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41 LQWURGXFWLRQ

Wklv sdshu uhsruwv frpsxwdwlrqdo hylghqfh wkdw vxjjhvwv wkdw/ ghvslwh dvvxps0
wlrqv pdgh lq wkhruhwlfdo dqdo|vlv wr wkh frqwudu|/ fkdqjhv lq wkh sdwwhuq ri wudgh
duh vxusulvlqjo| olnho| wr rffxu lq wkuhh ru pruh frxqwu| wudgh prghov wkdw frp0
sduh ydulrxv wdul� htxloleuld dqg iuhh wudgh1 Hduo| fxvwrpv xqlrqv prghov +Ylqhu
+4<83,/ Phdgh +4<88,/ Olsvh| +4<:3,/ Ehujodv +4<:<, dqg Oor|g +4<;5,, dvvxphg
�{hg wudgh sdwwhuqv/ vrphwlphv lpsolflwo| udwkhu wkdq h{solflwo|1 Ehujodv +4<:<,
lv h{solflw zkhq kh vwdwhv rq sdjh 65< wkdw �Zh gholehudwho| ljqruhg wkh srvvlelo0

lw| wkdw wkh irupdwlrq ri d fxvwrpv xqlrq zrxog h{wlqjxlvk ru uhyhuvh wkh  rz ri

wudgh111� Wkh pruh prghuq uhjlrqdo wudgh djuhhphqwv olwhudwxuh/ zklfk irfxvhv rq
jhqhudo htxloleulxp dqg rswlpdo wdul�v/ uhvwulfwv prgho vwuxfwxuhv lq zd|v zklfk
h�hfwlyho| uxoh rxw fkdqjlqj wudgh sdwwhuqv1 Nhqqdq dqg Ulh}pdq +4<<3,/ V|0
ursrxorv +4<<<,/ dqg Nrvh dqg Ulh}pdq +5333, doo dvvxph v|pphwu|/ dqg kdyh
�{hg wudgh sdwwhuqv dv d uhvxow1 Nuxjpdq +4<<4, xvhv v|pphwu| dqg prqrsrolv0
wlf frpshwlwlrq +zklfk hqvxuhv frpsohwh vshfldol}dwlrq, zlwk wkh uhvxow wkdw wudgh
sdwwhuqv zloo dovr qrw fkdqjh dfurvv htxloleuld1 Wkh dvvxpswlrq ri �{hg wudgh
sdwwhuqv lv dovr shuydvlyh lq wkh wdul� uhwdoldwlrq olwhudwxuh +Mrkqvrq +4<86087,
dqg Nhqqdq dqg Ulh}pdq +4<;;,1, Rxu dqdo|vlv vxjjhvwv wkdw lq hqylurqphqwv
zlwk wkuhh ru pruh frxqwulhv dqg wkuhh ru pruh jrrgv/ dqg zkhuh dv|pphwulhv ri
vl}h dqg2ru suhihuhqfh sdwwhuqv hqwhu/ wudgh sdwwhuqv fdq iuhtxhqwo| fkdqjh dfurvv
htxloleuld1

Wklv �qglqj eulqjv lqwr txhvwlrq wkh urexvwqhvv ri vrph ri wkh uhvxowv lq wkh
wkhruhwlfdo olwhudwxuh rq erwk uhjlrqdo wudgh djuhhphqwv dqg rswlpdo wdul�v vlqfh
wkhvh duh edvhg rq wkh dvvxpswlrq wkdw wudgh  rzv e| frpprglw| dqg e| frxqwu|
uhpdlq xqfkdqjhg lq gluhfwlrq dv gl�huhqw htxloleuld duh frpsduhg1 Wkh zlghu
lpsolfdwlrqv duh erwk wkdw lw lv srvvleoh wr dvvhvv wkh uhdvrqdeohqhvv ri wkhlu dv0
vxpswlrqv xvlqj wkh phwkrgv zh rxwolqh/ dqg wkdw lq h{whqglqj wzr0frxqwu| uh0
vxowv lq wkh olwhudwxuh wr prghov zlwk wkuhh ru pruh frxqwulhv dqg wkuhh ru pruh
jrrgv rqh kdv wr ghdo zlwk wkh srvvlelolw| wkdw d pryh iurp iuhh wudgh wr wdul�
htxloleulxp lqyroyhv fkdqjlqj wudgh sdwwhuqv1

Lq pdnlqj rxu frpsxwdwlrqv zh frqvlghu d vlpsoh wkuhh0frxqwu|/ wkuhh0jrrg/
sxuh0h{fkdqjh hfrqrp|4 zlwk FHV suhihuhqfhv vlqfh lw lv d sduvlprqlrxv/ wudqv0

4Prghov zlwk surgxfwlrq dgg pruh sdudphwhuv wr wkh prgho vshfl�fdwlrq/ exw gr qrw fkdqjh
wkh edvlf ihdwxuh wkdw frxqwu| ehkdylrxu wrzdugv hdfk rwkhu lq whupv ri rswlpdo wdul� vhwwlqj/ lv
ghwhuplqhg e| hodvwlflwlhv ri h{fhvv ghpdqg ixqfwlrqv1 Wkhvh/ sduwlfxoduo| lq wxuq/ uh hfw xqghu0
o|lqj ghpdqg dqg vxsso| ixqfwlrqv1 Li vxsso| ixqfwlrqv duh shuihfwo| lqhodvwlf ghpdqg ixqfwlrqv
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sduhqw vwuxfwxuh zlwklq zklfk wr frqgxfw rxu dqdo|vlv1 Wkh vwudwhjlf yduldeohv
zh frqvlghu lq wkh qrq0frrshudwlyh jdphv duh frxqwu| wdul� udwhv1 Zh frqvlghu
udqgrp gudzv rq srvvleoh prgho sdudphwhulvdwlrqv1 Iru hdfk jhqhudwhg sdudph0
whul}dwlrq/ zh frpsxwh d iuhh wudgh htxloleulxp/ d fxvwrpv xqlrq htxloleulxp lq
zklfk wkh wzr phpehu frxqwulhv sod| qrq0frrshudwlyho| djdlqvw wkh wklug frxqwu|/
dqg d wkuhh0frxqwu|/ qrq0frrshudwlyh Qdvk htxloleulxp51 Lqvwhdg ri lpsrvlqj d
wudgh sdwwhuq rq dq| htxloleulxp frqvlghuhg lq wkh prgho/ dv lv xvxdoo| grqh lq wkh
olwhudwxuh/ zh doorz lw wr eh hqgrjhqrxvo| ghwhuplqhg dv sduw ri hdfk htxloleulxp
frpsxwdwlrq1

Zh �qg wudgh sdwwhuq fkdqjhv lq derxw 68( ri fdvhv zkhq frpsdulqj iuhh
wudgh dqg fxvwrpv xqlrq htxloleuld/ dqg durxqg 73( ri fdvhv iru frpsdulvrqv
ehwzhhq wkuhh0frxqwu| Qdvk htxloleuld dqg fxvwrpv xqlrqv1 Zh eholhyh wkdw wkhvh
iuhtxhqflhv zrxog lqfuhdvh dv pruh jrrgv dqg frxqwulhv duh dgghg/ exw zh kdyh
qrw frqvlghuhg vxfk fdvhv gxh wr wkh frpsxwdwlrqdo frpsoh{lwlhv lqyroyhg1 Zh
frqfoxgh wkdw zkloh dvvxpswlrqv ri xqfkdqjhg gluhfwlrqv ri wudgh lq wkhruhwlfdo
prghov pd| eh frqyhqlhqw ru hyhq qhfhvvdu| iru dqdo|wlfdo wudfwdelolw|/ wkh| duh
qrw vxssruwhg e| frpsxwdwlrqdo h{shulhqfh iru wkh prghov dqg ixqfwlrqdo irupv
zh frqvlghu khuh1

51 WKH FRPSXWDWLRQDO PRGHO

Wr dqdo|}h wkh olnholkrrg ri wudgh sdwwhuq fkdqjhv/ zh vshfli| ixqfwlrqdo irupv/
sdudphwhu ydoxhv/ dqg hqgrzphqwv dqg xvh qxphulfdo vlpxodwlrq whfkqltxhv ds0
solhg wr d wkuhh0frxqwu| wudgh prgho1 Zh xvh d surfhgxuh ri udqgrp vhohfwlrq ri
sdudphwhu ydoxhv> udqgrpo| gudzlqj suhihuhqfh vkduh sdudphwhuv/ hodvwlflw| sd0
udphwhuv dqg hqgrzphqwv iurp suh0vshfl�hg dgplvvleoh udqjhv1 Iru hdfk prgho
vshfl�fdwlrq jhqhudwhg lq wklv zd| zh frpsxwh wkuhh w|shv ri htxloleuld> d iuhh
wudgh htxloleulxp/ d wkuhh frxqwu| qrq0frrshudwlyh Qdvk htxloleulxp/ dqg d wzr
frxqwu| fxvwrpv xqlrq htxloleulxp zlwk wkh phpehu frxqwulhv mrlqwo| sod|lqj
Qdvk djdlqvw wkh wklug frxqwu|1 Iru hdfk sdudphwhul}dwlrq zh ghwhuplqh zkhwkhu
ru qrw wudgh sdwwhuqv fkdqjh lq frpsdulvrqv dfurvv wkhvh htxloleuld/ dqg rq wklv
edvlv frpsxwh vdpsoh iuhtxhqflhv iru wudgh sdwwhuq fkdqjhv1

ghwhuplqh h{fhvv ghpdqg hodvwlflwlhv1 Udqgrpl}lqj ryhu suhihuhqfh ixqfwlrq sdudphwhuv lv wkxv
vx!flhqw wr jhqhudwh dq lpsolflw udqgrpl}dwlrq ryhu h{fhvv ghpdqg ixqfwlrq hodvwlflwlhv

5Zh dvvxph xqltxhqhvv ri wkhvh htxloleuld1 Zh kdyh qrw hqfrxqwhuhg dq| lqvwdqfhv ri pxowl0
solflw| lq rxu prgho vroxwlrqv/ dowkrxjk wkhuh duh qr jxdudqwhhv/ hyhq zlwk wkh vlpsoh vwuxfwxuhv
zh xvh/ wkdw wklv zloo eh vr1 +vhh Nhkrh 4<;3,1
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5141 Prgho Vwuxfwxuh

Lq wkh wkuhh0frxqwu|/ wkuhh0jrrg/ sxuh h{fkdqjh jhqhudo htxloleulxp prgho/ hdfk
frxqwu| kdv d vlqjoh uhsuhvhqwdwlyh frqvxphu zkr kdv hqgrzphqwv ri wkh wkuhh
jrrgv dqg d xwlolw| ixqfwlrq ri wkh irup

L � ' L �Ef �
�cf

�
2cf

�
�� E� ' ������ +514,

Iru dq| jrrg �/ zh gh�qh wkh vhoohu*v sulfh +l1h1 qhw ri wdul� sulfhv, dv ��/ dqg
doorz hdfk frxqwu| wr lpsrvh wdul�v dw udwh |�� rq jrrg � lpsruwhg e| frxqwu|
�1 Wdul�v duh vhw wr }hur rq dq| jrrg h{sruwhg e| frxqwu| �1 Wklv lpsolhv wkdw
lqwhuqdo +jurvv ri wdul� sulfhv, iru jrrg � lq dq| rwkhu frxqwu| � duh

� �
� '

�
� n |��

�
�� +515,

Wdul� uhyhqxhv froohfwhg e| frxqwu| � duh jlyhq e|

A � '
�[

�'�

|����

k
4@ 

�
Ef�

� � .
�

��c f
�l

+516,

dqg wkh lqfrph ri wkh frxqwu| � lv jlyhq e|

U � '
[
�

��.
�

� n A � +517,

Pd{lpl}lqj +514, vxemhfw wr +515,/ +516, dqg +517, lpsolhv wkdw d }hur wudgh
edodqfh frqglwlrq krogv iru hdfk frxqwu|1

Lq wkh fxvwrpv xqlrq fdvh/ wkh wzr xqlrq phpehuv zloo mrlqwo| vhw dq rswlpdo
wdul�/ dqg wkh wklug frxqwu| zloo gr vr xqlodwhudoo|1 Lq wkh wkuhh0frxqwu| Qdvk fdvh/
frxqwulhv vhw rswlpdo wdul�v rq doo lpsruwhg jrrgv1 Wkh prgho zh xvh dvvxphv
qrwklqj derxw wkh gluhfwlrq ri wudgh vlqfh wklv lv hqgrjhqrxvo| ghwhuplqhg dv sduw
ri wkh htxloleulxp vwuxfwxuh/ dqg vr rqo| diwhu wudgh gluhfwlrqv duh nqrzq gr wkh
sulflqj uhodwlrqvklsv lq +515, dsso|1

Lq rxu frpsxwdwlrqv/ zh xvh FHV suhihuhqfhv iru wkh xwlolw| ixqfwlrqv +514,/
iru zklfk +lq wkh FHV fdvh, xwlolw| pd{lpl}lqj ghpdqgv duh jlyhq e|

f �
� '

@�
�U

E� �
� �

j�
�S

�'�
k�

��
�E�3j��
�

E� ' �c �����E� ' �c ����� +518,
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5151 Iuhh Wudgh Frpshwlwlyh Htxloleuld

Lq iuhh wudgh htxloleuld/ wdul� udwhv duh }hur rq doo surgxfwv lq doo frxqwulhv1 Jlyhq
wkdw rqo| uhodwlyh sulfhv pdwwhu lq vxfk d vwuxfwxuh/ zh fdq qrupdol}h sulfhv wr
vxp wr xqlw| lq frpsxwlqj vxfk htxloleuld/ l1h1

�[
�'�

�� ' �( �� � f +519,

Htxloleulxp sulfhv fohdu pdunhwv joredoo|/ l1h1 htxloleulxp sulfhv E� W

� c �
W

2 c �
W

� �
duh ghwhuplqhg vxfk wkdw

�[
�'�

f�
�E�

W

� c �
W

2 c �
W

� ��
�[

�'�

.
�

� ' f E� ' �c ���c�� +51:,

dqg joredo h{fhvv ghpdqg duh }hur iru hdfk jrrg1

5161 Wkuhh Frxqwu| Qrq0Frrshudwlyh Qdvk Htxloleuld

Zh dovr frpsxwh wkuhh0frxqwu| qrq0frrshudwlyh Qdvk htxloleuld1 Lq wkhvh/ hdfk
frxqwu| uhdfwv wr wkh rwkhu wzr frxqwulhv* wdul� vhwwlqj dqg frpsxwhv wkhlu rzq
rswlpdo wdul�v1 Lq wkh Qdvk htxloleulxp/ frxqwu| frpsxwdwlrqv ri rswlpdo wdul�v
duh pxwxdoo| frqvlvwhqw61

Vshfl�fdoo|/ lq wkhvh fdvhv hdfk frxqwu| ghwhuplqhv wkhlu rzq rswlpdo wdul�v
E|��� e| pd{lpl}lqj L � vxemhfw wr wkh frqvwudlqw wkdw joredo htxloleulxp lq wkh
wkuhh jrrgv pdunhwv rffxuv1 Hdfk frxqwu| pd{lpl}hv L � vxemhfw wr +515,/ +516,
dqg +517,/ zlwk wkh E|��� ehlqj hqgrjhqrxvo| ghwhuplqhg1 Lq wkhvh rswlpl}dwlrq
sureohpv/ hdfk frxqwu| wuhdwv wkh rwkhu frxqwu| wdul�v dv �{hg/ vr wkdw lq wkh
rswlpl}dwlrq wkh ydoxhv ri E|��� iru � 9' � duh wdnhq dv jlyhq1 Wkhvh duh ghqrwhg e|
	|��1

Lq d Qdvk htxloleulxp rswlpdo wdul� udwhv |�W� duh vxfk wkdw

|�W� ' 	|�� ; �c � +51;,

dqg pdunhw fohdulqj frqglwlrqv krog

6Vhh Mrkqvrq +4<86087, iru frpsxwdwlrq ri Qdvk htxloleuld iru wkh wzr0frxqwu| fdvh zkhuh
hdfk frxqwu|*v ehvw uhso| lv lqghshqghqw ri wkh rwkhu frxqwu|* dfwlrqv +frqvwdqw hodvwlflw| r�hu
vxuidfhv, dqg Kdplowrq dqg Zkdooh| +4<;6, iru wkh wzr0frxqwu| FHV2Free0Grxjodv fdvh1
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�'�

f
�
� E�

W

� c �
W

2 c �
W

� c A
W�c A W2c A W���

�[
�'�

.
�

� ' f ; �� +51<,

D Qdvk htxloleulxp rffxuv lq wklv vwuxfwxuh zkhq hdfk frxqwu| fkdujhv lwv
rswlpdo wdul�v rq lpsruwv jlyhq wkh wdul�v vhw e| rwkhu frxqwulhv/ frxqwu| rswl0
pl}dwlrq lv pxwxdoo| frqvlvwhqw/ dqg joredo pdunhwv fohdu1 Pdunhw fohdulqj/ wudgh
edodqfh dqg rswlpl}lqj ehkdylrxu rq wdul�v lq hdfk frxqwu| wkxv gh�qh htxloleuld1
Wdul� uhyhqxhv/ A �/ dovr hqwhu wklv yhuvlrq ri wkh prgho/ dqg d�hfw ghpdqgv vlqfh
wkh| duh uhglvwulexwhg wr wkh frxqwu|*v uhsuhvhqwdwlyh frqvxphu lq oxps vxp idvk0
lrq1 Dv deryh/ qr sulru dvvljqphqw ri wudgh gluhfwlrqv e| surgxfw dqg e| frxqwu|
lv pdgh1

5171 Fxvwrpv Xqlrq Htxloleuld

Zh dovr frpsxwh fxvwrpv xqlrq htxloleuld xvlqj wklv vwuxfwxuh1 Wkhvh duh frq0
vwudlqhg Qdvk htxloleuld lq zklfk wzr ri wkh wkuhh frxqwulhv sod| frrshudwlyho|1
Wkxv/ li frxqwulhv 4 dqg 5 irup d fxvwrpv xqlrq/ wkh| kdyh }hur wdul�v ehwzhhq
wkhp dqg vhw d frpprq h{whuqdo wdul� djdlqvw frxqwu| 61 Zh frqvwudlq wkh lqwud0
FX wdul�v wr eh }hur/ dqg doorz frxqwulhv 4 dqg 5 wr mrlqwo| vhw dq rswlpdo wdul�
djdlqvw frxqwu| 61 Frxqwu| 6 dovr vhwv dq rswlpdo wdul� djdlqvw wkh wzr frxqwu|
fxvwrpv xqlrq1 Frxqwulhv 4 dqg 5 kdyh d frq lfw ri lqwhuhvw dv wr krz wkhlu mrlqw
h{whuqdo wdul� lv vhw/ dqg krz wkh| pljkw ehvw uhvroyh wklv frq lfw kdv ehhq wkh
vxemhfw ri suhylrxv uhvhdufk +vhh Nhqqdq dqg Ulh}pdq/ +4<<3,,1 Khuh/ zh vlpso|
dvvxph wkdw wkh mrlqw h{whuqdo wdul� lv vhw wr pd{lplvh wkh vxp ri frxqwu| 4 dqg
5*v xwlolwlhv1 Rqfh djdlq/ wkh sdwwhuq ri wudgh lv qrw suh0vshfl�hg1

Wkh rswlpl}dwlrq sureohp iru wkh phpehuv ri wkh fxvwrpv xqlrq +frxqwulhv 4
dqg 5, lv wkxv jlyhq dv

4@ L� n L2 +5143,

vxemhfw wr +515,/ +516, dqg +517, iru hdfk frxqwu|/ dqg wkh frqvwudlqwv rq |�� vhw rxw
deryh1

Lq wklv pl{hg frrshudwlyh/ qrq0frrshudwlyh vwuxfwxuh/ frxqwulhv 4 dqg 5 vhw
}hur wdul�v djdlqvw hdfk rwkhu/ l1h1 li wkh vxsso|lqj frxqwu| lv 4 ru 5 wkhq

|�� ' |2� ' f +5144,

Lpsolflw lq wklv irupxodwlrq lv wkh dvvxpswlrq wkdw phpehuv ri wkh xqlrq uh0
fhlyh wkh wdul� uhyhqxhv froohfwhg rq wkhlu rzq lpsruwv iurp wkh wklug frxqwu|1

:



Zkhq d phpehu frxqwu| lpsruwv d jrrg iurp erwk wkh phpehu dqg qrq0phpehu
frxqwu|/ wdul�v duh rqo| dssolhg wr wkh sruwlrq ri lpsruwv frplqj iurp wkh qrq0
phpehu frxqwu|1 Iru h{dpsoh/ vxssrvh frxqwulhv 4 dqg 5 irup d fxvwrpv xqlrq/
dqg lq htxloleulxp frxqwu| 4 lpsruwv jrrg 5 iurp erwk frxqwulhv 5 dqg 6/ lq wklv
fdvh

� �
2 ' � 2

2 ' E� n |�2��2�

Wkh wdul� |�2 lv qrw gluhfwo| dssolhg wr lpsruwv iurp frxqwu| 5/ lq wklv fdvh/
rqo| lpsruwv iurp frxqwu| 61 Lq frpsxwdwlrq zh wkhuhiruh qhhg wr ghwhuplqh
elodwhudo wudgh  rzv1

61 LPSOHPHQWLQJWKHDSSURDFKDQGPRGHO UH0

VXOWV

Wr dvvhvv wkh iuhtxhqf| ri wudgh sdwwhuq fkdqjhv lq frpsdulvrqv dfurvv wkhvh
htxloleuld iru wklv prgho/ zh xvh d surfhgxuh ri udqgrp gudzv rq sdudphwhulvdwlrqv
ri wkh prgho iru suhihuhqfhv dqg hqgrzphqwv1 Wdeoh 4 rxwolqhv wkh prgho vwuxfwxuh
zh xvh lq rxu fdofxodwlrqv dqg rwkhu ghwdlov ri rxu surfhgxuhv1 Wkhvh dsso| iru
suh0vshfl�hg udqjhv ri vkduh sdudphwhuv dqg hodvwlflwlhv lq suhihuhqfhv/ dqg dovr
iru hqgrzphqwv17 Zh frqvlghu 5333 prgho sdudphwhulvdwlrqv lq rxu fhqwudo fdvh
dqg odwhu zh gr vhqvlwlylw| dqdo|vlv wr doorz iru gl�huhqw qxpehuv ri udqgrp gudzv
ri sdudphwhu vshfl�fdwlrqv dqg uhvwulfwlrqv rq wkh fryhudjh ri udqgrpl}dwlrq +vd|/
rqo| iru hqgrzphqwv,1

7Wkhvh udqjhv duh ehwzhhq 3 dqg 4 iru vkduh sdudphwhuv/ zlwk vkduhv qrupdol}hg wr vxp wr
rqh dfurvv jrrgv iru dq| frxqwu|/ ehwzhhq 3 dqg 4 iru hqgrzphqwv ri jrrgv e| frxqwu| vlqfh
uhodwlyh hqgrzphqwv duh zkdw pdwwhu/ dqg ehwzhhq 318 dqg 418 iru vxevwlwxwlrq hodvwlflwlhv vr dv
wr |lhog d fhqwudo whqghqf| ydoxh ri 413 +Free0Grxjodv,1

;



Wdeoh 4

Prgho Vwuxfwxuh dqg Rwkhu Ghwdlov ri H{shulphqwv xvhg wr Dvvhvv wkh

Iuhtxhqf| ri Wudgh Sdwwhuq Fkdqjhv
Glphqvlrqdolw|= 6 frxqwulhv/ 6 jrrgv
Suhihuhqfhv= FHV/ zlwk sdudphwhu ydoxhv jhqhudwhg

e| udqgrp gudzv
Hqgrzphqwv= Suhihuhqfh sdudphwhuv dqg hqgrzphqwv

duh udqgrpo| gudzq iurp d xqlw lqwhuydo
Qxpehu ri fdvhv= Zh frqvlghu 5333 gl�huhqw prgho

vshfl�fdwlrqv lq rxu fhqwudo fdvh/ zlwk
dq htxloleulxp frpsxwhg iru hdfk

Htxloleuld frpsxwhg iru Frpshwlwlyh htxloleuld/ wkuhh0
hdfk fdvh= frxqwu| Qdvk htxloleuld/ Fxvwrpv

Xqlrq htxloleuld +wkh vxp ri phpehu
xwlolwlhv lv pd{lpl}hg,

Lq wkhvh prgho irupxodwlrqv dqg xqolnh lq wkhruhwlfdo zrun/ wkh gluhfwlrq ri
wudgh lq jrrgv fdq fkdqjh dfurvv htxloleuld/ vd| ehwzhhq iuhh wudgh dqg fxvwrpv
xqlrq htxloleuld1 Zh hqgrjhql}h wudgh gluhfwlrq fkdqjhv lq rxu frpsxwdwlrqdo
dqdo|vlv e| prgli|lqj gluhfwlrqdo dvvxpswlrqv pdgh lq vxffhvvlyh frxqwu| rs0
wlpl}dwlrq sureohpv rq wkh edvlv ri zkdw frpsxwhg htxloleuld dfwxdoo| uhyhdo1
Vshfl�fdoo|/ dq| frpsxwdwlrq pdgh dv sduw ri d vhtxhqfh ri fdofxodwlrqv uhvxowlqj
lq dq htxloleulxp xvhv wkh odvw frpsxwdwlrq wr |lhog wkh wudgh sdwwhuq dvvxpswlrq
wr eh xvhg lq wkh qh{w fdofxodwlrq1 Dv frpsxwdwlrq surjuhvvhv wkh wudgh sdwwhuq
lv doorzhg wr fkdqjh/ dqg ixoo htxloleulxp uhtxluhv wkdw wkh wudgh sdwwhuq grhv
qrw fkdqjh iurp rqh lwhudwlrq wr wkh qh{w1 Lq wkh frpshwlwlyh htxloleulxp fdvh
doo wkdw lv uhtxluhg lv wkdw wudgh sdwwhuqv eh frqvlvwhqw iurp rqh fdofxodwlrq wr
wkh qh{w/ dqg pdunhwv fohdu1 Lq wkh fxvwrpv xqlrq dqg wkuhh frxqwu| Qdvk fdvhv/
htxloleulxp uhtxluhv wkdw/ lq dgglwlrq wr wudgh sdwwhuq frqvlvwhqf|/ dvvxphg dqg
rswlpdo wdul�v pxvw eh wkh vdph iru hdfk frxqwu|1

Iru iuhh wudgh dqg fxvwrpv xqlrq fdvhv zh duh deoh wr frpsxwh doo htxloleuld
iru doo prgho sdudphwhulvdwlrqv jhqhudwhg e| udqgrpl}dwlrqv ryhu wkh sdudphwhu
vsdfh xvlqj wkhvh phwkrgv1 Zh duh/ krzhyhu/ xqdeoh wr frpsxwh wkuhh frxqwu|
Qdvk htxloleuld iru dssur{lpdwho| 4:( ri wkh prgho sdudphwhulvdwlrqv zh frqvlghu1
Lq wkhvh fdvhv vroxwlrqv wr frxqwu| rswlpl}dwlrq sureohpv vhwwoh rq orfdo udwkhu
wkdq joredo rswlpd dqg f|folqj rffxuv ehwzhhq vxfk orfdo vroxwlrqv1 Lq wkhvh fdvhv/
lw lv qrw srvvleoh wr hdvlo| ghwhuplqh srlqwv rq frxqwu| uhdfwlrq ixqfwlrqv1 Wkhuh
lv qr sulru olwhudwxuh/ wr rxu nqrzohgjh/ rq frpsxwdwlrq ri wkuhh0shuvrq Qdvk

<



htxloleuld dqg khqfh suhylrxv glvfxvvlrq ri wkh sureohp grhv qrw vhhp wr h{lvw1
Qr sureohpv ri wkh w|sh rxwolqhg deryh duh hqfrxqwhuhg lq wkh wzr0 frxqwu| fdvh
xvlqj rxu prgho vroxwlrq frgh iru Qdvk htxloleuld1 Vxfk fdvhv duh ljqruhg lq rxu
fdofxodwlrq ri iuhtxhqf| ri wudgh gluhfwlrq fkdqjhv1

Rxu uhvxowv duh vkrzq lq Wdeoh 51 Wkh| uhyhdo vljql�fdqw vdpsoh iuhtxhqflhv
iru wudgh gluhfwlrq fkdqjhv ehwzhhq iuhh wudgh dqg fxvwrpv xqlrq htxloleuld/ dv
zhoo dv ehwzhhq wkuhh frxqwu| Qdvk rxwfrphv dqg wkhvh wzr htxloleulxp vroxwlrqv1
Lq 68( ri wkh fdvhv wkdw zh frqvlghu/ dw ohdvw rqh hohphqw ri lqwhu frxqwu| wudgh
fkdqjhv vljq ehwzhhq fxvwrpv xqlrqv dqg iuhh wudgh htxloleuld/ dqg 73( ri fdvhv
vkrz vlplodu fkdqjhv ehwzhhq Qdvk dqg fxvwrpv xqlrq htxloleuld1 Ehwzhhq iuhh
wudgh dqg Qdvk htxloleuld/ wkh gluhfwlrq ri wudgh fkdqjhv lq derxw 54( ri frpsxwhg
fdvhv1

Wdeoh 5

Shufhqwdjh Vdpsoh Iuhtxhqflhv iru Wudgh Sdwwhuq Fkdqjhv
Htxloleulxp frpsdulvrqv Vdpsoh iuhtxhqflhv iru

wudgh sdwwhuq fkdqjhv

41 Iuhh wudgh dqg fxvwrpv xqlrq 6819
51 Qrq0frrshudwlyh Qdvk dqg fxvwrpv xqlrqv 7414
61 Iuhh wudgh dqg qrq0frrshudwlyh Qdvk 5413

Wdeoh 6 uhsruwv rq wkh vhqvlwlylw| ri rxu uhvxowv wr erwk gl�huhqw qxpehuv ri
udqgrpl}dwlrqv dqg uhvwulfwlrqv rq wkh fryhudjh ri udqgrpl}dwlrqv1 Wkhvh lqglfdwh
rqo| vpdoo fkdqjhv lq wkh vdpsoh iuhtxhqflhv iru fkdqjhv lq wudgh sdwwhuqv1
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Wdeoh 6

Vhqvlwlylw| Dqdo|vlv ri Shufhqwdjh Vdpsoh Iuhtxhqflhv iru Wudgh

Gluhfwlrq Fkdqjhv

Shufhqwdjh ri Vdpsoh Iuhtxhqflhv iru zklfk
Wudgh Uhyhuvdov Rffxu

Iuhh wudgh Ehwzhhq Qdvk Iuhh wudgh
dqg FX dqg FX dqg Qdvk

Fhqwudo fdvh 6819 7414 5413

Uhgxflqj wkh qxpehuv ri
udqgrpl}dwlrqv wr 833 6816 741< 4;1;

Uhgxflqj wkh qxpehuv
ri udqgrpl}dwlrqv wr 4333 6:16 731; 541:

Lqfuhdvlqj wkh qxpehuv
ri udqgrpl}dwlrqv wr 6333 6913 7319 5315

Wdnhq dv d vhw/ wkhvh uhvxowv vxjjhvw wkdw dvvxpswlrqv rq suh0vshfl�hg dqg
xqfkdqjlqj wudgh gluhfwlrqv xvxdoo| pdgh lq wkhruhwlfdo dqdo|vhv duh gl!fxow wr
mxvwli| iru wkh prgho vshfl�fdwlrqv zh frqvlghu khuh1 Wudgh gluhfwlrq fkdqjhv
vhhp wr rffxu vxusulvlqjo| iuhtxhqwo| dqg h{whqvlyho|/ dqg wkhvh fdq srwhqwldoo|
xqghuplqh wkhruhwlfdo uhvxowv jhqhudwhg e| wkhruhwlfdo wudgh prghov dqdo|}hg zlwk
�{hg gluhfwlrqdo dvvxpswlrqv1

71 FRQFOXVLRQ

Lq wklv sdshu zh suhvhqw frpsxwdwlrqdo hylghqfh rq wkh uholdelolw| ri wkh dvvxps0
wlrq zlgho|0xvhg lq wkh wudgh wkhru| olwhudwxuh wkdw wkh gluhfwlrq ri wudgh e|
frpprglw| dqg frxqwu| uhpdlqv xqfkdqjhg dv ydulrxv frpsdudwlyh vwdwlf h{hu0
flvhv duh xqghuwdnhq1 Lq d wkuhh0frxqwu| wkuhh0jrrg prgho/ zh frpsxwh iuhh wudgh/
fxvwrpv xqlrq/ dqg wkuhh0frxqwu| Qdvk htxloleuld iru d sxuh h{fkdqjh prgho iru
d vhulhv ri udqgrpo| jhqhudwhg sdudphwhulvdwlrqv ri wkh prgho1 Zh �qg wkdw lq
durxqg 68( ri iuhh wudgh0fxvwrpv xqlrq fdvhv dqg lq durxqg 73( ri fxvwrpv
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xqlrq0wkuhh0frxqwu| Qdvk fdvhv wudgh sdwwhuqv fkdqjh/ zlwk frpsdulvrqv vkrzlqj
wudgh sdwwhuq fkdqjhv lq derxw 53( ri iuhh wudgh0wkuhh frxqwu| Qdvk fdvhv1 Rxu
frqfoxvlrq lv wkdw wkh dvvxpswlrq ri xqfkdqjhg wudgh sdwwhuqv/ zlgho| xvhg lq
wkhruhwlfdo olwhudwxuh rq jhrjudsklfdoo| glvfulplqdwru| wudgh djuhhphqwv/ kdv rqo|
zhdn frpsxwdwlrqdo vxssruw1
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Uhihuhqfhv

Ehujodv/ H1 +4<:<,/ �Suhihuhqwldo Wudglqj Wkhru|= Wkh q Frpprglw| Fdvh�1Mrxuqdo
ri Srolwlfdo Hfrqrp| ;:/ 64806641

Kdplowrq/ E1 dqg M1 Zkdooh| +4<;6,/ �Rswlpdo Wdul� Frpsxwdwlrqv lq Dowhu0
qdwlyh Wudgh Prghov dqg Vrph Srvvleoh Lpsolfdwlrqv iru Fxuuhqw Zruog
Wudglqj Duudqjhphqwv�1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 48= 65607;

Mrkqvrq/ K1J1 +4<86087,/ �Rswlpxp Wdul� Uhwdoldwlrq�1 Uhylhz ri Hfrqrplf

Vwxglhv 54= 4750861

Nhkrh/ W1 +4<;3,/ �Dq Lqgh{ Wkhruhp iru Jhqhudo Htxloleulxp Prghov zlwk
Surgxfwlrq�1 Hfrqrphwulfd 7;=45440651

Nhqqdq/ M1 dqg U1 Ulh}pdq +4<;;,/ �Gr Elj frxqwulhv Zlq Wdul� ZduzvB�1
Lqwhuqdwlrqdo Hfrqrplf Uhylhz 5<= ;40;81

Nhqqdq/ M1 dqg U1 Ulh}pdq +4<<3,/ �Rswlpdo Wdul� Htxloleuld zlwk Fxvwrpv
Xqlrqv�1 Fdqdgldq Mrxuqdo ri Hfrqrplfv <3= :30;61

Nrvh/ D1 dqg U1 Ulh}pdq/ +5333,/ �Xqghuvwdqglqj wkh Zhoiduh Lpsolfdwlrqv ri
Suhihuhqfwldo Wudgh Djuhhphqwv�1 Uhylhz ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwk0
frplqj1

Nuxjpdq/ S1 +4<<4,/ �Lv Elodwhudolvp EdgB�1 Lq Khospdq/ H1 dqg H1 Ud}lq/
Lqwhuqdwlrqdo Wudgh dqg Wudgh Srolf|1 Fdpeulgjh/ Pdvv= PLW Suhvv1

Olsvh|/ U1J1 +4<8:,/ �Wkh Wkhru| ri Fxvwrpv Xqlrqv= Wudgh Glyhuvlrq dqg
Zhoiduh�1 Hfrqrplfd 57= 730791

Olsvh|/ U1J1 +4<:3,/ Wkh Wkhru| ri Fxvwrpv Xqlrqv= D Jhqhudo Htxloleulxp

Dqdo|vlv1 Orqgrq= Zhlghqihog dqg Qlfkrovrq1

Oor|g/ S1M1 +4<;5,/ �D 6 { 6 Wkhru| ri Fxvwrpv Xqlrqv�1 Mrxuqdo ri Lqwhuqdwlrqdo
Hfrqrplfv 45= 740961

Phdgh/ M1H1 +4<88,/ Wkh Wkhru| ri Fxvwrpv Xqlrqv1 Dpvwhugdp= Qruwk0Kroodqg1

Ulh}pdq/ U1 +4<:<,/ �D 6 { 6 Prgho ri Fxvwrpv Xqlrqv�1 Mrxuqdo ri Lqwhuqd0
wlrqdo Hfrqrplfv <= 67406871
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Ulh}pdq/ U1 +4<;8,/ �Fxvwrpv Xqlrqv dqg wkh Fruh�1 Mrxuqdo ri Lqwhuqdwlrqdo
Hfrqrplfv 4<= 68806981

V|ursrxorv/ F1 +4<<<,/ �Fxvwrpv Xqlrqv dqg Frpsdudwlyh Dgydqwdjh�1 R{irug
Hfrqrplf Sdshuv 84= 56<0991

Ylqhu/ M1 +4<83,/ Wkh Fxvwrpv Xqlrq Lvvxh1 Qhz \run= Fduqhjlh Hqgrzphqw
iru Lqwhuqdwlrqdo Shdfh1
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