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Frpprq Vkrfnv/ Frpprq G|qdplfv/ dqg wkh

Lqwhuqdwlrqdo Exvlqhvv F|foh�

Pdufr Fhqwrql_

Xqlyhuvlwã gho Prolvh

Jldqoxfd Fxedggdh

Xqlyhuvlwã gho Prolvh

Dodlq Khft=

Xqlyhuvlw| ri Pddvwulfkw

Iheuxdu| 5/ 5337

Devwudfw

Wklv sdshu ghyhorsv dq hfrqrphwulf iudphzrun wr xqghuvwdqg zkhwkhu fr0pryhphqwv re0

vhuyhg lq wkh lqwhuqdwlrqdo exvlqhvv f|foh duh wkh frqvhtxhqfhv ri frpprq vkrfnv ru frpprq

wudqvplvvlrq phfkdqlvpv1 Wkhq zh sursrvh d qhz vwdwlvwlfdo phdvxuh ri wkh lpsruwdqfh ri

grphvwlf dqg iruhljq vkrfnv ryhu wkh qdwlrqdo exvlqhvv f|foh1 Zh vkrz krz wr ghfrpsrvh

wkh exvlqhvv f|foh h�hfwv ri shupdqhqw0wudqvlwru| vkrfnv lqwr wkrvh gxh wr wkhlu grphvwlf

dqg iruhljq frpsrqhqwv1 Zh dsso| rxu dqdo|vlv wr J: rxwsxwv1

Nh|zrugv= Grphvwlf0Iruhljq Vkrfnv/ Lqwhuqdwlrqdo Exvlqhvv F|fohv/ Shupdqhqw0Wudqvlwru|

Ghfrpsrvlwlrq1

MHO= F65

WD suhylrxv yhuvlrq ri wklv sdshu zdv suhvhqwhg dw wkh 8;wk Hxurshdq Phhwlqj ri wkh Hfrqrphwulf Vrflhw|
lq Vwrfnkrop/ dw wkh Odwlq Dphulfdq Phhwlqj ri wkh Hfrqrphwulf Vrflhw|/ Sdqdpd Flw| dqg wkh 7wk Hxurvwdw
Froortxlxp rq Prghuq Wrrov iru Exvlqhvv F|foh Dqdo|vlv lq Ox{hperxuj1 Zh wkdqn wkh sduwlflsdqwv iru xvhixo
frpphqwv1 Pdufr Fhqwrql dqg Jldqoxfd Fxedggd judwhixoo| dfnqrzohgjh �qdqfldo vxssruw iurp PLXU1 Dodlq
Khft judwhixoo| dfnqrzohgjhv �qdqfldo vxssruw iurp PHWHRU wkurxjk wkh uhvhdufk surmhfw �Pdfurhfrqrplf
Frqvhtxhqfhv ri Ilqdqfldo Lqvwdelolw|� dv zhoo dv wkh krvslwdolw| ri wkh ghsduwphqw VHJhV/ Xqlyhuvlw| ri Prolvh/
iru wkh shulrg gxulqj zklfk wklv sdshu zdv zulwwhq1

_Glsduwlphqwr VHJhV/ Xqlyhuvlwã gho Prolvh/ Yld Gh Vdqfwlv/ ;9433 Fdpsredvvr/ Lwdo|1 H0pdlo=
fhqwrqlCxqlpro1lw1

hGlsduwlphqwr VHJhV/ Xqlyhuvlwã gho Prolvh/ Yld Gh Vdqfwlv/ ;9433 Fdpsredvvr/ Lwdo|1 H0pdlo=
jldqoxfd1fxedggdCxqlurpd41lw1

=Ghsduwphqw ri Txdqwlwdwlyh Hfrqrplfv/ Pddvwulfkw Xqlyhuvlw|/ S1R1er{ 949/ 9533 PG Pddvwulfkw/ Wkh
Qhwkhuodqgv1 H0pdlo= d1khftCnh1xqlpddv1qo1 Krphsdjh= zzz1shuvrqhho1xqlpddv1qo2d1khft1
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4 Lqwurgxfwlrq

Wkh h{suhvvlrq �lqwhuqdwlrqdo exvlqhvv f|foh� uhihuv wr wkh suhvhqfh ri fr0pryhphqwv lq wkh

f|folfdo ehkdylru ri rxwsxwv dfurvv frxqwulhv/ +vhh h1j1 Edfnxv hw do1/ 4<<8,1 Krzhyhu wkhuh h{lvwv

d ghedwh dprqj hfrqrplvwv dqg hfrqrphwulfldqv derxw krz wr phdvxuh wkhvh fr0pryhphqwv1

Lq sduwlfxodu/ wkh txhvwlrq ri wkh lpsruwdqfh ri frpprq vkrfnv yhuvxv frpprq sursdjdwlrq

phfkdqlvpv lv idu iurp ehlqj uhvroyhg/ +vhh h1j1 Fdqryd dqg Pduulqdq/ 4<<;,1 Vr lv wkh glvfxvvlrq

derxw wkh lq xhqfh ri iruhljq vkrfnv ryhu wkh qdwlrqdo exvlqhvv f|foh dv zhoo dv wkh glvwlqfwlrq

ehwzhhq shupdqhqw dqg wudqvlwru| +khqfhiruwk/ SW, h�hfwv ri vxfk iruhljq vkrfnv1 Lqghhg/ lw lv

fuxfldo iru hfrqrplf srolf| sxusrvhv wr xqghuvwdqg zkhwkhu qdwlrqdo exvlqhvv f|fohv duh d�hfwhg

e| shupdqhqw whfkqrorjlfdo vkrfnv ru wudqvlwru| ghpdqg vkrfnv1 Iru lqvwdqfh/ li ghpdqg vkrfnv

duh odujho| uhvsrqvleoh ri  xfwxdwlrqv/ wkhuh pd| eh d uroh iru djjuhjdwh Nh|qhvldq0w|sh srolflhv1

Lw lv dovr lpsruwdqw iru srolf| pdnhuv wr nqrz li wkh vkrfnv kdyh grplqdqw grphvwlf ru iruhljq

ruljlqv1

Frqvhtxhqwo|/ wkh jrdo ri rxu sdshu lv wzrirog1 Iluvw/ zh dqdo|}h wkh vrxufhv ri fr0pryhphqwv

lq lqwhuqdwlrqdo exvlqhvv f|fohv dqg lq sduwlfxodu zkhwkhu wkh revhuyhg  xfwxdwlrqv duh gxh

wr frpprq vkrfnv/ frpprq sursdjdwlrq phfkdqlvpv ru erwk1 Zh h{sorlw wkh orz iuhtxhqf|

fr0pryhphqwv frplqj iurp d frlqwhjudwlrq dqdo|vlv wr lghqwli| jurxsv ri vkrfnv dffruglqj wr

zkhwkhu wkhlu h�hfwv duh shupdqhqw ru wudqvlwru|1 D frpprq vhuldo fruuhodwlrq dqdo|vlv vkrzv

zkhwkhu wkhuh h{lvw vrph frpprq g|qdplfv/ qdpho| vrph frpprq wudqvplvvlrq phfkdqlvpv

ri wkhvh vkrfnv1 Lpsrvlqj wkhvh uhvwulfwlrqv dovr khos wr hvwlpdwh pruh dffxudwho| wkh uhvsrqvhv

wr wkh vkrfnv ehfdxvh uhgxqgdqw sdudphwhuv duh h{foxghg1

Vhfrqg/ zh sursrvh d vwdwlvwlfdo phdvxuh ri wkh lpsruwdqfh ri grphvwlf dqg iruhljq frpsr0

qhqwv ri wkh SW vkrfnv ryhu wkh exvlqhvv f|foh1 Zh ghsduw iurp wkh xvxdo vwudwhj| wkdw frqvlvwv

lq h{wudfwlqj d xqltxh frpsrqhqw vxppdul}lqj wkh zruogzlgh h�hfw wkdw lq xhqfhv wkh rxwsxwv

ri d vhw ri frxqwulhv/ +vhh h1j1 Juhjru| hw do1/ 4<<:,1 Lqvwhdg/ wkh shupdqhqw ^wudqvlwru|` iruhljq

vkrfnv iru hdfk frxqwu| duh gh�qhg dv wkh frpsrqhqwv ri wkh frpprq shupdqhqw ^wudqvlwru|`

vkrfnv wkdw duh lqghshqghqw iurp wkh qdwlrqdo shupdqhqw ^wudqvlwru|` vkrfn rq wkdw frxqwu|

rxwsxw1 Frqvhtxhqwo|/ zh vlqjoh rxw d vshfl�f vhw ri SW iruhljq vkrfnv iru hdfk frxqwu| dv

lw lv ghvludeoh1 Zh wkhq dvvhv wkh lpsruwdqfh ri vxfk iruhljq vkrfnv ryhu wkh qdwlrqdo rxwsxw

 xfwxdwlrqv zlwk d 50; |hdu shulrg1 Lq rxu rslqlrq wklv dssurdfk hydoxdwhv wkh frqwulexwlrq

ri grphvwlf dqg iruhljq vkrfnv wr wkh exvlqhvv f|fohv pruh dssursuldwho| wkdq wkh wudglwlrqdo

lpsxovh uhvsrqvhv ru yduldqfh ghfrpsrvlwlrqv1

Qrwlfhdeo|/ rxu phdvxuhv ri wkh exvlqhvv f|foh h�hfwv ri wkh SW grphvwlf dqg iruhljq vkrfnv

gr qrw uhvruw wr hfrqrplf wkhru| iru lghqwli|lqj vxfk vkrfnv1 Lqghhg/ li wkhruhwlfdo uhdvrqlqj fdq

khos wr glvhqwdqjoh wkh vrxufh ri wkh ydulrxv vkrfnv zlwklq d vwuxfwxudo YDU dqdo|vlv ri gl�huhqw
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yduldeohv iru d frxqwu| dqg wkh uhvw ri wkh zruog/ +vhh h1j1 Nzdun 4<<<,/ lw lv ohvv lqirupdwlyh

zkhq prghoolqj wkh vdph yduldeoh/ vxfk dv rxwsxw/ iru d odujhu vhw ri frxqwulhv1

Wkh sursrvhg dssurdfk doorzv xv wr dqvzhu d vhulhv ri txhvwlrqv vxfk wkdw= 4�, Gr lqwhuqd0

wlrqdo rxwsxwv fr0pryh ehfdxvh ri wkh h{lvwhqfh ri frpprq vkrfnv/ frpprq g|qdplfv ru erwkB

5�,Zkdw lv wkh lpsruwdqfh ri SW iruhljq vkrfnv ryhu qdwlrqdo exvlqhvv f|fohv/ dqg frqvhtxhqwo|

zkdw lv wkh ghjuhh ri rshqqhvv ri hfrqrplhvB 6�, Duh wkh exvlqhvv f|fohv pdlqo| d�hfwhg e| wkh

shupdqhqw ru wudqvlwru| frpsrqhqwv ri grphvwlf dqg iruhljq vkrfnvB Vlploduo| wr prvw vwxglhv

+vhh h1j1 Nlqj hw do/ 4<<4,/ rxu dqdo|vlv frq�upv wkdw shupdqhqw vkrfnv duh wkh pdlq vrxufh ri

wkh exvlqhvv f|fohv1 Exw lq frqwudvw wr Fdqryd dqg Pduulqdq +4<<;, dqg Phoodqghu hw do1 +4<<5,/

rxu uhvxowv vxjjhvw wkdw iruhljq vkrfnv dffrxqw iru d vpdoo sruwlrq ri wkh f|folfdo  xfwxdwlrqv ri

wkh qrq0Hxurshdq J: frxqwulhv +derxw 46( iru Mdsdq dqg 58( iru wkh XV,1 Dkphg hw do1 +4<<6,

uhdfkhg d vlplodu frqfoxvlrqv xvlqj d vwuxfwxudo YDU dssurdfk1 Wklv sruwlrq lv durxqg 83( iru

rxu sdqho ri Hxurshdq frxqwulhv1 Pruhryhu/ wkdqnv wr d �qhu phdvxuhphqw ri wkh vrxufhv ri wkh

vkrfnv/ zh ghgxfh wkdw wkh grphvwlf frpsrqhqw lv uhvsrqvleoh iru prvw ri wkh exvlqhvv f|foh

h�hfwv ri wudqvlwru| vkrfnv iru doo wkh J: frxqwulhv zkhuhdv wkh iruhljq frpsrqhqw grplqdwhv

wkh f|folfdo yduldelolw| wkdw lv gxh wr shupdqhqw vkrfnv lq Iudqfh/ Jhupdq| dqg Lwdo|1

Wklv sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5/ zh eulh | uhylhz d SW ghfrpsrvlwlrq vxfk

wkdw d vhw ri frlqwhjudwhg wlph vhulhv lv vhsdudwhg lqwr lqghshqghqw frpsrqhqwv +Fhqwrql dqg

Fxedggd/ 5336,/ dqg wkh qrwlrq ri vhuldo fruuhodwlrq frpprq ihdwxuh +Hqjoh dqg Nr}lfnl/ 4<<6,1

Lq Vhfwlrq 6/ zh sursrvh d vwdwlvwlfdo phdvxuh ri wkh lpsruwdqfh ri grphvwlf dqg iruhljq vkrfnv

ryhu wkh exvlqhvv f|fohv dqg zh vkrz krz wr lpsohphqw lw lq sudfwlfh1 Wkh frqwulexwlrq ri wkh

SW frpsrqhqwv ri grphvwlf dqg iruhljq vkrfnv lv dovr lqyhvwljdwhg1 Vhfwlrq 7 looxvwudwhv wkhvh

frqfhswv zlwk dq hpslulfdo dqdo|vlv ri wkh J: rxwsxw vhulhv iurp 4<:7=T4 wr 5335=T61

5 Frpprq Vkrfnv/ Frpprq Sursdjdwlrq Phfkdqlvpv dqg Fr0

pryhphqwv

Ohw [| eh d q0yhfwru wlph vhulhv vxfk wkdw

D+O,[| @ �G| . %|/ w @ 4> ===> W +4,

iru �{hg ydoxhv ri [3Rn�> ===>[f dqg zkhuh D+O, @ L? �
S

R

�'�D�O
�/ G| lv d yhfwru ri �{hg

hohphqwv vxfk d frqvwdqw/ d olqhdu wuhqg/ dqg vhdvrqdo gxpplhv/ dqg %| duh l1l1g1 Q?+3>
, huuruv1

Ohw xv dvvxph wkdw

mD+f,m @ 3 lpsolhv wkdw f @ 4 ru mfm A 4/ +5,
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wkhq wkhuh h{lvw q�u0pdwulfhv � dqg � ri udqn u vxfk wkdw D+4, @ ����1 Wkh pdwul{ ��
z
��zkdv

ixoo udqn/ �z dqg �z duh q� +q� u,0pdwulfhv ri udqn +q� u, vxfk wkdw ��
z
� @ ��

z
� @ 3/ � @

L?�
S

R3�

�'� �� dqg �� @ �
S

R

�'�n�D� iru l @ 4> 5> ===> s�4= Wkh surfhvv [| lv frlqwhjudwhg ri rughu

+4/4,/ wkh froxpqv ri � vsdq wkh frlqwhjudwlqj vsdfh/ wkh hohphqwv ri � duh wkh fruuhvsrqglqj

dgmxvwphqw frh!flhqwv1 Zh fdq uhzulwh Htxdwlrq +4, lq wkh iroorzlqj Yhfwru Huuru0Fruuhfwlrq

Prghov +khqfhiruwk/ YHFP,

�+O,�[| @ �G| . ���[|3� . %|/ +6,

zlwk � @ +4� O,/ dqg �+O, @ L? �
S

R3�
�'� ��O

� +vhh h1j1 Mrkdqvhq/ 4<<9,1

Vhulhv [| dovr dgplw wkh iroorzlqj Zrog uhsuhvhqwdwlrq

�[| @ �G| .F+O,%|/

zkhuh �G| @ F+O,�G|/ dqg F+O, @ L? .
S

"

�'�F�O
� lv vxfk wkdw

S
"

�'� m mF�m ?4=

Xqghu wkhvh dvvxpswlrqv/ Fhqwrql dqg Fxedggd +5336, ghulyhg d SW ghfrpsrvlwlrq zkhuh

wkh frpprq shupdqhqw dqg wudqvlwru| vkrfnv duh uhvshfwlyho| jlyhq e|

x�
|
@ ��

z
%| dqg xA

|
@ ��
3�%|1

Wkhq wkh shupdqhqw dqg wudqvlwru| frpsrqhqwv ri vhulhv [| duh uhvshfwlyho| S| dqg W|/ zkhuh

[| @ h� hG| . S| . W|/ �h� hG| @ �G|/ �S| @ S +O,x�
|
/ �W| @ W +O,xA

|
/ dqg

S +O, @ F+O,
�z+�
�

z

�z,

3�/ +7,

W +O, @ F+O,�+��
3��,3�1 +8,

Vlqfh zh nqrz iurp wkh Judqjhu uhsuhvhqwdwlrq wkhruhp wkdw F+4, @ �z +��
z
��z,

3�
��
z
+vhh

h1j1 Mrkdqvhq/ 4<<9,/ dqg lq ylhz ri htxdwlrqv +7, dqg +8,/ zh rewdlq S +4, @ F+4, dqg W +4, @ 31

Khqfh/ wkh vkrfnv x�
|
rqo| kdyh shupdqhqw h�hfwv rq vhulhv [| dv uhtxluhg1

4 Pruhryhu/ lw lv hdv|

wr yhuli| wkdw wkh frpsrqhqwv S| dqg W| duh xqfruuhodwhg dw doo odjv dqg ohdgv15

Diwhu lvrodwlqj wkh frpprq shupdqhqw dqg wudqvlwru| vkrfnv e| h{sorlwlqj wkh orz iuhtxhqf|

fr0pryhphqwv ri wkh gdwd/ zh gh�qh zkdw zh fdoo frpprq wudqvplvvlrq phfkdqlvpv1 Lq sduwlfx0

odu/ zh uho| rq wkh qrwlrq ri Vhuldo Fruuhodwlrq Frpprq Ihdwxuh +khqfhiruwk/ VFFI, sursrvhg e|

4Wkh dvvxpswlrq wkdw k�
z0| duh wkh shupdqhqw vkrfnv lv udwkhu frpprq lq wkh olwhudwxuh/ vhh lqwhu dold Zduqh

+4<<6,/ Jrq}dor dqg Judqjhu +4<<8,/ Mrkdqvhq +4<<;,/ \dqj +4<<;,/ dqg Jrq}dor dqg Qj +5334,1
5Uhpdundeo|/ wkh deryh ghfrpsrvlwlrq lv lqyduldqw wr urwdwlrq ri wkh pdwulfhv kz dqg k dqg qrq0vlqjxodu olqhdu

wudqvirupdwlrqv ri wkh vhw ri frpprq vkrfnv ��| dqg �A| 1 Khqfh/ vhulhv f| fdq eh vhsdudwhg lqwr lqghshqghqw SW
frpsrqhqwv zlwkrxw xvlqj d sulrul hfrqrplf wkhru|1
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Hqjoh dqg Nr}lfnl +4<<6, dqg Ydklg dqg Hqjoh +4<<6,1 Lq wklv frqwh{w/ vhulhv �[| kdyh v VFFI

uhodwlrqvklsv l� wkhuh h{lvwv d q� v pdwul{ � zlwk ixoo froxpq udqn dqg vxfk wkdw �
�

F+O, @ �
�

1

Khqfh/ VFFI lpsolhv wkdw wkh lpsxovh uhvsrqvh ixqfwlrqv ri vhulhv �[| duh froolqhdu1 Lq ylhz

ri htxdwlrq +6,/ lw lv hdv| wr yhuli| wkdw VFFI lpsrvhv wkh iroorzlqj uhvwulfwlrqv rq wkh YHFP

sdudphwhuv= l, ��� @ 3/ dqg ll, ���� @ 3 iru l @ 4 = = = s� 4=

Lq rughu wr vwuhvv wkdw VFFI ghqrwhv wkh suhvhqfh ri frpprq sursdjdwlrq phfkdqlvpv

dprqj vhulhv �[|/ zh fdq uhzulwh wkh YHFP +6, lq wkh iroorzlqj frpprq idfwru uhsuhvhqwdwlrq

�[| @ �G| . �zD
�Z|3� . %| � �G| . �zI|3� . %|> +9,

zkhuh D lv d +u.q+s�4,,�+q�v, ixoo0udqn pdwul{/ dqgZ|3� @ +[ �

|3��>�[ �

|3�> = = = >�[ �

|3Rn�,
�1

Lpsruwdqwo| hqrxjk/ wkh pdlq fkdudfwhulvwlf ri uhsuhvhqwdwlrq +9, lv wkdw doo wkh g|qdplfv ri wkh

v|vwhp lv lqfoxghg lq wkh frpprq idfwruv I|3�= Wklv lv qrw jhqhudoo| wkh fdvh lq wkh wudglwlrqdo

g|qdplf idfwru prgholqj zkhuh wkh lglrv|qfudwlf whupv pd| eh pruh f|folfdo wkdq wkh idfwru

lwvhoi1 D srvvleoh gudzedfn ri wkh VFFI dssurdfk lv wkdw d pdwul{ vxfk � pd| qrw h{lvw1

Krzhyhu/ zh fdq xvh wkh ohvv vwulqjhqw frqglwlrq wkdw wkhuh h{lvwv d q � v sro|qrpldo VFFI

pdwul{ �+O, � �f . ��O vxfk wkdw �+O,�F+O, @ ��f/ vhh Fxedggd dqg Khft +5334, iru ghwdlov1

Qhyhuwkhohvv/ dqwlflsdwlqj wkh uhvxowv ri wkh hpslulfdo dqdo|vlv lq Vhfwlrq 7/ zh zloo vhh wkdw

VFFI lv txlwh dssursuldwh wr uhvwulfw rxu vwdwlvwlfdo prgho ri wkh J: rxwsxwv1

Pd{lpxp Olnholkrrg +khqfhiruwk/ PO, lqihuhqfh rq VFFI uhtxluhv wr vroyh wkh iroorzlqj

fdqrqlfdo fruuhodwlrq surjudp/

FdqFru

;AAAAAAAA?
AAAAAAAA=
�\|>

3
EEEEEEEEC

a�
�

\|3�

�\|3�

�\|32
111

�\|3Rn�

4
FFFFFFFFD
m G|

<AAAAAAAA@
AAAAAAAA>
> +:,

zkhuh FdqFru+\>[ m ], ghqrwhv wkh sduwldo fdqrqlfdo fruuhodwlrqv ehwzhhq wkh hohphqwv ri \

dqg [ frqglwlrqdo rq ]/ dqg a� lv d vxshufrqvlvwhqw hvwlpdwh ri wkh frlqwhjudwlqj yhfwruv1 Wkh

olnholkrrg udwlr whvw iru wkh qxoo k|srwkhvlv wkdw wkhuh h{lvw dw ohdvw v VFFI yhfwruv lv edvhg rq

wkh vwdwlvwlf +vhh h1j1 Dqghuvrq/ 4<;7> Yhox hw do1/ 4<;9,

OU @ �W

r[
�'�

oq+4� a��,> v @ 4> = = = > q� u +;,

zkhuh a�� lv wkh l�wk vpdoohvw vtxduhg fdqrqlfdo fruuhodwlrq frplqj iurp wkh vroxwlrq ri +:,1
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Wkh whvw vwdwlvwlf +;, iroorzv dv|pswrwlfdoo| d "2
Ev�

glvwulexwlrq xqghu wkh qxoo zkhuh  @ v �

+q+s� 4, . u,� v+q� v,1 Pruhryhu/ wkh fdqrqlfdo yduldwhv frh!flhqwv ri �[| dvvrfldwhg zlwk

wkh v vpdoohvw hljhqydoxhv a��> ===> a�r surylgh wkh PO hvwlpdwh ri wkh VFFI pdwul{ � zkhuhdv wkh

pdwul{ D lq htxdwlrq +9, lv hvwlpdwhg e| wkh fdqrqlfdo yduldwhv frh!flhqwv ri Z|3� dvvrfldwhg

wr wkh +q�v, odujhvw hljhqydoxhv a�rn�> ===> a�?1 Ilqdoo|/ wkh pdwul{ �z lv hvwlpdwhg e| d uhjuhvvlrq

ri �[| rq I �

|3�1

Lq dgglwlrq/ dq h!flhqw hvwlpdwlrq ri hohphqwv ri �> lqfoxglqj wkh vwdqgdug huuruv/ lv re0

wdlqhg e| Ixoo Lqirupdwlrq Pd{lpxp Olnholkrrg +khqfhiruwk/ ILPO, lq d prgho zlwk v svhxgr

vwuxfwxudo htxdwlrqv dqg dgglwlrqdo +q� v, xquhvwulfwhg htxdwlrqv/ vhh Ydklg dqg Hqjoh +4<<6,

iru ghwdlov1 Dgglwlrqdo uhvwulfwlrqv rq � fdq hdvlo| eh whvwhg zlwklq wklv ILPO iudphzrun1 Dv

dq h{dpsoh/ lw fdq eh ghvludeoh wr whvw zkhwkhu frpprq ihdwxuh uhodwlrqvklsv fruuhvsrqg wr

uhdo olqndjhv dprqj yduldeohv dqg qrw wr wlph vhulhv zlwk lglrv|qfudwlf ehkdylru1 Wkh odwwhu duh

uhsuhvhqwhg e| VFFI yhfwruv zlwk d vlqjoh hohphqw htxdov wr xqlw| dqg wkh rwkhuv htxdo wr }hur1

6 Phdvxulqj wkh Exvlqhvv F|foh H�hfwv ri Iruhljq dqg Grphvwlf

Vkrfnv

Lq wklv vhfwlrq zh sursrvh d qhz vwdwlvwlfdo phdvxuh ri wkh lpsruwdqfh ri iruhljq dqg grphvwlf

vkrfnv ryhu wkh exvlqhvv f|foh1 Lq sduwlfxodu/ zh vkrz wkdw wkh vwdwlvwlfv sursrvhg e| Fhqwrql

dqg Fxedggd +5336, fdq eh prgl�hg wr ghfrpsrvh wkh exvlqhvv f|foh h�hfwv ri SW vkrfnv lqwr

wkrvh gxh wr wkhlu grphvwlf dqg iruhljq frpsrqhqwv1 Khuhdiwhu zh wkhq dvvxph wkdw vhulhv [|

uhsuhvhqw d vhw ri q lqwhuqdwlrqdo rxwsxw phdvxuhv1

614 Vwdwlvwlfdo Phdvxuhv

Ohw xv vwduw e| ghfrpsrvlqj lqwr wkhlu shupdqhqw dqg wudqvlwru| frpsrqhqwv wkh qdwlrqdo vkrfnv

%|1 Iurp wkh htxdwlrq

%| @ %�
|
. %A

|
/

zkhuh

%�
|
@ 
�z+�

�

z

�z,

3���
z
%| dqg %A

|
@ �+��
3��,3���
3�%|/

zh vhh wkdw wkh mwk frxqwu| qdwlrqdo vkrfn %�|/ iru m @ 4> 5> ===> q/ fdq eh vhsdudwhg lqwr d

shupdqhqw frpsrqhqw %�
�|
dqg d wudqvlwru| frpsrqhqw %A

�|
1

Uhpdundeo|/ wkh SW frpsrqhqwv ri hdfk qdwlrqdo vkrfn pd| d�hfw wkh exvlqhvv f|fohv ri

9



rwkhu frxqwulhv wkurxjk wzr gl�huhqw fkdqqhov1 Iluvw/ sdvw SW vkrfnv ri d jlyhq frxqwu| fdq

surgxfh wkhlu f|folfdo h�hfwv rq iruhljq rxwsxwv wkurxjk wkh sursdjdwlrq phfkdqlvp wkdw lv

jhqhudwhg e| wkh sro|qrpldo pdwul{ F+O,1 Vhfrqg/ d qdwlrqdo shupdqhqw ^wudqvlwru|` vkrfn fdq

lqvwdqwdqhrxvo| lq xhqfh wkh exvlqhvv f|fohv ri rwkhu frxqwulhv ehfdxvh hohphqwv ri %�
|
^%A
|
` duh

jhqhudoo| ghshqghqw1

Khqfh/ ohw xv lvrodwh wkh frpsrqhqwv ri wkh frpprq shupdqhqw ^wudqvlwru|` vkrfnv x�
|
^xA
|
`

wkdw duh h{sodlqhg e| mwk frxqwu| shupdqhqw ^wudqvlwru|` vkrfn %�
�|
^%A
�|
`1 Xqghu wkh dvvxpswlrq

ri qrupdolw|/ wkhvh frpsrqhqwv duh uhvshfwlyho| jlyhq e|

x
�c(

�|
@ H+x�

|
%�
�|
,^H+%�

�|
,2`3�%�

�|
dqg x

Ac(

�|
@ H+xA

|
%A
�|
,^H+%A

�|
,2`3�%A

�|
/

iru m @ 4> 5> ===> q16 Zh gh�qh x�c(
�|

^xAc(
�|

` dv wkh shupdqhqw ^wudqvlwru|` grphvwlf vkrfnv ri wkh

mwk frxqwu|1 Frqvhtxhqwo|/ zh uhtxluh wkdw wkh shupdqhqw ^wudqvlwru|` iruhljq vkrfnv ri wkh

mwk frxqwu| duh wkh frpsrqhqwv ri wkh vkrfnv x�
|
^xA
|
` wkdw duh lqghshqghqw iurp mwk frxqwu|

shupdqhqw ^wudqvlwru|` grphvwlf vkrfnv1 Vxfk shupdqhqw ^wudqvlwru|` iruhljq vkrfnv uhvshfwlyho|

uhdg

x
�c8

�|
@ x�

|
�H+x�

|
m%�
�|
, dqg x

Ac8

�|
@ xA

|
�H+xA

|
m%A
�|
,/

Wkh lghqwl�fdwlrq ri vxfk SW grphvwlf0iruhljq vkrfnv doorzv xv wr ghfrpsrvh wkh mwk frxqwu|

rxwsxw [�| dv iroorzv

[�| @ h��
hG| . S(

�|
. S8

�|� ~} �
�|

. W(

�|
. W8

�|� ~} �
A|

+<,

zkhuh h�� @ h�
�
h�/ S(

�|
@ h�

�
S +O,x�c(

�|
/ S8

�|
@ h�

�
S +O,x�c8

�|
/ W(

�|
@ h�

�
W +O,xAc(

�|
/ W8

�|
@ h�

�
W +O,xAc8

�|
/

dqg h� lv dq q0yhfwru zlwk xqlw| dv lwv mwk hohphqw dqg }hurhv hovhzkhuh1

Pruhryhu/ vlqfh hdfk frpsrqhqw lq wkh uljkw kdqg vlgh ri htxdwlrq +<, lv lqghshqghqw iurp

wkh rwkhuv/ zh fdq zulwh vshfwuxp I�+$, ri wkh mwk frxqwu| rxwsxw dv iroorzv

I�+$, @ I(

��
+$, . I8

��
+$, . I(

A�
+$, . I8

A�
+$, +43,

zkhuh

I�+$, @
4

5�
h�
�
FW+},
FW+}3�,�h�/

6 Lq wkh fdvh wkdw qrupdolw| grhv qrw krog/ ��c(�| ^�Ac(�| ` zrxog jhqhudoo| eh d qrq0olqhdu ixqfwlrq ri wkh udqgrp

yduldeoh 0��| ^0
A
�|`1

:



I(

��
+$, @

4

5�
h�
�
S W+},
�c(

�
S W+}3�,�h�/

I8

��
+$, @

4

5�
h�
�
S W+},


�c8

�
S W+}3�,�h�/

I(

A�
+$, @

4

5�
h�
�
W W+},
Ac(

�
W W+}3�,�h�/

I8

A�
+$, @

4

5�
h�
�
W W+},
Ac8

�
W W+}3�,�h�/


�c(

�
@ H+x�c(

�|
x
�c(�

�|
,/ 
Ac(

�
@ H+xAc(

�|
x
Ac(�

�|
,/ 
�c8

�
@ H+x�c8

�|
x
�c8 �

�|
,/ 
Ac8

�
@ H+xAc8

�|
x
Ac8 �

�|
,/

�FW+O, @ F+O,/ �S W+O, @ S +O,/ �W W+O, @ W +O,/ } @ h{s+�l$, iru $ 5 +3> �`/7 dqg FW+}, @

^�+},+4� },� ���}`3�/ iru } 9@ 418

Wkh vshfwud lq wkh uljkw kdqg vlgh ri htxdwlrq +43, fdq eh lqwhusuhwhg dv iroorzv1 Wkh

vshfwuxp I8

��
+$, ^I8

A�
+$,` phdvxuhv wkh yduldelolw| ri wkh mwk frxqwu| rxwsxw dw iuhtxhqf| $ wkdw

lv h{sodlqhg e| wkh mwk frxqwu| shupdqhqw ^wudqvlwru|` iruhljq vkrfnv1 Vlploduo|/ wkh vshfwuxp

I(

��
+$, ^I(

A�
+$,` phdvxuhv wkh yduldelolw| ri wkh mwk frxqwu| rxwsxw dw iuhtxhqf| $ wkdw lv

h{sodlqhg e| wkh mwk frxqwu| shupdqhqw ^wudqvlwru|` grphvwlf vkrfnv1 Zh fdq �qdoo| sursrvh

rxu phdvxuhv ri wkh frqwulexwlrq ri SW iruhljq ^grphvwlf` vkrfnv wr wkh yduldelolw| ri wkh mwk

frxqwu| rxwsxw dw wkh exvlqhvv f|foh iuhtxhqf| edqg1

Gh�qlwlrq 4 +Phdvxuhv ri wkh exvlqhvv f|foh h�hfwv ri SW iruhljq vkrfnv,1 Ohw

L8
��
+$f> $�, ^L8

��
+$f> $�,` lqglfdwhv wkh uhodwlyh phdvxuh ri wkh vshfwudo pdvv ri wkh mwk frxq0

wu| rxwsxw dw wkh exvlqhvv f|foh iuhtxhqf| edqg ^$f> $�` wkdw lv h{sodlqhg e| wkh mwk frxqwu|

shupdqhqw ^wudqvlwru|` iruhljq vkrfnv/ zkhuh 3 ? $f ? $� � �1 Wkhq zh kdyh

L8
��
+$f> $�, @

/�U
/f

I8

��
+$,g$

/�U
/f

I�+$,g$

dqg L8
A�
+$f> $�, @

/�U
/f

I8

A�
+$,h�g$

/�U
/f

I�+$,g$

/

iru m @ 4> ===> q1

Gh�qlwlrq 5 +Phdvxuhv ri wkh exvlqhvv f|foh h�hfwv ri SW grphvwlf vkrfnv,1 Ohw

L(
��
+$f> $�, ^L

(

A�
+$f> $�,` lqglfdwhv wkh uhodwlyh phdvxuh ri wkh vshfwudo pdvv ri wkh mwk frxqwu|

7Zh gr qrw frqvlghu wkh fdvh / ' f vlqfh wkh svhxgr0vshfwudo ghqvlw| pdwul{ ri vhulhv f| lv xqerxqghg dw
iuhtxhqf| }hur gxh wr wkh suhvhqfh ri xqlw urrwv dw wkdw iuhtxhqf|1

8Dv qrwlfhg lq Fxedggd dqg Fhqwrql +5336,/ wkh pdwul{ �E5� 
 dKE5�E�3 5�3kq�5o lv lqyhuwleoh iru 5 �' � gxh
wr Dvvxpswlrq +5,1

;



rxwsxw dw wkh exvlqhvv f|foh iuhtxhqf| edqg ^$f> $�` wkdw lv h{sodlqhg e| wkh mwk frxqwu| shupdqhqw

^wudqvlwru|` grphvwlf vkrfnv1 Wkhq zh kdyh

L(
��
+$f> $�, @

/�U
/f

I(

��
+$,g$

/�U
/f

I�+$,g$

dqg L(
A�
+$f> $�, @

/�U
/f

I(

A�
+$,g$

/�U
/f

I�+$,g$

/

iru m @ 4> ===> q1

Uhpdun 6 Lq ylhz ri htxdwlrqv +<, dqg +43,/ zh vhh wkdw wkh phdvxuhv ri wkh exvlqhvv f|foh

h�hfwv ri wkh SW vkrfnv sursrvhg e| Fhqwrql dqg Fxedggd +5336, duh uhvshfwlyho| jlyhq e|

L��+$f> $�, @ L8
��
+$f> $�, . L(

��
+$f> $�, dqg LA�+$f> $�, @ L8

A�
+$f> $�, . L(

A�
+$f> $�,

iru m @ 4> ===> q1

Uhpdun 7 Edvhg rq ghfrpsrvlwlrq +<,/ wkh uhodwlyh frqwulexwlrqv ri iruhljq dqg grphvwlf vkrfnv

wr wkh yduldelolw| ri wkh mwk frxqwu| exvlqhvv f|foh uhvshfwlyho| uhdg

L8
�
+$f> $�, @ L8

��
+$f> $�, . L8

A�
+$f> $�, dqg L(

�
+$f> $�, @ L(

��
+$f> $�, . L(

A�
+$f> $�,

iru m @ 4> ===> q1

615 Hvwlpdwlrq

Hvwlpdwlrq ri wkh vwdwlvwlfv L8
��
+$f> $�,> L

8

A�
+$f> $�,> L

(

��
+$f> $�,> dqg L(

A�
+$f> $�, fdq eh vxp0

pdul}hg e| wkh iroorzlqj vl{ vwhsv=

Vwhs 4 Whvw iru frlqwhjudwlrq dqg VFFI dqg frqvhtxhqwo| �{ u dqg v1 Hvwlpdwh wkhq d YHFP/

srvvleo| xqghu wkh VFFI uhvwulfwlrqv/ dqg ghulyh frqvlvwhqw hvwlpdwhv ri �/ �z/ �/ �+O,/

dqg 
 uhvshfwlyho| ghqrwhg e| e�/ e�z/ e�/ e�+O,/ dqg e
>9
Vwhs 5 Edvhg rq wkh YHFP uhvlgxdov e%|/ frqvwuxfw ex�| @ e��

z
e%|/ e%�| @ e
e��

z
+e��

z
e
e�z,3�ex�| / exA| @

e��e
3�e%|/ dqg e%A| @ e�+e��e
3�e�,3�exA
|
>

Vwhs 6 Frpsxwh ex�c(
�|

^exAc(
�|

` dv wkh �wwhg ydoxhv ri d uhjuhvvlrq ri ex�
|
^ exA

|
` rq e%�

�|
^e%A
�|
` dqg frqvwuxfw

ex�c8
�|

@ ex�
|
� ex�c(

�|
iru m @ 4> 5> ===> q>

Vwhs 7 Rewdlq e
�c(

�
/ e
Ac(

�
/ dqg e
�c8

�
uhvshfwlyho| dv wkh vdpsoh fryduldqfh pdwulfhv ri wkh yhfwru

vhulhv ex�c(
�|

/ exAc(
�|

/ dqg ex�c8
�|

iru m @ 4> 5> ===> q>

9Vhh h1j1 Jrq}dor dqg Judqjhu +4<<8, rq hvwlpdwlrq ri kz1

<



Vwhs 8 Frqvwuxfw eFW+}&, @ ^e�+}&,+4 � }&, � e�e��}&`3�/ eS W+}&, @ eFW+}&,e
e�z+e��ze
e�z,3�/ dqgeW W+}&, @ eFW+}&,e�+e��e
e�,3�/ zkhuh }& @ h{s+�l$&,/ dqg $& @ $f+
63&

6
, . $�+

&

6
, iru

n @ 3> 4> ===>p>

Vwhs 9 Rewdlq

eL(
��
+$f> $�, @

%
6[
&'f

h�
�
eS W+}&,e
�c(

�
eS W+}3�

&
,�h�

&%
6[
&'f

h�
�
eFW+}&,e
 eFW+}3�

&
,�h�

&
3�

>

eL(
A�
+$f> $�, @

%
6[
&'f

h�
�
eW W+}&,e
Ac(

�
eW W+}3�

&
,�h�

&%
6[
&'f

h�
�
eFW+}&,e
 eFW+}3�

&
,�h�

&3�
>

eL8
��
+$f> $�, @

%
6[
&'f

h�
�
eS W+}&,e
�c8

�
eS W+}3�

&
,�h�

&%
6[
&'f

h�
�
eFW+}&,e
 eFW+}3�

&
,�h�

&3�
>

eL8
A�
+$f> $�, @ 4� eL(

��
+$f> $�,� eL(A�+$f> $�,� eL8��+$f> $�,>

iru m @ 4> ===> q1

Wkh vxjjhvwhg phdvxuhv duh udwkhu lqyroyhg ixqfwlrqv ri wkh hvwlpdwhg YHFP sdudphwhuv

dqg wklv frpsolfdwhv wkh dqdo|wlfdo hydoxdwlrq ri wkhlu vdpsoh yduldelolw|1 Khqfh/ zh uho| rq d

errwvwuds surfhgxuh vlplodu dv wkh rqh vxjjhvwhg e| Jrq}dor dqg Qj +5334,1 Iluvw/ zh �{ erwk

u dqg v dqg hvwlpdwh wkh YHFP e| wkh PO surfhgxuh1: Vhfrqg/ zh rewdlq wkh uhvlgxdov e%| e|
uhsodflqj wkh xqnqrzq sdudphwhuv lq htxdwlrqv +6, ru +<, zlwk wkhlu hvwlpdwhg ydoxhv1 Wklug/ d

qhz vdpsoh ri gdwd lv frqvwuxfwhg xvlqj d udqgrp vdpsoh ri e%| zlwk uhsodfhphqw dqg wkh lqlwldo

hvwlpdwhv ri wkh YHFP sdudphwhuv1 Irxuwk/ wkh YHFP lv uh0hvwlpdwhg zlwk wkh qhz vdpsoh

dqg wkh dvvrfldwhg hvwlpdwhv ri wkh vshfwudo phdvxuhv duh vwruhg1 Wklv surfhgxuh lv uhshdwhg

8333 wlphv dqg wkh txdqwlohv ri wkh hpslulfdo glvwulexwlrqv ri wkh errwvwudsshg eL8
��
+$f> $�,>eL8

A�
+$f> $�,> eL(��+$f> $�,> dqg eL(A�+$f> $�, duh wkhq xvhg wr frqvwuxfw frq�ghqfh lqwhuydov1

7 Hpslulfdo Dqdo|vlv

Zh dsso| wkh suhylrxv phdvxuhv wr wkh jurvv grphvwlf surgxfw lq yroxph ri J: frxqwulhv/ l1h1

Fdqdgd/ XV/ XN/ Jhupdq|/ Lwdo|/ Iudqfh dqg Mdsdq1 Txduwhuo| vhdvrqdoo| dgmxvwhg lqgh{hv

:Wkh frh!flhqwv ri q dqg B pdwulfhv duh hvwlpdwhg hyhq wkrxjk o dqg r duh �{hg1

43



e� Wudfh s�ydoxhv

u @ 3 3167 4;6187 3133

u � 4 3166 46714: 3133

u � 5 3154 ;;135 3139

u � 6 314< 93156 3143

u � 7 3147 681<9 3154

u � 8 313< 4;187 3165

u � 9 3138 918; 3173

Wdeoh 4= Mrkdqvhq*v Wudfh Whvw iru Frlqwhjudwlrq

+4<<8@433, duh wdnhq iurp RHFG gdwdedvhv1 Fdqryd dqg Ghoodv +4<<6, dprqj rwkhuv grfx0

phqwhg wkdw diwhu 4<:6 +l1h1 wkh �uvw rlo vkrfn, wkh suhvhqfh ri frpprq glvwxuedqfhv sod|v d

uroh lq dffrxqwlqj iru lqwhuqdwlrqdo rxwsxw fr0pryhphqwv1 Zh wkhq xvh wkh vdpsoh wkdw vsdqv

4<:7=T4 wr 5335=T6/ qdpho| W @ 448 revhuydwlrqv1

Iljxuh 4 uhsruwv iru hdfk frxqwu| wdnhq lqglylgxdoo|/ wkh orj0ohyho dqg wkh jurzwk udwh ri

wkh JGS1; Wkhuh h{lvwv d wuhqglqj ehkdylru lq wkh orj0ohyhov ri doo vhulhv/ vr zh �uvw whvw iru wkh

suhvhqfh ri frpprq shupdqhqw dqg wudqvlwru| vkrfnv e| d frlqwhjudwlrq dqdo|vlv1 D YDU+6,

vhhpv wr dssursuldwho| fkdudfwhul}h wkh fryduldqfh vwuxfwxuh ri wkh gdwd dffruglqj wr wkh Dndlnh

Lqirupdwlrq Fulwhulrq +DLF,1 Lqghhg/ zh gr qrw uhmhfw wkh qxoo ri qr dxwrfruuhodwlrq lq doo wkh

lqglylgxdo htxdwlrqv ri wkh YDU1< Khqfh/ zh xvh wkh Mrkdqvhq*v wudfh vwdwlvwlfv iru frlqwhjudwlrq

zlwk d ghwhuplqlvwlf wuhqg lqfoxghg lq wkh orqj0uxq lq rughu wr fdswxuh wkh gl�huhqfhv dprqj

wkh dyhudjh jurzwk udwhv ri wkh ydulrxv qdwlrqdo rxwsxwv1 Wdeoh 4 uhsruwv wkh hljhqydoxhv/ wkh

ydoxh ri wkh dv|pswrwlf wudfh vwdwlvwlfv dv zhoo dv wkh dvvrfldwhg s�ydoxhv1 Zh gr qrw uhmhfw

wkh suhvhqfh ri wzr frlqwhjudwlqj yhfwruv1 Wklv lpsolhv wkdw wkh J: rxwsxwv duh gulyhq e| �yh

frpprq shupdqhqw vkrfnv dqg wzr frpprq wudqvlwru| vkrfnv1

Wkh rxwsxw jurzwk udwhv h{klelw d f|folfdo sdwwhuq zkrvh vlplodulw| lv whvwhg wkurxjk wkh

VFFI dqdo|vlv1 Zh �{ dw u @ 5 wkh qxpehu ri frlqwhjudwlqj yhfwruv dqg zh frqwlqxh zlwk wkh

VFFI dqdo|vlv1 Wdeoh 5 uhsruwv hljhqydoxhv/ wkh ydoxh ri VFFI whvw vwdwlvwlfv/ wkhlu ghjuhhv

ri iuhhgrp +gi, dv zhoo dv wkh s�ydoxhv dvvrfldwhg zlwk erwk wkh OU whvw vwdwlvwlf lq +;, dqg

d vpdoo0vdpsoh fruuhfwhg yhuvlrq +s�ydoxhvrr, frqvlghuhg e| Khft +5333,1 Lw hphujhv wkdw zh

fdqqrw h{foxgh wkh suhvhqfh ri irxu VFFI yhfwruv1 DLF dovr lqglfdwhv v @ 71 Zh frqfoxgh

wkdw wkhuh duh wkuhh frpprq wudqvplvvlrq phfkdqlvpv ri wkh qdwlrqdo vkrfnv wkurxjk wkh J:

hfrqrplhv143

;Wkh gdwd iru Jhupdq| iru wkh shulrg 4<:7=T404<<3=T7 zhuh uhfrqvwuxfwhg e| xvlqj wkh JGS ri Zhvw Jhupdq|1
<Wkh R3 �@,�er dvvrfldwhg wr wkh Odjudqjh pxowlsolhu whvw vwdwlvwlfv iru irxuwk0rughu uhvlgxdo dxwrfruuhodwlrq

duh 3194/ 31;4/ 31;:/ 315</ 3144/ 313:/ 3184 iru uhvshfwlyho| *?�@?|c *?L7|c *?a@R|c *?8o|c *?Ceo|c *? U|| dqg *?Lg|�
43Iru wkh vdnh ri frpsohwhqhvv/ zh hvwlpdwh wkh v|vwhp e| ILPO dqg whvw zkhwkhu vrph ri wkhvh irxu VFFI

yhfwruv kdyh d vlqjoh hohphqw htxdo wr xqlw| dqg wkh rwkhuv htxdo wr }hur1 Wkh suhvhqfh ri vxfk wulyldo VFFI
yhfwruv lv uhmhfwhg zlwk R3 �@,�er ohvv wkdq 31334 iru hdfk yduldeoh1 Zh dovr uhmhfw dw frqyhqwlrqdo vljql�fdqfh
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e� OU gi s�ydoxhv s�ydoxhvrr

v � 4 3138 9176 43 31:: 31;8

v � 5 3145 5416: 55 317< 319;

v � 6 3146 6;158 69 3169 3194

v � 7 3154 981<< 85 313< 3163

v � 8 3168 44:13: :3 ?31334 3134

Wdeoh 5= OU Whvw iru VFFI

Lq rughu wr dvvhv wkh uhodwlyh lpsruwdqfh ri frpprq SW grphvwlf dqg iruhljq vkrfnv ryhu

wkh qdwlrqdo exvlqhvv f|fohv/ zh dsso| wkh phdvxuhv sursrvhg lq wkh suhylrxv vhfwlrq1 Zh

frpsxwh vxfk phdvxuhv zlwk dqg zlwkrxw lpsrvlqj wkh VFFI uhvwulfwlrqv lq rughu wr hydoxdwh

wkh h!flhqf| jdlqv frplqj iurp wkh lpsrvlwlrq ri wkh frpprq sursdjdwlrq phfkdqlvpv1 Zh

wkhq hvwlpdwh wkh YHFP prgho �{lqj erwk v @ 3 dqg v @ 7 dqg ghulyh iurp wkh hvwlpdwhg

sdudphwhuv wkh vshfwud ri hdfk rxwsxw dqg lwv frpsrqhqwv dw wkh iuhtxhqflhv fruuhvsrqglqj wr

;065 txduwhu shulrgv1 Lq sduwlfxodu/ wkhvh vshfwud duh frpsxwhg iru $& @
Z

�S
+�bb3&

�bb
,. Z

e
+ &

�bb
, dqg

n @ 3> 4> ===> 4<<1 Wdeoh 6 dqg 7 uhsruw iru uhvshfwlyho| v @ 3 dqg v @ 7 wkh hvwlpdwhg phdvxuhv

dorqj zlwk lq eudfnhwv wkh <8( errwvwudsshg frq�ghqfh erxqgv1

Iluvw/ wkh uhvxowv fohduo| lqglfdwh wkh grplqdqw uroh ri wkh shupdqhqw vkrfnv ryhu wkh exvlqhvv

f|fohv1 Shupdqhqw vkrfnv dffrxqw iru derxw ;8( iru Hxurshdq frxqwulhv dqg Mdsdq dqg xs wr

<8( iru wkh XV dqg Fdqdgd1 Wkh lpsrvlwlrq ri wkh VFFI uhvwulfwlrqv grhv qrw dowhu wkh pdlq

frqfoxvlrq derxw wkhvh sursruwlrqv exw lw ohdgv wr pruh suhflvh hvwlpdwhv ri wkh exvlqhvv f|foh

h�hfwv ri SW vkrfnv1 Lqghhg/ wkh uhodwlyh frq�ghqfh lqwhuydo zlgwk ri vxfk exvlqhvv f|foh h�hfwv44

uhgxfhv rq dyhudjh ri 48177( zkhq v @ 7 lv lpsrvhg lq hvwlpdwlrq1

Vhfrqg/ zh wxuq wr hydoxdwlqj wkh lpsruwdqfh ri wkh grphvwlf dqg iruhljq vkrfnv rq wkh

gl�huhqw hfrqrplhv dw wkh exvlqhvv f|foh iuhtxhqflhv1 Erwk �{lqj v @ 3 dqg v @ 7/ lw hphujhv

wkdw iru wkh XV/ Mdsdq dqg Fdqdgd wkh iruhljq frpsrqhqw lv vpdoo udqjlqj ehwzhhq 45( dqg

63(1 Gxh wr wkhlu kljkhu ghjuhh ri rshqqhvv/ Hxurshdq frxqwulhv duh pruh vhqvlwlyh wr iruhljq

vkrfnv zlwk sursruwlrqv durxqg 73( iru XN dqg uhdfklqj 89( iru Lwdo|1 Djdlq/ wkh pdlq

frqvhtxhqfh ri lpsrvlqj wkh VFFI uhvwulfwlrqv lv wkdw wkh uhodwlyh frq�ghqfh lqwhuydo zlgwk ri

wkhvh exvlqhvv f|foh h�hfwv uhgxfhv rq dyhudjh ri ;1;:(1

Wklug/ iru doo wkh J: hfrqrplhv/ wkh iruhljq frpsrqhqw ri wkh exvlqhvv f|foh lv doprvw hqwluho|

jhqhudwhg e| shupdqhqw vkrfnv1 Wklv uhvxow lv frqvlvwhqw zlwk wkh ylhz wkdw lqwhuqdwlrqdo wudgh

ri lqsxw jrrgv lv dq lpsruwdqw sursdjdwlrq phfkdqlvp ri shupdqhqw whfkqrorj| vkrfnv dfurvv

frxqwulhv1 Vlqfh qhz whfkqrorj| lv hperglhg lq wudghg lqsxwv/ frxqwulhv wkdw h{whqvlyho| uho| rq

ohyhov wkh qxoo k|srwkhvlv wkdw rqh yduldeoh fdq vlpxowdqhrxvo| eh h{foxghg iru wkh irxu frpprq ihdwxuh yhfwruv1
44Vxfk uhodwlyh frq�ghqfh lqwhuydo zlgwk lv frpsxwhg dv wkh <8( errwvwudshg frq�ghqfh lqwhuydo zlgwk ri

U��E/fc /�� ru UA�E/fc /�� glylghg e| wkh plqlpxp ri teU��E/fc /��c eUA�E/fc /��� iru � ' �c 2c ���c ?1
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Shupdqhqw Wudqvlwru| Wrwdo

Fdqdgd Grphvwlf 31;35 ^3183:031;<6` 3138; ^3134:0313<3` 31;93 ^3188<031<64`

Iruhljq 31465 ^31394031758` 3133: ^3133503135<` 3146< ^3139;031773`

Wrwdo 31<67 ^31;<7031<:4` 31399 ^3135<031438`

Shupdqhqw Wudqvlwru| Wrwdo

XV Grphvwlf 319<3 ^31754031;54` 31388 ^313490313;7` 31:78 ^31798031;94`

Iruhljq 31583 ^31468031853` 31336 ^3133403135;` 31587 ^3146;031867`

Wrwdo 31<74 ^31<3:031<:7` 3138; ^313580313<5`

Shupdqhqw Wudqvlwru| Wrwdo

Mdsdq Grphvwlf 31:4; ^31769031;5:` 31483 ^31393031545` 31;9; ^318;3031<4;`

Iruhljq 31459 ^313:5031745` 31337 ^31334031355` 31464 ^313;403174;`

Wrwdo 31;78 ^31::9031<67` 31487 ^31398031556`

Shupdqhqw Wudqvlwru| Wrwdo

Iudqfh Grphvwlf 31734 ^314860319;8` 31489 ^31384031537` 3188; ^315:8031:;7`

Iruhljq 31774 ^31548031:57` 31333 ^31333031334` 31774 ^31548031:57`

Wrwdo 31;75 ^31:<8031<7:` 3148: ^31385031537`

Shupdqhqw Wudqvlwru| Wrwdo

Jhupdq| Grphvwlf 316<; ^314940319:8` 31456 ^3136:0314:9` 3184< ^31599031:84`

Iruhljq 31798 ^3156;031:55` 31347 ^31335031356` 317;3 ^3157:031:66`

Wrwdo 31;97 ^31;44031<87` 31469 ^313780314;<`

Shupdqhqw Wudqvlwru| Wrwdo

Lwdo| Grphvwlf 315<9 ^3145:03188<` 31476 ^313780314<9` 3176< ^31578031977`

Iruhljq 31889 ^3167<031:85` 31337 ^31334031343` 31894 ^31688031:87`

Wrwdo 31;86 ^31:<;031<84` 3147: ^3137<031534`

Shupdqhqw Wudqvlwru| Wrwdo

XN Grphvwlf 317;7 ^314;:0319;6` 31444 ^31385031494` 318<8 ^315<5031:9;`

Iruhljq 31679 ^314<7031989` 3138; ^3134;0313;;` 31737 ^31564031:3:`

Wrwdo 31;64 ^31::7031<49` 3149< ^313;5031558`

Wdeoh 6= Phdvxuhv ri wkh EF h�hfwv ri Grphvwlf0Iruhljq SW vkrfnv +v@3,

47



Shupdqhqw Wudqvlwru| Wrwdo

Fdqdgd Grphvwlf 31;59 ^31878031;<5` 31379 ^3134:0313:6` 31;:5 ^318;:031<5:`

Iruhljq 31445 ^3138<0316<:` 31347 ^31337031366` 3145: ^313:5031745`

Wrwdo 31<6< ^31<3:031<:5` 31394 ^3135;0313<5`

Shupdqhqw Wudqvlwru| Wrwdo

XV Grphvwlf 31947 ^31663031:;4` 3139: ^3135;0313<9` 319;5 ^316;8031;64`

Iruhljq 31645 ^31496031938` 31338 ^31334031349` 3164: ^3149;031946`

Wrwdo 31<59 ^31;<9031<98` 313:6 ^31367031436`

Shupdqhqw Wudqvlwru| Wrwdo

Mdsdq Grphvwlf 31983 ^31754031;55` 31494 ^31395031535` 31;44 ^31889031<4;`

Iruhljq 314;7 ^313:;03176:` 31337 ^31334031344` 314;7 ^313;4031775`

Wrwdo 31;67 ^31:<5031<69` 31499 ^3139603153:`

Shupdqhqw Wudqvlwru| Wrwdo

Iudqfh Grphvwlf 316:5 ^3147:031975` 31463 ^31377031489` 31835 ^3156:031:55`

Iruhljq 317<: ^315:8031:95` 31333 ^31333031334` 317<: ^315:9031:95`

Wrwdo 31;9< ^31;76031<87` 31463 ^3137803148:`

Shupdqhqw Wudqvlwru| Wrwdo

Jhupdq| Grphvwlf 31747 ^3155:031993` 31468 ^31386031487` 3187< ^3165:031:85`

Iruhljq 31778 ^3157803199<` 31337 ^3133303133:` 31783 ^3157:0319:5`

Wrwdo 31;93 ^31;73031<78` 3146< ^3138703148<`

Shupdqhqw Wudqvlwru| Wrwdo

Lwdo| Grphvwlf 3173; ^31567031994` 31434 ^31366031459` 3183< ^3163:031:57`

Iruhljq 317;; ^315:50319<4` 31335 ^31334031337` 317<3 ^315:80319<5`

Wrwdo 31;<: ^31;:4031<97` 31436 ^3136803145;`

Shupdqhqw Wudqvlwru| Wrwdo

XN Grphvwlf 31839 ^31587031:53` 31457 ^31388031486` 31964 ^31693031;34`

Iruhljq 31676 ^314;5031944` 31359 ^3133<031369` 3169; ^314<;03196;`

Wrwdo 31;7< ^31;53031<65` 31483 ^3139;0314:<`

Wdeoh 7= Phdvxuhv ri wkh EF h�hfwv ri Grphvwlf0Iruhljq SW vkrfnv +v@7,
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lpsruwhg lqsxw jrrgv duh pruh h{srvhg wr iruhljq shupdqhqw vkrfnv1 Iudqnho dqg Urvh +4<<;,/

lqwhu dold/ dujxh wkdw forvhu lqwhuqdwlrqdo wudgh olqnv uhvxow lq pruh frkhuhqw qdwlrqdo exvlqhvv

f|fohv1

Ilqdoo|/ wkh grphvwlf frpsrqhqw fohduo| grplqdwhv wkh f|folfdo h�hfwv ri wudqvlwru| vkrfnv/

hvshfldoo| iru Hxurshdq frxqwulhv1 Wklv �qglqj lv lq olqh zlwk wkh lqwhusuhwdwlrq wkdw wudqvlwru|

vkrfnv duh pdlqo| frqqhfwhg wr frxqwu|0vshfl�f prqhwdu| dqg �vfdo srolflhv1

8 Frqfoxvlrqv

Wkh hpslulfdo h{dpsoh ri wkh suhylrxv vhfwlrq vkrzv wkdw wkh phwkrgv sursrvhg lq wklv sdshu duh

xvhixo wr wdfnoh/ lq dq frkhuhqw dqg lqwhjudwhg vhwwlqj/ lvvxhv wkdw zhuh riwhq dqdo|}hg lqghshq0

ghqwo| lq suhylrxv vwxglhv1 Wkhvh lvvxhv duh suhflvh gh�qlwlrqv ri frpprq vkrfnv dqg frpprq

sursdjdwlrq phfkdqlvpv dv zhoo dv dq dvvhvvphqw ri wkh uhodwlyh lpsruwdqfhv ri wkh vrxufhv ri

wkh exvlqhvv f|fohv/ qdpho| grphvwlf0shupdqhqw/ iruhljq0shupdqhqw/ grphvwlf0wudqvlwru| dqg

iruhljq0wudqvlwru| vkrfnv1 Zlwk wkhvh hohphqwv lq kdqg/ lw lv wkxv srvvleoh wr surylgh d ghwdlohg

slfwxuh ri wkh pdfurhfrqrplf  xfwxdwlrqv wkdw frxog eh h!flhqwo| xvhg e| srolf| pdnhuv dqg

hfrqrplvwv1

Uhihuhqfhv

^4` Dkphg/ V1/ Lfnhv/ E1/ Zdqj/ S1/ dqg E1 \rr +4<<6,/ Lqwhuqdwlrqdo Exvlqhvv F|fohv/

Dphulfdq Hfrqrplf Uhylhz/ ;6/ 668068<1

^5` Dqghuvrq/ W1Z1 +4<;7,/ Dq Lqwurgxfwlrq wr Pxowlyduldwh Vwdwlvwlfdo Dqdo|vlv/ 5qg Hg1

+Mrkq Zloh| ) Vrqv,1

^6` Edfnxv/ G1N1/ Nhkrh/ S1M1/ dqg I1H1 N|godqg +4<<8,/ Lqwhuqdwlrqdo Exvlqhvv F|fohv=

Wkhru| dqg Hylghqfh/ lq W1 I1 Frroh|/ hg1/ Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk +Sulqfhwrq

Xqlyhuvlw| Suhvv,/ 664�891

^7` Fdqryd/ I1/ dqg K1 Ghoodv +4<<6,/ Wudgh Lqwhughshqghqfh dqg Lqwhuqdwlrqdo Exvlqhvv

F|foh/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 79/ 46604991

^8` Fdqryd/ I1/ dqg M1 Pduulqdq +4<<;,/ Vrxufhv dqg Sursdjdwlrq ri Lqwhuqdwlrqdo Rxwsxw

F|fohv= Frpprq Vkrfnv ru WudqvplvvlrqB/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 67/ 5607<1

^9` Fhqwrql/ P1/ dqg J1 Fxedggd +5336,/ Phdvxulqj wkh Exvlqhvv F|foh H�hfwv ri Shu0

pdqhqw dqg Wudqvlwru| Vkrfnv lq Frlqwhjudwhg Wlph Vhulhv/ Hfrqrplfv Ohwwhuv/ ;3/ 780841
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^:` Fxedggd/ J1/ dqg D1 Khft +5334,/ Rq Qrq0Frqwhpsrudqhrxv Vkruw0Uxq Frpryh0

phqwv/ Hfrqrplfv Ohwwhuv/ :6/ 6;<06<:1

^;` Hqjoh/ U1I1/ dqg V1 Nr}lfnl +4<<6,/ Whvwlqj iru Frpprq Ihdwxuhv +zlwk frpphqwv,/

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 44/ 69<06<81

^<` Iudqnho/ M1 D1/ dqg D1 N1 Urvh +4<<;,/ Wkh Hqgrjhqhlw| ri wkh Rswlpxp Fxuuhqf|

Duhd Fulwhuld/� Hfrqrplf Mrxuqdo/ 43;/ 433<�44581

^43` Jrq}dor/ M1/ dqg F1Z1M1 Judqjhu +4<<8,/ Hvwlpdwlrq ri Frpprq Orqj0Phpru|

Frpsrqhqwv lq Frlqwhjudwhg V|vwhpv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 66/

5:0681

^44` Jrq}dor/ M1/ dqg V1 Qj/ +5334,/ D V|vwhpdwlf Iudphzrun iru Dqdo|}lqj wkh G|qdplf

H�hfwv ri Shupdqhqw dqg Wudqvlwru| Vkrfnv/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/

58/485:0791

^45` Juhjru|/ D1/ Khdg/ D1/ dqg M1 Ud|qdxg +4<<:,/ Phdvxulqj Zrug Exvlqhvv F|fohv/

Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6;/ 9::0:341

^46` Khft/ D1 +5333,/ Frpprq F|folfdo Ihdwxuhv lq Pxowlsoh Wlph Vhulhv dqg Sdqho Gdwd1

Phwkrgrorjlfdo Dvshfwv dqg Dssolfdwlrqv/ Sk1G1 Wkhvlv/ Xqlyhuvlw| ri Pddvwulfkw1

^47` Mrkdqvhq/ V1 +4<<9,/ Olnholkrrg0Edvhg Lqihuhqfh lq Frlqwhjudwhg Yhfwru Dxwruhjuhvvlyh

Prghov/ R{irug Xqlyhuvlw| Suhvv1

^48` Nlqj/ U1/ Sorvvhu/ F1/ Vwrfn/ M1/ dqg P1 Zdwvrq +4<<4,/ Vwrfkdvwlf Wuhqgv dqg

Hfrqrplf Ioxfwxdwlrqv/ Dphulfdq Hfrqrplf Uhylhz/ ;4/ ;4<0;731

^49` Nzdun/ Q1V1 +4<<<,/ Vrxufhv ri Lqwhuqdwlrqdo Exvlqhvv Ioxfwxdwlrqv= Frxqwu|0vshfl�f

Vkrfnv ru Zruogzlgh VkrfnvB/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 7;/ 69:06;81

^4:` Phoodqghu/ H1/ Yuhglq/ D1/ dqg D1 Zduqh +4<<5,/ Vwrfkdvwlf Wuhqgv dqg Hfrqrplf

Ioxfwxdwlrqv lq d Vpdoo Rshq Hfrqrp|/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ :/ 69<06<71

^4;` Ydklg/ I1/ dqg U1I1 Hqjoh +4<<6,/ Frpprq Wuhqgv dqg Frpprq F|fohv/ Mrxuqdo ri

Dssolhg Hfrqrphwulfv/ ;/ 67406931

^4<` Yhox/ U1S1/ Uhlqvho/ J1F1/ dqg G1 Z1 Zlfkhuq +4<;9,/ Uhgxfhg Udqn Prghov iru

Pxowlyduldwh Wlph Vhulhv/ Elrphwulnd/ :6/ 438044;1

^53` Zduqh/ D1 +4<<6,/ D Frpprq Wuhqgv Prgho= Lghqwl�fdwlrq/ Hvwlpdwlrq dqg Lqihuhqfh/

Plphr/ Vwrfnkrop Vfkrro ri Hfrqrplfv1
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^54` \dqj/ P1 +4<<;,/ Rq Lghqwli|lqj Shupdqhqw dqg Wudqvlwru| Vkrfnv lq YDU Prghov/

Hfrqrplfv Ohwwhuv/ 8;/ 4:404:81
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