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Mdphv Surxgpdq/ Vwhskhq Uhgglqj dqg Pdufr Eldqfkl�

� Edqn ri Hqjodqg/ Wkuhdgqhhgoh Vwuhhw/ Orqgrq/ HF5U ;DK
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Wklv sdshu frqvlghuv wkh uroh ri lqwhuqdwlrqdo rshqqhvv lq idflol0
wdwlqj lqfrph frqyhujhqfh zlwklq d prgho ri glvwulexwlrq g|qdplfv1
Glvfulplqdqw dqdo|vlv lv xvhg wr vruw hfrqrplhv lqwr rshq dqg forvhg
jurxsv/ dqg wkh hyroxwlrq ri wkh furvv0vhfwlrq lqfrph glvwulexwlrq prg0
hoohg iru erwk wkh zkroh zruog dqg rshq2forvhg hfrqrplhv vhsdudwho|1
Rshq hfrqrplhv duh irxqg wr h{klelw vxevwdqwldoo| gl�huhqw lqfrph
g|qdplfv dqg wr frqyhujh wr gl�huhqw ohyhov ri lqfrph wr wkhlu forvhg
hfrqrp| frxqwhusduwv/ gl�huhqfhv wkdw uhpdlq hyhq diwhu frqglwlrqlqj
rq uhodwlyh lqyhvwphqw ohyhov1

M1H1O1 FODVVLILFDWLRQ= F43/ I48/ R83

NH\ZRUGV= Glvwulexwlrq G|qdplfv/ Hfrqrplf Jurzwk/ Lqwhuqd0
wlrqdo Rshqqhvv/ Pdunry Fkdlqv/ Wudgh Srolf|
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Dq lpsruwdqw vwudqg ri wkh furvv0frxqwu| jurzwk olwhudwxuh lv wkh
hpslulfdo uhvhdufk lqwr frqyhujhqfh1 Lq dgglwlrq wr wkh wudglwlrqdo
uhjuhvvlrq0edvhg olwhudwxuh rq furvv0frxqwu| frqyhujhqfh dvvrfldwhg zlwk/
iru lqvwdqfh/ Eduur dqg Vdod0l0Pduwlq +4<<4,/ +4<<5, dqg +4<<8, dqg
Pdqnlz/ Urphu dqg Zhlo +4<<5,/ d pruh uhfhqw erg| ri zrun sxusruwv
wr �qg hylghqfh wkdw hfrqrplhv duh foxvwhulqj lqwr jurxsv 0 ru frqyhu0
jhqfh foxev 0 zlwk gl�huhqw frqyhujhqfh surshuwlhv= Eldqfkl +4<<8,/
Ghvgrljwv +4<<7,/ Gxuodxi dqg Mrqvrq +4<<8,/ Sdds dqg Ydq Glmn
+4<<7, dqg Txdk +4<<6e,/ +4<<9d,/ +4<<9e, dqg +4<<9f,1 Wklv hp0
slulfdo �qglqj grhv qrw lq lwvhoi khos wr glvwlqjxlvk ehwzhhq jurzwk
wkhrulhv vlqfh wkh h{lvwhqfh ri elprgdolw|/ ru wzlq shdnv dv lw lv riwhq
pruh judsklfdoo| ghvfulehg/ lv qrw qhfhvvdulo| lqfrqvlvwhqw zlwk frqgl0
wlrqdo frqyhujhqfh lq d vwdqgdug qhr0fodvvlfdo jurzwk iudphzrun1 Rq
wkh rwkhu kdqg/ wkh �qglqj ri elprgdolw| kdv dovr khoshg wr jhqhudwh
wkhruhwlfdo uhvhdufk lqwr hqgrjhqrxv jurzwk dqg frqyhujhqfh foxev1
Eolvv +4<<8,/ Txdk +4<<9e, dqg Jduf��d0Sh�qdorvd +4<<8, duh h{dpsohv
ri wkhruhwlfdo prghov wkdw vhhn wr h{sodlq wkh hpslulfdo olwhudwxuh ri
frqyhujhqfh foxev1

Dqrwkhu lpsruwdqw vwudqg ri wkh hpslulfdo jurzwk olwhudwxuh lv uh0
vhdufk lqwr wkh uhodwlrqvkls ehwzhhq rshqqhvv wr wkh lqwhuqdwlrqdo hfrq0
rp| dqg d frxqwu|*v udwh ri hfrqrplf jurzwk +hj Edodvvd +4<;8,/ Hg0
zdugv +4<<5, dqg Groodu +4<<5,,1 Lq jhqhudo/ uhvhdufkhuv whqg wr djuhh
wkdw rxwzdug0rulhqwdwhg frxqwulhv shuirup ehwwhu1 Lq dq lpsruwdqw
frqwulexwlrq/ Vdfkv dqg Zduqhu +4<<8, surylgh hylghqfh iru wkh uh0
pdundeoh uhvxow wkdw wkh rqo| yduldeoh rq zklfk rqh qhhgv wr frqglwlrq
wr revhuyh frqyhujhqfh lv wkh hfrqrp|*v wudgh uhjlph1 Lq rwkhu zrugv/
rshq hfrqrplhv frqyhujh devroxwho| exw forvhg hfrqrplhv gr qrw1

Lq wklv sdshu/ zh vhhn wr lqyhvwljdwh zkhwkhu wkhvh wzr vwudqgv ri
wkh olwhudwxuh duh olqnhg1 Lv lw wkh fdvh wkdw wkh elprgdolw| uhvxow lv
dvvrfldwhg zlwk gl�huhqfhv lq wudgh uhjlphv ehwzhhq frxqwulhvB Diwhu
doorzlqj iru gl�huhqw wudgh uhjlphv/ grhv wkh hylghqfh vxjjhvw frqyhu0
jhqfh wr d vlqjoh prgh ru lv elprgdolw| vwloo h{klelwhgB Wr frqvlghu
wklv w|sh ri lvvxh/ zh pdnh xvh ri whfkqltxhv vxlwhg wr wkh dqdo|vlv
ri wkh hyroxwlrq ri wkh hqwluh glvwulexwlrq ri lqfrph wr uh0h{dplqh wkh
hpslulfdo olqnv ehwzhhq rshqqhvv dqg jurzwk1

Rqh ri wkh sureohpv ri wkh rshqqhvv dqg jurzwk olwhudwxuh lv wkdw
wkhuh h{lvwv qr vlpsoh/ jhqhudoo| dffhswhg wkhruhwlfdoo|0edvhg phdqv ri
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hydoxdwlqj rshqqhvv1 Ixuwkhu/ hylghqfh surylghg e| Sulwfkhww +4<<9,
uhyhdov wkdw pdq| ri wkh phdvxuhv xvhg e| uhvhdufkhuv duh sdluzlvh
xqfruuhodwhg1 Rq wkh rwkhu kdqg/ wkhuh lv txlwh d odujh vwdwlvwlfdo
olwhudwxuh rq krz wr vruw gdwd revhuydwlrqv lqwr vhsdudwh srsxodwlrqv1
Gudzlqj rq wklv olwhudwxuh/ zh dsso| d yduldwlrq ri Ilvkhu*v Olqhdu
Glvfulplqdqw uxoh wr vhsdudwh frxqwulhv lqwr wzr jurxsv/ rq wkh edvlv
ri qxpehu ri lqflghqfh0edvhg phdvxuhv ri wkh vwdqfh ri d frxqwu|*v
wudgh uhjlph1

Xvlqj wkh Vxpphuv dqg Khvwrq +4<;;, gdwd vhw/ zh vwxg| 43< frxq0
wulhv gxulqj wkh shulrg 4<:30;<1 Zh �uvw dqdo|vh wkh zruog furvv0
vhfwlrq glvwulexwlrq ri lqfrph dqg jhqhudwh wkh idploldu wzlq shdnv
uhvxow1 H{dplqdwlrq ri wkh jurxs ri rshq dqg forvhg hfrqrplhv vkrzv
hdfk jurxs hyroylqj wrzdugv d glvwulexwlrq zlwk d vlqjoh prgh= zlwk
wkh pdmrulw| ri frxqwulhv whqglqj wr kljkhu lqfrph ohyhov lq wkh rshq
jurxs1

Wklv uhvxow grhv qrw dgguhvv wkh sureohp ri srwhqwldo rplwwhg ydul0
deohv 0 wkdw lv/ wkhuh pd| eh vrph wklug yduldeoh gulylqj erwk jurzwk
shuirupdqfh dqg wudgh srolf|1 Lq sduwlfxodu/ hylghqfh suhvhqwhg rq
wkh olqhdu uhjuhvvlrq prgho e| Ohylqh dqg Uhqhow +4<<5, vxjjhvwv wkdw
phdvxuhv ri rshqqhvv fhdvh wr kdyh d vljql�fdqw lpsdfw rq jurzwk
shuirupdqfh zkhq lqyhvwphqw vkduhv duh lqwurgxfhg dv dq h{sodqdwru|
yduldeoh1 Zh wkhuhiruh xvh dq dssurdfk vxjjhvwhg e| Txdk +4<<9e,/
+4<<9g, dqg Dqguhv dqg Odpr +4<<8, wr frqglwlrq rq lqyhvwphqw eh0
kdylrxu1 Zh �qg wkdw lqyhvwphqw grhv h{sodlq vrph ri wkh srodul0
vdwlrq/ exw wkdw/ qhyhuwkhohvv/ wkh wudqvlwlrq suredelolwlhv frqglwlrqdo
rq lqyhvwphqw vwloo h{klelw elprgdolw| iru wkh zkroh vdpsoh/ dqg xql0
prgdolw| zkhq frqvlghulqj wkh jurxsv ri rshq dqg forvhg hfrqrplhv
vhsdudwho|1

Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Vhfwlrq 4 eulh�| rxwolqhv
wkh frqfhswv ri frqyhujhqfh dqg wzlq shdnv lq wkh hfrqrplf jurzwk
olwhudwxuh/ dqg ghvfulehv d whfkqltxh iru dqdo|vlqj wkh hyroxwlrq ri wkh
frqglwlrqdo dqg xqfrqglwlrqdo furvv0vhfwlrq glvwulexwlrq ri shu fdslwd
lqfrph1 Vhfwlrq 5 eulh�| rxwolqhv wkh hpslulfdo olwhudwxuh rq rshqqhvv
dqg jurzwk/ dqg ghvfulehv dq dwkhruhwlf dssurdfk wr hydoxdwlqj uhodwlyh
rshqqhvv ohyhov1 Vhfwlrq 6 ghvfulehv wkh hyroxwlrq ri wkh frqglwlrqdo
dqg xqfrqglwlrqdo furvv0vhfwlrq glvwulexwlrq ri shu fdslwd lqfrph iru
wkh zkroh vdpsoh dqg iru wkh jurxs ri rshq dqg forvhg hfrqrplhv1
Vhfwlrq 7 frqvlghuv wkh urexvwqhvv dqg wkh vljql�fdqfh ri wkh uhvxowv1
Vhfwlrq 8 frqfoxghv1
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Wkh h{lvwlqj olwhudwxuh rq lqfrph frqyhujhqfh dfurvv hfrqrplhv ru uh0
jlrqv lv fkdudfwhulvhg e| wzr eurdg dssurdfkhv1+4, Wkh �uvw ru wudgl0
wlrqdo dssurdfk/ ehjlqqlqj zlwk Eduur dqg Vdod0l0Pduwlq +4<<4, dqg
+4<<5,/ glvwlqjxlvkhv wzr frqfhswv ri frqyhujhqfh= � dqg �1 D furvv0
vhfwlrq lqfrph glvwulexwlrq lv vdlg wr h{klelw �0frqyhujhqfh li dq hfrq0
rp|*v udwh ri jurzwk ri lqfrph shu fdslwd lv qhjdwlyho| fruuhodwhg zlwk
lwv lqlwldo ohyho ri lqfrph1 Wkh vdph glvwulexwlrq vkrzv �0frqyhujhqfh
li wkh furvv0vhfwlrq glvshuvlrq ri shu fdslwd lqfrphv idoov ryhu wlph/
zkhuh glvshuvlrq lv w|slfdoo| phdvxuhg e| wkh vdpsoh vwdqgdug ghyld0
wlrq1 Wkh wzr frqfhswv duh txlwh glvwlqfw= �0frqyhujhqfh lv dvvrfldwhg
zlwk phdq uhyhuvlrq dqg grhv qrw lpso| �0frqyhujhqfh li wkh surfhvv
ri phdq uhyhuvlrq lv r�vhw e| qhz glvwxuedqfhv wkdw whqg wr lqfuhdvh
glvshuvlrq1 Wkhvh lvvxhv duh glvfxvvhg pruh ixoo| lq wkh iroorzlqj vhf0
wlrq +dqg iru d pruh ghwdlohg wuhdwphqw/ vhh Eduur dqg Vdod0l0Pduwlq
+4<<8,,1

Pxfk ri wkh ghedwh uhjduglqj frqyhujhqfh kdv rffxuuhg zlwklq wkh
frqwh{w ri wkh Vrorz0Vzdq +4<89, prgho ri jurzwk/ zklfk wkhuhiruh
surylghv d xvhixo lqwurgxfwru| iudphzrun1 Rqh ri wkh lpsolfdwlrqv ri
wklv prgho lv wkdw/ wkh ixuwkhu dq hfrqrp|*v lqfrph shu fdslwd lv iurp
lwv vwhdg|0vwdwh/ wkh kljkhu wkdw hfrqrp|*v udwh ri jurzwk1 Khqfh/ li wkh
ghwhuplqdqwv ri vwhdg|0vwdwh lqfrph duh wkh vdph dfurvv doo hfrqrplhv/
�0frqyhujhqfh vkrxog eh revhuyhg1 Li wkh ghwhuplqdqwv ri vwhdg| vwdwh
lqfrph ydu|/ wkhq �0frqyhujhqfh zloo rqo| eh revhuyhg diwhu frqwuroolqj
iru d ydulhw| ri fkdudfwhulvwlfv1 Wklv kdv ohg wr d glvwlqfwlrq ehwzhhq
devroxwh dqg frqglwlrqdo frqyhujhqfh/ zkhuh frqglwlrqdo frqyhujhqfh
frqwurov iru hfrqrplhv* fkdudfwhulvwlfv1

Pruh irupdoo|/ frqvlghu wkh yhuvlrq ri wkh dxjphqwhg Vrorz0Vzdq
jurzwk prgho ghyhorshg lq Pdqnlz/ Urphu dqg Zhlo +4<<5,1 Udwhv ri
lqyhvwphqw rxw ri rxwsxw +v,/ srsxodwlrq jurzwk +q,/ ghsuhfldwlrq +�,
dqg whfkqrorjlfdo surjuhvv +j, duh wdnhq dv h{rjhqrxv+5,1 Wkh surgxf0

E��� |��h_ @TThL@U� �@t @*tL hiUi?|*) Mi}�? |L _i�i*LTc M@ti_ �TL? |�i |�4i�tih�it
ThLTih|�it Lu |�i �?UL4i tih�it�
E2��t �? |�i t|@?_@h_ hiThiti?|@|�L? Lu |�i 5L*L��5�@? 4L_i*c �| �t @tt�4i_ �ihi

|�@| _L4it|�U t@��?}t i^�@* _L4it|�U �?�it|4i?|� W| �t t|h@�}�|uLh�@h_ |L t�L� |�@|
|�i �?|hL_�U|�L? Lu �?|ih?@|�L?@* U@T�|@* 4LM�*�|) �?Uhi@tit h@|it Lu UL?�ih}i?Ui�
6Lh @ _�tU�tt�L? Lu |�i �4T@U| Lu |�i �?|ih?@|�L?@* iUL?L4) L? UL?�ih}i?Ui �? |��t

<



wlrq ixqfwlrq lv jlyhq e| wkh vwdqgdug
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jhqfh lv jlyhq e|

g oq+|w,

gw
@ +q. j . �,+4� �,^oq+|�,� oq+|w,` +:,
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zkhuh +! @ +4��,=+q.j.�,,1 Frxqwulhv frqyhujh wr wkhlu rzq vwhdg|
vwdwh/ dqg wkhlu udwh ri jurzwk ghshqgv rq wkh lqvwdqwdqhrxv glvwdqfh
iurp wkhlu vwhdg| vwdwh1+6,

Hpslulfdo whvwv iru �0frqyhujhqfh kdyh wkhuhiruh jhqhudoo| hvwl0
pdwhg d olqhdu uhjuhvvlrq htxdwlrq ri wkh irup/

�l>w>w.W @ �. � orj+\l>w, . �[l>w . %l>w>w.W +<,

+zkhuh/ �> lv wkh udwh ri jurzwk ri shu fdslwd lqfrph lq htxdwlrq +<,
ehwzhhq +w, dqg +w.W ,/ +\ , lv shu fdslwd lqfrph lq wkh vdph hfrqrp|
dw wkh vwduw ri wkh vdpsoh shulrg dqg +[, lv d yhfwru ri frqglwlrqlqj
yduldeohv,1 Hylghqfh ri devroxwh �0frqyhujhqfh rqo| h{lvwv iru vlplodu
uhjlrqv ru hfrqrplhv vxfk dv Xqlwhg Vwdwhv +vhh iru h{dpsoh Eduur dqg
Vdod0l0Pduwlq +4<<4,/ +4<<5, rs flw, dqg wkh RHFG +vhh iru h{dpsoh
Edxpro +4<;9, dqg Gxuodxi dqg Mrkqvrq +4<<8,,1 Qrqhwkhohvv/ rqfh
rqh frqwurov iru d ydulhw| ri fkdudfwhulvwlfv vxfk dv lqyhvwphqw udwhv/
srsxodwlrq jurzwk dqg vfkrro hqurophqw/ hylghqfh iru frqglwlrqdo �0
frqyhujhqfh hphujhv dprqj glvvlplodu hfrqrplhv vxfk dv wkrvh lq0
foxghg lq wkh Vxpphuv dqg Khvwrq +4<;;, gdwd vhw +vhh iru h{dpsoh
Pdqnlz/ Urphu dqg Zhlo +4<<5,,1 Lq doprvw doo vdpsohv/ wkh udwh ri
frqyhujhqfh wr vwhdg| vwdwh lv hvwlpdwhg wr eh derxw 5( d |hdu1 Vdod0
l0Pduwlq +4<<7, surylghv hylghqfh ri �0frqyhujhqfh dfurvv uhjlrqv ri
wkh Xqlwhg Vwdwhv/ Mdsdq/ Hxursh/ Vsdlq dqg Fdqdgd1

2�2 +iUi?| UL?UiT|t Lu UL?�ih}i?Ui

Wkh vhfrqg eurdg dssurdfk wr uhvhdufk rq lqfrph frqyhujhqfh 0 uh0
vhdufk lqwr pxowlprgdolw| 0 kdv vsuxqj iurp d fulwltxh ri wklv wudgl0
wlrqdo dssurdfk wr hvwlpdwlqj frqyhujhqfh pdgh prvw irufhixoo| lq d
vhulhv ri lpsruwdqw sdshuv e| Txdk +4<<6d,/ +4<<6e,/ +4<<9d,/ +4<<9e,
dqg +4<<9f,1+7, Wkh frqfhsw ri �0frqyhujhqfh lv d sureohp iru vhy0
hudo uhdvrqv1 Iluvw/ Txdk +4<<9d, surylghv Prqwh Fduor hylghqfh wkdw/
hyhq li wkh wuxh gdwd jhqhudwlqj surfhvv iru wkh furvv0vhfwlrqdo lqfrph
glvwulexwlrq lv d vhulhv ri lqghshqghqw udqgrp zdonv/ �qlwh vdpsoh eldv
pd| vwloo jhqhudwh dq hvwlpdwhg udwh ri frqyhujhqfh ri derxw 5(/ wkh
vdph udwh dv wkh hvwlpdwhg udwh ri �0frqyhujhqfh ghvfulehg deryh1
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Krzhyhu/ d xqlw urrw lq wlph vhulhv fdq rqo| irup d sduwldo h{sodqd0
wlrq iru hvwlpdwhg �0frqyhujhqfh/ dv Txdk +4<<9d, klpvhoi qrwhv= wkh
vdpsoh vwdqgdug ghyldwlrqv iru wkh hvwlpdwh ri wkh udwh ri frqyhujhqfh
surgxfhg e| wkh Prqwh Fduor vlpxodwlrqv duh pxfk kljkhu wkdq irxqg
lq prvw furvv0vhfwlrq uhjuhvvlrqv1

D vhfrqg/ pruh srzhuixo/ fulwlflvp/ lv wkdw d qhjdwlyh fruuhodwlrq
ehwzhhq lqlwldo lqfrph shu fdslwd dqg jurzwk udwhv grhv qrw qhfhvvdulo|
lpso| wkdw wkh furvv0vhfwlrq glvshuvlrq ri lqfrph lv idoolqj ryhu wlph
+�0frqyhujhqfh,1 Dv dujxhg e| Txdk +4<<6d,/ �0frqyhujhqfh pd| eh
revhuyhg lq d furvv0vhfwlrq glvwulexwlrq ri lqfrph zlwk xqfkdqjhg +ru
hyhq ulvlqj, glvshuvlrq1 Lq wklv fdvh/ �0frqyhujhqfh vlpso| uh�hfwv
uhyhuvlrq wrzdugv wkh phdq/ dqg grhv qrw lpso| d idoolqj furvv0vhfwlrq
glvshuvlrq ri lqfrph1+8,

Pruh irupdoo|/ iroorzlqj Vdod0l0Pduwlq +4<<7, dqg Txdk +4<<9d,/
vxssrvh wkdw wkh orj ri lqfrph shu fdslwd lq hdfk hfrqrp| m @ 4> ===q
lv lqghshqghqwo| dqg lghqwlfdoo| glvwulexwhg dfurvv wkh furvv vhfwlrq/
dqg hyroyhv ryhu wlph dv>

orj |m>w @ � orj |m>w�4 . hl>w +43,

zkhuh m�m k4/ |m>3 lv lqghshqghqw ri hm>w;w � 4/ dqg zkhuh h �
llg+3> #5, dfurvv erwk wkh furvv vhfwlrq dqg wlph1 Li q lv odujh/ wkhq
wkh vdpsoh yduldqfh ri orj |m>w pd| eh dssur{lpdwhg e| wkh srsxodwlrq
yduldqfh �5w / zklfk iurp +43, lv jlyhq e|/

�5w @ �5�5w�4 . #5 +44,

Lq vwhdg| vwdwh/ �w @ �w�4dqg khqfh

�5 @ +4� �5,�4=#5 +45,

�0frqyhujhqfhzloo rqo| rffxu li +45, lv vpdoohu wkdq wkh furvv0vhfwlrqdo
glvwulexwlrq ri lqfrph dw wkh vwduw ri wlph1 Krzhyhu/ wkh dvvxpswlrq
ri vwdwlrqdulw| lq +43, lpsolhv wkhuh lv phdq uhyhuvlrq/ dqg khqfh �0
frqyhujhqfh1 Wkh frqfhsw ri �0frqyhujhqfh fdq wkxv eh xqlqirupdwlyh
lq dqvzhulqj zkhwkhu srru frxqwulhv duh fdwfklqj xs zlwk wkh ulfk1

Krzhyhu/ wklv grhv qrw lpso| wkdw �0frqyhujhqfh lv vx�flhqw iru
xqghuvwdqglqj wkh hyroxwlrq ri wkh furvv0vhfwlrq glvwulexwlrq ri lqfrph=
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wkh vdph ohyho ri glvshuvlrq lv frqvlvwhqw zlwk zlgho| gl�huhqw g|qdp0
lfv1 Iru h{dpsoh/ d frqvwdqw � lv frqvlvwhqw zlwk hlwkhu d zruog lq zklfk
srru frxqwulhv fdwfk xs zlwk dqg wkhq ohds0iurj wkh lqlwldoo| ulfk/ ru d
zruog lq zklfk frxqwulhv uhpdlq shuvlvwhqwo| ulfk ru shuvlvwhqwo| srru1

Lq rughu wr dgguhvv wkhvh nlqgv ri txhvwlrq dghtxdwho|/ rqh uhtxluhv
dq dqdo|vlv ri wkh hyroxwlrq ri wkh hqwluh furvv0vhfwlrq glvwulexwlrq ri
lqfrph1 Dq dssurdfk wr wklv nlqg ri dqdo|vlv kdv ehhq ghyhorshg
uhfhqwo|/ e| iru h{dpsoh/ Txdk +4<<6d,/ +4<<6e,/ +4<<9d, dqg +4<<9e,
dqg Eldqfkl +4<<8,1

2�� #�t|h�M�|�L? _)?@4�Ut

Iroorzlqj iurp wkh glvfxvvlrq deryh/ dq dqdo|vlv ri wkh hyroxwlrq ri
wkh hqwluh furvv0vhfwlrq glvwulexwlrq ri shu fdslwd lqfrph lqyroyhv dq
dqdo|vlv ri wzr glvwlqfw exw uhodwhg frqfhswv1 Iluvw/ rqh lv lqwhuhvwhg lq
wkh vkdsh ri wkh glvwulexwlrq dw hdfk srlqw lq wlph= krz pdq| prghv
grhv lw kdyh/ zkdw lv lwv phdq/ krz kdv lw fkdqjhg ryhu wlphB Wkdw lv
wr vd|/ e| h{dplqlqj wkh hyroxwlrq ri wkh h{whuqdo fkdudfwhulvwlfv ri wkh
dqqxdo furvv0vhfwlrqdo glvwulexwlrq rqh fdq pdnh vwdwhphqwv derxw wkh
ryhudoo sdwwhuq ri lqfrph lqhtxdolw|1 Vhfrqg/ rqh dovr qhhgv wr xqghu0
vwdqg lqwud0glvwulexwlrq g|qdplfv= duh wkh frxqwulhv dw wkh wrs ri wkh
glvwulexwlrq odvw |hdu vwloo wrs wklv |hdu/ krz orqj grhv lw wdnh wr pryh
iurp wkh erwwrp wr wkh plggoh ri wkh glvwulexwlrqB Zlwkrxw dq dqdo|0
vlv ri wklv vruw/ rqh lv xqdeoh wr glvwlqjxlvk ehwzhhq d vfhqdulr lq zklfk
hfrqrplhv ohds0iurj hdfk rwkhu dqg rqh lq zklfk uhodwlyh srvlwlrqv duh
ghhso| hqwuhqfkhg1

Wr vwxg| wkh odz ri prwlrq iru wkh furvv0vhfwlrq glvwulexwlrq ri lq0
frph/ zh qhhg d prgho ri wkh vwrfkdvwlf surfhvv wkdw ghvfulehv lw1
Zh fdq gr wklv e| xvlqj suredelolw| phdvxuhv dvvrfldwhg zlwk wkh
furvv0vhfwlrq glvwulexwlrq lwvhoi1 Wkh wkhruhwlfdo iudphzrun iru wklv
dssurdfk lv zhoo grfxphqwhg hovhzkhuh +vhh iru lqvwdqfh/ Vwrnh| dqg
Oxfdv +4<;<,/ Dqguhv dqg Odpr +4<<8, dqg Txdk +4<<9f,,1 Gudzlqj
rq wklv olwhudwxuh/ zh prgho wkh hyroxwlrq ri wkh furvv0vhfwlrq glvwulex0
wlrq lq whupv ri d �uvw0rughu vwrfkdvwlf gl�huhqfh htxdwlrq1

Ohw �w eh d vhtxhqfh ri suredelolw| phdvxuhv dvvrfldwhg zlwk wkh
furvv0vhfwlrq glvwulexwlrq1 Wkhq wkh vwrfkdvwlf gl�huhqfh htxdwlrq fdq
eh gh�qhg e|=

�w @ P+�w�4> xw, +46,
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zkhuh P pdsv wkh suredelolw| phdvxuhv soxv d glvwxuedqfh whup
lqwr suredelolw| phdvxuhv lq wkh qh{w shulrg/ dqg zkhuh P lv frqvwdqw
ryhu wlph1 Dv lw vwdqgv/ wklv irupxodwlrq lv qrw vroxeoh1 Krzhyhu/ lw
fdq eh vroyhg li wkh glvwxuedqfh whup lv ljqruhg1 Lwhudwlqj +46,/ zh
fdq wkhq uhzulwh lw dv=

�w.v @ +P,v�w +47,

Zh fdq wkhq pdnh xvh ri wkh revhuyhg vdpsoh wr pdnh lqihuhqfhv
derxw wkh orqj0uxq glvwulexwlrq ri furvv0frxqwu| lqfrph zklfk fkdudf0
whulvhv wkh vwhdg| vwdwh e| ohwwlqj v jr wr lq�qlw|1

Krzhyhu/ vlqfh P lv lq�qlwho| glphqvlrqhg/ vrph vlpsol�fdwlrq lv
uhtxluhg ehiruh lw fdq eh pdqlsxodwhg lq sudfwlfh1 Wkdw lv/ P fdq
eh dssur{lpdwhg e| vxe0glylglqj wkh vhw ri srvvleoh ydoxhv ri uhodwlyh
lqfrphv dw uhjxodu lqwhuydov1 Li vr/ wkhq P ehfrphv d wudqvlwlrq sure0
delolw| pdwul{ � hdfk ri zkrvh hohphqwv fruuhvsrqgv wr wkh suredelolw|
wkdw dq hfrqrp| pryhv iurp rqh vwdwh lqwr dqrwkhu1 Wklv irupdw lv
qrz wudfwdeoh lq wkh iroorzlqj gl�huhqfh htxdwlrq>

�w @ �+�w�4> xw, +48,

Wkh hvwlpdwhv iurp +48, doorz xv wr dssur{lpdwh wkh vwhdg| vwdwh1
Dvvxplqj fhuwdlq uhjxodulw| frqglwlrqv krog/ uhshdwhg lwhudwlrqv ri wkh
pdwul{ frqyhujh wr wkh orqj0uxq pdwul{ hdfk ri zkrvh urzv lv wkh hu0
jrglf glvwulexwlrq1 Wkh hujrglf glvwulexwlrq whoov xv wkh xqfrqglwlrqdo
suredelolw| ri dq hfrqrp| hqglqj xs lq d sduwlfxodu lqfrph udqjh1
Frpsohwh frqyhujhqfh lq lqfrph dfurvv frxqwulhv zrxog vkrz xs dv dq
hujrglf glvwulexwlrq ghjhqhudwhg wr d srlqw phdvxuh1 Odfn ri frqyhu0
jhqfh zrxog eh uhsuhvhqwhg dv dq hyhqo| vsuhdg hujrglf glvwulexwlrq
dqg srodulvdwlrq dv d vhulhv ri srlqw phdvxuhv1+9,

E| dqg odujh/ wkh uhvxowv ri wklv dssurdfk kdyh surylghg hylghqfh
djdlqvw wkh vlpsoh frqyhujhqfh k|srwkhvlv1 Udwkhu/ erwk Txdk dqg
Eldqfkl rs flw1 �qg hylghqfh ri frqyhujhqfh wrzdugv d furvv0vhfwlrqdo
glvwulexwlrq fkdudfwhulvhg e| frqvlghudeoh shuvlvwhqfh dqg d srodulvd0
wlrq ri lqfrph lqwr wzr frqyhujhqfh foxev1 Wkh hujrglf zruog glvwul0
exwlrq ri lqfrph lv elprgdo/ zlwk wzlq shdnv dw kljk dqg orz ohyhov ri
lqfrph1+:,
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Hpslulfdo hylghqfh ri elprgdolw| kdv khoshg wr jhqhudwh lqwhuhvw dprqj
wkhruhwlfdo uhvhdufkhuv= Eolvv +4<<8,/ Txdk +4<<9e, dqg Jduf��d0Sh�qdorvd
+4<<8, duh h{dpsohv ri wkhruhwlfdo prghov wkdw vhhn wr h{sodlq wkh hp0
slulfdo olwhudwxuh ri frqyhujhqfh foxev1 Krzhyhu/ wkh wzlq shdnv uhvxow
uhyhdov lqirupdwlrq derxw wkh dssduhqw odfn ri devroxwh frqyhujhqfh/
exw shu vh uhyhdov qrwklqj derxw frqglwlrqdo frqyhujhqfh lq d vwdqgdug
qhr0fodvvlfdo jurzwk prgho1 Wkh hylghqfh ri hyroxwlrq wrzdugv d zruog
srodulvhg ehwzhhq ulfk dqg srru lv qrw qhfhvvdulo| lqfrqvlvwhqw zlwk
frqglwlrqdo frqyhujhqfh1 Vxssrvh/ iru h{dpsoh/ wkdw wkh zruog lv fkdu0
dfwhulvhg e| frqglwlrqdo frqyhujhqfh 0 dv lq +;, 0 exw wkdw wkhuh duh wzr
vhwv ri hfrqrplhv D dqg E1 Zlwklq hdfk vhw/ wkh ghwhuplqdqwv ri vwhdg|
vwdwh lqfrph duh wkh vdph1 Krzhyhu/ wkhuh duh h{rjhqrxv yduldwlrqv
lq wkhvh ghwhuplqdqwv dfurvv wkh wzr vhwv ri hfrqrplhv1 Frqglwlrqdo
frqyhujhqfh khqfh lpsolhv wkdw wkh zruog furvv vhfwlrq glvwulexwlrq ri
lqfrph zloo hyroyh wr wzr glvwlqfw vwhdg| vwdwhv dqg wkdw wkh hvwlpdwhg
vlqjoh hujrglf glvwulexwlrq zloo wkhuhiruh dsshdu wr eh elprgdo1

Dq dssurdfk kdv ehhq vxjjhvwhg e| Txdk +4<<9e,/ +4<<9g, dqg Dq0
guhv dqg Odpr +4<<8, wkdw vhhnv wr glvwlqjxlvk wkh lpsdfw ri sduwlfxodu
idfwruv rq wudqvlwlrq suredelolwlhv e| hvwlpdwlqj frqglwlrqdo suredelol0
wlhv1 Wklv dssurdfk fdq eh looxvwudwhg zlwk uhihuhqfh wr wkh dxjphqwhg
Vrorz prgho1 Uh0duudqjlqj +;,/ lq zklfk wkh frqglwlrqdo yduldeohv duh
+q/j> g, dv gh�qhg lq Vhfwlrq 514/

oq+|w, @ +4� h�!w, �
4�� oq+v,� +4� h�!w, �

4�� oq+q. j . �,

.h�!w oq+|3,
+49,

Hvwlpdwlqj +49, |lhogv d wlph vhulhv ri uhvlgxdov iru hdfk frxqwu|
wkdw duh ruwkrjrqdo wr wkh h{sodqdwru| yduldeohv1 Dv vxfk/ rqh fdq
frqvwuxfw d zruog furvv0vhfwlrq glvwulexwlrq ri uhvlgxdov zklfk fdq eh
lqwhusuhwhg dv d frqglwlrqdo furvv0vhfwlrq glvwulexwlrq vlqfh/ e| frq0
vwuxfwlrq/ ROV jlyhv wkdw sduw ri wkh yduldwlrq lq lqfrph xqh{sodlqhg
e| yduldwlrqv lq wkh h{sodqdwru| yduldeohv1 Khqfh/ hvwlpdwlqj +48, iru
wklv furvv0vhfwlrq glvwulexwlrq surgxfhv wudqvlwlrq suredelolwlhv wkdw
duh frqglwlrqdo rq wkh h{sodqdwru| yduldeohv +dowkrxjk rqh pd| qrw/
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iru h{dpsoh/ eh deoh wr lqwhusuhw wkh fr0h�flhqwv li wkhuh duh rplwwhg
yduldeohv,1

� �Ti??itt

��� �Ti??itt @?_ }hL�|�

D vhfrqg pdmru vwudqg ri wkh hpslulfdo jurzwk olwhudwxuh lv uhvhdufk
lqwr wkh uhodwlrqvkls ehwzhhq hfrqrplf jurzwk shuirupdqfh dqg frxq0
wulhv* rshqqhvv wr wkh rxwvlgh zruog1 D qxphu ri vwxglhv 0 iru lqvwdqfh
Edodvvd +4<;8,/ Hgzdugv +4<<5,/ Groodu +4<<5, 0 kdyh irxqg d srvlwlyh
olqn ehwzhhq d frxqwu|*v jurzwk udwh dqg lwv rshqqhvv wr wkh lqwhuqd0
wlrqdo hfrqrp|1 Lq dq lqwhuhvwlqj vwxg| ri �0frqyhujhqfh/ Vdfkv dqg
Zduqhu +4<<8, phdvxuh wkh lpsdfw ri srvw0zdu wudgh olehudolvdwlrq rq
hfrqrplf shuirupdqfh dqg surylgh hylghqfh lq vxssruw ri wkh vwulnlqj
sursrvlwlrq wkdw rshq wudgh ohdgv wr frqyhujhqw udwhv ri jurzwk1 Wkdw
lv/ rshqqhvv ohdgv wr kljkhu jurzwk udwhv lq srruhu frxqwulhv wkdq lq
ulfk1 E| glylglqj wkh zruog lqwr d jurxs ri rshq hfrqrplhv dqg d
jurxs ri forvhg hfrqrplhv/ wkh lpsruwdqfh ri wudgh lv vkrzq lq vhy0
hudo furvv0frxqwu| jurzwk uhjuhvvlrqv lq zklfk rwkhu ghwhuplqdqwv ri
jurzwk duh khog frqvwdqw1 Wkh uhdvrq Vdfkv dqg Zduqhu +4<<8, dw0
wulexwh wr wkhlu �qglqj lv whfkqrorj| wudqvihu1 Wkurxjk rshqlqj xs
wr wkh joredo hfrqrp|/ frxqwulhv duh deoh wr ehqh�w iurp vflhqwl�f dg0
ydqfhv dqg lpsuryhphqwv hovhzkhuh/ dqg wklv lv vx�flhqw wr doorz wkhlu
lqfrph ohyhov wr whqg wrzdugv wkdw ri wkh ulfkhvw qdwlrq1 Dq dowhuqdwlyh
h{sodqdwlrq lv fdslwdo dffxpxodwlrq zlwklq wkh iudphzrun ri dq dxj0
phqwhg Vrorz prgho= rshqqhvv pd| eh dvvrfldwhg zlwk kljkhu ohyhov
ri fdslwdo dffxpxodwlrq1

Jlyhq wkhvh wzr lqwhuhvwlqj hpslulfdo �qglqjv 0 �uvw/ wkdw wkhuh lv
dq dssduhqw elprgdo hujrglf glvwulexwlrq ri zruog lqfrph/ dqg vhfrqg/
wkdw wkhuh lv dq dssduhqw dvvrfldwlrq ehwzhhq rshqqhvv dqg jurzwk 0
d qdwxudo txhvwlrq wr dvn lv zkhwkhu wkh wzlq shdnv uhvxow lv uhodwhg
wr frxqwulhv* rshqqhvv1 Lv lw srvvleoh wkdw wkhuh duh wzr jurxslqjv ri
frxqwulhv 0 ghwhuplqhg e| wkhlu uhodwlyh ohyhov ri rshqqhvv 0 wkdw h{sodlq
wkh wzlq shdnv uhvxowB
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Rqh ri wkh sureohpv zlwk dqdo|vlqj wkh uhodwlrqvkls ehwzhhq rshqqhvv
dqg jurzwk lv wkdw rshqqhvv lv qhlwkhu gluhfwo| revhuydeoh qru kdv dq
dffhswhg gh�qlwlrq ghulyhg iurp wkhru|1 Dv d uhvxow/ txlwh d odujh
olwhudwxuh kdv jurzq xs sursrvlqj dqg hydoxdwlqj dowhuqdwlyh phdvxuhv
wr fdswxuh wkh frqfhsw ri rshqqhvv1 Iroorzlqj Edogzlq +4<;<, dqg
Sulwfkhww +4<<9,/ wkhuh duh hvvhqwldoo| wkuhh vwudqgv wr wkh olwhudwxuh1

Wkh �uvw uhodwhv hfrqrplf jurzwk wr h{ srvw phdvxuhv ri rshqqhvv/
vxfk dv h{sruw vkduhv +hj Ihghu +4<;6, dqg Mxqj dqg Pduvkdoo +4<;8,,1
Zkloh d xvhixo dssurdfk/ h{sruw shuirupdqfh lv lwvhoi qrw qhfhvvdulo|
dq lqglfdwru ri wkh rshqqhvv ri wudgh srolf|1 Wkdw lv/ h{sruw vkduhv
duh dovr ghwhuplqhg e| rwkhu idfwruv/ vxfk dv frxqwu| vl}h/ jhrjudsk|
dqg orfdwlrq1 Dw wkh vdph wlph/ lw lv srwhqwldoo| sureohpdwlf li h{sruw
shuirupdqfh lv lwvhoi hqgrjhqrxv1

Wkh vhfrqg vwudqg ri wkh olwhudwxuh dwwhpswv wr hydoxdwh rshq0
qhvv xvlqj dq rxwfrph0edvhg dssurdfk1 Wklv dssurdfk dvvhvvhv wkh
ghyldwlrq ri wkh dfwxdo rxwfrph iurp zkdw wkh rxwfrph zrxog kdyh
ehhq zlwkrxw wkh wudgh eduulhuv1 Wkhuh duh wzr prvw iuhtxhqwo| xvhg
rxwfrph0edvhg phdvxuhv1 Rqh lv d wudgh �rz phdvxuh edvhg rq wkh
uhvlgxdov iurp d wudgh lqwhqvlw| uhjuhvvlrq lqglfdwlqj wkh dprxqw e|
zklfk d frxqwu|*v wudgh lqwhqvlw| gl�huv iurp wkdw suhglfwhg iru d
frxqwu| zlwk vlplodu fkdudfwhulvwlfv1 Wklv lv vrphwlphv dxjphqwhg
zlwk d prgl�hg Khfnvkhu0Rkolq0Ydqhn +KRY, prgho ri wudgh �rzv
+hj Ohdphu +4<;;,,1 Wkh rwkhu lv d sulfh glvwruwlrq phdvxuh/ riwhq
edvhg rq gl�huhqfhv lq sxufkdvlqj srzhu sdulw| +hj Sulwfkhww +4<<9,,1

Wkh wklug vwudqg 0 wkh lqflghqfh0edvhg dssurdfk 0 vhhnv wr phd0
vxuh rshqqhvv e| gluhfw revhuydwlrq ri wudgh phdvxuhv dqg kdv ehhq
xvhg lq qxphurxv rwkhu vwxglhv/ vxfk dv Edodvvd +4<;8,/ Groodu +4<<5,/
Hgzdugv +4<<5, dqg Ohdphu +4<;;,1 Vdfkv dqg Zduqhu*v +4<<8, gh�ql0
wlrq ri rshqqhvv idoov lqwr wklv fdwhjru|/ dqg lv d idluo| frpsuhkhqvlyh
phdvxuh ri wkh pdmru w|shv ri wudgh uhvwulfwlrq1 Dyhudjh wdul� udwhv
dqg qrq0wdul� eduulhuv duh gluhfw revwdfohv wr lpsruwv ri jrrgv dqg vh0
ylfhv1 Eodfn pdunhw suhpld duh phdvxuhv ri h{fkdqjh frqwuro1 D odujh
suhplxp lv hylghqfh ri wkh udwlrqlqj ri iruhljq h{fkdqjh/ zklfk fdq
suhyhqw wkh iuhh �rz ri erwk jrrgv dqg fdslwdo dqg vwxglhv kdyh irxqg
d vljql�fdqw qhjdwlyh fruuhodwlrq ehwzhhq jurzwk dqg eodfn pdunhw
suhpld +hj Kduulvrq +4<<4,,1 Wkh gxpp| yduldeohv iru vrfldolvw hfr0
qrplf v|vwhpv dqg vwdwh prqrsrolhv rq h{sruwv duh xvhg wr fryhu frxq0
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wulhv wkdw olplw rshqqhvv gluhfwo| e| fhqwudo sodqqlqj udwkhu wkdq e|
wkh w|shv ri sulfh dqg txdqwlw| frqwuro douhdg| phqwlrqhg1 Dowkrxjk
lqflghqfh0edvhg phdvxuhv pd| vwloo eh hqgrjhqrxv +jlyhq/ iru lqvwdqfh/
wkh lqwhudfwlrq ehwzhhq srolwlfdo hfrqrp| dqg hfrqrplf shuirupdqfh,
wkh| duh olnho| wr eh ohvv hqgrjhqrxv wkdq rwkhu phdvxuhv ri rshqqhvv1

Li wkh wkuhh vwudqgv ri wkh olwhudwxuh hdfk dffxudwho| hvwlpdwhg
vrph xqghuo|lqj rulhqwdwlrq ri wudgh srolf|/ rqh zrxog h{shfw wkhp
wr jhqhudwh kljko| fruuhodwhg phdvxuhv ri rshqqhvv1 Krzhyhu/ Sulwfk0
hww +4<<9, surylghv hylghqfh wkdw wkhuh lv olwwoh sdluzlvh fruuhodwlrq
ehwzhhq gl�huhqw phdvxuhv ri rshqqhvv/ dqg khqfh olwwoh frqvlvwhqf|
ehwzhhq wkh wkuhh vwudqgv ri wkh olwhudwxuh1 Lq wklv sdshu/ zh wrr
iroorz dq lqflghqfh0edvhg dssurdfk rq wkh edvlv wkdw lw prvw forvho|
uh�hfwv xqghuo|lqj wudgh srolf| dqg prvw qhduo| dyrlgv sureohpv rq hq0
grjhqhlw|1 Wr gr vr/ zh pdnh xvh ri wkh gdwd vhw surylghg lq Vdfkv dqg
Zduqhu +4<<8,1 D pdmru gudzedfn zlwk wkh lqflghqfh0edvhg dssurdfk
lv wkdw lw surylghv qr vlqjoh phdvxuh ri rshqqhvv qru jxlgdqfh iurp wkh
wkhru| rq krz wr zhljkw wkh ydulrxv lpsruwdqw wudgh yduldeohv1 Rq wkh
rwkhu kdqg/ wkh vwdwlvwlfdo olwhudwxuh surylghv juhdwhu jxlgdqfh rq krz
wr vhsdudwh gdwd lqwr jurxsv rq wkh edvlv ri wkhlu fkdudfwhulvwlfv1 Lq
sduwlfxodu/ zh frqvlghu zkhwkhu glvfulplqdqw dqdo|vlv fdq doorz xv wr
lpsuryh rq wkh doorfdwlrq surfhvv1

��� #�tUh�4�?@?| @?@*)t�t

Wkhuh lv txlwh d odujh vwdwlvwlfdo olwhudwxuh rq wkh vhsdudwlrq ri gdwd lqwr
glvwlqfw srsxodwlrqv rq wkh edvlv ri vkduhg ihdwxuhv1 Glvfulplqdqw dqdo0
|vlv/ wkhuhiruh/ r�huv rqh srvvleoh 0 dwkhruhwlf 0 phdqv iru hydoxdwlqj
uhodwlyh ohyhov ri lqflghqfh0edvhg rshqqhvv1 Wkh iroorzlqj vxuyh| iro0
orzv forvho| Pdugld/ Nhqw dqg Elee| +4<:<,1 Lq jhqhudo/ glvfulplqdqw
dqdo|vlv wdnhv wkh iroorzlqj irup1 Frqvlghu j srsxodwlrqv ru jurxsv/
�4> ===>�j1 Vxssrvh wkdw dvvrfldwhg zlwk hdfk srsxodwlrq �m / wkhuh lv
d suredelolw| ghqvlw| im+{, rq Us/ vr wkdw li dq lqglylgxdo frphv iurp
srsxodwlrq �m / kh kdv wkh suredelolw| ghqvlw| ixqfwlrq im+{,1 Wkhq
wkh remhfw ri glvfulplqdqw dqdo|vlv lv wr doorfdwh dq lqglylgxdo wr rqh
ri wkhvh j jurxsv rq wkh edvlv ri lwv phdvxuhphqwv {1 Qh{w/ d glvfulpl0
qdqw uxoh g fruuhvsrqgv wr d glylvlrq ri Us lqwr vhsdudwh h{foxvlyh dqg
h{kdxvwlyh vsdfhv U4> ===> Uj/ dqg zkhuh wkh uxoh g lv gh�qhg e|/

doorfdwh { wr �m li { 5 Um +4:,
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;m @ 4> ===> j1 Fohduo|/ glvfulplqdwlrq zloo eh pruh dffxudwh li �m kdv
prvw ri lwv suredelolw| frqfhqwudwhg lq Um 1 D pdmru eudqfk ri glvfulpl0
qdqw dqdo|vlv uhihuv wr vlwxdwlrqv lq zklfk zh kdyh qr sulru lqirupdwlrq
derxw zklfk srsxodwlrq dq lqglylgxdo lv gudzq iurp1 Lq wklv vlwxdwlrq/
wkhuh duh wkuhh vwdqgdug whfkqltxhv dydlodeoh1 Wkh �uvw/ dqg ohdvw iuh0
txhqwo| hpsor|hg/ lv d pd{lpxp olnholkrrg dssurdfk wkdw fdq eh xvhg
lq wkh vlwxdwlrq lq zklfk wkh suredelolw| ghqvlw| ixqfwlrqv im+{, duh
nqrzq h{dfwo|1 Wkh vhfrqg whfkqltxh 0 dovr edvhg rq d pd{lpxp olnh0
olkrrg dssurdfk 0 fdq eh xvhg zkhq wkh irup ri wkh suredelolw| ghqvlw|
ixqfwlrq iru hdfk srsxodwlrq lv nqrzq/ exw wkh sdudphwhuv wkhpvhoyhv
pxvw eh hvwlpdwhg1

Wkh wklug frpprq dssurdfk lv dq hpslulfdo rqh wkdw grhv qrw dv0
vxph dq| vshfl�f irup ri wkh suredelolw| ghqvlw| ixqfwlrqv iru wkh srs0
xodwlrqv/ exw orrnv lqvwhdg iru d cvhqvleoh* uxoh wr glvwlqjxlvk ehwzhhq
wkhp1 Wkh prvw frpprq vxfk whfkqltxh 0 Ilvkhu*v olqhdu glvfulplqdqw
ixqfwlrq 0 lv edvhg rq pd{lplvlqj wkh udwlr ri wkh vxp ri vtxduhv ri
vxe0jurxs phdqv wr wkh vxp ri vtxduhv ri revhuydwlrqv durxqg wkhlu
vxe0jurxs phdqv1 Lqwxlwlyho|/ wkh ixqfwlrq vruwv wkh gdwd lqwr jurxsv lq
vxfk d zd| dv wr hpskdvlvh erwk wkh vlplodulwlhv ri hohphqwv zlwklq wkh
vdph jurxs dqg wkh gl�huhqfhv ehwzhhq wkh uhsuhvhqwdwlyh surshuwlhv
ri wkh vhsdudwh jurxsv1

Wkh gdwd rq phdvxuhv ri rshqqhvv duh wdnhq iurp Wdeoh 9 ri Vdfkv
dqg Zduqhu +4<<8,1 Wkhuh duh ;6 frxqwulhv iru zkrp wkhuh duh gdwd rq
doo vl{ phdvxuhv ri rshqqhvv dqg rq lqfrph dqg lqyhvwphqw1 Dqrwkhu
58 kdyh lqfrph dqg lqyhvwphqw gdwd dqg vrph exw qrw doo phdvxuhv ri
rshqqhvv1 Zh dovr doorfdwh wkhvh 58 frxqwulhv wr wkhlu uhvshfwlyh jurxsv
xvlqj wkh glvfulplqdwlrq surfhgxuh ghvfulehg ehorz/ exw uhvwulfwhg wr
wkh dydlodeoh rshqqhvv phdvxuhv1 Vlqfh lw lv sodxvleoh wkdw wkhuh duh
glplqlvklqj pdujlqdo frvwv wr ehlqj forvhg/ zh wdnh wkh orjv ri wkh udz
gdwd vhulhv/ zklfk vxjjhvwv dq lpsolflw orj0olqhdu phdvxuh ri rshqqhvv1
Zh wkhq dsso| Ilvkhu*v olqhdu glvfulplqdqw ixqfwlrq rq wkh irxu frq0
wlqxrxv phdvxuhv ri rshqqhvv/ zklfk surylghv d +;6 � 7, pdwul{ +[,
rq wkh orjv ri frqwlqxrxv rshqqhvv yduldeohv1 Jlyhq dq duelwudu| door0
fdwlrq ri frxqwulhv lqwr +j, jurxsv/ zh orrn iru d olqhdu frpelqdwlrq ri
wkh urzv/ +d3{, zklfk pd{lplvhv wkh udwlr ri wkh ehwzhhq0jurxsv vxpv
ri vtxduhv wr wkh zlwklq0jurxsv vxp ri vtxduhv1 Ohw
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eh d olqhdu frpelqdwlrq ri wkh froxpqv ri [1 Wkhq | kdv wrwdo vxp
ri vtxduhv

|3K| @ d3[3K[d @ d3Wd +4<,

zklfk fdq eh sduwlwlrqhg dv d vxp ri wkh zlwklq0jurxsv vxp ri
vtxduhv/

j[
l@4

|3lKl|l @

j[
l@4

d3[3

lKl[ld @ d3Zd +53,

soxv wkh ehwzhhq0jurxs vxp ri vtxduhv/

j[
l@4

ql+�|l � �|,5 @

j[
l@4

qlid3+�{l � �{,j5 @ d3Ed +54,

zkhuh +�|l, lv wkh phdq ri wkh lwk vxe0yhfwru ri +|,/ dqg +Kl, lv wkh
+ql � ql, fhqwhulqj pdwul{/

Kl @ L � l

ql
ll3 +55,

zkhuh +l, lv wkh +ql � 4, yhfwru ri rqhv1 Wkh udwlr ri wkh ehwzhhq0
jurxsv vxp ri vtxduhv wr wkh ehwzhhq0jurxsv vxp ri vtxduhv lv wkhuh0
iruh jlyhq e| wkh glvfulplqdqw udwlr/

d3Ed@d3Zd +56,

Li wkh frpsrvlwlrq ri wkh wzr jurxsv zhuh nqrzq d sulrul/ zh frxog
xvh +56, wr edfn rxw wkh lpsolflw zhljkwv rq wkh rshqqhvv yduldeohv 0
jlyhq e| d 0 wkdw prvw glvwlqjxlvkhg wkh wzr jurxsv1 Krzhyhu/ lw lv
suhflvho| wkh frpsrvlwlrq wkdw zh zlvk wr hvwdeolvk/ dqg frqvhtxhqwo|/
zh qhhg wr frpsduh ydoxhv ri +56, ehwzhhq doorfdwlrqv wr wkh wzr
jurxsv1

53



Vlqfh/ wkh yhfwru +d, fdq eh uh0vfdohg zlwkrxw d�hfwlqj wkh udwlr
+56,/ wkh glvfulplqdqw udwlr fdq eh frpsduhg iru gl�huhqw doorfdwlrqv
ri frxqwulhv wr jurxsv/ dqg khqfh wkh rswlpdo doorfdwlrq fdq eh fkrvhq
dv wkdw zklfk pd{lplvhv wkh ydoxh ri wkh glvfulplqdqw udwlr1 Wkh
lqirupdwlrq frqwdlqhg lq wkh gxpp| yduldeoh vhulhv lv wkhq xvhg/ wr
doorfdwh frxqwulhv wr wkh forvhg jurxs li wkh| duh hlwkhu fodvvl�hg dv
vrfldolvw ru kdyh d jryhuqphqw h{sruw prqrsro|1

Jlyhq wkdw wkhuh duh d odujh qxpehu ri srvvleoh frpelqdwlrqv ri
frxqwulhv/ d vxuyh| whfkqltxh lv xvhg wr vhdufk iru wkh pd{lpxp ydoxh
ri wkh glvfulplqdqw udwlr1 Hdfk frxqwu| lv doorfdwhg udqgrpo| wr hlwkhu
wkh jurxs ri rshq ru forvhg hfrqrplhv xvlqj d Ehuqrxool wuldo 0 uhshdwhg
53/333 wlphv 0 zlwk jlyhq suredelolw| +s, ri ehlqj doorfdwhg wr wkh
forvhg jurxs1 Wkh uhvxowlqj ydoxhv ri +d3{, dqg wkh glvfulplqdqw udwlr
dvvrfldwhg zlwk wkh doorfdwlrq ri frxqwulhv duh fdofxodwhg/ dqg hdfk
revhuydwlrq uh0hydoxdwhg rq wkh edvlv ri lwv glvfulplqdqw vfruh +d3{,1
Wkh vdpsoh phdqv ri wkh jurxsv ri rshq dqg forvhg hfrqrplhv kdyh
vfruhv d3�{l @ �|l/ iru l @ 4> 51 Wkhq wkh revhuydwlrq +{, fdq eh uh0
doorfdwhg wr wkh srsxodwlrq zkrvh phdq vfruh lv forvhvw wr +d3{,> wkdw
lv/ doorfdwh +{, wr srsxodwlrq +l, li/

md3{� d3�{lm ? md3{� d3�{m m >;m 9@ l +57,

+Zkhq wkhuh duh rqo| wzr jurxsv/ wkh doorfdwlrq surgxfhg e| wkh
uxoh +57, lv htxlydohqw wr d vshfldo fdvh ri wkh vhfrqg pd{lpxp olnh0
olkrrg dssurdfk phqwlrqhg deryh,1 Dssolfdwlrq ri wklv uxoh vxjjhvwv
d surfhvv ri uhshdwhg lwhudwlrq/ zklfk zh whup wkh Lwhudwhg olqhdu glv0
fulplqdwlrq ixqfwlrq= hdfk wlph revhuydwlrqv duh uh0doorfdwhg e| +57,
wr wkh rshq dqg forvhg jurxsv/ wkh rswlpdo ydoxh ri +d3{, fdq eh uh0
fdofxodwhg/ xqwlo frqyhujhqfh lv uhdfkhg1 Dw wklv vwdjh/ wkh jurxsv ri
rshq dqg forvhg hfrqrplhv kdyh wkh ghvludeoh ihdwxuh wkdw wkh ydoxh
ri +d3{, iru hdfk revhuydwlrq lv forvhu wr wkh jurxs phdq wkdq wr wkh
dowhuqdwlyh jurxs phdq/ dqg wkdw wkh ydoxh ri +d3Ed@d3Zd, lqfuhdvhv
zlwk hdfk lwhudwlrq/ vxjjhvwlqj d pruh fohdu0fxw glvwlqfwlrq ehwzhhq
wkh jurxsv1

Wkh Lwhudwhg olqhdu glvfulplqdwlrq ixqfwlrq frqyhujhv wr wkh vdph
doorfdwlrq 0 zklfk lv dovr wkh pd{lpxp ydoxh ri +56, 0 lq ryhu <8(
ri wuldov zkhq wkhuh lv rqo| rqh froxpq lq +[,1 Wkh ixqfwlrq frq0
yhujhv wr wkh vdph doorfdwlrq ohvv iuhtxhqwo| dv wkh qxpehu ri froxpqv
lqfuhdvhv exw vwloo frqyhujhv wr wkh vdph 0 dqg wkh kljkhvw 0 ydoxh ri
wkh glvfulplqdqw udwlr lq 68( ri wuldov dv wkh froxpqv ri +[, ulvhv
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wr irxu/ luuhvshfwlyh ri wkh ydoxh ri +s,1 Vlqfh wkh Lwhudwhg olqhdu glv0
fulplqdwlrq ixqfwlrq grhv qrw frqyhujh wr wkh vdph ydoxh 433( ri wkh
wlph/ wkhuh lv vrph suredelolw| wkdw wkhuh lv d vxshulru doorfdwlrq wkdw
surgxfhv d kljkhu ydoxh ri +d3Ed@d3Zd,1 Krzhyhu/ xvlqj vwdqgdug
dv|pswrwlf whvwv iru pxowlqrpldo glvwulexwlrqv/ zh fdq uhmhfw wkh k|0
srwkhvlv wkdw wkh suredelolw| ri �qglqj d kljkhu ydoxh lv juhdwhu wkdq
ru htxdo wr 314(1 Wkh gdwd lv wkhuhiruh frqvlvwhqw zlwk rxu suhihuuhg
doorfdwlrq ehlqj zlwklq wkh wrs <<1<( ri wkh glvwulexwlrq ri ydoxhv ri
+d3Ed@d3Zd,1

Wkh doorfdwlrq ri frxqwulhv ghulyhg iurp wkh vdpsolqj surfhvv lv
jlyhq lq Dsshqgl{ 4 dqg wkh nh| uhvxowv jlyhq lq Wdeohv D dqg E ehorz1
Wkh ydoxhv ri wkh irxu hohphqwv ri wkh yhfwru +d, wkdw surgxfhv wkh
rswlpdo olqhdu frpelqdwlrq ri rshqqhvv phdvxuhv duh surylghg lq Wdeoh
D1 Wkh uhvxowv ri wkh lwhudwhg olqhdu glvfulplqdqw ixqfwlrq dvvrfldwhg
zlwk Wdeoh D duh jlyhq lq Wdeoh E1 Lq sduwlfxodu/ ri wkh wrwdo 43;
frxqwulhv lq wkh vdpsoh/ 5; duh fodvvl�hg dv rshq dqg ;3 dv forvhg1

Wdeoh D= Ydoxh ri d3 pd{lplvlqj Ilvkhu*v Olqhdu
Glvfulplqdqw Ixqfwlrq/ edvhg rq 53/333 wuldov

Yduldeoh Ydoxh ri dl

QWE .313334::;
DWU 03134<8497

EPS:3 0313;73<87
EPS;3 03133:856<
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Wdeoh E= Dvvrfldwhg uhvxowv ri wkh ghflvlrq uxoh
Yduldeoh Ydoxh
Phdq ri d3{ ri rshq jurxs 031;7848
Phdq ri d3{ ri forvhg jurxs 03149873
Ydoxh ri d3Ed@d3Zd 4615
Qxpehu ri rshq hfrqrplhv 5;
Qxpehu ri forvhg hfrqrplhv ;3

e A�i #@|@

e�� Ah@?t�|�L? ThLM@M�*�|�it uLh |�i ��L*i �Lh*_

Zh vwduw e| h{dplqlqj wkh hyroxwlrq ri wkh hqwluh furvv0frxqwu| glv0
wulexwlrq ri lqfrph shu fdslwd 0 dv ghvfulehg lq Vhfwlrq 5161 Wkh gdwd
xvhg lv gudzq iurp wkh Vxpphuv dqg Khvwrq +4<;;, gdwd vhw dqg fryhuv
43; frxqwulhv iurp 4<:3 wr 4<;<1+;, Zh vwduw e| xvlqj xqfrqglwlrqhg
gdwd1 Lqfrph shu fdslwd lv qrupdolvhg djdlqvw XV ohyhov/ dqg glylghg
lqwr �yh vwdwhv fkrvhq vr wkdw wkh revhuyhg vdpsoh lv dssur{lpdwho|
glylghg lqwr htxdo fdwhjrulhv1

EH�A�i 5�44iht @?_ Oit|L? E�bHH� _@|@ ti| �t |�i _@|@ tL�hUi �ti_ uLh |�i
}hi@| 4@�Lh�|) Lu UhLtt�UL�?|h) UL4T@h�tL?t Lu Tih U@T�|@ �?UL4i� �? @h}�@M*i
*�4�|@|�L? Lu |��t tL�hUi �t |�@| B#� _@|@ @hi _���_i_ M) |L|@* TL�*@|�L? h@|�ih
|�@? �L�ht �Lh!i_c ��ihi@t |�i *@||ih 4@) Mi @ 4Lhi @TThLTh�@|i _i?L4�?@|Lh
��i? UL?t�_ih�?} �tt�it Lu ThL_�U|���|) UL?�ih}i?Ui�
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Wdeoh F= Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq
suredelolwlhv iru wkh zkroh vdpsoh iru uhdo JGS shu fdslwd
uhodwlyh wr wkh Xqlwhg Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
6;6 4 31<8 3138 3133 3133 3133
6<4 5 313: 31<4 3135 3133 3133
6<5 6 3133 3136 31<5 3138 3133
6<5 7 3133 3133 3137 31<7 3135
6;9 8 3133 3133 3133 3135 31<;

Hujrglf glvwulexwlrq
315<6 31536 31474 3148: 3153:

Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv
4 3193:: 316497 3138;8 313493 313348
5 31789: 3168<9 314563 313863 3133:9
6 314549 314::5 3167:4 315;89 3139;7
7 3135<: 3139;7 315888 3176;3 3153;7
8 313354 3133:8 313799 3148;: 31:;83

Lqwhusuhwdwlrq ri wkh wudqvlwlrq suredelolwlhv lv dv iroorzv1 Wkh �uvw
froxpq jlyhv wkh wrwdo qxpehu ri wudqvlwlrqv iurp hdfk vwdwh ryhu wkh
vdpsoh shulrg1 Wkhuhdiwhu/ hdfk urz frqwdlqv wkh suredelolw| ri sdvv0
lqj iurp rqh vwdwh lqwr dqrwkhu1 Iru h{dpsoh/ wkh �uvw urz suhvhqwv
wkh suredelolwlhv ri prylqj rxw ri wkh orzhvw lqfrph vwdwh lqwr wkh
�uvw/ vhfrqg/ wklug/ hwf vwdwh lq dq| jlyhq |hdu1 Kljk ydoxhv rq wkh
gldjrqdo lpso| wkdw prelolw| ehwzhhq vwdwhv lq dq| rqh |hdu lv yhu|
xqolnho|/ zkhuhdv odujh ydoxhv r� wkh gldjrqdo ghprqvwudwh kljkhu pr0
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elolw|1 Wxuqlqj �uvw wr wkh hvwlpdwhg xqfrqglwlrqdo wudqvlwlrq suredelo0
lw| pdwul{/ wkh uhvxowv duh suhvhqwhg lq Wdeoh F1 Wkh udqjh ri gldjrqdo
ydoxhv lv iurp 31<4 wr 31<;/ fohduo| lpso|lqj d kljk ghjuhh ri shuvlv0
whqfh1 Wklv lv prvw dfxwh dw wkh wrs ri wkh glvwulexwlrq= li dq hfrqrp|
lv douhdg| rqh ri wkh ulfkhvw/ lw lv kljko| olnho| wr vwd| wkdw zd|1 Rq
wkh rwkhu kdqg/ wkhuh duh juhdwhu vljqv ri prelolw| lq wkh plggoh ri
wkh glvwulexwlrq1 Iru h{dpsoh wkhuh lv d 6( fkdqfh ri dq hfrqrp| lq
wkh fhqwudo vwdwh ri prylqj grzq d vwdwh dqg d 8( fkdqfh ri prylqj
xs d vwdwh lq dq| rqh |hdu1 Wklv ghjuhh ri prelolw| lv gudzq rxw ixu0
wkhu zkhq lwhudwhg 4; wlphv/ wkdw lv/ wkh ohqjwk ri wkh vdpsoh shulrg1
Zkhuhdv dq hfrqrp| lqlwldoo| lq wkh wrs vwdwh kdv d surmhfwhg :<(
suredelolw| ri uhpdlqlqj lq wkh wrs vwdwh/ dq hfrqrp| lq wkh fhqwudo
vwdwh kdv rqo| d 68( vwdwh ri hqglqj xs lq wkh vdph vwdwh e| wkhq hqg
ri wkh shulrg1 Wdeoh F dovr suhvhqwv dq hvwlpdwh ri wkh hujrglf glvwul0
exwlrq/ zklfk lv dq dssur{lpdwlrq wr wkh glvwulexwlrq*v hyhqwxdo vwhdg|
vwdwh/ vlqfh lw fdofxodwhv wkh xqfrqglwlrqdo suredelolw| ri dq hfrqrp|
hqglqj0xs lq dq| sduwlfxodu vwdwh1 Zkdw lw vkrzv lv hylghqfh ri d el0
prgdo glvwulexwlrq1 Wkh prvw frpprq hqwulhv duh dw wkh kljkhvw dqg
orzhvw vwdwhv/ zlwk ghqvlw| ghfuhdvlqj dw wkh plggoh lqfrph ohyhov1

e�2 Ah@?t�|�L? ThLM@M�*�|�it Lu LTi? @?_ U*Lti_
iUL?L4�it

Zh qh{w frqvlghu dsso|lqj wkh vdph whfkqltxhv dv lq wkh suhylrxv vhf0
wlrq vhsdudwho| wr wkh jurxsv ri rshq dqg forvhg hfrqrplhv1 Wdeoh G
suhvhqwv wkh pdwul{ ri wudqvlwlrq suredelolwlhv iru wkh jurxs ri forvhg
hfrqrplhv/ dqg Wdeoh H/ wkdw iru wkh jurxs ri rshq hfrqrplhv1 Wkh
julg sduwlwlrqv iru wkh wzr vxe0jurxsv kdyh ehhq uhvwulfwhg wr eh wkh
vdph dv iru wkh zkroh vdpsoh/ vr wkdw wkh uhodwlyh srvlwlrqv ri wkh
glvwulexwlrqv fdq eh frpsduhg1+<, Wkh uhvxowv duh vwulnlqj1 Wkh hu0
jrglf glvwulexwlrq ri wkh forvhg jurxs kdv d surqrxqfhg vlqjoh shdn dw
wkh orzhvw hqwu|/ zlwk hqwulhv wdlolqj r� txlfno| wkh kljkhu wkh lqfrph
vwdwh frqvlghuhg1 Wklv lv hylghqfh ri wkh frxqwulhv zlwklq wkh forvhg
jurxs frqyhujlqj wrzdugv d vwhdg| vwdwh dw wkh erwwrp ri wkh lqfrph
glvwulexwlrq1 Zkloh wkh pdmrulw| ri wkh dqqxdo wudqvlwlrq suredelolwlhv
duh zlwklq d shufhqwdjh srlqw ru wzr iurp wkh dqqxdo wudqvlwlrq sured0
elolwlhv iru wkh zkroh vdpsoh/ wkh fxpxodwlyh gl�huhqfh lv surqrxqfhg1

Eb�`�i? |�i hit�*|t @hi hi�it|�4@|i_ ��|� ?i� }h�_tc |�i hit�*|t @hi MhL@_*) |�i
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Iru h{dpsoh/ diwhu 4; lwhudwlrqv/ wkh suredelolw| ri d forvhg hfrqrp|
vwduwlqj lq wkh fhqwudo jurxs prylqj grzq lv 69(/ frpsduhg wr rqo|
5<( iru wkh hqwluh jurxs1 Wkhuh lv/ rq wkh rwkhu kdqg/ rqh dqqxdo
wudqvlwlrq suredelolw| wkdw lv qrwlfhdeo| gl�huhqw iru wkh forvhg jurxs
zkhq frpsduhg wr wkh hqwluh jurxs= wkh dqqxdo suredelolw| ri idoolqj
rxw ri wkh wrs jurxslqj ulvhv iurp 5( wr :( li rqo| forvhg hfrqrplhv
duh frqvlghuhg> dowkrxjk wkhuh lv dq lvvxh dv wr krz urexvw wklv uhvxow lv
jlyhq wkh uhodwlyho| orz qxpehu ri revhuydwlrqv dydlodeoh iru wkh forvhg
jurxs1 Li zh wdnh wkh uhvxow dw idfh ydoxh/ lw vxjjhvwv wkdw/ hyhq li
frxqwulhv duh uhodwlyho| ulfk/ wkh| frxog hqg xs lq wkh orzhu uhdfkhv ri
wkh glvwulexwlrq li forvhg1 Lq idfw diwhu 4; lwhudwlrqv/ wkh suredelolw|
ri uhpdlqlqj lq wkh wrs udqnlqj lv rqo| 5<(/ zkloh wkh suredelolw| ri
sdvvlqj iurp wkh wrs wr wkh erwwrp ri wkh glvwulexwlrq lq wklv shulrg
lv ryhu 4(1
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Wdeoh G= Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq
suredelolwlhv iru wkh jurxs ri forvhg hfrqrplhv iru uhdo JGS
shu fdslwd uhodwlyh wr wkh Xqlwhg Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
6;9 4 31<8 3138 3133 3133 3133
68; 5 313: 31<3 3136 3133 3133
688 6 3133 3137 31<5 3137 3133
65: 7 3133 3133 3137 31<8 3134
47 8 3133 3133 3133 313: 31<6

Hujrglf glvwulexwlrq
316;; 3157< 314;4 3149: 31347

Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv
4 31953; 315<37 33:47 3134:3 313337
5 317856 316655 314866 313935 313353
6 31485< 31543; 316887 3159:; 313464
7 3136<8 313;<; 315<3; 3186:4 31375;
8 31343< 313684 314996 317<<: 315;:<

Wkh uhvxowv iurp wkh jurxs ri rshq hfrqrplhv duh dovr lqwhuhvwlqj1
Wkh hylghqfh ri frqyhujhqfh iurp wkh hvwlpdwhg hujrglf glvwulexwlrq
lv hyhq pruh surqrxqfhg1 Wkh xqfrqglwlrqdo suredelolw| ri dq rshq
hfrqrp| hqglqj xs lq wkh wrs eudfnhw lv <3(/ dqg rqo| 43( ri ehlqj lq
ru ehorz wkh vhfrqg udqn1 Wkh lpsdfw ri rshqqhvv lv prvw surqrxqfhg
rq srru frxqwulhv1 Wkh dqqxdo wudqvlwlrq suredelolw| rxw ri wkh orzhvw
udqnlqj lv 4:(1 Diwhu 4; lwhudwlrqv/ wkh suredelolw| ri uhpdlqlqj lq
wkh orzhvw jurxs lv rqo| 55( frpsduhg wr 93( iru wkh zkroh vdpsoh/
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zkhuhdv wkh suredelolw| ri uhpdlqlqj zlwklq wkh wrs jurxslqj ulvhv iurp
:<( wr <5(1

Wdeoh H= Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq
suredelolwlhv iru wkh jurxs ri rshq hfrqrplhv iru uhdo JGS
shu fdslwd uhodwlyh wr wkh Xqlwhg Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
9 4 31;6 314: 3133 3133 3133
66 5 3139 31<4 3136 3133 3133
74 6 3133 3133 31<; 3135 3133
99 7 3133 3133 3133 31<5 313;
68; 8 3133 3133 3133 3134 31<<

Hujrglf glvwulexwlrq
31333 31333 31333 31433 31<33

Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv
4 315579 3184<: 315485 3135<7 313443
5 314;<3 31793< 315:;5 3137;4 31356;
6 313333 313333 319745 314<8< 314963
7 313333 313333 313333 315;7: 31:486
8 313333 313333 313333 313:<4 31<53<
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Wkh vljql�fdqfh ri wkh uhvxowv fdq eh whvwhg iru/ edvhg rq wkh
dv|pswrwlf surshuwlhv ri �uvw0rughu Pdunry fkdlqv 0 vhw rxw lq Dq0
ghuvrq dqg Jrrgpdq +4<8:,/ dqg qrw ghulyhg khuh1 Ohw slm eh wkh
+lm� wk, hohphqw ri wkh dqqxdo wudqvlwlrq suredelolw| pdwul{ � dqg aslm
lwv hvwlpdwh/ wkhq lw fdq eh vkrzq wkdw lq wkh olplw/

yxxw+
W�4[
w@3

ql+w,,=+aslm � slm, olp $ Q+3> slm+4� slm, +58,

zkhuh +ql+w,, lv wkh qxpehu ri revhuydwlrqv lq urz +l,1 Dv d uhvxow/
vwdqgdug dv|pswrwlf wkhru| iru pxowlqrpldo ru qrupdo glvwulexwlrqv
fdq eh xvhg wr whvw k|srwkhvhv derxw rqh ru pruh +slm,1 Lq sduwlfxodu/

xqghu wkh qxoo k|srwkhvlv wkdw slm @ s3lm dqg zkhuh q�l @
SW�4

w@3 ql+w,/

L[
l@4

p[
m@4

q�l
+s�lm � s3lm,

5

s3lm
� "5zlwkp+p� 4,gi +59,

Iru h{dpsoh/ zh fdq whvw wkh k|srwkhvlv iru erwk wkh jurxsv ri rshq
dqg forvhg hfrqrplhv wkdw s3lm @ s31 Wkdw lv/ wkh suredelolw| ri prylqj
lqwr dq| hohphqw ri wkh pdwul{ lv wkh vdph= wkhuh lv frpsohwh prelolw|
lq frxqwulhv* uhodwlyh lqfrph ohyhov1 Hydoxdwlqj +59, xqghu wkh qxoo
iru wkh jurxs ri rshq hfrqrplhv |lhogv d �jxuh iru wkh whvw vwdwlvwlf
ri 4/;;:/ frpsduhg wr d <<( vljql�fdqfh ohyho zlwk 53 ghjuhhv ri iuhh0
grp ri 6:18991 Wkh frpsdudeoh whvw vwdwlvwlf iru wkh jurxs ri forvhg
hfrqrplhv lv 7/;471 Lq erwk fdvhv/ zh fdq uhmhfw wkh qxoo k|srwkhvlv ri
hyhq prelolw| dw wkh <<( frq�ghqfh ohyho1 Fohduo|/ wkh gdwd duh lqfrq0
vlvwhqw zlwk wkh k|srwkhvlv ri frpsohwh prelolw|= udwkhu wkh lqwhuhvw lq
wkh whvw olhv 0 dv lq vwdqgdug frqwlqjhqf| wdeoh dqdo|vlv 0 lq ghwhuplqlqj
zklfk sduwv ri wkh wudqvlwlrq suredelolw| pdwul{ frqwulexwhg prvw wr
wkh uhmhfwlrq ri prelolw|1 Iru wkh jurxs ri rshq hfrqrplhv/ wkh frq0
wulexwlrq ri wkh erwwrp wzr gldjrqdo hohphqwv frqwulexwhg vrph :4(
wr wkh wrwdo whvw vwdwlvwlf= surylglqj hylghqfh wkdw wkh qxoo k|srwkhvlv
lv uhmhfwhg prvw irufhixoo| e| vwurqj srodulvdwlrq dprqj wkh wzr kljk0
hvw lqfrph eudfnhwv1 Rq wkh rwkhu kdqg/ wkh vwru| lv uhyhuvhg iru wkh
jurxs ri forvhg hfrqrplhv1 Wkh frqwulexwlrq ri wkh wkuhh wrs gldjrqdo
hohphqwv surylghg vrph 93( ri wkh wrwdo whvw vwdwlvwlf1 Wkh hylghqfh
djdlqvw prelolw| zdv prvw vwulnlqj dw wkh erwwrp ri wkh glvwulexwlrq1

Dqrwkhu whvw ri vljql�fdqfh lv wr uh0hvwlpdwh wkh wudqvlwlrq sured0
elolw| pdwul{ zlwk gl�huhqw wudqvlwlrq shulrgv= wkh uhvxowv duh txdolwd0
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wlyho| wkh vdph zkhwkhu wkh uh0hvwlpdwhg wudqvlwlrq shulrg lv 8 |hduv
ru 4; |hduv/ vr wkh qxpehuv duh qrw uhsruwhg khuh1

e�� A�i igiU|t Lu LTi??itt UL?_�|�L?@* L?
�?�it|4i?|

Wdnhq wrjhwkhu/ wkh uhvxowv suhvhqwhg deryh surylgh hylghqfh wkdw erwk
jurxsv hyroyh wrzdugv xqlprgdo hujrglf glvwulexwlrqv1 Wkdw lv/ frqyhu0
jhqfh lq lqfrph shu fdslwd grhv rffxu rqfh rqh frqglwlrqv rq wkh wudgh
uhjlph ri hdfk frxqwu|1 Krzhyhu/ zh kdyh qrw dgguhvvhg wkh lvvxh ri
rplwhg yduldeohv/ zh kdyh phuho| vkrzq dq dvvrfldwlrq ehwzhhq d sdu0
wlfxodu phdvxuh ri rshqqhvv dqg hfrqrplf jurzwk1 Udwkhu/ wkhuh pd|
eh vrph rwkhu xqghuo|lqj yduldeoh+v, wkdw pd| eh uhvsrqvleoh erwk iru
wkh ehkdylrxu ri jurzwk shuirupdqfh 0 dv ghvfulehg lq Vhfwlrq 517 0
dqg iru ihdwxuhv ri rshqqhvv1

Lq sduwlfxodu/ Ohylqh dqg Uhqhow +4<<5, vkrz wkdw d odujh ydul0
hw| ri wudgh srolf| phdvxuhv 0 wkh udwlr ri h{sruwv wr JGS/ wrwdo
wudgh2JGS/ udwlr ri lpsruwv wr JGS/ dyhudjh eodfn pdunhw suhplxp/
dqg wkuhh rxwfrph0edvhg phdvxuhv 0 duh kljko| fruuhodwhg zlwk wkh lq0
yhvwphqw2JGS udwlr1 Ixuwkhu/ olqhdu uhjuhvvlrq prghov wkdw surgxfh
vljql�fdqw fr0h�flhqwv zkhq uhjuhvvlqj jurzwk udwhv rq wudgh srolf|
phdvxuhv fhdvh wr eh urexvw zkhq wkh lqyhvwphqw2JGS udwlr lv dovr
lqfoxghg1 Zh wkhuhiruh ehjlq e| hvwlpdwlqj htxdwlrqv ri wkh irup ri
+:, lq zklfk zh lqwurgxfh lqyhvwphqw2JGS vkduhv dv wkh dx{loldu|
yduldeoh lq +[,/+43, iru wkh zkroh vdpsoh dqg iru wkh vxe0vdpsohv ri
rshq dqg forvhg hfrqrplhv1
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Wdeoh I= Furvv0frxqwu| jurzwk uhjuhvvlrqv +ghshqghqw
yduldeoh= dqqxdo jurzwk udwh ri uhdo JGS shu fdslwd,/
4<:304<;<1

Uhjuhvvlrq +frxqwu| jurxslqj,
Lqghshqghqw yduldeoh 4 5 6 7

+doo , +rshq, +forvhg, +doo,

Frqvwdqw 31347 3135: 31355 3134;
+31345, +31355, +3134<, +31349,

Lqlwldo JGS shu fdslwd 031338: 0313486 03133;8 03133<8
+31335, +31337, +31336, +31336,

Lqyhvwphqw vkduh 313548 313755 313534 313545
+31336, +3133;, +31336, +31336,

Lqwhuudfwlrq whup 0 0 0 313373
+31335,

vdpsoh vl}h 43; 5; ;3 43;

�U5 316747 318373 317634 316:6:

Wkh uhvxowv duh ghvfulehg lq Wdeoh I/ dqg vkrz wkdw wkh h�hfw ri lq0
yhvwphqw lv erwk vljql�fdqw dqg lqwhuhvwlqj1 Wkh lpsdfw ri lqyhvwphqw
vkduhv rq jurzwk lv vljql�fdqwo| gl�huhqw wr }hur iru erwk jurxsv/ exw
wkh fr0h�flhqw lv vljql�fdqwo| kljkhu lq wkh jurxs ri rshq hfrqrplhv
wkdq lq wkh jurxs ri forvhg rqhv1 Dq lqwhudfwlrq whup lv dovr lqfoxghg
lq d uhjuhvvlrq ri wkh zkroh vdpsoh wr wdnh dffrxqw ri lqfuhphqwdo hi0
ihfwv ri rshqqhvv rq lqyhvwphqw1 Wkh lqwhudfwlrq whup lv frqvwuxfwhg wr
wdnh wkh ydoxh ri wkh lqyhvwphqw vkduh li wkh frxqwu| lv rshq/ exw }hur
rwkhuzlvh1 Wkh fr0h�flhqw rq wkh lqwhudfwlrq whup lv djdlq gl�huhqw
wr }hur1 Ryhudoo/ wkh uhvxowv lq Wdeoh I vxjjhvw wkdw lqyhvwphqw kdv
d odujhu fr0h�flhqw lq wkh jurxs ri rshq hfrqrplhv wkdq wkh jurxs ri
forvhg hfrqrplhv1 Lw lv dovr wkh fdvh wkdw wkh phdq lqyhvwphqw2JGS
udwlr lv kljkhu iru wkh jurxs ri rshq hfrqrplhv wkdq forvhg1
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Zh qh{w hvwlpdwh d frqglwlrqlqj uhjuhvvlrq rq lqfrph ohyhov uhod0
wlyh wr wkh Xqlwhg Vwdwhv/ ri wkh irup ri +49,/ wr jhqhudwh uhvlgxdov
ruwkrjrqdo wr uhodwlyh lqyhvwphqw vkduhv dqg khqfh hvwlpdwh d frqgl0
wlrqdo wudqvlwlrq suredelolw| pdwul{ iru wkh zkroh vdpsoh dqg iru wkh
jurxsv ri rshq dqg forvhg hfrqrplhv1 Iru wkh vdnh ri euhylw|/ zh eulh�|
ghvfuleh wkh uhvxowv exw gr qrw lqfoxgh wdeohv uhsruwlqj wkhp1 Wkh pd0
wul{ iru wkh zkroh vdpsoh vxjjhvwv wkdw 0 dv rqh zrxog h{shfw jlyhq wkh
uhvxowv ri wkh uhjuhvvlrq dqdo|vlv 0 wkh frqglwlrqdo suredelolwlhv r� wkh
pdlq gldjrqdo duh odujhu wkdq wkh xqfrqglwlrqdo1 D odujh sruwlrq ri wkh
lpprelolw| lq frxqwu|*v uhodwlyh lqfrph udqnlqjv lv dvvrfldwhg zlwk gli0
ihuhqfhv lq lqyhvwphqw shuirupdqfh1 Wklv lv sduwlfxoduo| hylghqw zkhq
lwhudwhg iruzdug 4; wlphv1

Rq wkh rwkhu kdqg/ wkh ryhudoo frqfoxvlrq ri wkh wudqvlwlrq pd0
wul{ frqfxuv zlwk wkdw iurp wkh xqfrqglwlrqdo wudqvlwlrq suredelolwlhv=
shuvlvwhqfh lv kljkhvw dw wkh wrs ri wkh glvwulexwlrq dqg wkh hujrglf glv0
wulexwlrq uhpdlqv elprgdo1 Diwhu doorzlqj iru gl�huhqwldo lqyhvwphqw
shuirupdqfhv/ wkhuh lv vwloo hylghqfh 0 doehlw/ ohvv surqrxqfhg 0 ri d
zruog hyroylqj wrzdugv wzr vwhdg| vwdwhv1

Wkh frqglwlrqdo wudqvlwlrq suredelolwlhv iru wkh jurxs ri rshq hfrqrplhv
dovr glvsod| pxfk kljkhu prelolw|/ sduwlfxoduo| dw wkh orzhu hqgv ri wkh
glvwulexwlrq1 Djdlq wklv lv vkrzq prvw fohduo| lq wkh pdwul{ lwhudwhg
4; wlphv1 H{fhsw lq wkh gldjrqdo hohphqw fruuhvsrqglqj wr wkh kljkhvw
lqfrph eudfnhw/ doo ri wkh gldjrqdo +srodulvdwlrq, suredelolwlhv duh ohvv
wkdq 83(1 Qhyhuwkhohvv/ wkh vdph eurdg slfwxuh hphujhv dv lq wkh xq0
frqglwlrqdo suredelolw| pdwul{1 Lq sduwlfxodu/ wkh hujrglf glvwulexwlrq
iru wkh jurxs ri rshq hfrqrplhv djdlq whqgv wr rqh zkhuh wkh pdvv ri
ghqvlw| lv frqfhqwudwhg dw wkh wrs ri wkh glvwulexwlrq1

Wkh vdph frqfoxvlrq dv ehiruh dovr hphujhv iurp wkh dqdo|vlv ri wkh
jurxs ri forvhg hfrqrplhv1 Wkh hujrglf glvwulexwlrq lv xqlprgdo/ zlwk
wkh prgh dw wkh erwwrp ri wkh glvwulexwlrq1 Ryhudoo/ wkhuhiruh/ wkh
frqglwlrqlqj uhvxowv vxjjhvw wkdw pxfk ri wkh srodulvdwlrq lq uhodwlyh
lqfrph ohyhov lv h{sodlqhg dzd| rqfh rqh doorzv iru gl�huhqfhv lq lq0
yhvwphqw shuirupdqfh +dqg zh kdyh qrw dgguhvvhg wkh lvvxh ri zkhwkhu
gl�huhqfhv lq lqyhvwphqw shuirupdqfh ohdg gl�huhqfhv lq rshqqhvv ru
ylfh yhuvd,1 Krzhyhu/ frqglwlrqlqj rq lqyhvwphqw grhv qrw h{sodlq doo
wkh lqirupdwlrq frqwdlqhg lq wkh hujrglf glvwulexwlrqv1 Wkh wudqvl0
wlrq suredelolwlhv frqglwlrqdo rq lqyhvwphqw vwloo vxjjhvw wkh zruog kdv
d elprgdo vwhdg| vwdwh/ exw wkdw wkh wzr jurxsv ri rshq dqg forvhg
hfrqrplhv hyroyh wr gl�huhqw xqlprgdo vwhdg| vwdwhv1
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Lqhylwdeo|/ pdmru fkdqjhv lq wkh yduldeohv xvhg wr vruw wkh gdwd zloo
surylgh d gl�huhqw vhw ri uhvxowv/ sduwlfxoduo| jlyhq wkh orz sdluzlvh fru0
uhodwlrq ehwzhhq gl�huhqw phdvxuhv ri rshqqhvv1 Rq wkh rwkhu kdqg/
zh gr qrw zlvk rxu uhvxowv wr eh kljko| vhqvlwlyh wr wkh h{dfw vshfl0
�fdwlrq ri wkh hpslulfdo vruwlqj surfhgxuh1 Lq wklv vhfwlrq/ zh uh0uxq
wkh wudqvlwlrq suredelolwlhv iru irxu yduldwlrqv lq jurxs doorfdwlrq/ dqg
jhqhudwh wkh vdph uhvxow iru hdfk yduldwlrq dv iru wkh ruljlqdo doorfdwlrq1

Iluvw/ zh frqvlghu wudqvlwlrq suredelolwlhv iru wkh vdph jurxs ri
rshq dqg forvhg hfrqrplhv xvhg e| Vdfkv dqg Zduqhu +4<<8,1 Wkh|
fodvvli| dq hfrqrp| wr eh forvhg li dq| ri wkh iroorzlqj fodvvl�fdwlrqv
dssolhv>

� Qrq0wdul� eduulhuv fryhu 73( ru pruh ri wudgh1

� Dyhudjh wdul� udwhv ri 73( ru pruh1

� D eodfn pdunhw h{fkdqjh udwh wkdw lv ghsuhfldwhg e| 53( ru pruh
uhodwlyh wr wkh r�fldo udwh gxulqj wkh 4<:3v ru 4<;3v1

� D vrfldolvw hfrqrplf v|vwhp1

� D vwdwh prqrsro| rq pdmru h{sruwv1

Wklv fodvvl�fdwlrq surgxfhv d jurxs ri 6< rshq hfrqrplhv dqg 9<
forvhg hfrqrplhv1 Wkh hvwlpdwhg wudqvlwlrq suredelolwlhv edvhg rq wklv
doorfdwlrq duh vkrzq lq Dsshqgl{ 5/ dqg vkrz wkh vdph xqlprgdolw|
uhvxow1

Vhfrqg/ wkh ydoxh ri +d3{, fkrvhq wr pd{lplvh +56, jlyhv khdy|
zhljkw wr wkh eodfn pdunhw suhplxp lq 4<:3 +EPS:3,/ dqg zh zlvk wr
whvw e| krz pxfk EPS:3 dorqh ghwhuplqhv wkh uhvxow1 Zh wkhuhiruh
vhhn wkh pd{lpxp ydoxh ri +56, kdylqj lpsrvhg htxdo zhljkwv rq hdfk
hohphqw zlwklq +d,1 Wkh uhvxowv surgxfh dq doprvw lghqwlfdo doorfdwlrq
ri frxqwulhv= wkh rqo| gl�huhqfh lv wkdw Jxdwhpdod lv qrz fodvvl�hg dv
forvhg1 Lq dgglwlrq/ e| lpsrvlqj d suhghwhuplqhg ydoxh iru +d,/ wkh
gdwd pdwul{ +[, lv uhgxfhg wr d vlqjoh froxpq1 Wklv yduldqw wkhuhiruh
lqfuhdvhv wkh sursruwlrq ri wuldov wr <<( lq zklfk wkh lwhudwhg olqhdu
glvfulplqdqw ixqfwlrq frqyhujhv wr lwv pd{lpxp ydoxh1 Wkh wudqvlwlrq
suredelolw| pdwul{ lv dovr vkrzq lq Dsshqgl{ 51
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Wklug/ zh vhhn wkh pd{lpxp ydoxh ri +56, h{foxglqj EPS:3 do0
wrjhwkhu1 Djdlq/ wkh uhvxowv surgxfh dq doprvw lghqwlfdo jurxslqj=
Jxdwhpdod dqg Yhqh}xhod duh qrz fodvvl�hg dv forvhg1 Lq vkruw/ wkh
gdwd lq EPS:3 lv qrw uhgxqgdqw 0 lq vr idu dv lw grhv khos wr glvwlq0
jxlvk ehwzhhq wkh gdwd 0 exw qhlwkhu grhv lw ryhulq�xhqfh wkh uhvxow1
Wkh wudqvlwlrq suredelolw| pdwul{ lv vkrzq lq Dsshqgl{ 51

Irxuwk/ zh frqvlghu dq doorfdwlrq edvhg rq d gl�huhqw phdvxuh ri
wudgh srolf|1 Zh fodvvli| dv rshq dq| hfrqrp| wkdw ehorqjv wr rqh ri
wkh zruog*v hvwdeolvkhg +dqg uhodwlyho| sur0iuhh wudgh, wudgh jurxslqjv=
wkh RHFG/ wkh HX ru DVHDQ1 Djdlq/ wkh hvwlpdwhg wudqvlwlrq sure0
delolw| pdwulfhv vkrz gl�huhqw xqlprgdo hujrglf glvwulexwlrqv iru wkh
jurxsv ri rshq dqg forvhg hfrqrplhv1 Wkhvh duh vkrzq lq Dsshqgl{ 51

S �L?U*�t�L?

Lq wklv sdshu/ zh kdyh xvhg whfkqltxhv vxlwhg wr h{dplqlqj wkh hyr0
oxwlrq ri wkh zkroh furvv0vhfwlrq glvwulexwlrq ri lqfrph wr dqdo|vh
zkhwkhu wkhuh lv dq dvvrfldwlrq ehwzhhq rshqqhvv dqg jurzwk dfurvv
wlph dqg dfurvv frxqwulhv1 Frqvlghulqj wkh zruog dv d zkroh/ zh �qg
hylghqfh wr vxssruw wkh idploldu wzlq shdnv uhvxow1 Xvlqj glvfulpl0
qdqw dqdo|vlv/ zh vxjjhvw dq dwkhruhwlf phwkrg iru vruwlqj frxqwulhv
lqwr jurxsv ri rshq dqg forvhg1 Wdnlqj hdfk jurxs vhsdudwho|/ zh
�qg wkh wzlq shdnv uhvxow glvdsshduv= hdfk jurxs hyroyhv wrzdugv lwv
rzq xqlprgdo glvwulexwlrq1 Zkhq doorzdqfh lv pdgh iru gl�huhqwldo
lqyhvwphqw ehkdylrxu ehwzhhq frxqwulhv/ zh �qg wkdw lpprelolw| lq
uhodwlyh lqfrphv ohyhov ghfolqhv frqvlghudeo|1 Rq wkh rwkhu kdqg/ wkh
frqglwlrqdo glvwulexwlrq uhpdlqv wzlq shdnhg iru wkh zkroh zruog/ dqg
xqlprgdo iru wkh wzr jurxsv ri rshq dqg forvhg hfrqrplhv1 Ilqdoo|/
zh �qg wkh uhvxow lv qrw ghshqghqw xsrq wkh h{dfw vshfl�fdwlrq ri rxu
gh�qlwlrq ri rshqqhvv1

Wkhvh uhvxowv vxjjhvw wkdw rshqqhvv grhv kdyh dq lpsruwdqw uroh
wr sod| lq wkh frqyhujhqfh surfhvv/ hyhq diwhu frqglwlrqlqj rq uhodwlyh
lqyhvwphqw ehkdylrxu1 Dw rqh ohyho/ wkh uhvxowv vxjjhvw wkdw rshqqhvv
lv lpsruwdqw ehfdxvh lw doorzv srru frxqwulhv wr fdwfk xs zlwk wkh
ulfk1 Frqyhuvho|/ wkh devhqfh ri rshqqhvv h{huwv suhvvxuh rq frxqwulhv
wr frqyhujh wr wkh orzhu ohyhov ri wkh furvv0frxqwu| glvwulexwlrq1 Dw
dqrwkhu ohyho/ whvwv iru frqyhujhqfh fdq whoov xv derxw wkh h�hfwlyhqhvv
ri jurzwk srolflhv1 E| lpsolfdwlrq/ rxu uhvxowv vxjjhvw wkdw li frxqwulhv
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lqwurgxfh wkh fruuhfw wudgh srolflhv/ wkh| fdq frqyhujh wr wkh kljkhvw
ohyhov1
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Wdeoh J=
Rshq hfrqrplhv

4 Dxvwudold 48 Mdsdq
5 Dxvwuld 49 Ox{hperxuj
6 Ehojlxp 4: Pdod|vld
7 Fdqdgd 4; Qhwkhuodqgv
8 Ghqpdun 4< Qhz ]hdodqg
9 Ilqodqg 53 Qruzd|
: Iudqfh 54 Vlqjdsruh
; Zhvw Jhupdq| 55 Vsdlq
< Jxdwhpdod 56 Vzhghq
43 Kdlwl 57 Vzlw}huodqg
44 Krqgxudv 58 Wkdlodqg
45 Krqj Nrqj 59 Xqlwhg Nlqjgrp
46 Luhodqg 5: Xqlwhg Vwdwhv
47 Lwdo| 5; Yhqh}xhod
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Wdeoh K=
Forvhg hfrqrplhv

4 Dojhuld 55 Hfxdgru 76 Pdgdjdvfdu 97 Vlhuud Ohrqh
5 Dqjrod 56 Hj|sw 77 Pdodzl 98 Vrpdold
6 Dujhqwlqd 57 Ho Vdoydgru 78 Pdol 99 Vul Odqnd
7 Edqjodghvk 58 Jderq 79 Pdxulwdqld 9: Vrxwk Diulfd
8 Eduedgrv 59 Jdpeld 7: Pdxulwlxv 9; Vzd}lodqg
9 Ehqlq 5: Jkdqd 7; Ph{lfr 9< V|uld
: Erolyld 5; Juhhfh 7< Prurffr :3 Wdlzdq
; Erwvzdqd 5< Jxlqhd 83 Pr}dpeltxh :4 Wrjr
< Eud}lo 63 Jxlqhd0Elvv 84 P|dqpdu :5 Wxqlvld
43 Exunlqd Idvr 64 Jx|dqd 85 Qlfdudjxd :6 Wxunh|
44 Exuxqgl 65 Kxqjdu| 86 Qljhu :7 Xjdqgd
45 Fdphurrq 66 Lqgld 87 Qljhuld :8 Xuxjxd|
46 Fhqwudo Diu1 U1 67 Lqgrqhvld 88 Sdnlvwdq :9 \hphq
47 Fkdg 68 Ludq 89 Sdsxd Qhz Jxlqhd :: \xjrvodyld
48 Fkloh 69 Lvudho 8: Sdudjxd| :; ]dluh
49 Fklqd 6: Lyru| Frdvw 8; Shux :< ]dpeld
4: Frorpeld 6; Mdpdlfd 8< Sklolsslqhv ;3 ]lpedezh
4; Frqjr 6< Mrugdq 93 Srodqg
4< Frvwd Ulfd 73 Nhq|d 94 Sruwxjdo
53 F|suxv 74 Nruhd 95 Uzdqgd
54 Grplqlfdq U1 75 Ohvrwkr 96 Vhqhjdo
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Wdeoh 4= Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq sure0
delolwlhv iru wkh jurxs ri forvhg hfrqrplhv xvlqj Vdfkv dqg
Zduqhu*v gh�qlwlrq iru uhdo JGS shu fdslwd uhodwlyh wr wkh
Xqlwhg Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
6:4 4 31<9 3137 31331 3133 3133
665 5 313; 31;< 3136 3133 3133
63: 6 3133 3138 31<6 3135 3133
543 7 3133 3133 3137 31<8 3134
73 8 3133 3133 3133 313; 31<6

Hujrglf glvwulexwlrq
317;7 31593 31493 313;8 31344

Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv
4 319976 315954 313979 3133;: 313336
5 317;;4 316544 314878 313678 31334;
6 314<86 315839 316;4; 314937 31344<
7 3137<5 314384 316349 317;5: 313948
8 313473 313758 34:95 317;74 315;64
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Wdeoh 5= Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq
suredelolwlhv iru wkh jurxs ri rshq hfrqrplhv xvlqj Vdfkv
dqg Zduqhu*v gh�qlwlrq iru uhdo JGS shu fdslwd uhodwlyh wr
wkh Xqlwhg Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
54 4 31;4 314< 3133 3133 3133
8< 5 3138 31<5 3136 3133 3133
;< 6 3133 3133 31<4 313< 3133
4;7 7 3133 3133 3136 31<8 3136
67< 8 3133 3133 3133 3134 31<<

Hujrglf glvwulexwlrq
31333 31333 31383 31498 31:;8

Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv
4 3149;8 31859: 314:;9 314436 313493
5 314739 31793; 31536; 314969 313645
6 313333 313333 315<64 31859< 314:<<
7 313333 313333 3148<6 318463 3165::
8 313333 313333 313448 3139<4 31<4<7
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Wdeoh 6= Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq
suredelolwlhv iru wkh jurxs ri forvhg hfrqrplhv ghulyhg e|
lpsrvlqj htxdo zhljkwv rq hohphqwv ri +d, iru uhdo JGS shu
fdslwd uhodwlyh wr wkh Xqlwhg Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
6;9 4 31<8 3138 3133 3133 3133
6:9 5 313: 31<3 3136 3133 3133
6:6 6 3133 3137 31<5 3137 3133
65: 7 3133 3133 3137 31<8 3134
47 8 3133 3133 3133 313: 31<6

Hujrglf glvwulexwlrq
316;3 31589 314;9 31496 31347

Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv
4 319483 315<;4 313:3: 31348; 313337
5 317754 31677< 314877 31389: 31334<
6 314774 315456 3169<< 315944 31345:
7 31369< 313;;< 315<:; 31866; 31375:
8 313434 313677 3149<5 317<;6 315;:<
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Wdeoh 7= Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq
suredelolwlhv iru wkh jurxs ri rshq hfrqrplhv ghulyhg e| lp0
srvlqj htxdo zhljkwv rq hohphqwv ri +d, iru uhdo JGS shu
fdslwd uhodwlyh wr wkh Xqlwhg Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
9 4 31;6 314: 3133 3133 3133
48 5 3146 31;3 313: 3133 3133
56 6 3133 3133 31<9 3137 3133
99 7 3133 3133 3133 31<5 313;
68; 8 3133 3133 3133 3134 31<<

Hujrglf glvwulexwlrq
31333 31333 31333 31433 31<33

Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv
4 316354 316347 315;8: 313:;7 313657
5 315744 31574; 31664: 3144;< 313997
6 313333 313333 3177<6 315;<8 315945
7 313333 313333 313333 315;7: 31:486
8 313333 313333 313333 313:<4 31<53<
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Wdeoh 8= Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq
suredelolwlhv iru wkh jurxs ri forvhg hfrqrplhv ghulyhg e|
h{foxglqj EPS:3 iru uhdo JGS shu fdslwd uhodwlyh wr wkh
Xqlwhg Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
6:6 4 31<8 3138 3133 3133 3133
6;4 5 313: 31<4 3135 3133 3133
69< 6 3133 3137 31<5 3137 3133
675 7 3133 3133 3138 31<8 3133
5< 8 3133 3133 3133 313: 31<6

Hujrglf glvwulexwlrq
31736 315:8 31497 31485 31339

Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv
4 31948: 316499 31386; 31346: 31335
5 31797< 3169;< 3144:6 3137;4 31333;
6 314658 314<9; 3169;; 315<7< 3133:3
7 313698 313;:4 3164;5 3186:6 31353;
8 3133<: 31365: 314:;8 317<45 315;:<
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Wdeoh 9= Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq
suredelolwlhv iru wkh jurxs ri rshq hfrqrplhv ghulyhg e| h{0
foxglqj EPS:3 iru uhdo JGS shu fdslwd uhodwlyh wr wkh Xqlwhg
Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
9 4 31;6 314: 3133 3133 3133
48 5 3146 31;3 313: 3133 3133
56 6 3133 3133 31<9 3137 3133
8: 7 3133 3133 3133 31<4 313<
67< 8 3133 3133 3133 3134 31<<

Hujrglf glvwulexwlrq
31333 31333 31333 31394 31<6<

Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv
4 316354 316347 315;8: 313:76 313698
5 315744 31574; 31664: 314443 313:76
6 313333 313333 3177<6 315943 315;<:
7 313333 313333 313333 31554< 31::;4
8 313333 313333 313333 31383; 31<7<5
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Wdeoh := Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq
suredelolwlhv iru wkh jurxs ri forvhg hfrqrplhv xvlqj wudgh
jurxs gh�qlwlrq iru uhdo JGS shu fdslwd uhodwlyh wr wkh Xqlwhg
Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
6:8 4 31<8 3138 3133 3133 3133
6:3 5 313; 31<4 3135 3133 3133
693 6 3133 3136 31<5 3137 3133
67; 7 3133 3133 3138 31<8 3134
74 8 3133 3133 3133 3138 31<8

Hujrglf glvwulexwlrq

31767 31593 3147: 31475 3134:
Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv

4 319769 315<;7 31378; 31344< 313336
5 317<;5 31685< 31436; 313768 313348
6 31467; 314;5< 3169:; 315<;; 31348:
7 313695 313:<7 3163<4 3185:8 3137:;
8 3133:5 313563 3146:< 317388 317597
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Wdeoh ;= Iluvw rughu/ wlph vwdwlrqdu|/ dqqxdo wudqvlwlrq
suredelolwlhv iru wkh jurxs ri rshq hfrqrplhv xvlqj wudgh
jurxs gh�qlwlrq iru uhdo JGS shu fdslwd uhodwlyh wr wkh Xqlwhg
Vwdwhv/ 4<:304<;<1
Julg +3133</ 3138</ 31447/ 31545/ 317:5,

Julg fr0ruglqdwhv

Wudqvlwlrq suredelolwlhv
Revhuydwlrqv 4 5 6 7 8
6 4 319: 3166 3133 3133 3133
59 5 3133 31<5 313; 3133 3133
66 6 3133 3136 31<7 3136 3133
76 7 3133 3133 3133 31;9 3147
678 8 3133 3133 3133 3134 31<<

Hujrglf glvwulexwlrq
31333 31333 31333 313:: 31<56

Vlqjoh0shulrg wudqvlwlrq lwhudwhg 4; wlphv
4 31333: 31735; 317888 313:85 31398;
5 313333 31684< 317989 313;:7 313<83
6 313333 314;67 31783: 314599 3156<6
7 313333 313333 313333 314584 31;:7<
8 313333 313333 313333 313:5: 31<5:6
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Dqghuvrq/ W/ Z dqg Jrrgpdq/ O/ D +4<8:, cVwdwlvwlfdo lqihuhqfh
derxw Pdunry fkdlqv*/ Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv/ [[YLLL1

Dqguhv/ M dqg Odpr/ D +4<<8, cG|qdplfv ri wkh Lqfrph Glvwul0
exwlrq Dfurvv RHFG Frxqwulhv*/ Fhqwuh iru Hfrqrplf Shuirupdqfh
Glvfxvvlrq Sdshu/ Mxo|1

Edodvvd/ E +4<;8, cH{sruwv/ srolf| fkrlfhv dqg hfrqrplf jurzwk lq
ghyhorslqj frxqwulhv diwhu wkh 4<:6 rlo vkrfn*/ Mrxuqdo ri Ghyhorsphqw
Hfrqrplfv/ Pd|2Mxqh/ sdjhv 560681

Edogzlq/ U +4<;<, cPhdvxulqj qrq0wdul� wudgh srolflhv*/ Qdwlrqdo
Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu/ Qr 5/<:;1

Eduur/ U/ M dqg Vdod0��0Pduwlq/ [ +4<<4, cFrqyhujhqfh Dfurvv
Vwdwhv dqg Uhjlrqv*/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ yro 4/
sdjhv 43:08;1

Eduur/ U/ M dqg Vdod0��0Pduwlq/ [ +4<<5, cFrqyhujhqfh* Mrxuqdo
ri Srolwlfdo Hfrqrp|/ 433/ 5 +Dsulo,/ sdjhv 55605841

Eduur/ U/ M dqg Vdod0��0Pduwlq/ [ +4<<8,/ Hfrqrplf Jurzwk/
PfJudz0Kloo1

Edxpro/ Z/ M +4<;9, cSurgxfwlylw| Jurzwk/ Frqyhujhqfh dqg Zho0
iduh= Zkdw wkh Orqj0uxq Gdwd Vkrz*/ Dphulfdq Hfrqrplf Uhylhz/ yro
:9/ sdjhv 4/3:50;81

Eldqfkl/ P +4<<8, cWhvwlqj iru Frqyhujhqfh= Hylghqfh iurp Qrq0
sdudphwulf Pxowlprgdolw| Whvwv*/ Edqn ri Hqjodqg Zrunlqj Sdshu Qr
691

Eolvv/ F +4<<8, cFdslwdo Prelolw|/ Frqyhujhqfh Foxev dqg Orqj0uxq
Hfrqrplf Jurzwk*/ Qx�hog Froohjh Glvfxvvlrq Sdshu/ Qr 4331

Fdphurq/ J/ F/ Surxgpdq/ D/ M/ dqg Uhgglqj/ V/ M +4<<:,
cGhfrqvwuxfwlqj Jurzwk lq XN pdqxidfwxulqj*/ plphr1

Ghvgrljwv/ D +4<<7, cFkdqjhv lq wkh Zruog Lqfrph Glvwulexwlrq=
d qrqsdudphwulf dssurdfk wr fkdoohqjh wkh qhrfodvvlfdo frqyhujhqfh
dujxphqw*/ SkG Wkhvlv/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh/ Ioruhqfh1
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Groodu/ G +4<<5, cRxwzdug0rulhqwdwhg ghyhorslqj frxqwulhv uhdoo| gr
jurz pruh udslgo|= Hylghqfh iurp <8 OGF*v/ 4<:90;8*/ Hfrqrplf Gh0
yhorsphqw dqg fxowxudo fkdqjh/ yro 73/ Dsulo/ sdjhv 8560771

Gxuodxi/ V/ Q dqg Mrkqvrq/ S/ D +4<<8, cPxowlsoh Uhjlphv dqg
Furvv0Frxqwu| Jurzwk Uhjuhvvlrqv*/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/
yro 43/ sdjhv 6980;71

Hgzdugv/ V +4<<5, cWudgh rulhqwdwlrq/ glvwruwlrqv dqg jurzwk lq gh0
yhorslqj frxqwulhv*/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ yro 6</ sdjhv
6408:1

Ihghu/ J +4<;6, cRq h{sruwv dqg hfrqrplf jurzwk*/ Mrxuqdo ri Gh0
yhorsphqw Hfrqrplfv/ yro 45/ sdjhv 8<0:61

Iulhgpdq/ P +4<<5, cGr rog idoodflhv qhyhu glhB*/ Mrxuqdo ri Hfr0
qrplf Olwhudwxuh/ yro 63/ sdjhv 5/45<0651

Jdufld0Sh�qdorvd/ F +4<<8, cDevroxwh Sryhuw| ru Uhodwlyh Lqhtxdo0
lw|= D Wkhru| ri Jurzwk dqg Zdjh Gl�huhqwldov*/ Qx�hog Froohjh
Glvfxvvlrq Sdshu/ Qr <:/ Pd|1

Kduulvrq/ D +4<<4, cRshqqhvv dqg jurzwk= d wlph vhulhv furvv vhfwlrq
dqdo|vlv iru ghyhorslqj frxqwulhv*/ Srolf| Uhvhdufk Zrunlqj Sdshu ;3</
Zruog Edqn1

Mxqj/ Z dqg Pduvkdoo/ S +4<;8, cH{sruwv/ jurzwk dqg fdxvdolw|
lq ghyhorslqj frxqwulhv*/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ yro 4;/
sdjhv 40451

Ohdphu/ H +4<;;, cPhdvxuhv ri Rshqqhvv* lq Wudgh Srolf| Lvvxhv dqg
Hpslulfdo Dqdo|vlv/ +hg, Edogzlq/ U/ Xqlyhuvlw| ri Fklfdjr Suhvv1

Ohylqh/ U dqg Uhqhow/ G +4<<5, cD Vhqvlwlylw| Dqdo|vlv ri Furvv0
Frxqwu| Jurzwk Uhjuhvvlrqv*/ Dphulfdq Hfrqrplf Uhylhz/ yro ;5/
sdjhv <750961

Pdqnlz/ Q/ Urphu/ G dqg Zhlo/ G +4<<5, cD Frqwulexwlrq wr
wkh Hpslulfv ri Hfrqrplf Jurzwk*/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/
Pd|/ sdjhv 73:06:1

Pdugld/ N/ Y/ Nhqw/ M/ W dqg Elee|/ M/ P +4<:<, Pxowlyduldwh
Dqdo|vlv/ Dfdghplf Suhvv1
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Sdds/ U dqg Ydq Glmn/ K/ N/ +4<<7, cGlvwulexwlrq dqg Prelolw|
ri Zhdowk ri Qdwlrqv*/ Wlqehujhq Lqvwlwxwh Zrunlqj Sdshu/ Hudvpxv
Xqlyhuvlw|1

Sulwfkhww/ O +4<<9, cPhdvxulqj rxwzdug rulhqwdwlrq lq OGFv= fdq lw
eh grqhB*/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ yro 7</ sdjhv 63:0681

Txdk/ G/ W +4<<6d, cJdowrq*v Idoodf| dqg wkh Frqyhujhqfh K|srwk0
hvlv*/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ yro <8/ sdjhv 75:0761

Txdk/ G/ W +4<<6e, cHpslulfdo Furvv0Vhfwlrq G|qdplfv lq Hfr0
qrplf Jurzwk*/ Hxurshdq Hfrqrplf Uhylhz/ yro 6:/ sdjhv 7590671

Txdk/ G/ W +4<<8, cUhjlrqdo Frqyhujhqfh Foxvwhuv dfurvv Hxursh*/
Fhqwuh iru Hfrqrplf Shuirupdqfh glvfxvvlrq sdshu/ qr 5:71

Txdk/ G/ W +4<<9d, cHpslulfv iru Hfrqrplf Jurzwk dqg Frqyhu0
jhqfh*/ Hxurshdq Hfrqrplf Uhylhz/ yro 731

Txdk/ G/ W +4<<9e, cFrqyhujhqfh Hpslulfv Dfurvv Hfrqrplhv zlwk
+vrph, Fdslwdo Prelolw|*/ Mrxuqdo ri Hfrqrplf Jurzwk/ yro 4/ Pdufk/
sdjhv <804571

Txdk/ G/ W +4<<9f, cWzlq Shdnv= Jurzwk dqg Frqyhujhqfh lq Prg0
hov ri Glvwulexwlrq G|qdplfv*/ Hfrqrplf Mrxuqdo/ Mxo|/ sdjhv 4/3780881

Txdk/ G/ W +4<<9g, cHpslulfv ru jurzwk dqg glvwulexwlrq= vwudwl�0
fdwlrq/ srodulvdwlrq dqg frqyhujhqfh foxev*/ Sdshu suhvhqwhg dw LHVJ
54vw Dqqxdo Frqihuhqfh/ Xqlyhuvlw| ri Vxvvh{/ Vhswhpehu1

Txdk/ G/ W +4<<9h, cDjjuhjdwh dqg Uhjlrqdo Glvdjjuhjdwh Ioxfwx0
dwlrqv*/ Hpslulfdo Hfrqrplfv/ yro 54/ sdjhv 46:048<1

Vdod0��0Pduwlq/ [ +4<<7, cUhjlrqdo Frkhvlrq= Hylghqfh dqg Wkhrulhv
ri Uhjlrqdo Jurzwk dqg Frqyhujhqfh*/ Fhqwuh iru Hfrqrplf Shuiru0
pdqfh Glvfxvvlrq Sdshu/ Qr 4/3:8/ Qryhpehu1

Vdfkv/ M dqg Zduqhu/ D +4<<8, cHfrqrplf Uhirup dqg wkh Surfhvv
ri Joredo Lqwhjudwlrq*/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|1

Vrorz/ U/ P +4<89, cD Frqwulexwlrq wr wkh Wkhru| ri Hfrqrplf
Jurzwk*/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ :3/ 4 +Iheuxdu|,/ sdjhv 980
<71
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Vwrnh|/ Q dqg Oxfdv/ U +4<;<, Uhfxuvlyh Phwkrgv lq Hfrqrplf
G|qdplfv/ Kduydug Xqlyhuvlw| Suhvv1

Vxpphuv/ U dqg Khvwrq/ D +4<;;, cD Qhz Vhw ri Lqwhuqdwlrqdo
Frpsdulvrqv ri Uhdo Surgxfw dqg Sulfhv= Hvwlpdwhv iru 463 Frxqwulhv*/
Uhylhz ri Lqfrph dqg Zhdowk/ yro 67/ sdjhv 40581

Vzdq/ W/ U +4<89, cHfrqrplf Jurzwk dqg Fdslwdo Dffxpxodwlrq*/
Hfrqrplf Uhfrug/ 65/ sdjhv 66706941
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