sxeolf frqvxpswlrq vlqfh w : �,147 Lq Iljxuh 4 zh vkrz
wkh zhoiduh ri wkh frrshudwlqj frxqwulhv iru wkh gl�huhqw ohyhov ri frrshudwlrq1 Wkh
�jxuh vkrzv �uvw ri doo/ wkdw wkh frrshudwlqj frxqwulhv pxvw eh d vljql�fdqw sduw
ri wkh zruog hfrqrp| iru wkh frrshudwlrq wr pdwwhu txdqwlwdwlyho|1 H1j1 zkhq
DfI ri wkh frxqwulhv frrshudwh wkhlu zhoiduh jdlq lv ohvv wkdq f��I frpsduhg wr
wkh qrq0frrshudwlyh zhoiduh ohyho1 Wklv lv lq olqh zlwk wkh uhvxow lq Ud}lq dqg
Vdgnd +4<<4, zkr vkrz wkdw wzr vpdoo hfrqrplhv wkdw wdnh wkh zruog udwh ri
uhwxuq dv jlyhq kdyh qr lqfhqwlyh wr hqjdjh lq wd{ frrshudwlrq zlwk hdfk rwkhu1
Vhfrqgo|/ hyhq wkrxjk wkhuh pd| eh d olplwhg zhoiduh jdlq ri sduwldo frrshudwlrq
wkhuh vhhpv wr eh qr ulvn ri sduwldo frrshudwlrq ehlqj rxwuljkw ghwulphqwdo wr wkh
sduwlflsdwlqj frxqwulhv1

Lq Iljxuh 5 zh vkrz krz wkh qrq0sduwlflsdwlqj frxqwulhv duh d�hfwhg1 Djdlq/
wkhuh duh qr vljql�fdqw h�hfwv ri sduwldo frrshudwlrq dv orqj dv wkh sduwlflsdwlqj
frxqwulhv duh qrw d vljql�fdqw sduw ri wkh zruog hfrqrp|1 Krzhyhu/ iru hyhu|
� : � wkh zhoiduh ri d qrq0sduwlflsdwlqj frxqwu| h{fhhgv wkh zhoiduh ohyho ri wkh
sduwlflsdwlqj frxqwulhv +wklv edvlfdoo| frq�upv wkh uhvxow lq Zlovrq +4<<4, wkdw
vpdoo frxqwulhv whqg wr zlq lq wd{ frpshwlwlrq,1 Khqfh/ iru d pdujlqdo frxqwu|
wkhuh lv qr lqfhqwlyh wr sduwlflsdwh lq frrshudwlrq +udwkhu/ wkhuh duh lqfhqwlyhv
qrw wr sduwlflsdwh,1 Pruhryhu/ zkhq rqo| d ihz frxqwulhv gr qrw sduwlflsdwh wkhvh
frxqwulhv duh ehwwhu r� wkdq dw wkh �uvw ehvw doorfdwlrq/ gxh wr khdy| lpsruwv ri
iruhljq fdslwdo +djdlq frq�uplqj uhvxowv lq Zlovrq +4<<4,,1

47Wkh fdofxodwlrqv zhuh shuiruphg xvlqj wkh Pdsoh idflolw| lq Vflhqwl�f Zrunsodfh 6131
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Iljxuh 41 Xwlolw| lqgh{ ri frrshudwlqj frxqwulhv
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Iljxuh 51 Xwlolw| lqgh{ ri qrq0frrshudwlqj frxqwulhv1
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71 Lpsolfdwlrqv iru HX Wd{ frrshudwlrq

Wkh fxuuhqw glvfxvvlrqv zlwklq wkh HX frqfhuqlqj frrshudwlrq ri fdslwdo lqfrph
wd{dwlrq vhhp wr suhvxssrvh wkdw wkh jdlqv iurp holplqdwlqj wd{ frpshwlwlrq
dprqj wkh HX frxqwulhv duh srvlwlyh dqg vljql�fdqw148 Wkh wkhruhwlfdo olwhudwxuh
rq wd{ frpshwlwlrq vxjjhvwv wkdw pdwwhuv pd| qrw eh vr vlpsoh1 Ri frxuvh/ li wd{

48Ri frxuvh/ vlqfh wkh HX frxqwulhv duh khwhurjhqhrxv vxfk wd{ frruglqdwlrq zloo w|slfdoo|
d�hfw wkh ydulrxv HX frxqwulhv gl�huhqwo| +dqg vrph frxqwulhv pd| hyhq eh kxuw,/ lpso|lqj
wkdw dsduw iurp wkh dujxphqwv frqfhuqlqj ryhudoo h!flhqf| ri wd{ frruglqdwlrq wkh txhvwlrq
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frrshudwlrq frxog lqyroyh wkh hqwluh zruog hfrqrp| lw lv olnho| wkdw vxevwdqwldo
jdlqv zhuh wr eh uhdshg1 Frrshudwlrq dprqj wkh HX frxqwulhv zloo/ krzhyhu/
ohdyh d vxevwdqwldo sduw ri wkh zruog hfrqrp| rxwvlgh wkh wd{ frrshudwlrq/ dqg
wkh vlpsoh h!flhqf| uhvxowv ri wd{ frrshudwlrq fdqqrw eh dssolhg wr vxfk sduwldo
frrshudwlrq1 Iroorzlqj Ud}lq dqg Vdgnd +4<<4, rqh frxog frqmhfwxuh wkdw wkh
jdlqv iurp frrshudwlqj dprqj d vxevhw ri frxqwulhv zrxog eh lqvljql�fdqw/ dqg rxu
uhvxowv vhhp wr frq�up wkdw frqmhfwxuh1 Lq idfw/ wkh pdlq sduw ri wkh jdlqv iurp
frrshudwlrq zlwklq wkh HX frxqwulhv frxog zhoo dffuxh wr wkh frxqwulhv rxwvlgh wkh
HX qrw sduwlflsdwlqj lq wkh frrshudwlrq1 Wklv vlpso| uh hfwv wkdw pruh fdslwdo
 ljkw iurp HX0uhvlghqwv wr wkh uhvw ri wkh zruog zloo iroorz li wkh HX frxqwulhv
fkrrvh wr frrshudwh +vlqfh wkdw ohdgv wr kljkhu wd{hv zlwklq wkh HX,1

Dqrwkhu wkhruhwlfdo dvshfw ri sduwldo wd{ frrshudwlrq lv wkdw frrshudwlrq lv olnh
lqfuhdvlqj wkh frxqwu| vl}h ri wkh frxqwulhv sduwlflsdwlqj/ dqg iroorzlqj Zlovrq
+4<<4, ehlqj odujh lv d glvdgydqwdjh xqghu wd{ frpshwlwlrq1 Khqfh/ dw wkh wkhr0
uhwlfdo ohyho rqh fdqqrw uxoh rxw wkdw vwulfwo| dgyhuvh h�hfwv zrxog iroorz sduwldo
wd{ frrshudwlrq1 Krzhyhu/ rxu uhvxowv gr qrw vhhp wr vxssruw vxfk d ylhz1 Ri
frxuvh/ wklv pd| eh gxh wr rxu fkrlfh ri ixqfwlrqdo irupv iru whfkqrorjlhv dqg
suhihuhqfhv/ lpso|lqj wkdw dgyhuvh h�hfwv ri sduwldo frrshudwlrq fdqqrw eh uxohg
rxw/ lq jhqhudo1

Wr frqfoxgh/ wkh pdlq srolf| lpsolfdwlrqv ri rxu dqdo|vlv duh dv iroorzv1 Iluvw
ri doo/ vlqfh dq| ghflvlrq lq wkh HX wr frrshudwh rq fdslwdo lqfrph wd{dwlrq grhv
qrw lqyroyh rwkhu pdmru frxqwulhv lq wkh zruog hfrqrp| lw vhhpv olnho| wkdw wkh
zhoiduh h�hfwv zloo eh lqvljql�fdqw1 Wkdw lv/ hyhq wkrxjk sduwldo frrshudwlrq
pd| qrw kxuw wkh sduwlflsdwlqj frxqwulhv wkh jdlqv duh xqolnho| wr eh vljql�fdqw1
Vhfrqgo|/ d ghflvlrq zlwklq wkh HX wr lqwurgxfh frrshudwlrq rq fdslwdo lqfrph
wd{dwlrq vkrxog qrw doorz vlqjoh frxqwulhv wr devwdlq iurp sduwlflsdwlqj/ vlqfh wkdw
frxog ohdg wr d euhdn grzq ri wkh zkroh surmhfw zkhq doo frxqwulhv frqvlghu wkh
jdlq iurp ohdylqj wkh frrshudwlrq rq wkhlu rzq149

81 Frqfoxglqj Uhpdunv

Zh kdyh sursrvhg d prgho wkdw pljkw vkhg oljkw rq vrph ri wkh dvshfwv frqfhuq0
lqj lqwhuqdwlrqdo frrshudwlrq lq fdslwdo lqfrph wd{dwlrq lq jhqhudo/ dqg iru wkh
survshfwv ri vxfk frrshudwlrq zlwklq wkh HX1 Wkh pdlq uhvxow lv wkdw wkh HX frxog
djuhh wr lqwurgxfh pruh irupdoo| frrshudwlrq ri fdslwdo lqfrph wd{dwlrq zlwkrxw

ri glvwulexwlrqdo h�hfwv dprqj wkh HX frxqwulhv lv dovr uhohydqw1 Zh frqfhqwudwh vroho| rq wkh
h!flhqf| h�hfwv vlqfh rxu frxqwulhv duh lghqwlfdo1

49Dv qrwhg lq irrwqrwh 5 lw lv srvvleoh wkdw wkhuh lv d +vpdoo, jdlq iru wkh frrshudwlqj frxqwulhv
zkhq doo HX frxqwulhv sduwlflsdwh/ hyhq wkrxjk iru d vlqjoh frxqwu| lw lv suhihudeoh wr ohdyh wkh
frrshudwlrq rq lw rzq +gxh wr wkh sduwldo frrshudwlrq htxloleulxp qrw ehlqj d Qdvk htxloleulxp,1
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ulvnlqj dq| dgyhuvh h�hfwv/ exw dw wkh vdph wlph lw vhhpv xqolnho| wkdw wkh jdlqv
iurp grlqj vr zrxog eh odujh1

Ri frxuvh/ vlqfh rxu uhvxowv kdyh ehhq ghulyhg lq d udwkhu vshfl�f prgho/ wkh
frqfoxvlrqv vkrxog eh dssolhg zlwk fdxwlrq1 Krzhyhu/ wkh fxuuhqw vhwwlqj pd|
eh xvhixo wr dqdo|}h rwkhu dvshfwv ri HX fdslwdo lqfrph wd{ frrshudwlrq/ olnh
wkh suhvhqfh ri gl�huhqfhv ehwzhhq wkh HX frxqwulhv +h1j1 zlwk uhvshfw wr wkhlu
ydoxdwlrq ri sxeolf jrrgv surylvlrq phdvxuhg e| wkh sdudphwhu w,1 Khqfh/ rqh
olqh ri ixwxuh uhvhdufk vkrxog wu| wr lqwurgxfh vxfk uhohydqw dv|pphwulhv dprqj
wkh frxqwulhv/ zkloh dqrwkhu olqh ri ixwxuh uhvhdufk frxog dwwhpsw wr vhh krz idu
wkh fxuuhqw uhvxowv frxog eh jhqhudol}hg1
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