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Lq 4<<3/ wkh qruwkhuq vsrwwhg rzo ehfdph wkh fhqwhu ri d qdwlrq zlgh frqwur0
yhuv| ryhu wkh xvh dqg plvxvh ri rog jurzwk iruhvwv iurp Qruwkhuq Fdoliruqld
wr Zdvklqjwrq1 Lq dgglwlrq/ wkh vsrwwhg rzo kdelwdw kdv ehhq uhgxfhg e| vrph
93( vlqfh 4;331 Dv d uhvxow/ rqo| 5333 sdluv ri rzov kdyh ehhq orfdwhg lq wkh
Sdflñf Qruwkzhvw gxulqj 4<;804<<3+lq 4<;:/ 5833 sdluv ri rzov zhuh lghqwlñhg,1
Wkh ihghudo jryhuqphqw wkhq lq 4<<3 olvwhg wkh vsrwwhg rzo dv dq hqgdqjhuhg
vshflhv1 Wkh uhgxfwlrq ri wkh rzo kdelwdw kdv lq wxuq fdxvhg d vhyhuh ghfolqh
lq wkh rzo srsxodwlrq vlqfh rzov duh ñqglqj lw kdughu dqg kdughu wr ñqg qhz
duhdv wr euhhg1 Pdq| duhdv lq wkh Sdflñf Qruwkzhvw/ wkh rzo srsxodwlrq kdv
ehhq iudjphqwhg/ d surfhvv wkdw kdv lvrodwhg pdq| srsxodwlrqv ri rzov1 Wklv
iudjphqwdwlrq / gxh wr wkh fohdu0fxwwlqj ri krph udqjhv ri wkh rzo kdelwdw/
kdyh h{srvhg wkh rzov wr juhdwhu ulvnv ri suhgdwruv zkloh lqfuhdvlqj wkh frp0
shwlwlrq iru vfdufh suh|1 Wkuhh duhdv wkdw zhuh xvhg wr prgho wkh qruwkhuq
vsrwwhg rzo duh= 4, wkh Nodpdwk Surylqfh/ lq qruwkzhvwhuq Fdoliruqld> 5, Wkh
Ro|pslf Shqlqvxod lq Zdvklqjwrq> 6, dqg wkh Frdvw Udqjh lq zhvwhuq Ruhjrq1
Wkh Ohvolh0Ohiwrylfk vwdjh surmhfwlrq pdwul{ zdv xvhg/ jlyhq wkh ihfxqglw| dqg
vxuylydo udwhv ri wkh rzov/ wr ghwhuplqh wkh jurzwk ri wkh rzo srsxodwlrq dqg
wkh djh glvwulexwlrq zlwk wkh srsxodwlrq ryhu wlph1
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î Qruwkhuq vsrwwhg Rzov duh prqrjdprxv euhhghuv zlwk orz ihfxqglw| udwhv
dqg kljk vxuylydo udwhv1

î Wkh| duh whuulwruldo dqg whqg wr irup orqj0whup sdlu erqgv1 Euhhglqj
rffxuv luuhjxoduo|1
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î Rzov lqkdelw wkh vdph euhhglqj jurxqgv iru vhyhudo |hdu dv orqj dv qhvwlqj/
urrvwlqj/ dqg irudjlqj kdelwdw lv suhvhqw1

î Ihpdoh rzov uduho| euhhg zkhq rqo| 4 |hdu rog> prvw gr qrw ehjlq xqwlo
dw ohdvw 5 |hduv rog1

î \rxqj rzov ohdyh wkh qhvw lq ohvv wkdq d |hdu dqg qhhg wr ñqg d pdwh
dqg wr hvwdeolvk wkhlu rzq whuulwru|1

î Qhvw vlwhv duh lq rog jurzwk iruhvwv zklfk duh xvxdoo| 533 ihhw kljk1
î Vsrwwhg rzov olyh dqg dyhudjh ri 4: 427 |hduv> exw fdq olyh xs wr 53 |hduv1
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î Olih F|foh=
Mxyhqloh +xs wr 4 |hdu,
Vxedgxow +405 |hduv,
Dgxow +ryhu 5 |hduv,

î Rzov duh zlgho| glvwulexwhg lq iruhvwhg uhjlrqv ri zhvwhuqZdvklqjwrq2Ruhjrq
dqg qruwkzhvwhuq Fdoliruqld lq sulpdulo| pdwxuh dqg rog frqlihu iruhvwv +
A@ 533 |hduv rog,1

î Hdfk rzo uhtxluhv derxw 7 vtxduh plohv iru lwv rzq krph whuulwru|1
î Fulwlfdo wlph lq wkh rzo olih f|foh rffxuv zkhq wkh mxyhqlohv ohdyh wkh qhvw
wr vxuylyh dqg ehfrph d vxedgxow1 Gxulqj wklv fulwlfdo wlph/ d mxyhqloh
rzo pxvw vxffhvvixoo| ñqg d qhz krph udqjh dqg d pdwh1

�ëô 6@U|Lht úgiU|ð?} èLTý*@|ðL? |hi?_t%_)?@4ðUt

î Yduldwlrq lq qhvwlqj dwwhpswv dqg qhvwlqj vxffhvv1
î Dqqxdo yduldwlrq lq shufhqw ri vsrwwhg rzov sdluhg1
î Shufhqw ri sdluhg vsrwwhg rzov wkdw dwwhpsw euhhglqj1
î Pruwdolw| lq qhvw1
î Qhvwolqj pruwdolw|
î Udwhv ri vxffhvvixo glvshuvdo e| mxyhqlohv
+Yduldwlrqv lq wkhvh udwhv dqg rwkhu idfwruv fdq lqðxhqfh wkh olnholkrrg
ri shuvlvwhqfh ri wkh srsxodwlrq ryhu wlph1,
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Prvw Lpsruwdqw iru vxuylydo Glvshuvdo ri rzov ~
uhodwlyh shupdqhqw pryhphqw ri rzov iurp rqh orfdwlrq wr dqrwkhu/ xvxdoo|
mxyhqlohv iurp wkhlu qhvw duhd wr d euhhglqj vlwh ru rffdvlrqdoo| dgxowv iurp rqh
euhhglqj vlwh wr dqrwkhu1 Zlwkrxw wkh vxffhvvixo uhsodfhphqw ri rzov
wkdw duh orvw iurp wkh euhhglqj srsxodwlrq gxulqj pljudwlrq/
wkh srsxodwlrq zloo ghfolqh1
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41714 Ghñqlwlrq dqg Looxvwudwlrq ri dq Hljhqydoxh dqg dq Hljhqyhfwru

Li W = Uq @, Uq wkhq W +{, @ D{ iru vrph Q ûQ pdwul{ D1 Li { 9@ 3 dqg
W +{, @ D +{, lv d vfdodu pxowlsoh ri { wkdw lv li=

D{ @ è{

iru vrph vfdodu è/ wkhq è lv vdlg wr eh dq hljhqydoxh ri W +ru htxlydohqwo|
ri D,1 Dq| qrq}hur yhfwru { zklfk vdwlvñhv wklv htxdwlrq lv vdlg wr eh dq
hljhqyhfwru ri W +ru ri D fruuhvsrqglqj wr è,1 Vxssrvh W = U5 , U5 ghñqhg
e| wkh htxdwlrq=

W +{, @

é
4 ý5
6 ý7

è
{

wkdw lv/ W lv jlyhq e| wkh ohiw pxowlsolfdwlrq e| wkh pdwul{

D @

é
4 ý5
6 ý7

è
Wkh lpdjh ri wkh yhfwru { @ +4> 6,W xqghu wkh dfwlrq ri W =

W

é
4
6

è
@

é
4 ý5
6 ý7

è é
4
6

è
@

é ý8
<

è
Fohduo|/ W +{, lv qrw d vfdodu pxowlsoh ri {/ dqg wklv lv zkdw w|slfdoo| rffxuv1

Qrz frqvlghu wkh lpdjh ri wkh yhfwru { @ +5> 6,W xqghu wkh dfwlrq ri W =

W

é
5
6

è
@

é
4 ý5
6 ý7

èé
5
6

è
@

é ý7
9

è
Khuh W +{, lv d vfdodu pxowlsoh ri {/ vlqfh W +{, @ +ý7>ý9,W > ý5+5> 6,W @

ý5{1 Wkhuhiruh ý5 lv dq hljhqydoxh ri W / dqg +5> 6,W lv dq hljhqyhfwru
fruuhvsrqglqj wr wklv hljhqydoxh1
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Jlyhq d vtxduh pdwul{ D/ wkh frqglwlrq wkdw fkdudfwhul}hv dq hljhqydoxh è/ lv
wkh h{lvwhqfh ri d qrq}hur yhfwru { vxfk wkdw D{ @ è{ > wklv htxdwlrq fdq eh
uhzulwwhq dv iroorzv=

D{ @ è{

D{ ý è{ @ 3

D{ ý èL{ @ 3

+Dý èL,{ @ 3

Wklv ñqdo irup ri wkh htxdwlrq pdnhv lw fohdu wkdw { lv wkh vroxwlrq ri d
vtxduh/ krprjhqhrxv v|vwhp1 Li %qrq}hur% vroxwlrqv duh ghvluhg/ wkhq wkh
ghwhuplqdqw ri wkh frhïflhqw pdwul{ zklfk lq wklv fdvh lv D ý èL ~pxvw eh
}hur> li qrw/ wkhq wkh v|vwhp srvvhvvhv rqo| wkh wulyldo vroxwlrq { @ 31 Vlqfh
hljhqyhfwruv duh/ e| ghñqlwlrq/ qrq}hur/ lq rughu iru { wr eh dq hljhqyhfwru ri
d pdwul{ D/ è pxvw eh fkrvhq vr wkdw=

ghw+Dý èL, @ 3

Zkhq wkh ghwhuplqdqw ri DýèL lv zulwwhq rxw/ wkh uhvxowlqj h{suhvvlrq lv d
prqlf sro|qrpldo lq è/ ^d prqlf sro|qrpldo lv rqh lq zklfk wkh frhïflhqw ri wkh
ohdglqj +wkh kljkhvw ghjuhh, whup lv 4`1 Lw lv fdoohg wkh fkdudfwhulvwlf sro|qrpldo
ri D~ wkdw lv/ wkh vroxwlrq ri d wkh fkdudfwhulvwlf htxdwlrq ghw+D ý èL, @ 3
~duh wkh hljhqydoxhv ri d pdwul{1

Ghwhuplqlqj wkh Hljhqyhfwruv ri d Pdwul{ Lq rughu wr ghwhuplqh wkh

hljhqyhfwruv ri d pdwul{/ |rx pxvw ghwhuplqh wkh hljhqydoxhv1 Vxevwlwxwh rqh
hljhqydoxh è lqwr wkh htxdwlrq D{ @ è{� ru htxlydohqwo|/ lqwr +DýèL,{ @ 3
� dqg vroyh iru {> wkh uhvxowlqj qrq}hur vroxwlrqv irup wkh vhw ri hljhqyhfwruv
ri D fruuhvsrqglqj wr wkh vhohfwhg hljhqydoxh1 Wklv surfhvv lv wkhq uhshdwhg
iru hdfk ri wkh uhpdlqlqj hljhqydoxhv1

�ëS úTT*)ð?} |üi �@|hð ú*}iMh@ |L |üi ûLh|üih? 5TL||i_
ïê* èLTý*@|ðL?

Xvlqj wkh srsxodwlrq prgho ri wkh vsrwwhg rzo/ wkh edvlf fkdudfwhulvwlf sro|qr0
pldo lv jlyhq e|=

è5 ý vèý v3v4e
iurp wkh edvlf pdwul{ D =57 3 v4e vs

v3 3 3
3 v4 v

68
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Wkh grplqdqw +ru juhdwhvw lq devroxwh ydoxh,/ hljhqydoxh/ è4 / lv d uhdo zruog
vroxwlrq ri wkh hvwlpdwh ri wkh dqqxdo udwh ri fkdqjh lq wkh rzo srsxodwlrq1 Li
è4 A 4=3/ wkh ylwdo udwhv vxjjhvw wkh srsxodwlrq zdv lqfuhdvlqj1 Li è4 @ 4=3>
wkh srsxodwlrq vl}h zdv vwdeoh> dqg li è4 ? 4=3/ wkh srsxodwlrq zdv ghfolqlqj1

Wkh hljhqyhfwru wkdw fruuhvsrqgv wr wkh grplqdqw hljhqydoxh lv xvhg wr
ixuwkhu prgho wkh rzo srsxodwlrq e| ghwhuplqlqj wkh uhodwlyh sursruwlrq ri
ihpdoh rzov lq hdfk djh fodvv ryhu d orqj shulrg ri wlph1

�ë. wit*ðiíwiu!Lñð|Uü �@|hð 

Wkh pdwul{ zh xvhg iru rxu srsxodwlrq prgholqj lv d k|eulg ri wkh Ohvolh pdwul{
dqg wkh Ohinrylwfk pdwul{1 Wkh Ohvolh pdwul{ zrunv ehvw iru vkruw olyhg vshflhv
dqg zkhuh suhflvh dqg vshflñf hvwlpdwhv duh dydlodeoh1 Wkh Ohvolh pdwul{ vwdjhv
fodvvhv dffruglqj wr djh zkloh wkh Ohinrylwfk glylghv wkh fodvvhv lq wr vl}h ru
vwdjhv vxfk dv Mxyhqloh/ Vxedgxow/ dqg Dgxow1 Riwhq gdwd lv olplwhg iru orqj
olyhg vshflhv/ dqg hvwlpdwhv ri djh vshflñf lqirupdwlrq duh glïfxow wr rewdlq1
Uhshdwhg xvh ri lpsuhflvh hvwlpdwhv fdq ohdg wr odujh huuruv1

�ëH �@|hð 

Ohvolh0Ohinrylwfk pdwul{ iru wkh Qruwkhuq Vsrwwhg Rzo57 Mw.4
Vw.4
Dw.4

68 @
57 3 Iv Id
Sm 3 3
3 Sv Sd

68 57 Mw
Vw
Dw

68
M Mxyhqloh +{ ? 4 |hdu,
V Vxedgxowv+4 é { ? 5,
D Dgxowv+{ è 5,
I Ihfxqglw|+uhsurgxfwlrq udwh,
S Vxuylydo udwh

Zh dssolhg hvwlpdwhv iru wkh ihfxqglw| dqg vxuylydo udwhv iru wkuhh duhdv=
Nodpdwk lq Qruwkhuq Fdoliruqld/ Zhvwhuq Ruhjrq / dqg wkh Ro|pslf Shqlqvxod
lq Zdvklqjwrq
Wkh Ohvolh0Ohinrylwfk prgho lv jlyhq e| wkh htxdwlrq {n @ On[r1 Wkh

lqlwldo srsxodwlrq glvwulexwlrq yhfwru lv [rdqg wkh srsxodwlrq glvwulexwlrq yhf0
wru lv {n dw wlph n1 Rxu edvlf prgho kdv ihfxqglw| udwhv dfurvv wkh ñuvw urz1
Wkh vhfrqg urz kdv wkh vxuylydo udwhv ri wkh mxyhqloh fodvv dqg wkh wklug urz
frqwdlqv wkh vxuylydo udwhv ri wkh vxedgxowv dqg dgxowv lq froxpq 5 ) 61
1

�ëb �L_i* úttý4T|ðL?t

î Wkhuh lv d frqvwdqw uhsurgxfwlrq udwh iru ihpdohv ryhu 5 |hduv rog1
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î Eluwk srsxodwlrq lv dq hyhq vsolw/ pdoh2 ihpdoh1
î Vwdeoh djh glvwulexwlrq h{lvwv1
î Wkhuh lv qr ghqvlw| ghshqghqfh1 Wkh fkdqjh lq srsxodwlrq ghqvlw| grhvq*w
hòhfw ihfxqglw| udwh1

î Frqvwdqw dgxow vxuylydo dqg rog djh grhvq*w doorz d ghfolqh lq euhhglqj1
î Qhz srsxodwlrq lv jhqhudwhg dw wkh vdph wlph |hduo|1

41<14 Nodpdwk Surylqfh/ Qruwkzhvwhuq Fdoliruqld

Ihfxqglw| Vxuylyldo
Mxyhqloh =3< =658
Vxedgxowv =53 =;9::
Dgxowv =66 =;99:

Wkh Ohvolh0Ohinrylwfk pdwul{ orrnhg olnh wklv=

57 Mw.4
Vw.4
Dw.4

68 @

573C =3< =53 =66
=658 3 3
3 =;9:: =;9::

4D6857 83
83
83

68
è4 @ =<6;8

Dsso|lqj wklv lqirupdwlrq wr rxu pdwul{ dqg xvlqj dq lqlwldo djh glvwulexwlrq
yhfwru ri 83 Rzov lq hdfk jurxs zh surmhfwhg 58 |hduv iruzdug1 Wklv lv zkdw
wkh judsk orrnhg olnh=
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Zh wkhq surmhfwhg rxw 73 |hduv dqg orrnhg dw wkh uhodwlyh sursruwlrq ri rzov
lq hdfk djh fodvv diwhu d orqj shulrg ri wlph1 Wkh iroorzlqj judsk vkrzv wkh
uhvxow1
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41<15 Ro|pslf Shqlqvxod/ Zdvklqjwrq

Ihfxqglw| Vxuylyldo
Mxyhqloh =3 =57
Vxedgxowv =3 =;9
Dgxowv =6; =;:

57 Mw.4
Vw.4
Dw.4

68 @

573C =33 =33 =6;
=57 3 3
3 =;9 =;:

4D6857 83
83
83

68
è4 @ =<7:

Surmhfwlqj wkh Rzo srsxodwlrq 58 |hduv gholyhuhg d judsk olnh wklv=
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Wkh djh glvwulexwlrq orrnhg olnh wklv=
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41<16 Frdvw Udqjh/ Zhvwhuq Ruhjrq

Ihfxqglw| Vxuylyldo
Mxyhqloh =3 =57
Vxedgxowv =3:4 =;5
Dgxowv =564 =;4

57 Mw.4
Vw.4
Dw.4

68 @

573C =3 =3:4 =564
=57 3 3
3 =;5 =;4

4D6857 83
83
83

68
è4 @ =;:7

Wkh Ruhjrq gdwd kdv d vljqlñfdqw gurs lq erwk wkh dgxow ihfxqglw| udwh dqg
dgxow dqg vxedgxow vxuylydo udwhv1 Edvhg rq rxu surmhfwlrqv wkh Rzo srsxodwlrq
ryhu 58 |hduv zrxog orrn olnh wklv=
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Djh glvwulexwlrq=
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Zh wkhq dwwhpswhg wr udlvh wkh Rzo srsxodwlrq lq Ruhjrq e| udlvlqj wkh
ihfxqglw| udwh

Ihfxqglw| Vxuylyldo
Mxyhqloh =3 =57
Vxedgxowv 178 =;5
Dgxowv 178 =;4
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Udvlqj wkh ihfxqglw| udwh djdlq =

Ihfxqglw| Vxuylyldo
Mxyhqloh =3 =57
Vxedgxowv 1:3 =;5
Dgxowv 1:3 =;4
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Ilqdoo| zh udlvhg wkh ihfxqglw| udwh wr vkrz dq lqfuhdvh lq srsxodwlrq1

Ihfxqglw| Vxuylyldo
Mxyhqloh =3 =57
Vxedgxowv 11;< =;5
Dgxowv 1;; =;4
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Xvlqj d Ohvolh0Ohinrylwfk pdwul{ zh prghohg wkuhh duhdv zlwk jlyhq lqirupdwlrq
ghdolqj zlwk vxuylydo dqg ihfxqglw| udwhv1 Zh revhuyhg wkdw dv wkhvh udwhv
lqfuhdvhg ru ghfuhdvhg vr glg wkh srsxodwlrqv ryhu wlph1 Zkhq zh pdqlsxodwhg
ihfxqglw| udwhv zh zhuh deoh wr lqfuhdvh wkh srsxodwlrq1 1 Dqrwkhu dssurdfk
frxog eh wr h{dplqh wkh vxuylydo udwh ri wkh mxyhqlohv dqg rxu vdph prgho frxog
eh xvhg1 Lq rxu uhylhz ri wkh wkuhh duhdv zh irxqg wkdw d vpdoo fkdqjh lq
ihfxqglw| udwhv hòhfwhg wkh srsxodwlrq rxwfrph11

414314 Olwhudwxuh Flwhg

î Iruvpdq/ Hulf Ghvwhidqg1 4<<61 Ghprjudsk| ri wkh Qruwkhuq Vsrwwhg
Rzo= Surfhhglqjv ri d Zrunvkrs1 Frrshu Ruqlwkrorjlfdo Vrflhw|/ Vhdwwoh/
Zdvklqjwrq/ XVD1

î Odqn/ U1 4<;;1 Ghprjudsklf prghov ri wkh qruwkhuq vsrwwhg rzo1 Rhfror0
jld+Ehuolq,/ :8=934093:1

î Od|/ Gdylg F1 4<<:1 Olqhdu Dojheud dqg lwv Dssolfdwlrqv1 Dgglvrq
Zhvoh|0Orqjpdq/ Qhz \run/ Qhz \run/ XVD1

î Ohgxh/ Vwhyhq D1 4<<91 Olqhdu Dojheud~Folò Txlfn Uhylhz1 Dgglvrq0
Zhvoh|/ Qhz \run/ Qhz \run/ XVD1
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î Vkdury/ Doh{hl1 Ode181 Prgho ri Ohvolh1
zzz1j|sv|prwk1hqwr1yw1hgx2�vkdury2SrsHfro2ode82ode81kwpo

î XV Iruhvw Vhuylfh1 4<<51 Wkh Fdoliruqld Vsrwwhg Rzo= D Whfkqlfdo
Dvvhvvphqw ri Lwv Fxuuhqw Vwdwxv1 XV Jryhuqphqw Suhvv/ Zdvklqjwrq/
G1F1/ XVD1

î XV Iruhvw Vhuylfh1 4<<51 Ilqdo Hqylurqphqwdo Lpsdfw Vwdwhphqw rq Pdq0
djhphqw iru wkh Qruwkhuq Vsrwwhg Rzo lq wkh Qdwlrqdo Iruhvwv/ Yroxph L1
XV Jryhuqphqw Suhvv/ Zdvklqjwrq/ G1F1/ XVD1

î Zdug/ Wkrpdv Mdfn/ hglwru dqg fkdlupdq1 4<<31 D Frqvhuydwlrq Vwudw0
hj| iru wkh Qruwkhuq Vsrwwhg Rzo= Lqwhudjhqf| Vflhqwlñf Frpplwwhh wr
Dgguhvv wkh Frqvhuydwlrq ri wkh Qruwkhuq Vsrwwhg Rzo1 Xqlyhuvlw| ri
Ruhjrq Suhvv/ Hxjhqh/ Ruhjrq/ XVD1

î \rnr|dpd/ Nhylq1 4<<:1 Srsxodwlrq Prgholqj Xvlqj wkh Ohvolh Pdwul{/
Sduw L dqg LL1 Froohjh ri wkh Uhgzrrgv Vfkrro Suhvv/ Hxuhnd/ Fdoliruqld/
XVD1
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