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Devwudfw

Wkh sdvw fhqwxu| dqg d txduwhu kdv vhhq iuhtxhqw lpsuryhphqwv lq
wudfn dqg ñhog uhfrugv1 Zh dwwhpsw wr hvwlpdwh zkdw sursruwlrq ri
wkh vshhg ri uhfrug euhdnlqj lv gxh wr joredol}dwlrq +frpshwlwruv iurp
pruh frxqwulhv, dqg zkdw sursruwlrq lv gxh wr whfkqrorjlfdo surjuhvv
+ehwwhu htxlsphqw dqg wudlqlqj whfkqltxhv,1 Lw dsshduv wkdw whfkqr0
orjlfdo fkdqjh lv wkh fklhi gulylqj irufh/ exw wkdw whfkqrorjlfdo surjuhvv
lv lpsurylqj wkh shuirupdqfh ri vhdvrqhg holwh dwkohwhv idvwhu wkdq lw
lv lpsurylqj wkh shuirupdqfh ri dgrohvfhqwv1 Erwk rxu uhvxowv dqg rxu
phwkrgv pd| kdyh zlghu dssolfdwlrq1
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Lq wkh sdvw fhqwxu| dqg d txduwhu/ wudfn dqg ñhog kdv hyroyhg pdunhgo| dorqj
wzr glòhuhqw glphqvlrqv= wkh whfkqrorjlfdo dqg wkh jhrjudsklf1 Lq wkh odwh
4;:3v/ rqo| d kdqgixo ri zklwh phq rq wkh hdvwhuq vhderdug ri wkh Xqlwhg
Vwdwhv dqg d ihz flwlhv lq zhvwhuq Hxursh sduwlflsdwhg lq rujdql}hg wudfn dqg
ñhog hyhqwv> wkh| xvhg kdskd}dug htxlsphqw/ wudlqhg vsrudglfdoo|/ dqg prvw
ri zkdw wkh| eholhyhg derxw vsruwv sk|vlrorj| zdv zurqj1 Wrgd|/ wudfn dqg
ñhog frpshwlwlrq lv d zruogzlgh hqghdyru zlwk pdq| wrs frpshwlwruv gudzq
iurp frxqwulhv +olnh Nhq|d dqg Mdpdlfd, wkdw sod| idu iurp d pdmru uroh lq
hlwkhu rwkhu vsruwv ru zruog wudgh> htxlsphqw lv vrsklvwlfdwhg/ wudlqlqj lv
d ixoo0wlph mre iru wrs frpshwlwruv/ dqg doo ri wkh odwhvw uhvxowv iurp wkh
vflhqfh ri vsruwv sk|vlrorj| vhh doprvw lpphgldwh dssolfdwlrq1

Lw lv sodxvleoh wkdw erwk whfkqrorjlfdo fkdqjh dqg joredol}dwlrq kdyh frq0
wulexwhg wr lpsurylqj wudfn dqg ñhog uhfrugv ryhu wklv shulrg1 Wkh sulpdu|
sxusrvh ri wklv sdshu lv wr wu| wr dvvhvv wkh uhodwlyh frqwulexwlrq ri hdfk> d
vhfrqgdu| sxusrvh lv wr wu| wr ñqg rxw zkhwkhu wkh xqghuo|lqj lpsuryhphqw
surfhvvhv wkdw duh gulylqj uhfrug0euhdnlqj duh vshhglqj xs ru vorzlqj grzq1

Wr gr wklv/ zh h{dplqh ñyh glòhuhqw uhfrug surjuhvvlrqv= zruog uhfrugv/
Ro|pslf Jdphv uhfrugv/ Ploourvh Jdphv uhfrugv/ XV uhfrugv/ dqg Qhz Mhu0
vh| kljk vfkrro uhfrugv +zh dovr xvh vrph iudjphqwdu| gdwd rq Qhz \run
Flw| sxeolf kljk vfkrrov,1 Wkh edvlf lghd lv wkdw wkh surjuhvv ri uhfrugv
+olnh zruog dqg Ro|pslf uhfrugv, wkdw fdq eh vhw e| dq|rqh lq wkh zruog
vkrxog uhðhfw erwk joredol}dwlrq dqg whfkqrorjlfdo fkdqjh/ exw wkh surjuhvv
ri uhfrugv +olnh XV1 dqg Q1M1 kljk vfkrro uhfrugv, wkdw fdq eh vhw +e| ghñ0
qlwlrq, e| rqo| d jhrjudsklfdoo| uhvwulfwhg vhw ri shrsoh vkrxog uhðhfw rqo|
whfkqrorjlfdo fkdqjh1 Wkxv wkh glòhuhqfh ehwzhhq wkh udwhv ri surjuhvv ri
wkh wzr w|shv ri uhfrugv vkrxog jlyh xv dq hvwlpdwh ri joredol}dwlrq1

Wr vxppdul}h rxu uhvxowv= Wkh surfhvvhv gulylqj zruog dqg Ro|pslf
uhfrugv duh lpsurylqj rqo| derxw 43( idvwhu wkdq wkh surfhvvhv gulylqj XV1
uhfrugv/ dqg vr wkh frpsdulvrq zlwk XV1 uhfrugv vxjjhvwv wkdw joredol}dwlrq
lv ri olwwoh lpsruwdqfh1 Whfkqrorjlfdo fkdqjh dsshduv wr eh wkh fklhi uhdvrq
zk| wudfn dqg ñhog uhfrugv duh jhwwlqj eurnhq dv txlfno| dv wkh| duh1 Zh
ñqg qr hylghqfh wkdw wkh surfhvvhv gulylqj uhfrug0euhdnlqj duh vshhglqj xs/
dqg qr hylghqfh ri dq| juhdw vorzlqj grzq/ hlwkhu1

Wklv frqfoxvlrq qhhgv wr eh whpshuhg/ krzhyhu/ e| rxu uhvxowv rq Qhz
Mhuvh| kljk vfkrro uhfrugv1 Wkhvh uhfrugv duh lpsurylqj pxfk pruh vorzo|
wkdq XV1 uhfrugv1 Li zh xvh wkh zruog0Qhz Mhuvh| glòhuhqfh dv rxu hvwlpdwh
ri joredol}dwlrq lqvwhdg ri wkh zruog0XV1 glòhuhqfh/ wkhq rxu frqfoxvlrq lv
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uhyhuvhg= joredol}dwlrq dffrxqwv iru ryhu kdoi ri wkh lpsuryhphqw lq uhfrugv1
Wkhuh lv uhdvrq wr eholhyh/ wkrxjk/ wkdw wkh zruog0XV1 glòhuhqfh lv wkh

fruuhfw rqh wr frqvlghu1 Q1M1 kljk vfkrro uhfrugv duh vhw e| dgrohvfhqwv zlwk
rqo| d ihz |hduv* h{shulhqfh lq wudfn dqg ixoo0wlph vfkrro uhvsrqvlelolwlhv1
E| frqwudvw/ lw lv dgxowv zlwk pdq| |hduv ri h{shulhqfh dqg zlwk ihz rwkhu
uhvsrqvlelolwlhv zkr vhw erwk XV1 dqg zruog uhfrugv1 Zkdw wkh jds ehwzhhq
XV1 dqg Qhz Mhuvh| pd| eh whoolqj xv wkhq/ lv wkdw whfkqrorjlfdo fkdqjh kdv
ehhq eldvhg1 Dv idu dv uhfrugv jr/ wklqjv olnh kljk0dowlwxgh wudlqlqj/ gdlo|
pdvvdjhv/ dqg |hduv ri vkdushqlqj pdwwhu d orw pruh wkdq doo0zhdwkhu wudfnv
dqg Qlnh irrwzhdu1 Wklv lv rqo| vshfxodwlrq dw wklv srlqw/ exw lw lv whvwdeoh1

Lq wkh uhvw ri wkh sdshu zh ehjlq zlwk wkhru|1 Vhfwlrq 5 glvfxvvhv wkh
wkhru| ri uhfrugv dqg vkrzv krz joredol}dwlrq dqg whfkqrorjlfdo surjuhvv
frxog uhgxfh wkh olih vsdq ri uhfrugv1 Lq wklv glvfxvvlrq zh zloo eh fduhixo
wr glvwlqjxlvk ehwzhhq udwhv ri fkdqjh dqg ohyhov1 Iru lqvwdqfh/ wkh udwh dw
zklfk uhfrugv duh ehlqj eurnhq grhv qrw ghshqg rq wkh ohyho wkdw whfkqrorj|
kdv dfklhyhg> lw ghshqgv rqo| rq wkh vshhg zlwk zklfk lw lv surjuhvvlqj1 Wklv
glvwlqfwlrq lv xvhixoo| pdgh lq glvfxvvlrqv ri whfkqlfdo surjuhvv e| Eduwho
dqg Vlfkhupdq +4<<;, dqg Mrydqrylf dqg Q|dunr +4<<8,1 Wkh udwh ri uhfrug
euhdnlqj/ pruhryhu/ lv lqghshqghqw ri wkh vkdsh ri wkh glvwulexwlrq iurp
zklfk lqglylgxdo shuirupdqfhv duh gudzq dqg lv qrw qhfhvvdulo| htxdo wr wkh
udwh dw zklfk dyhudjh shuirupdqfh lv fkdqjlqj1

Vhfwlrq 6 lv hpslulfdo= xvlqj uhfrugv iurp wudfn dqg ñhog/ zh wu| wr
phdvxuh wkh vshhg ri fkdqjh/ dqg dffrxqw iru lwv ghwhuplqdqwv1 Zh xvh ñyh
glòhuhqw gdwd vhwv/ dqg h{soruh d ydulhw| ri glòhuhqw whfkqltxhv1 Vhfwlrq
7 frqfoxghv zlwk d glvfxvvlrq ri wkh srvvleoh uhohydqfh ri rxu phwkrgv dqg
whfkqltxhv eh|rqg wudfn dqg ñhog lq duhdv ri pruh wudglwlrqdo frqfhuq dprqj
hfrqrplvwv1 Pxfk glvfxvvlrq ri ulvlqj lqhtxdolw| dqg mre lqvwdelolw| lq wkh
XV1 kdv irfxvvhg rq joredol}dwlrq dqg whfkqrorjlfdo fkdqjh/ dqg vr rxu vwxg|
pd| vkhg oljkw rq wkhvh frqwuryhuvlhv1 Wkh phwkrgv zh xvh/ wrr/ pd| kdyh
zlghu dssolfdelolw|/ vlqfh uhfrugv duh vwdwlvwlfv ri rswlpl}dwlrq dqg vr ri
qdwxudo lqwhuhvw wr hfrqrplvwv1

2 +iULh_t @?_ |üi 5Tii_ Lu çü@?}i
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Ohw i{|j ghqrwh d vhtxhqfh ri lqghshqghqw udqgrp yduldeohv gudzq iurp d
frpprq frqwlqxrxv glvwulexwlrq ixqfwlrq I +=,1 Zh fdoo Y� wkh ñuvw orzhu
uhfrug wlph dqg ghñqh e| frqyhqwlrq Y� @ 41 Wkh ñuvw ydoxh revhuyhg lv
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dozd|v d uhfrug1 Zh fdoo Yo wkh u0wk orzhu uhfrug wlph> lw lv wkh wlph dw
zklfk wkh q0wk uhfrug lv vhw1 Zh ghñqh lw lqgxfwlyho|=

Yo @ plqiw = w A Yo3�> {| ? {To3�j

Ilqdoo| zh ghñqh üo dv wkh u0wk orzhu lqwhu0uhfrug wlph/

üo @ Yo ý Yo3�> u A 5>

dqg h| dv wkh shulrg w orzhu uhfrug lqglfdwru ~ d udqgrp yduldeoh wkdw wdnhv
wkh ydoxh 4 li dqg rqo| li d uhfrug lv eurnhq lq shulrg w=

h| @ 4 li iru vrph u> Yo @ w> dqg h| @ 3> rwkhuzlvh1

Wkh vwdwlvwlfv olwhudwxuh frqwdlqv vhyhudo khosixo uhvxowv derxw uhfrug
surfhvvhv1 Iru hdv| uhihuhqfh/ zh zloo qdph wkhp diwhu wkhlu dxwkruv/ do0
wkrxjk wklv lv qrw wkh sudfwlfh lq vwdwlvwlfv1 Wkh prvw edvlf lv

Fkdqgohu*v Uhvxow= Wkh glvwulexwlrq ri wkh orzhu uhfrug wlphv +Yo, ~ dqg
khqfh ri wkh +üo, dqg +h|, ~ grhv qrw ghshqg rq wkh xqghuo|lqj glvwulexwlrq
I +=, ri wkh revhuydwlrqv1

Wkh lqwxlwlrq ehklqg Fkdqgohu*v Uhvxow lv vlpsoh1 Iru dq| wzr shulrgv
v dqg w/ {r ? {| li dqg rqo| li I +{r, ? I +{|,1 Wkxv wkh vhtxhqfh +I +{|,,
kdv wkh vdph orzhu uhfrug wlphv dv wkh vhtxhqfh +{|,1 Exw +I +{|,, lv d
vhtxhqfh ri lqghshqghqw yduldeohv gudzq iurp d xqlirup glvwulexwlrq rq wkh
xqlw lqwhuydo1 Vr dq| vhtxhqfh/ qr pdwwhu zkdw glvwulexwlrq lw lv gudzq
iurp/ kdv wkh vdph glvwulexwlrq ri orzhu uhfrug wlphv dv dq| rwkhu vhtxhqfh
~ wkdw lv/ wkh glvwulexwlrq ri orzhu uhfrug wlphv ri d vhtxhqfh gudzq iurp d
xqlirup glvwulexwlrq rq wkh xqlw lqwhuydo1

Fkdqgohu*v Uhvxow kdv wkuhh lpphgldwh frqvhtxhqfhv1 Wkh ñuvw lv whupl0
qrorjlfdo= lw grhv qrw pdwwhu zkhwkhu zh wdon derxw orzhu uhfrugv ru xsshu
uhfrugv +uhdol}dwlrqv wkdw duh pd{lpd,1 Khqfhiruwk wkhuhiruh zh zloo wdon
vlpso| ri %uhfrugv% zlwkrxw dsshqglqj wkh ghvljqdwlrq ri orzhu dqg xsshu1

Wkh vhfrqg frqvhtxhqfh lv wkdw yrodwlolw| grhv qrw ghshqg rq wkh ohyho ri
whfkqrorj|1 Vlqfh wkh glvwulexwlrq ri uhfrug wlphv grhv qrw ghshqg rq dq|0
wklqj derxw I +=, +h{fhsw frqwlqxlw|,/ lw grhv qrw ghshqg rq wkh phdq ydoxh
ri {1 \hduv ehwzhhq uhfrug orz whpshudwxuhv lq Erped| duh glvwulexwhg
mxvw olnh |hduv ehwzhhq uhfrug orz whpshudwxuhv +dqg uhfrug kljk whpshu0
dwxuhv, lq Qhz \run1 Fhwhulv Sdulexv/ wxuqryhu ri dgydqfhg whfkqrorjlhv
vkrxog eh qr pruh udslg wkdq wxuqryhu ri uxglphqwdu| whfkqrorjlhv1 Qru
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grhv wkh yduldqfh ri wkh xqghuo|lqj glvwulexwlrq pdwwhu1 Forvhqhvv ri qx0
phurxv frpshwlwruv dqg %wklqqhvv% ri frpshwlwlyh dgydqwdjh e| wkhpvhoyhv
kdyh qr lpsdfw rq yrodwlolw|1

Wkh wklug frqvhtxhqfh lv wkdw wkh suhydlolqj whfkqrorj| qhhg qrw kdyh
rqo| d vlqjoh fkdoohqjhu hyhu| shulrg ~ dv orqj dv lw kdv wkh vdph qxpehu
hyhu| shulrg1 Vxssrvh suhflvho| 433 whfkqrorjlhv fkdoohqjh hyhu| shulrg1
Wkhq I +=, lv vlpso| wkh glvwulexwlrq ri wkh plqlpxp ri 433 whfkqrorjlhv>
wkh glvwulexwlrq ri uhfrug wlphv lv wkh vdph dv lw zrxog eh li wkhuh zhuh rqo|
rqh fkdoohqjhu hyhu| shulrg/ vlqfh I +=, grhv qrw pdwwhu1

Fkdqgohu*v Uhvxow srlqwv xs krz lpsruwdqw wkh dvvxpswlrq wkdw wkh {|
duh doo gudzq iurp wkh vdph glvwulexwlrq lv1 Zh fdoo wklv wkh l1l1g1 dvvxps0
wlrq1 Vlqfh wkh skhqrphqd zh duh xowlpdwho| lqwhuhvwhg lq ~ joredol}dwlrq
dqg whfkqrorjlfdo fkdqjh ~ gr qrw frqirup wr wkh l1l1g1 dvvxpswlrq/ zh zloo
xowlpdwho| kdyh wr gurs lw1 Exw prvw sxeolvkhg uhvxowv uho| rq wkh l1l1g1
dvvxpswlrq/ dqg zkhq zh gurs lw zh zloo gr vr lq d pdqqhu fdofxodwhg wr
suhvhuyh dv pdq| ri wkhvh uhvxowv dv srvvleoh1

Wkh qh{w uhvxow lv derxw uhfrug lqglfdwruv1
Uhq|l*v Uhvxow= Wkh uhfrug lqglfdwruv h2> hô> ==> duh lqghshqghqw Ehuqrxool

yduldeohv zlwk Sure+h| @ 4, @
�
| 1

Djdlq wkh lqwxlwlrq lv reylrxv1 D uhfrug lv eurnhq dw wlph w li dqg rqo|
li {| lv wkh plqlpxp ri wkh ñuvw w uhdol}dwlrqv lq wkh vhtxhqfh1 Frqvlghu d
vhw ri w l1l1g1 yduldeohv1 Wkh suredelolw| wkdw dq| sduwlfxodu rqh ri wkhp/ vd|
wkh n0wk/ lv wkh plqlpxp lv wkh vdph dv wkh suredelolw| wkdw dq| rwkhu lv
wkh plqlpxp1 Vr wkh suredelolw| wkdw wkh n0wk hohphqw lq wkh vhtxhqfh lv
wkh plqlpxp lv + �| ,1 Vr wkh suredelolw| wkdw {| lv wkh plqlpxp dqg khqfh
wkh suredelolw| wkdw h| @ 4 lv +�| ,1 Wkh dujxphqw iru lqghshqghqfh wdnhv
voljkwo| pruh zrun dqg vr zh rplw lw1

Wkh lpphgldwh frqvhtxhqfh ri Uhq|l*v Uhvxow lv wkdw dv wlph sdvvhv
uhfrug euhdnv ehfrph pruh xqolnho|1 Uhfrugv jhw ehwwhu dqg vr duh ohvv
olnho| wr eh eurnhq1 Dv hodsvhg wlph jrhv wr lqñqlw|/ uhfrug euhdnv ehfrph
lqñqlwho| uduh1 Wlph lwvhoi lv d irufh wkdw glplqlvkhv yrodwlolw|/ dqg zkhq zh
orrn dw hpslulfdo gdwd zh zloo kdyh wr fruuhfw iru wkh sdvvdjh ri wlph1 D
uhfrug orz whpshudwxuh lv dv olnho| lq Erped| wklv |hdu dv lw lv lq Qhz \run
li erwk flwlhv kdyh ehhq froohfwlqj zhdwkhu gdwd iru wkh vdph ohqjwk ri wlph/
exw li Erped|*v wlph vhulhv lv orqjhu/ Qhz \run lv pruh olnho| wr euhdn d
uhfrug wklv |hdu1

Dq lpphgldwh hfrqrplf dssolfdwlrq lv wkdw qhz duhdv ri hqghdyru fkdqjh
pruh txlfno| wkdq rog rqhv1 Ehwwhu whfkqltxhv iru pdnlqj frpsxwhu fklsv
zloo eh irxqg pruh iuhtxhqwo| wkhvh gd|v wkdq ehwwhu whfkqltxhv iru pdnlqj
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fkdluv1
Lqwhu0uhfrug wlphv kdyh wkh vdph vruw ri surshuwlhv dv uhfrug lqglfdwruv/

dv pljkw eh h{shfwhg1 Lw fdq eh vkrzq wkdw

Sure+üo ? y, @
] "

f
i {

o3�

+u ý 4,jh{s+ý{,+4ý h{s+ý{,,
ñg{>

zkhuh u è 4/ dqg y è 4/ dqg Sure+üo @ y, lv ghfuhdvlqj lq y iru hyhu| u/ exw
wkh h{shfwhg ydoxh ri üo lv lqñqlwh1 Uhfrugv duh prvw olnho| wr eh eurnhq
lpphgldwho| diwhu wkh| duh vhw/ exw yhu| orqj uhljqv duh dovr srvvleoh1 Lq wkh
wudgh frqwh{w wklv phdqv wkdw rqh uhjlrq pd| grplqdwh d sduwlfxodu dfwlylw|
iru d yhu| orqj wlph/ exw udslg wxuqryhu lv dovr olnho|1 Dv u lqfuhdvhv/ vkruw
uhljqv ehfrph ohvv suredeoh dqg orqj uhljqv ehfrph pruh suredeoh1

Iru odujh u ~ uhfrugv wkdw kdyh ehhq eurnhq pdq| wlphv ~ zh kdyh
Qhxwv* Uhvxow= dv u jurzv lqñqlwho| odujh/ wkh glvwulexwlrq ri

]+u, @ +oqüo ý u,@
s
u

dssurdfkhv wkh vwdqgdug qrupdo glvwulexwlrq1
Iru u idluo| odujh/ Qhxwv* Uhvxow lv d txlfn zd| wr fruuhfw iru wkh sdvvdjh

ri wlph1 Krzhyhu iru wkh gdwd zh xvh lq wklv sdshu/ zh gr qrw kdyh hqrxjk
uhfrug euhdnv wr xvh wklv dssur{lpdwlrq1

2ë2 W?ULhTLh@|ð?} çü@?}i

Wkhvh zhoo0nqrzq uhvxowv uhtxluh wkh l1l1g1 dvvxpswlrq/ dqg vr wr dsso|
wkhp/ zh pxvw fduhixoo| uhod{ wklv dvvxpswlrq1

Joredol}dwlrq lv hdvlhvw wr xqghuvwdqg1 Wkh zd| wr wklqn derxw joredo0
l}dwlrq lv dv dq lqfuhdvh lq wkh qxpehu ri fkdoohqjhuv shu shulrg1 Zh douhdg|
uhpdunhg wkdw ehfdxvh ri Fkdqgohu*v uhvxow wkh vwdqgdug irupxodv vwloo krog
li wkhuh duh d odujh qxpehu ri fkdoohqjhuv shu shulrg dv orqj dv wkdw qxpehu
lv frqvwdqw> wkh vshhg ri fkdqjh ghshqgv rq wkh lqfuhdvh lq wkh qxpehu ri
fkdoohqjhuv qrw rq lwv ohyho1 Iruwxqdwho|/ dq lqfuhdvlqj +ru ghfuhdvlqj, qxp0
ehu ri fkdoohqjhuv fdq eh idluo| hdvlo| dffrpprgdwhg zlwklq wkh vwdqgdug
iudphzrun1

Ohw f| / w @ 4> ==> eh wkh qxpehu ri fkdoohqjhuv lq shulrg w/ dqg ohw
è| @

S|
ô'� fô ghqrwh wkh fxpxodwlyh qxpehu ri fkdoohqjhuv wkurxjk wkh hqg

ri shulrg w1 Wkhq wklqn ri d qrwlrqdo vhtxhqfh zlwk rqh fkdoohqjhu lq hyhu|
shulrg ri qrwlrqdo wlph1 D uhfrug euhdn zloo rffxu lq shulrg w ri dfwxdo wlph
li dqg rqo| li d uhfrug euhdn rffxuv lq dw ohdvw rqh shulrg ri qrwlrqdo wlph
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ehwzhhq qrwlrqdo shulrg è|3� dqg qrwlrqdo shulrg è|1 Vr iurp Uhq|l*v uhvxow
wkh suredelolw| wkdw qr uhfrug euhdn zloo rffxu lq shulrg w ri dfwxdo wlph lv=

øb&'b|3�+4ý
4

n
, @ øb|&'b|3�+

n ý 4
n

, @
è|3�
è|

>

dqg vr wkh suredelolw| ri d uhfrug euhdn lq shulrg w lv

H| @ 4ý è|3�
è|

@
f|
è|
=

Qrwh wkdw li f| lv frqvwdqw/ wklv suredelolw| vlpsolñhv wr +4@w,1 Zlwk vrph
dojheudlf pdqlsxodwlrq zh fdq vkrz wkdw H| zloo eh juhdwhu wkdq wkh vwdq0
gdug +4@w, li dqg rqo| li f| lv juhdwhu wkdq wkh dyhudjh qxpehu ri fkdoohqjhuv
wr gdwh +è|@w,1 Wkxv joredol}dwlrq fdq lqfuhdvh vshhg ri fkdqjh li lw dggv
fkdoohqjhuv idvw hqrxjk1

Zh fdq xvh wkh vdph iudphzrun wr wklqn derxw whfkqlfdo surjuhvv1 Vxs0
srvh iru wkh prphqw wkdw wkhuh lv rqo| rqh frpshwlqj whfkqrorj| lq hyhu|
shulrg1 Ohw I|+=, ghqrwh wkh glvwulexwlrq iurp zklfk wkh frvw ri wkh fkdoohqj0
lqj whfkqrorj| lv gudzq lq shulrg w> whfkqlfdo fkdqjh phdqv wkdw I|+=, lv qr
orqjhu wkh vdph iru hyhu| w1 Whfkqlfdo surjuhvv/ dv rssrvhg wr mxvw fkdqjh/
phdqv wkdw li v A w/ Ir+=, lv lq vrph vhqvh d ehwwhu glvwulexwlrq wkdq I|+=,1
Iru vrph sxusrvhv/ hfrqrplvwv kdyh irxqg lw frqyhqlhqw wr prgho whfkqlfdo
surjuhvv dv d ghfuhdvh lq wkh glvwulexwlrq*v phdq1 Krzhyhu/ phdq0uhgxflqj
whfkqlfdo fkdqjh lv qrw frqyhqlhqw iru rxu sxusrvhv1

Lqvwhdg zh zloo frqfhqwudwh rq zkdw zh fdoo %orjdulwkplfdoo| sursru0
wlrqdo% whfkqlfdo fkdqjh1 Iru v A w zh vd| wkdw whfkqlfdo fkdqjh ehwzhhq w
dqg v lv orjdulwkplfdoo| sursruwlrqdo li wkhuh lv vrph srvlwlyh frqvwdqw ð+w> v,
vxfk wkdw iru doo {/

oq+4ý Ir+{,, @ ð+w> v,oq+4ý I|+{,,>

wkdw lv/

4ý Ir+{, @ +4ý I|+{,,òE|crä=

Li { uhsuhvhqwv frvwv vr wkdw vpdoohu lv ehwwhu/ whfkqlfdo surjuhvv phdqv
wkdw ð+w> v, lv juhdwhu wkdq rqh= ydoxhv juhdwhu wkdq { duh ohvv suredeoh
rq ixwxuh gudzv wkdq rq fxuuhqw gudzv1 Orjdulwkplf sursruwlrqdolw| lv d
uhvwulfwlrq rq whfkqlfdo surjuhvv/ exw lw vhhpv wr xv qr pruh duelwudu| d
uhvwulfwlrq wkdq phdq0uhgxfwlrq1
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Li whfkqlfdo surjuhvv lv orjdulwkplfdoo| sursruwlrqdo/ wkhq iru doo v dqg {=

4ý Ir+{, @ +4ý I�+{,,òE�crä=
Wklv lpsolhv wkdw Ir+=, lv wkh vdph dv wkh glvwulexwlrq ri wkh plqlpxp

ri ð+4> v, gudzv iurp wkh glvwulexwlrq I�+=,1 Vr whfkqlfdo surjuhvv +dv orqj
dv lw lv orjdulwkplfdoo| sursruwlrqdo, lv wkh vdph dv joredol}dwlrq zlwk

ð+4> v, @
fr
f�
=

Li whfkqlfdo surjuhvv lv ehlqj pdgh/

ð+vý 4> v, A 4> dqg vr

ð+4> v, @ ð+vý 4> v,ð+4> vý 4, A ð+4> vý 4,=
Mxvw olnh dq lqfuhdvh lq wkh qxpehu ri fkdoohqjhuv/ whfkqlfdo surjuhvv lq0

fuhdvhv wkh iuhtxhqf| zlwk zklfk uhfrugv duh eurnhq1 Wkxv orj sursruwlrqdo
whfkqlfdo surjuhvv/ wrr/ udlvhv wkh vshhg ri fkdqjh1

Orrnlqj dw whfkqlfdo fkdqjh dv d surfhvv ri pruh gudzv udwkhu wkdq dv d
vkliwlqj ri phdqv lv dssursuldwh lq dqrwkhu vhqvh iru vwxg|lqj krz idvw wklqjv
fkdqjh> orjdulwkplf sursruwlrqdolw| lv pruh wkdq d kdqg| frpsxwdwlrqdo
dvvxpswlrq1 Zkdwhyhu irup whfkqlfdo fkdqjh wdnhv/ zkdw pdwwhuv wr wkh
vshhg ri fkdqjh lv qrw wkh fkdqjh lq phdq/ exw wkh lpsolflw fkdqjh lq wkh
qxpehu ri gudzv1

D vlpsoh h{dpsoh vxïfhv1 Vxssrvh zh duh frqfhuqhg zlwk xsshu uhfrugv/
dqg wzr shulrgv1 Wkhuh duh wzr fdvhv1 Lq fdvh D/ ñuvw shulrg gudzv duh iurp
d xqlirup glvwulexwlrq rq wkh xqlw lqwhuydo X+3> 4,/ dqg vhfrqg shulrg gudzv
duh iurp wkh glvwulexwlrq ri wkh pd{lpxp ri wkh wzr X+3> 4, yduldeohv

Iø� +{, @ {

Iø2 +{, @ {
2

Lq fdvh E/ ñuvw shulrg gudzv duh iurp d vwdqgdug h{srqhqwldo glvwulexwlrq/
dqg vhfrqg shulrg gudzv duh iurp wkh glvwulexwlrq ri wkh pd{lpxp ri wzr
vwdqgdug h{srqhqwldo yduldeohv=

Iî� +{, @ 4ý h{s+ý{,
Iî2 +{, @ +4ý h{s+ý{,,2
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Fohduo|/ wkh vshhg ri fkdqjh lv wkh vdph lq erwk fdvhv= wkh suredelolw|
lv +526, wkdw d uhfrug zloo eh eurnhq lq shulrg wzr1 Exw wkh udwh ri fkdqjh
lq wkh phdq lv pxfk glòhuhqw= wkh phdq lqfuhdvhv iurp 425 wr 526 lq fdvh
D/ d jdlq ri 66 shu fhqw/ zkloh wkh phdq lqfuhdvhv iurp 4 wr 625 lq fdvh
E/ d jdlq ri 83 shu fhqw1 Vr fkdqjhv lq h{shfwhg shuirupdqfh duh qrw wkh
uhohydqw irfxv lq wkh vwxg| ri wkh vshhg ri fkdqjh1

Zkhq erwk joredol}dwlrq dqg whfkqlfdo surjuhvv duh rffxuulqj/ wkhlu hi0
ihfwv frpsrxqg1 Li shulrg w kdv f| fkdoohqjhuv exw whfkqlfdo surjuhvv pdnhv
hdfk ri wkhp dv hòhfwlyh dv ð+4> w, fkdoohqjhuv lq wkh ñuvw shulrg/ wkhq hòhf0
wlyho| wkhuh duh= fW| @ ð+4> w,f| fkdoohqjhuv lq shulrg w1 Ghñqlqj

èW| @
|[

ô'�

fWô >

zh fdq uhsurgxfh doo ri rxu suhylrxv uhvxowv zlwk vwduuhg yduldeohv1

ô ,4TðhðU@* +itý*|t

Wudfn dqg ñhog kdv vhhq lpsuhvvlyh whfkqlfdo surjuhvv dqg joredol}dwlrq1
Whfkqlfdo surjuhvv kdv lqfoxghg ehwwhu uxqqlqj vxuidfhv/ ehwwhu vkrhv dqg
htxlsphqw/ lpsuryhg wudlqlqj whfkqltxhv dqg qxwulwlrq dqg phglfdo fduh/
wkh edqqlqj ri vprnlqj gxulqj lqgrru frpshwlwlrq/ pruh dffxudwh uhfruglqj
ghylfhv/ dqg vriwhu odqglqj slwv iru mxpsv dqg ydxowv1 Joredol}dwlrq lv hyl0
ghqw lq wkh hphujhqfh ri frpshwlwruv iurp vxfk duhdv dv Hdvw Diulfd/ Qruwk
Diulfd/ Hdvwhuq Hxursh/ Fklqd/ dqg wkh Fduleehdq frxqwulhv1

Vrph uhfrugv fdq eh eurnhq e| dq|rqh lq wkh zruog/ dqg rwkhu uhfrugv
fdq eh eurnhq rqo| e| phpehuv ri ghñqhg srsxodwlrqv1 Wkh iruphu zh
fdoo joredo uhfrugv> wkh odwwhu orfdo uhfrugv1 Li wkh holjleoh srsxodwlrq iru
d orfdo uhfrug kdv ehhq idluo| frqvwdqw/ wkhq rqo| whfkqlfdo surjuhvv fdq
lqfuhdvh vshhg ri fkdqjh1 Wkh h{whqw wr zklfk wkh vshhg ri fkdqjh lq joredo
uhfrugv ulvhv idvwhu wkdq vshhg ri fkdqjh lq orfdo uhfrugv lv d phdvxuh ri wkh
frqwulexwlrq ri joredol}dwlrq wr wkh wrwdo lqfuhdvh lq vshhg ri fkdqjh1

Wr eh vshflñf/ zh kdyh wkuhh vhulhv ri joredo uhfrugv ~ zruog/ Ro|pslf/
Ploourvh Jdph uhfrugv ~ dqg wzr vhulhv ri orfdo uhfrugv ~ XV dqg Qhz Mhuvh|
kljk vfkrro +Q1M1V1L1D1D1, uhfrugv1 Rxu vwduwlqj gdwhv udqjh iurp 4;:: iru
XV phq*v uhfrugv wr 4<8; iru QM kljk vfkrro uhfrugv1
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Wkh Ro|pslf gdwd vhw lv hdvlhvw wr ghvfuleh1 Wkh Ro|pslfv kdyh ehhq khog
hyhu| irxu |hduv +h{fhsw iru dgglwlrqdo Ro|pslf Jdphv lq 4<39 dqg qr Jdphv
lq 4<49/ 4<73 dqg 4<77, vlqfh 4;<9/ dqg wkh phq*v wudfn dqg ñhog hyhqwv
kdyh qrw fkdqjhg riwhq gxulqj wklv shulrg/ dowkrxjk vrph kdyh ehhq dgghg/
+iru h{dpsoh %83 np zdonlqj% lq 4<65, dqg vrph kdyh ehhq gursshg +iru
h{dpsoh %Vwdqglqj Kljk Mxps% lq 4<45,1 Zrphq*v hyhqwv zhuh lqwurgxfhg
lq 4<5; dqg kdyh fkdqjhg pruh iuhtxhqwo|1 Wkh vshflñfdwlrqv iru wkh mdyholq
fkdqjhg lq 4<:< wr pdnh lw ohvv olnho| wkdw vrphrqh zrxog eh deoh wr wkurz
rqh lqwr wkh furzg lq dq hqforvhg vwdglxp/ dqg vr zh wuhdw wkh rog mdyholq dqg
wkh qhz mdyholq dv vhsdudwh hyhqwv1 Rxu vrxufh lv wkh Lqirupdwlrq Dopdqdf
Sohdvh +4<<8,1 Zh rplw wkh ghfdwkorq ehfdxvh vfrulqj wdeohv zhuh uhylvhg
vhyhudo wlphv1

Ro|pslf gdwd kdyh wzr gudzedfnv1 Iluvw lv wkdw Ro|pslfv duh khog rqo|
hyhu| irxu |hduv1 Wklv uhgxfhv wkh qxpehu ri revhuydwlrqv zh kdyh1 Vhfrqg
lv wkh hòhfw ri er|frwwv1 Wkh XV dqg pdq| ri lwv doolhv er|frwwhg wkh 4<;3
Ro|pslfv/ zkloh wkh Vrylhw Xqlrq dqg lwv doolhv er|frwwhg 4<;71 Wkhvh er|0
frwwv vkrxog kdyh uhgxfhg wkh suredelolw| ri uhfrug shuirupdqfhv dw wkhvh
Ro|pslfv1

Wkh Ploourvh gdwd vhw lv vlplodu wr wkh Ro|pslfv lq wkdw frpshwlwlrqv
duh khog rq d uhjxodu edvlv1 Wkh Ploourvh Jdphv duh dq lqgrru wudfn phhw
wkdw kdv ehhq khog lq Qhz \run Flw| hyhu| |hdu vlqfh 4<3;1 Vrphwlphv
fdoohg wkh %lqgrru Ro|pslfv/% wkh Ploourvh Jdphv kdyh dwwudfwhg prvw ri wkh
wzhqwlhwk fhqwxu|*v ehvw dwkohwhv iurp durxqg wkh zruog +Klooheudqg 4<<8,1
Ihz Ploourvh hyhqwv kdyh vlpsoh klvwrulhv/ exw rxu hvwlpdwlrq phwkrgv fdq
kdqgoh frpsoh{ klvwrulhv1 Dv zlwk wkh rwkhu gdwd vhwv/ zh frqvlghu wkh
phwulf hyhqwv ri 533 phwhuv/ 733 phwhuv/ dqg ;33 phwhuv htxlydohqw wr wkh
lpshuldo 553 |dugv/ 773 |dugv dqg ;;3 |dugv / uhvshfwlyho|/ exw rwkhuzlvh
frqvlghu glòhuhqw glvwdqfhv dqg glòhuhqw zhljkwv wr eh glòhuhqw hyhqwv1 Zh
kdyh gdwd iru 66 Ploourvh hyhqwv +qrw lqfoxglqj kljk vfkrro hyhqwv,1

Wkh fklhi sureohp lv wkdw sduwlflsdwlrq lq wkh Ploourvh Jdphv e| wkh
zruog*v ehvw dwkohwhv ydulhv iurp |hdu wr |hdu1 Lqgrru phhwv frpshwh zlwk
hdfk rwkhu rq d qxpehu ri glphqvlrqv ~ sxeolflw|/ sul}hv/ dqg dsshdudqfh
ihhv/ iru lqvwdqfh/ dqg lq vrph |hduv Ploourvh kdv ehhq pruh dwwudfwlyh wr
dwkohwhv wkdq lq rwkhu |hduv1 Vlqfh iru prvw ri wkh shulrg xqghu vwxg| pxfk
ri wkh frpshwlwlrq dprqj lqgrru wudfn phhwv zdv %xqghu wkh wdeoh%/ zh kdyh
qr zd| ri phdvxulqj wkh xsv dqg grzqv ri Ploourvh*v uhodwlyh dwwudfwlyhqhvv1

Ploourvh gdwd dovr surylgh xv zlwk d vpdoo orfdo gdwd vhw1 Vlqfh Zruog
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Zdu LL/ wkh phhw kdv lqfoxghg d qxpehu ri hyhqwv iru kljk vfkrro vwxghqwv ~
vrph uhvwulfwhg wr fhuwdlq w|shv ri vfkrrov lq wkh phwursrolwdq duhd/ rwkhuv
rshq wr vhohfw vwxghqwv iurp wkurxjkrxw wkh XV1 Zh kdyh gdwd iru 44 kljk
vfkrro hyhqwv1

Zruog uhfrugv duh rxu ñqdo joredo vhulhv1 Zh xvh Lqwhuqdwlrqdo Dpdwhxu
Dwkohwlf Irxqgdwlrq +LDDI, uhfrugv iru phq iurp 4<45/ Zrphq*v Lqwhuqd0
wlrqdo Vsruwv Ihghudwlrq +ILID, uhfrugv iru zrphq iurp 4<55 wr 4<68/ dqg
LDDI zrphq*v uhfrugv wkhuhdiwhu1 Wkh vrxufh iru wkhvh uhfrugv lv K|pdqv
+4<<8,1 Zh rplw lqgrru hyhqwv/ ehfdxvh LDDI uhfrugv duh iudjphqwdu|/ dqg
vhyhudo hyhqwv wkdw duh qrw frpshwhg iuhtxhqwo| +h1j1 ; plohv/ zrphq*v sroh
ydxow,1 Wkh LDDI glvfrqwlqxhg uhfrugv iru lpshuldo glvwdqfhv/ h{fhsw wkh
ploh/ lq 4<:9/ dqg zh uhðhfw wklv glvfrqwlqxdqfh1 Zh frqvlghu rqo| rïfldo
fhuwlñhg uhfrugv ~ wkdw lv/ zh ghñqh dv sduw ri wkh hyhqw wkh pdlqwhqdqfh ri
frqglwlrqv vxïflhqw wr dfklhyh LDDI fhuwlñfdwlrq1 Lq vrph fdvhv ~ kdylqj
dpdwhxu vwdwxv/ surshu uhfruglqj ri ods wlphv/ vxeplvvlrq ri dghtxdwh sd0
shuzrun ~ sxwdwlyh uhfrugv kdyh ehhq uhmhfwhg iru uhdvrqv wkdw pljkw vwulnh
xv dv wulyldo/ exw zh gr qrw lqwhqg wr slfn dqg fkrrvh dprqj shuirupdqfhv rq
dg krf fulwhuld1 Zh dovr xvh frqwhpsrudqhrxv uxohv +vr/ iru lqvwdqfh/ zkloh
lw lv doprvw fhuwdlq wkdw wkh pdq| uhfrugv Vwhood Zdovk vhw lq wkh 4<53v dqg
4<63v zrxog eh uhmhfwhg wrgd| ehfdxvh ri khu frqwuryhuvldo jhqghu vwdwxv/
zh dffhsw wkhp ehfdxvh ILID dffhswhg wkhp,1

Lq doo/ zh xvh LDDI dqg ILID zruog uhfrug surjuhvvlrqv iru 9< glòhuhqw
hyhqwv/ 5; iru phq dqg 74 iru zrphq1 Wkhvh uhfrugv kdyh wzr nlqgv ri
sureohpv1 Wkh ñuvw sureohp lv wkh zd{lqj dqg zdqlqj ri ydulrxv hyhqwv*
srsxodulw|1 Lghdoo|/ wkh qxpehu ri %shulrgv% vkrxog eh wkh qxpehu ri wlphv
dq hyhqw lv frqwhvwhg/ exw zh gr qrw kdyh dq| lqirupdwlrq derxw wklv1 Iru
wkh vdnh ri frqvlvwhqf| zlwk rxu rwkhu gdwd/ zh wdnh d shulrg wr eh d fdohqgdu
|hdu> wkxv li d uhfrug lv eurnhq vhyhudo wlphv zlwklq wkh vdph fdohqgdu |hdu
zh frxqw rqo| wkh odvw euhdn1 Xqiruwxqdwho|/ wklv surfhgxuh lpsolhv wkdw zh
pd| vrphwlphv plvwdnh d fkdqjh lq frqyhqwlrq iru joredol}dwlrq ru whfkqlfdo
surjuhvv1 Iru lqvwdqfh/ li phhw surprwhuv vwrs kroglqj ploh udfhv dqg vwduw
kroglqj 4833 phwhu udfhv lqvwhdg/ uhfrug surjuhvvlrq zloo vorz grzq dw wkh
ploh dqg vshhg xs dw 4833 phwhuv/ hyhq li qr rwkhu fkdqjhv rffxu1 Doo ri
rxu hvwlpdwlqj surfhgxuhv/ krzhyhu/ uho| rq jurxslqj pdq| vlplodu hyhqwv
wrjhwkhu/ dqg jurxslqj pd| holplqdwh d jrrg ghdo ri wklv sureohp1

Wkh vhfrqg sureohp lv wkh wrwdo qxpehu ri frpshwlwlrqv1 Vlqfh dq lq0
glylgxdo dwkohwh*v ohyho ri shuirupdqfh ydulhv iurp gd| wr gd|/ wkh pruh
riwhq vkh frpshwhv xqghu zruog0uhfrug0fhuwlñdeoh frqglwlrqv/ wkh ehwwhu khu
h{shfwhg ehvw shuirupdqfh ri wkh |hdu1 Pruh frpshwlwlrq frxog lqfuhdvh
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wkh vshhg ri fkdqjh/ zlwkrxw hlwkhu pruh frpshwlwruv ru whfkqlfdo surjuhvv1
Krzhyhu iru vrph hyhqwv +glvwdqfh uxqqlqj hvshfldoo|,/ sk|vlrorjlfdo uhfry0
hu| olplwv wkh qxpehu ri hyhqwv rq zklfk dq dwkohwh fdq frqfhqwudwh lq0
whqvho|1 Wr wkh h{whqw wkhvh olplwv/ udwkhu wkdq wkh olplwv lpsrvhg e| phhw
rujdql}dwlrq/ duh wkh elqglqj rqhv iru dwkohwhv fdsdeoh ri euhdnlqj zruog
uhfrugv/ wkh glvwruwlrq fdxvhg e| fkdqjlqj qxpehuv ri frpshwlwlyh yhqxhv
pd| eh vpdoo1 Wkh glvwruwlrq zrxog dovr eh uhgxfhg li lqwud0dwkohwh yduldwlrq
lv yhu| vpdoo uhodwlyh wr lqwhu0dwkohwh yduldwlrq1

Zkhuh wkh sureohp ri qxpehu ri frpshwlwlrqv lv sduwlfxoduo| dfxwh lv dw
wkh ehjlqqlqj ri wkh LDDI vhulhv +dqg wr d ohvvhu h{whqw dw wkh ehjlqqlqj
ri wkh ILID vhulhv,1 Uhphpehu wkdw wkh rqo| frpshwlwlrqv wkdw frqfhuq
xv duh wkrvh wkdw phhw vwulqjhqw +dqg srvvleo| lq vrph fdvhv txlun|, LDDI
vwdqgdugv/ dqg iru zklfk surshu grfxphqwdwlrq kdv ehhq vxeplwwhg1 \hduv
pd| jr e| ehwzhhq vxfk frpshwlwlrqv1 Iru h{dpsoh/ wkh ñuvw rïfldo uhfrug
lq wkh kdpphu wkurz zdv hvwdeolvkhg lq 4<46/ wkh ñuvw lq 553 |dugv lq 4;<91
Sduw ri wkh whfkqlfdo surjuhvv dqg joredol}dwlrq zh revhuyh lq LDDI uhfrugv/
wkhuhiruh/ sduwlfxoduo| wkrvh lq wkh hduo| sduw ri wkh fhqwxu|/ uhðhfwv ehwwhu
shuirupdqfh e| wudfn dqg ñhog rïfldov/ qrw ehwwhu shuirupdqfh e| dwkohwhv1
Vlqfh rxu uhdo lqwhuhvw lv lq dssolfdwlrqv wr hfrqrplfv/ qrw lq xqghuvwdqglqj
dwkohwhv/ ehwwhu shuirupdqfh e| rïfldov vhhpv mxvw dv uhohydqw dv ehwwhu
shuirupdqfh e| dwkohwhv/ dqg vr zh vhh qr uhdvrq wr wu| wr fruuhfw iru lw
+lqghhg/ vlqfh rïfldov* zrun lv suredeo| pruh vlplodu wr ruglqdu| shrsoh*v
zrun wkdq dwkohwhv* zrun lv/ ehwwhu zrun e| rïfldov pd| eh pruh uhohydqw
wr rxu odujhu frqfhuqv wkdq ehwwhu zrun e| dwkohwhv,1

Rxu odujhvw orfdo gdwd vhw lv XV1 uhfrugv/ iru zklfk zh sulpdulo| xvh Gdylv
dqg Fduh| +4<;6, iru phq dqg Gdylv dqg Fduh| +4<<4, iru zrphq1 Wkhvh
yroxphv fryhu 4;::04<;6 iru phq dqg 4;<504<<4 iru zrphq1 Zh xsgdwhg
wkh phq*v vhulhv wr 4<<7 iurp wkh Lqirupdwlrq Sohdvh Dopdqdf +4<<8,1 Zh
gr qrw frqvlghu lqgrru uhfrugv/ dqg rplwwhg wkh ghfdwkorq1 Olnh wkh LDDI/
XV dxwkrulwlhv glvfrqwlqxhg lpshuldo glvwdqfh uhfrugv lq 4<:71 Lq doo zh kdyh
73 hyhqwv/ 53 iru phq dqg 53 iru zrphq1

Vlqfh wkh| duh qrw wlhg wr vshflñf phhwv khog dw uhjxodu lqwhuydov/ XV
uhfrugv kdyh wkh vdph sureohpv zlwk hyhqw srsxodulw| dqg qxpehu ri frp0
shwlwlrqv wkdw LDDI uhfrugv gr1 Ehfdxvh XV1 surfhgxuhv zhuh vwdqgdugl}hg
hduolhu wkdq LDDI surfhgxuhv zhuh +qlqhwhhqwk fhqwxu| uhfrugv duh hvvhq0
wldoo| ghulyhg iurp wkh dqqxdo ehvw olvwv ri wkh %Qhz \run Folsshu% iru phq/
dqg iurp Vhyhq Vlvwhuv froohjh ñhog gd|v iru zrphq,/ hduo| surjuhvv sure0
deo| uhðhfwv kljkhu udwlr ri dwkohwh wr rïfldo lpsuryhphqw wkdq wkh LDDI
uhfrugv gr1
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Dv d sxuho| orfdo vhulhv/ pruhryhu/ ghvljqhg wr uhðhfw rqo| whfkqlfdo
surjuhvv/ XV uhfrugv kdyh wzr rwkhu sureohpv1 Wkh ñuvw lv wkh jurzwk ri
XV srsxodwlrq ~ uhvlghqw srsxodwlrq juhz iurp 88 ploolrq lq 4;;3 wr 596
ploolrq lq 4<<81 Wkh vhfrqg lv wkh h{foxvlrq ri prvw Diulfdq0Dphulfdqv iurp
wudfn dqg ñhog lq wkh hduo| |hduv ri rxu gdwd/ dqg wkhlu jurzlqj lqyroyhphqw
diwhu wkh 4<53v1 Zh zloo dwwhpsw wr frqwuro iru srsxodwlrq jurzwk/ exw
lw lv glïfxow wr orrn vhsdudwho| dw hyhqwv lq zklfk Diulfdq Dphulfdqv duh
fxuuhqwo| grplqdqw1 Lq d vhqvh/ %joredol}dwlrq% kdv ehhq rffxuulqj zlwklq
XV erughuv iru wkh odvw 453 |hduv +dw ohdvw,/ dqg wklv wuhqg zrxog lqfuhdvh
wkh vshhg ri fkdqjh h{shulhqfhg e| XV flwl}hqv hyhq li wkh XV zhuh dxwdunlf1

Rxu rwkhu orfdo gdwd vhw duh wkh uhfrugv ri wkh Qhz Mhuvh| Vwdwh Lqwhu0
vfkrodvwlf Dwkohwlf Dvvrfldwlrq +QMVLDD,1 Wkh QMVLDD kdv ehhq frqgxfwlqj
Qhz Mhuvh| kljk vfkrro fkdpslrqvkls phhwv vlqfh 4<4< +Ilw}jhudog*v Ohjlvod0
wlyh Pdqxdo/ 4<<7/ s1896,1 Zh h{dplqhg wkh uhvxowv ri wkhvh fkdpslrqvkls
phhwv iurp 4<8; wkurxjk 4<<7 dqg frqvwuxfwhg uhfrug surjuhvvlrqv edvhg rq
wkhvh uhvxowv +Wkh 4<9; uhvxowv duh plvvlqj/ exw 4<9< lqirupdwlrq lqglfdwhg
rqo| rqh uhfrug zdv vhw lq 4<9;/ iru wkh kdoi0ploh1, Zh lqfoxgh 57 hyhqwv iru
er|v dqg 58 hyhqwv iru jluov1 Jluov* phhwv vwduwhg lq 4<:51

Wkh uhfrug surjuhvvlrq wkdw zh frqvwuxfwhg glòhuv iurp wkh uhfrug sur0
juhvvlrq wkh QMVLDD sxeolvkhv lq vhyhudo zd|v1 Iluvw/ lq rxu sulpdu| dqdo|0
vlv zh ljqruh doo uhfrugv vhw ehiruh 4<8; ehfdxvh zh gr qrw kdyh hqrxjk
lqirupdwlrq derxw wkrvh uhfrugv> zh vwduw 4<8; zlwk d fohdq vodwh1 Wkh
QMVLDD*v 4<8; sxeolfdwlrq olvwv uhfrugv vwdqglqj dv ri 4<8; dqg wkh gdwh
zkhq wkh| zhuh vhw> zh fdq shuirup fhuwdlq fdofxodwlrqv zlwk wklv wdeoh/ exw
wkhvh fdofxodwlrqv zloo eh vhsdudwh iurp rxu pdlq dqdo|vlv1 Vhfrqg/ zh frxqw
rqo| wkh ñqdo fkdpslrqvkls phhw ri wkh |hdu1 Lq glòhuhqw |hduv wkh QMVLDD
kdv frqgxfwhg glòhuhqw frpelqdwlrqv ri vhfwlrqdo/ jurxs/ dqg judqg fkdp0
slrqvkls phhwv1 Iru jluov lq 4<:5/ zh xvh wkh ehvw shuirupdqfh iurp irxu
vhsdudwh vlpxowdqhrxv vhfwlrqdo fkdpslrqvklsv> iru 4<:6 zh xvh wkh ehwwhu
iurp wzr vhsdudwh vlpxowdqhrxv jurxs fkdpslrqvklsv> dqg diwhu wkdw zh xvh
wkh uhvxowv ri wkh judqg fkdpslrqvklsv1

Vlqfh zh xvh rqo| rqh phhw shu |hdu dqg kdyh d ghñqlwh vwduwlqj srlqw/
wklv wlph vhulhv vkduhv prvw ri wkh ghvludeoh surshuwlhv ri wkh Ploourvh dqg
Ro|pslf vhulhv1 Pruhryhu/ wkhuh kdyh ehhq qr er|frwwv ri wkh QMVLDD
phhwv/ dqg olwwoh ðxfwxdwlrq lq wkhlu srsxodulw|= doo kljk vfkrro vwduv sdu0
wlflsdwh/ dowkrxjk vrphwlphv wkh| pd| frqfhqwudwh rq rwkhu yhqxhv olnh wkh
Ro|pslfv1 Dv d orfdo vhulhv/ pruhryhu/ wkh QMVLDD kdv vhyhudo dgydqwdjhv
ryhu wkh XV uhfrugv1 Qhz Mhuvh| kljk vfkrrov glg qrw kdyh gh mxuh glvfulpl0
qdwlrq diwhu 4<7:1 Frpprq whfkqlfdo dgydqfhv duh kljko| olnho| wr vkrz xs
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txlfno| lq Qhz Mhuvh| kljk vfkrrov= wkh vwdwh kdg wkh vhfrqg kljkhvw shu
fdslwd lqfrph lq 4<<7/ wkh ñiwk kljkhvw sursruwlrq ri froohjh judgxdwhv lq
4<<3/ dqg wkh vhfrqg kljkhvw shu vwxghqw h{shqglwxuh lq 4<<91

Doo ri wkhvh gdwd vhwv kdyh d frpprq sureohp/ hvshfldoo| iru wkh vsulqwv/
lq wkh hyroxwlrq ri wlplqj whfkqrorj|1 Dw wkh wxuq ri wkh fhqwxu| wlplqj
ghylfhv zhuh fuxgh/ frduvh ~ uhsruwlqj uhvxowv rqo| wr wkh qhduhvw ñiwk ri
d vhfrqg ~/ dqg xqwuxvwzruwk|1 Dffxudf| lqfuhdvhg ryhu wkh qh{w vhyhq
ghfdghv dv erwk wlplqj ghylfhv dqg wkh wudlqlqj ri rïfldov lpsuryhg1 Iru
lqvwdqfh/ uhfrugv vwduwhg ehlqj uhsruwhg lq wkh whqwkv ri d vhfrqg durxqg
4<431 Lq wkh 4<:3*v/ hohfwurqlf wlplqj zdv lqlwldwhg1 Wklv lpsuryhg dffxudf|
vwloo ixuwkhu dqg doorzhg uhvxowv wr eh uhsruwhg lq kxqguhgwkv ri d vhfrqg1

Krz gr wkhvh fkdqjhv dòhfw wkh udwh dw zklfk uhfrugv duh ehlqj eurnhqB
Wzr irufhv zrun lq glòhuhqw gluhfwlrqv1 Rq rqh kdqg/ wkh vpdoohu wkh xqlw
ri uhsruwlqj/ wkh vpdoohu wkh pdujlq e| zklfk d uhfrug pxvw eh eurnhq wr eh
glvfhuqhg/ dqg vr wkh idvwhu uhfrugv idoo1 Rq wkh rwkhu kdqg/ phdvxuhphqw
huuru ghfuhdvhv iurp |hdu wr |hdu lpso| uhgxfwlrqv lq wkh yduldqfh ri shuiru0
pdqfhv/ dqg fhwhulv sdulexv/ dvvxplqj phdvxuhphqw huuruv duh xqfruuhodwhg
zlwk xqghuo|lqj wuxh shuirupdqfhv/ vxfk |hdu0wr0|hdu yduldqfh uhgxfwlrqv
vorz wkh udwh dw zklfk uhfrugv duh eurnhq1 Wkxv wlplqj lpsuryhphqwv di0
whu 4<43 vkrxog vorz uhfrug surjuhvv/ zlwk d odujh rqh0wlph vorzlqj rq wkh
lqwurgxfwlrq ri hohfwurqlf wlplqj/ exw diwhu wklv rqh0wlph vorzlqj surjuhvv
vkrxog eh idvwhu wkdq lw zdv ehiruh hohfwurqlf wlplqj1 Wklv sdwwhuq vkrxog
eh vljqlñfdqw lq wkh vsulqwv/ exw qrw lq rwkhu hyhqwv1 Vlqfh d odujh iudfwlrq ri
wkh hyhqwv lq zklfk Diulfdq Dphulfdqv duh fxuuhqwo| grplqdqw duh vsulqwv/
wkhvh glïfxowlhv zlwk wlplqj whfkqrorj| duh zkdw pdnh lw lpsrvvleoh wr vhs0
dudwh rxw wkh frqvhtxhqfhv ri wkh Diulfdq Dphulfdq hqwu| lqwr wudfn dqg
ñhog frpshwlwlrq1

ôë2 ûL?T@h@4i|hðU ,t|ð4@|it

Rxu ñuvw vwhs zdv wr wu| wr hvwlpdwh wkh +f|, vhtxhqfh iru hdfk ri wkh ñyh
uhfrug vhwv1 Wr ñ{ lghdv/ frqvlghu d vhtxhqfh ri revhuydwlrqv ri d odujh vhw ri
hyhqwv wkdw doo kdyh wkh vdph vwduwlqj srlqw1 Zh duh qrw iruwxqdwh hqrxjk wr
kdyh dq| vxfk vhw/ exw wklv h{huflvh zloo jlyh wkh lqwxlwlrq iru wkh surfhgxuhv
zh xvh1 Ohw i|> w @ 5> ===> W ghqrwh wkh hpslulfdo sursruwlrq ri uhfrugv wkdw
duh eurnhq lq shulrg w1 Uhfdoo wkdw wkh uhfrug lqglfdwru iru shulrg w lv d
Ehuqrxool yduldeoh zlwk sdudphwhu

H| @
f|
è|
=
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Wkxv i| lv dq xqeldvhg hvwlpdwru ri H|1 Frqvlghu wkh iroorzlqj hvwlpdwhv

af� =@ 4> dqg

+4, af| @
i|

+4ý i|,
aè|3� +zkhuh aè|3� @

|[
ô'�

afô ,=

Wklv lpsolhv

i| @
af|
aè|
=

Xqiruwxqdwho|/ zkhq glòhuhqw hyhqwv vwduw dw glòhuhqw wlphv ~ dv wkh| gr
lq doo rxu gdwd vhwv ~ vrphzkdw prglñhg surfhgxuhv duh qhhghg1 Fdoo wkh
hyhqwv wkdw vwduwhg dw wlph +W . 4, wkh hyhqwv ri frkruw W +vr wkh hduolhvw
hyhqwv duh wkrvh ri frkruw 3,1 Ohw èf @ 3/ dqg ghqrwh è|A @ èý èA 1 Vr wkh
suredelolw| ri d uhfrug euhdn dw wlph w lq dq hyhqw ri frkruw W / W ? w/ lv S|

b|A
=

Hpslulfdoo|/ ohw e|A ghqrwh wkh qxpehu ri uhfrug euhdnv lq frkruw W dw
wlph w/ dqg ohw q|A ghqrwh wkh qxpehu ri hyhqwv lq frkruw W 1 Ohw af|A ghqrwh
wkh pd{lpxp olnholkrrg hvwlpdwh zh zrxog pdnh iru shulrg w li zh zhuh
frqfhuqhg rqo| zlwk frkruw W =

af|A @
e|A

+q|A ý e|A ,
aè|A

zklfk lv wkh vdph dv i| vshfldol}hg wr frkruw W 1 Li dw hdfk wlph w/ af|A zhuh
wkh vdph iru hyhu| dfwlyh frkruw W / wkhq zh frxog xvh wkh vlpsoh surfhgxuhv
wkdw zrunhg zlwk d vlqjoh frkruw1 Exw wkhuh lv qr jxdudqwhh wkdw wkh af|A
zloo eh wkh vdph1 Wkxv zh pxvw pd{lpl}h olnholkrrg h{solflwo|1 Ohw O|A +af,
ghqrwh wkh orj olnholkrrg ri suhflvho| e|A uhfrug euhdnv lq shulrg w iru frkruw
W zlwk sdudphwhuv af @ +af|, =

O|A +af|, @ oq+
q|A
e|A
, . e|A oqaf| . +q|A ý e|A ,oqaè|3�cA ý q|A oqaè|A

Wkhq wkh remhfw lv wr fkrrvh d yhfwru af wr pd{lpl}h=

O+af, @
[
|

[
A$|n2

O|A +af, =

Wklv lv wkh olnholkrrg h{suhvvlrq zh dwwhpswhg wr pd{lpl}h1 Iljxuh 4
suhvhqwv rxu uhvxowv iru Ploourvh Jdphv dqg QMVLDD1 Wklv ñjxuh suhvhqwv
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ñyh0|hdu fhqwhuhg prylqj dyhudjhv zlwk f�bDH qrupdol}hg wr rqh iru erwk
vhulhv1 Whfkqlfdo surjuhvv lv hylghqw/ dv erwk vhulhv wuhqg xszdug1 Ploourvh
dsshduv wr kdyh pruh surjuhvv= hlwkhu joredol}dwlrq lv dw zrun/ ru whfkqlfdo
fkdqjh lv eldvhg1

Rqh zhdnqhvv ri rxu hvwlpdwlqj surfhgxuh lv wkdw suhflvlrq ghfuhdvhv dv
wlph lqfuhdvhv1 Wklv vkrxog eh hylghqw iurp +4, zkhuh xqfhuwdlqw| frp0
srxqgv rq hdfk lwhudwlrq1 Vlqfh zh kdyh pruh lqwhuhvw lq odwhu |hduv wkdq
hduo| rqhv/ wklv zhdnqhvv suhvhqwv d vhulrxv sureohp1 Rqh zd| wr dgguhvv
wklv sureohp sduwldoo| lv wr uxq wlph edfnzdugv= vlqfh rxu wkhru| lv edvhg rq
dq xqghuo|lqj vhulhv ri qrwlrqdo l1l1g1 gudzv/ lw pdnhv qr glòhuhqfh zkhwkhu
wlph uxqv edfnzdugv ru iruzdugv1 Wkxv ñjxuh 5 suhvhqwv wkh vdph lqirupd0
wlrq dv ñjxuh 4/ exw fdofxodwhg zlwk wlph uxqqlqj edfnzdug1 Wkhuh lv qr
pdmru fkdqjh lq wkh lqwhusuhwdwlrq1

Wkh prvw vhulrxv sureohp zlwk qrqsdudphwulf hvwlpdwhv lv wkdw iru zruog
dqg Dphulfdq uhfrugv dqg wkh Ro|pslfv/ wkh hvwlpdwhv ri f| ehfrph wrr elj
iru rxu frpsxwlqj fdsdflw| wr kdqgoh1 Zh fdqqrw uxq zruog dqg Dphulfdq
uhfrugv edfnzdugv ehfdxvh zh gr qrw revhuyh shuirupdqfhv lq hdfk |hdu dqg
vr fdqqrw frqvwuxfw d edfnzdugv uhfrug vhulhv1

ôëô èL*)?L4ð@* it|ð4@|it

Dffruglqjo|/ zh ghflghg wr lpsrvh d ixqfwlrqdo irup rq f| dqg hvwlpdwh
sdudphwhuv ri wkdw irup1 Iru wkh wzr ixqfwlrqdo irupv zh frqvlghuhg/ lw lv
hdvlhu wr dssur{lpdwh wlph dv d frqwlqxrxv yduldeoh udwkhu wkdq dv d glvfuhwh
rqh1 Glvfuhwh wlph yhuvlrqv duh hdvlo| ghulyhg dqg kdyh wkh vdph surshuwlhv1
Rxu ñuvw ixqfwlrqdo irup lv sro|qrpldo=

f| @
] |

|3�
áqgá

zkhuh ñ lv d sdudphwhu zh zloo dwwhpsw wr ñw iru hdfk ri wkh ñyh vhulhv1 Iru
dq dwkohwlf hyhqw zklfk zh kdyh frpsohwh revhuydwlrqv iru

è| @
] |

f
áqgá @ +ñ . 4,3�wqn�

dqg vr wkh suredelolw| ri d uhfrug euhdn dw wlph w lv

+5, H| @
f|
è|
@
wqn� ý +wý 4,qn�
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w
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Vlploduo|/ iru dq hyhqw wkdw vwduwhg dw wlph W A 3/ wkh suredelolw| ri d uhfrug
euhdn dw wlph W lv

H| @
f|

è| ý èA @
+ñ . 4,3�+wqn� ý +wý 4,qn�,
+ñ . 4,3�wqn� ý +ñ . 4,3�W qn� @

@ +4ý +wý 4
w
,qn�,

4

4ý +A| ,qn�
zklfk lv wkh h{suhvvlrq zh hvwlpdwh e| pd{lpxp olnholkrrg1

Rxu hvwlpdwhv iru ñ duh 31734; +314<7 v1h1, iru QMVLDD dqg 714<:8
+31793 v1h1, iru Ploourvh1 Wkh lpsruwdqw wklqj derxw erwk ri wkhvh hvwlpdwhv
lv wkdw erwk doorz xv wr uhmhfw wkh k|srwkhvlv wkdw ñ é 31 Iru Ploourvh f|v
duh lqfuhdvlqj dw dq lqfuhdvlqj udwh1

Iru zruog/ XV/ dqg Ro|pslf uhfrugv rxu hvwlpdwhv idlohg wr frqyhujh>
djdlq wkh qxpehuv ehfdph wrr odujh1 Lw lv hdv| wr vhh wkh sureohp zlwk wkh
sro|qrpldo ixqfwlrqdo irup1 Iurp +5,/ qrwh wkdw dv w jrhv wr lqñqlw|/ wkh
suredelolw| ri d uhfrug euhdn jrhv wr }hur1 Exw lq wkh gdwd/ hyhq iru yhu|
rog vhulhv/ uhfrugv nhhs ehlqj eurnhq1 Zh qhhg d ixqfwlrqdo irup wkdw doorzv
idvwhu wkdq sro|qrpldo jurzwk1

ôëe , TL?i?|ð@* it|ð4@|it

Dffruglqjo| zh qh{w wulhg wkh h{srqhqwldo ixqfwlrqdo irup

f| @

] |

|3�
h{s+òá,gá @
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ò
+h{s+òw,ý h{s+ò+wý 4,,,

zkhuh ò lv wkh sdudphwhu zh zloo hvwlpdwh1 Iru dq dwkohwlf hyhqw iru zklfk
zh kdyh frpsohwh revhuydwlrqv

è| @
] |

f
h{s+òá,gá @

4

ò
+h{s+òw,ý 4,
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Wkxv wkh suredelolw| ri d uhfrug euhdn lv prqrwrqlfdoo| ghfuhdvlqj ryhu
wlph/ exw dv|pswrwhv wr 4ý h{s+ýò, å@ ò/ qrw }hur1 Frqwlqxlqj qrqwulyldo
sursruwlrqv ri uhfrug euhdnv duh frpsdwleoh zlwk h{srqhqwldo jurzwk1

Iru dq hyhqw wkdw ehjdq dw wlph W =
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+6, H| @
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è| ý èA @
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4ý +h{s+ýò+wý W ,,
zklfk lv wkh h{suhvvlrq zh hvwlpdwh e| pd{lpxp olnholkrrg1 Zh zhuh deoh
wr frpsxwh hvwlpdwhv iru hdfk ri wkh ñyh wlph vhulhv1 Wkhvh duh suhvhqwhg
lq wdeoh 41 +Zh glylghg wkh Ro|pslf hvwlpdwh e| 7 wr eh frpsdudeoh zlwk
wkh rwkhu hvwlpdwhv/ vlqfh wkh Ro|pslfv duh khog rqo| hyhu| irxuwk |hdu1,

Wdeoh 4 frqñupv vrph ri rxu h{shfwdwlrqv1 Wkh xqghuo|lqj surfhvv iru
zruog uhfrugv lpsuryhv pruh txlfno| wkdq wkh xqghuo|lqj surfhvv iru XV
uhfrugv dqg wkh xqghuo|lqj surfhvv iru QMVLDD uhfrugv1 Joredol}dwlrq lq0
fuhdvhv wkh vshhg ri fkdqjh1 Qhlwkhu Ro|pslf uhfrugv qru Ploourvh uhfrugv
ulvh dv txlfno| dv zruog uhfrugv1 Phhw frpshwlwlrq dqg er|frwwv dsshdu wr
pdnh d glòhuhqfh wrr1

Exw wkh glòhuhqfh ehwzhhq zruog dqg XV uhfrugv lv vxusulvlqjo| vpdoo/
vwdwlvwlfdoo| lqvljqlñfdqw/ zkloh wkh glòhuhqfh ehwzhhq XV dqg QMVLDD
uhfrugv lv vxusulvlqjo| odujh1 Wdeoh 4 vxjjhvwv wkdw joredol}dwlrq lv qrw d
yhu| lpsruwdqw sduw ri wkh vshhg ri fkdqjh/ exw wkdw hlwkhu eldvhg whfkql0
fdo fkdqjh ru %grphvwlf joredol}dwlrq% ~ wkh hqwu| ri suhylrxvo| h{foxghg
Dphulfdq jurxsv lqwr frpshwlwlrq lq wkh XV ~ grhv pdwwhu1

ôëD ú__ð|ðL?@* i T*@?@|Lh) ñ@hð@M*it

Zh qhhg wr h{soruh wklv lvvxh ixuwkhu1 Iruwxqdwho| wkh h{srqhqwldo ixqfwlrqdo
irup ohwv xv gr vr txlwh hdvlo|1 Wkhuh lv qr uhdvrq wr irufh ò wr eh frqvwdqw
dfurvv doo hyhqwv dqg |hduv1 Ohw

òð| @
[
æ

òWæ[ð|æ

iru hyhqw l dqg wlph m/ zkhuh[ð|æ lv wkh ydoxh ri wkh m0wk h{sodqdwru| yduldeoh
dw wlph w dqg hyhqw m1 Wkhq iurp wkh dssursuldwh dqdorjxh ri +6, zh fdq
hvwlpdwh wkh òWæ dqg h{sodlq wkh udwh dw zklfk wkh uhfrug surfhvv lv fkdqjlqj1

Wkhuh duh d qxpehu ri glòhuhqw h{sodqdwru| yduldeohv zh kdyh h{dplqhg=

î REVFXUH Fhuwdlq hyhqwv/ hvshfldoo| lq wkh zruog uhfrug vhulhv/ duh
frpshwhg idluo| lqiuhtxhqwo| ~ iru lqvwdqfh/ wkh krxu dqg wkh wzr0ploh
uxq1 Zh h{shfw uhfrugv iru wkhvh hyhqwv wr eh eurnhq ohvv iuhtxhqwo|1
Dffruglqjo| zh frqvwuxfwhg d gxpp| yduldeoh REVFXUH wdnlqj rq
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d ydoxh ri 4 iru revfxuh hyhqwv/ 3 rwkhuzlvh�1 Zh h{shfw wkh frhïflhqw
ri REVFXUH wr eh qhjdwlyh1

î ZDU Zh h{shfw zduv wr kxuw shuirupdqfh1 Zh frqvwuxfw d gxpp|
yduldeoh ZDU4 iru wkh shulrg +4<4704<4;, dqg d gxpp| yduldeoh
ZDU5 iru wkh shulrg +4<6;04<7;,1 Zh h{shfw wkh frhïflhqw rq erwk
yduldeohv wr eh qhjdwlyh1

î XV0SRS srsxodwlrq kdv ehhq idu iurp ehlqj vwdwlf ryhu wlph1 Lppl0
judwlrq dv zhoo dv ede| errp dqg exvw shulrgv kdg d vljqlñfdqw hòhfw
rq wkh vl}h ri |rxwk frkruwv dqg wkxv rq wkh srro ri srwhqwldo frpshwl0
wruv1 Zh xvh ghfdgh jurzwk udwhv ri wkh flyloldq srsxodwlrq djh 53068
wr sur{| wkhvh ghyhorsphqwv1 Doprvw doo uhfrugv duh eurnhq e| shrsoh
lq wklv djh udqjh1 Kljk jurzwk udwhv vkrxog vkrz xs lq lqfuhdvhg dv
uhfrug surjuhvvlrq udwhv1

î KHDOWK Khdowk vwdwxv lv d vhfrqg lpsruwdqw frpsrqhqw1 Odfnlqj
dq dghtxdwh phdvxuh iru wkh lpsuryhphqwv lq qxwulwlrq/ dqg dgydqfhv
lq phglfdo wuhdwphqw zh xvh wkh jurzwk udwh ri olih h{shfwdqf| dv d
vxppdu| phdvxuh1 Zh h{shfw lpsuryhphqwv lq olih h{shfwdqf| wr kdyh
d srvlwlyh hòhfw rq uhfrug surjuhvvlrq1

î UHFHVVLRQ Wr ñqg rxw zkhwkhu pdfurhfrqrplf frqglwlrqv dòhfw
dwkohwlf shuirupdqfh dqg whfkqlfdo surjuhvv zh frqvwuxfwhg d gxpp|
yduldeoh UHFHVVLRQ@4 iru |hduv lq zklfk wzr ru pruh txduwhuv zhuh
QEHU uhfhvvlrqv1 Zh xvhg wklv yduldeoh iru XV dqg Ploourvh uhfrugv1

î IHPDOH Zrphq*v sduwlflsdwlrq lq dqg frpplwphqw wr dwkohwlfv pd|
kdyh ehhq jurzlqj idvwhu wkdq phq*v1 Zh frqvwuxfw d gxpp| yduldeoh
IHPDOH@4 iru zrphq*v hyhqwv1 Zh h{shfw wkh frhïflhqw wr eh srv0
lwlyh1

î KDQG Dv zh dujxhg lq wkh wh{w/ lpsuryhphqwv lq kdqg0wlplqj whfk0
qltxh pd| kdyh vorzhg grzq wkh udwh ri uhfrug euhdnlqj lq wkh vsulqw1
Zh fuhdwh d yduldeoh KDQG@4 iru glvwdqfhv ohvv wkdq ru htxdo wr 733
phwhuv iru wkh hud ri kdqg wlplqj dqg whqwk0ri0d0vhfrqg uhfruglqj/
4<4304<:81

�ïMtUýhi iñi?|t @hi Df 4i|hitc Hf 4i|hitc 2fff4c ôfff4c 2 4ð*itc ô 4ð*itc � üLýhc
Hf 4i|hit üýh_*itc ô  Hff4 hi*@)c �fff 4i|hit hi*@)c �2ff 4i|hit hi*@)c t|@?_ð?} üð}ü
éý4Tc t|@?_ð?} *L?} éý4Tc tüL| Tý| ML|ü ü@?_tc _ðtUýt ML|ü ü@?_tc é@ñi*ð? ML|ü ü@?_tc
2ff 4i|hit üýh_*itc 2f !ð*L4i|hitc ôf !ð*L4i|hitc Df !ð*L4i|hitc 2 üLýhtë
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î GHFDGHV Zh fuhdwh ghfdgh gxpplhv iru hdfk ghfdgh iurp 4<53v rq1
Wkh h{foxghg yduldeoh lv suh04<531

î KLJKVFKRRO Iru Ploourvh hvwlpdwhv/ zh lqfoxgh d yduldeoh wr ghvlj0
qdwh kljk vfkrro hyhqwv wr fkhfn krz urexvw duh uhvxowv derxw QMVLDD
zhuh1 D odujh qhjdwlyh frhïflhqw zrxog frqñup wkh glòhuhqfh ehwzhhq
wkh XV dqg QMVLDD uhvxowv lq wdeoh 41

î HQUROOPHQW dqg JUDGXDWLRQ Wr fdswxuh orfdo wuhqgv/ zh fro0
ohfwhg gdwd rq wkh qxpehu ri vwxghqwv hquroohg lq QM sxeolf kljk
vfkrrov +HQUROOPHQW, dqg wkh qxpehu ri vwxghqwv judgxdwlqj +JUDG0
XDWLRQ,/ vlqfh kljk vfkrro uhfrugv duh prvw olnho| wr eh vhw e| vwx0
ghqwv lq wkhlu ñqdo |hdu1 Hquroophqw dqg judgxdwlrq ihoo lq wkh 4<:3v
dqg 4<;3v1 +Dffxudwh ñjxuhv duh qrw dydlodeoh iru sulydwh vfkrrov/ do0
wkrxjk prvw sulydwh vfkrrov sduwlflsdwh lq wkh QMVLDD1, Wklv vkrxog
kdyh vorzhg Qhz Mhuvh| uhfrug surjuhvvlrq dqg pd| h{sodlq sduw ri
wkh jds ehwzhhq QMVLDD dqg XV uhfrugv1

Uhvxowv ri wkhvh uhjuhvvlrqv duh suhvhqwhg lq wdeoh 5= wdeoh 5d iru Ploourvh/
5e iru QMVLDD/ 5f iru XV/ 5g iru zruog/ dqg 5h iru Ro|pslf1 Iljxuh 6d
vxppdul}hv sduw ri wkhvh uhvxowv e| sorwwlqj ryhu wlph wkh ydoxh ri doskd
iru d qrq kdqg0wlphg/ phq*v/ qrq0revfxuh hyhqw lq shdfh dqg survshulw| iru
zruog/ XV/ dqg QMVLDD1 Iljxuh 6e frqwudvwv XV/ zruog/ dqg QMVLDD hyhqwv
iru phq lq shdfh dqg survshulw| zlwk frqvwdqw srsxodwlrq dqg qr fkdqjhv lq
kljk vfkrro judgxdwlrq udwhv1 Wkh judskv duh edvhg rq hvwlpdwhv uhsruwhg
lq Wdeoh 6d dqg 6e1

Wdeoh 5 grhv qrw qrwlfhdeo| fkdqjh wkh frqfoxvlrqv iurp wdeoh 41 Wkh
srru vkrzlqj ri QMVLDD +Wdeoh 5e, lv qrw ehfdxvh wkh vhulhv vwduwv rqo| lq
4<8;> txlwh wkh frqwudu|/ shulrgv ri juhdwhvw jurzwk iru zruog dqg XV zhuh
diwhu 4<8;1 KDQG0wlplqj dqg jhqghu kdyh wkh h{shfwhg vljqv/ exw duh qrw
yhu| vwurqj lq vljqlñfdqfh1 Wkhuh lv uhpdundeoh qhjdwlyh hòhfw ri wkh ghfolqh
lq KV judgxdwlrqv1 Wkh edvh olqh uhfrug surjuhvvlrq udwh ò ulvhv wr 313<41
Wklv qduurzv wkh jds ehwzhhq Qhz Mhuvh| dqg XV uhfrug surjuhvvlrq/ exw
grhv qrw holplqdwh lw1

Vhyhudo rwkhu yduldeohv shuiruphg dv h{shfwhg1 Zdu lv edg/ dqg vr lv
revfxulw| +Wdeohv 5d/ 5f/ dqg 5g,1 Uhfhvvlrqv uhgxfh uhfrug surjuhvvlrq iru
XV hyhqwv exw duh qrw vljqlñfdqw lq wkh Ploourvh Jdphv1 Zrphq gr ehwwhu
wkdq phq lq wkh zruog/ exw vrphzkdw vxusulvlqjo|/ wkh glòhuhqfh lv vpdoo
lq wkh XV1 Ixuwkhu dqdo|vlv vkrzhg/ krzhyhu/ wkdw doprvw doo wkh ihpdoh
suhplxp lq wkh zruog uhfrug vhulhv lv gxh wr wkh zhljkw hyhqwv1 Dovr olih
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h{shfwdqf| dqg srsxodwlrq jurzwk kdyh h{shfwhg vljqv1 Wkh| uhgxfh wkh
XV ò vrphzkdw +58 shu fhqw,/ exw fdqqrw dffrxqw iru pxfk ri wkh jds
ehwzhhq Qhz Mhuvh| dqg XV uhfrugv1

Wkh wlph wuhqg lv qrw prqrwrqlf/ dqg wkh 4<;3v dqg 4<<3v duh lq idfw
qrw rxwvwdqglqj1 Wkh ehvw ghfdghv lq wkh XV vhulhv duh 4<83v dqg 4<93v> wkh
ehvw ghfdghv lq wkh zruog duh 4<:3v dqg 4<83v1 Rxu gdwd gr qrw vxssruw
idvwhu fkdqjh iurp dq| vrxufh vlqfh 4<;31

ôëS +i|hLtTiU|ðñi @?@*)tðt

Vlqfh rxu ñqglqj ri vorz whfkqrorjlfdo surjuhvv lq wkh QMVLDD vhulhv lv
vxusulvlqj/ zh dwwhpswhg wr eulqj dgglwlrqdo gdwd wr ehdu rq lw1 Dv dq
dgglwlrqdo slhfh ri lqirupdwlrq zh xvh h{lvwlqj QMVLDD uhfrugv ri 4<8;1

Iru wklv w|sh ri gdwd wkh whfkqltxh iru hvwlpdwlqj uhfrug surjuhvvlrq udwhv
lv vrphzkdw glòhuhqw iurp wkh rqh zh kdyh ehhq h{dplqlqj1 Iru QMVLDD/
zh revhuyh lq 4<8; wkh uhfrugv wkdw h{lvwhg wkhq dqg wkh |hduv wkh| zhuh
vhw1 Dvvxph wkdw doo wkh QMVLDD hyhqwv zh revhuyhg lq 4<8; vwduwhg lq
4<4< dqg zhuh frpshwhg zlwkrxw lqwhuuxswlrq +wklv eldvhv xs rxu hvwlpdwh
ri wkh udwh ri whfkqlfdo surjuhvv,1 D uhfrug vhw lq 4<66 zloo uhpdlq lq 4<8; li
dqg rqo| li lw lv wkh ehvw ri doo shuirupdqfhv ehwzhhq 4<4< dqg 4<8;1 Lq wkh
devhqfh ri whfkqlfdo surjuhvv ~ wkdw lv/ lq wkh l1l1g1 vhwwlqj ~ wkh suredelolw|
ri d 4<66 uhfrug zrxog eh 426</ vlqfh hyhu| |hdu lv htxdoo| olnho| wr frqwdlq
wkh ehvw shuirupdqfh1 Zlwk whfkqlfdo surjuhvv/ wkh suredelolw| ri d 4<66
uhfrug lv vlpso| wkh qxpehu ri gudzv lq 4<66 glylghg e| wkh wrwdo qxpehu
ri gudzv ehwzhhq 4<4< dqg 4<8;1 Wkxv zlwk h{srqhqwldo ixqfwlrqdo irup/
wkh suredelolw| ri revhuylqj lq |hdu W d uhfrug vhw lq |hdu w é W lv

h{s+òw,U A
f h{s+òá,gá

@
4ý h{s+ýò,

h{s+ýò+wý W ,,ý h{s+ýòw,
zklfk zh ñw e| pd{lpxp olnholkrrg1 Rxu hvwlpdwh iru ò iurp wkh 4<8;
uhfrugv lv 313;8: +31335;, wklv ehfrphv 31445 +31367, li zh dvvxph qr frp0
shwlwlrq iru 4<7504<791 Wkhvh voljkwo| kljkhu qxpehuv lqglfdwh wkdw pruh
uhfrug euhdnv zhuh pdgh lq wkh suh04<8; shulrg dqg wkhuhe| uhgxfhv exw grhv
qrw holplqdwh wkh ryhudoo glòhuhqfh ehwzhhq wkh orfdo dqg qdwlrqdo jdphv1
Uhfdoo/ krzhyhu/ wkdw 4<4<04<8; lv d shulrg ri udslgo| ulvlqj kljk vfkrro
hquroophqw dqg judgxdwlrq1

D ñqdo fkhfn lv wr orrn dw kljk vfkrro hyhqwv lq wkh Ploourvh Jdphv1
Iurp Wdeoh 5d/ wkh edvh olqh udwh iru wkhvh hyhqwv lq shdfh dqg survshulw| lv
derxw 3143 0 3144 ghshqglqj rq zkdw hovh lv ehlqj frqwuroohg iru1 Wklv lv qrw
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rxw ri wkh olqh zlwk rxu QM kljk vfkrro uhvxowv/ dqg ixuwkhu frqñupv odujh
glòhuhqfhv ehwzhhq kljk vfkrrov dqg XV qdwlrqdo uhfrugv1

e çL?U*ýtðL?

Wkhuh kdv ehhq uhdo surjuhvv lq wudfn dqg ñhog dw doo ohyhov ri frpshwlwlrq/
dowkrxjk wkh udwh ri surjuhvv uhfhqwo| lv fhuwdlqo| qr juhdwhu wkdq lw zdv lq
wkh 83v dqg 93v/ dqg suredeo|/ voljkwo| ohvv1 Qhz Mhuvh| kljk vfkrro uhfrugv/
krzhyhu/ surjuhvv pxfk pruh vorzo| wkdq XV uhfrugv1 Wkxv hlwkhu whfk0
qlfdo surjuhvv lv eldvhg wrzdug holwh dqg h{shulhqfhg dwkohwhv ru %grphvwlf
joredol}dwlrq% lv lpsruwdqw1

Vrph ri wklv sdshu*v frqwulexwlrqv uhmhfw vrph frpprq eholhiv1 Lq wudfn
dqg ñhog joredol}dwlrq lv qrw pdnlqj fkdqjh pruh udslg1 Fkdqjh lv qrw pruh
udslg/ dqg zkdwhyhu lw lv wkdw lv gulylqj wkh surfhvv zh revhuyh fdq eh irxqg
doprvw hqwluho| zlwklq wkh erughuv ri wkh Xqlwhg Vwdwhv1

Rq wkh srvlwlyh vlgh/ wkh sdshu vxjjhvwv wzr gluhfwlrqv iru ixwxuh uh0
vhdufk1 Rqh lv wu|lqj wr h{sodlq glyhujhqfh ehwzhhq QM dqg wkh qdwlrq1
Kljk vfkrro uhfrugv iru rwkhu vwdwhv zrxog eh khosixo khuh1 %Grphvwlf jore0
dol}dwlrq% lv d k|srwkhvlv wkdw ghvhuyhv ixuwkhu vwxg|1

Phdvxulqj wkh vshhg ri uhfrug euhdnv lv fohduo| ri juhdw lqwhuhvw wr wudfn
dqg ñhog idqv1 Exw rxu ñqglqjv duh dovr ri lqwhuhvw wr hfrqrplvwv1 Wkh pdmru
frqwulexwlrq ri wkh sdshu/ zh krsh/ lv wr eulqj wkh wkhru| ri uhfrugv wr wkh
dwwhqwlrq ri wkh hfrqrplfv surihvvlrq1 Uhfrugv duh vwdwlvwlfv ri rswlpl}dwlrq/
dqg vr lw lv qdwxudo wkdw wkh| vkrxog dsshdu uhshdwhgo| lq hfrqrplfv1 Wr
xqghuvwdqg krz idvw wklqjv fkdqjh/ uhfrugv duh wkh reylrxv wrro1 Iru lq0
vwdqfh/ li shrsoh vzlwfk mrev zkhqhyhu wkh| jhw d ehwwhu ròhu/ dqg ròhuv duh
vwrfkdvwlf +Exughww/ 4<:;,/ wkhq mre gxudwlrqv duh glvwulexwhg dv lqwhu0uhfrug
wlphv ru wxuqryhu lv glvwulexwhg dv d uhfrug euhdn1 Frqvlghu wkh iroorzlqj
duhdv1

eë� AiUü?ðU@* ThL}hitt @?_ }*LM@*ð3@|ðL?

Wkh uhodwlyh lpsruwdqfh ri joredol}dwlrq dqg ri whfkqlfdo surjuhvv lq h{sodlq0
lqj fkdqjhv lq XV1 dqg Hxurshdq lqfrph glvwulexwlrqv kdv ehhq d pdmru
wrslf ri ghedwh iru forvh wr d ghfdgh1 Rqh pdmru zhdnqhvv lq wkh ghedwh kdv
ehhq wkh devhqfh ri gluhfw phdvxuhv ri hlwkhu joredol}dwlrq ru ri whfkqlfdo
surjuhvv1

Wudfn dqg ñhog uhfrugv ròhu vxfk gluhfw phdvxuhv1 Zh orrn dw vhyhudo
glòhuhqw uhfrug surjuhvvlrqv ~ iru lqvwdqfh/ zruog uhfrugv dqg uhfrugv lq
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Qhz Mhuvh| kljk vfkrro fkdpslrqvkls phhwv1 Vlqfh wkh odwwhu lv xqolnho| wr
eh dòhfwhg e| joredol}dwlrq zkloh wkh iruphu lv/ d glòhuhqfh0lq0glòhuhqfhv
dssurdfk ohwv xv hydoxdwh wkh uhodwlyh lpsruwdqfh ri whfkqrorjlfdo surjuhvv
dqg joredol}dwlrq1

Ri frxuvh/ wudfn dqg ñhog lv rqo| rqh duhd ri kxpdq hqghdyru1 Lw zrxog
eh ehwwhu li zh kdg vlplodu lqirupdwlrq iurp pdq| rwkhu duhdv ri hqghdyru/
dqg iurp duhdv pxfk pruh fhqwudo wr prghuq hfrqrplf olih1 Exw zh grq*w1
Rqo| zhdwkhu uhfrugv kdyh ehhq nhsw iru d vrphzkdw orqjhu wlph wkdq wudfn
dqg ñhog uhfrugv kdyh/ exw zhdwkhu kdv suredeo| qrw ehhq vr dòhfwhg e|
whfkqlfdo surjuhvv +h{fhsw srvvleo| iru wkh ghyhorsphqw ri lqvwuxphqwv wkdw
shuplw ñqhu phdvxuhphqw, dqg joredol}dwlrq1 D vdpsoh ri rqh/ zkloh qrw
ghñqlwlyh/ lv fohduo| pruh lqirupdwlyh wkdq d vdpsoh ri }hur1

Lw pljkw eh remhfwhg wkdw wudfn dqg ñhog lv glòhuhqw iurp pruh fhqwudo
hfrqrplf dfwlylwlhv ehfdxvh shuirupdqfh lq wudfn dqg ñhog lv erxqghg e|
kxpdq fdsdelolwlhv1 Zh glvdjuhh yhkhphqwo|1 Wkurzlqj d mdyholq lv d kxpdq
hqghdyru/ d sk|vlfdo dfwlylw|> vr lv zulwlqj vriwzduh +ru ghvljqlqj pdfklqhv wr
zulwh vriwzduh,1 Shrsoh duh jhwwlqj ehwwhu dw grlqj erwk +rxu gdwd vkrz wkdw
wklv lv wuxh iru wkurzlqj wkh mdyholq,/2 dqg wkhuh lv qr hylghqfh wr vxssruw
wkh qrwlrq wkdw olplwv duh elqglqj lq hlwkhu dfwlylw|1ô

eë2 5Tii_ Lu _ðtUhi|i Uü@?}i

Udslg glvfuhwh fkdqjhv kdyh pdq| lpsolfdwlrqv iru txhvwlrqv ri juhdw lq0
whuhvw wr hfrqrplvwv1 Lw lv riwhq fodlphg/ iru lqvwdqfh/ wkdw mrev duh ehlqj
ghvwur|hg pruh iuhtxhqwo| wkdq ehiruh/ wkdw hyhqwv zklfk vhhphg idu dzd|
~ olnh uhjlrqdo hfrqrplf fulvhv ~ vxgghqo| dòhfw gdlo| olih/ dqg wkdw qhz
whfkqrorjlhv ixqgdphqwdoo| dowhu edvlf hfrqrplf urxwlqhv1

Iduehu +4<<8, dqg Lgvrq dqg Ydohwwd +4<<9, kdyh vkrzq wkdw wkh udwh ri
mre orvv dprqj vnloohg Dphulfdqv kdv ulvhq prghvwo| vlqfh 4<;31 Lqfrphv
kdyh dovr ehfrph pruh xqvwdeoh +Ohy| dqg Pxuqdqh 4<<4,1 Eh|rqg wkhvh
vrolg hpslulfdo ghprqvwudwlrqv ri prghvwo| ulvlqj yrodwlolw|/ wkh phgld +h1j1/

26L}i* E�bbeä _i4L?t|h@|it |ü@|c UL?tð_ihi_ tð4T*) @t Tü)tðU@* Mið?}tc üý4@?t |L_@)
@hi @ h@_ðU@**) ð4ThLñi_ ñihtðL? Lu üý4@?t |êL Ui?|ýhðit @}Lë

ôú?L|üih LMéiU|ðL? 4ð}ü| Mi |ü@| |üi @Mti?Ui Lu @ _ðhiU| ThL�| 4L|ðñi 4i@?t |ü@|
T@h|ðUðT@?|t ð? |h@U! @?_ �i*_ @hi *itt üð}ü*) 4L|ðñ@|i_ |ü@? T@h|ðUðT@?|t ð? L|üih @hi@t
Lu iUL?L4ðU *ðuië Aüihi ðt @4T*i iñð_i?Ui |ü@| |üðt ðt ?L| |üi U@tië Aüi hiê@h_tc ML|ü
TiUý?ð@h) @?_ ?L?TiUý?ð@h)c |L týTihðLh TihuLh4@?Ui ð? |h@U! @?_ �i*_ ü@ñi @*ê@)t Mii?
UL?tð_ih@M*i( ð?|ih?@|ðL?@* |h@U! @?_ �i*_ 4ii|t ü@ñi @*ê@)t Mii? U*Ltih |L @ Mýtð?itt
|ü@? @ Týhi i üðMð|ðL? Lu |@*i?|ë Ah@U! @?_ �i*_ @*tL T@h@**i*t |üi *@h}ih iUL?L4) ð? |üi
hðti Lu týTiht|@htc @t _itUhðMi_ ð? +Lti? E�bHôäë

56



Qhz \run Wlphv/ 4<<9, kdyh hlwkhu uhsruwhg ru fuhdwhg d qhz ihdu ri mre
lqvhfxulw| dqg fkdqjh lq plggoh fodvv Dphulfdqv1

Li olih fkdqjhv pruh txlfno|/ ehlqj deoh wr dgmxvw zhoo wr fkdqjh ehfrphv
d pruh ydoxdeoh dwwulexwh/ dqg shrsoh zkr kdyh lw zloo eh ehwwhu uhzdughg
lq wkh pdunhw1 Froohjh0hgxfdwhg zrunhuv pd| dgmxvw wr fkdqjh ehwwhu/ dqg
vr wkh vshhg ri fkdqjh pd| eh gulylqj sduw ri wkh ulvh lq wkh froohjh suh0
plxp +vhh Julolfkhv +4<9<,/ Qhovrq dqg Skhosv +4<99,/ Ekdjzdwl dqg Ghkh0
mld +4<<8,,1 Wkh ulvlqj uhwxuq wr xqrevhuyhg glphqvlrqv ri vnloo +Mxkq hw do1
+4<<6,, pd| dovr uhðhfw dq delolw| wr dgdsw ehwwhu wr fkdqjh> lqghhg Eduwho
dqg Vlfkhupdq +4<<:, vkrz wkdw prvw ri wkh kljkhu zdjhv zrunhuv uhfhlyh lq
lqgxvwulhv xqghujrlqj udslg whfkqrorjlfdo fkdqjh lv gxh wr xqrevhuyhg vnloov
wkh| srvvhvv1

Wkxv lw lv lpsruwdqw wr eh deoh wr wklqn derxw krz idvw qhz yhqxhv dqg
prghv ri surgxfwlrq uhsodfh rog rqhv1 Wklv lv zkhuh wkh wkhru| ri uhfrug
surfhvvhv khos1

Qrerg| grxewv wkdw wklqjv fkdqjh/ exw lw lv ohvv fohdu dw zkdw sdfh
wkh| gr/ dqg zkhwkhu wkhvh fkdqjhv kdyh vshhghg xs lq uhfhqw |hduv1 Rxu
sdshu gluhfwo| dgguhvvhg wkhvh wzr lvvxhv1 Zh lqwurgxfhg d ehqfkpdun fdvh
ri glvfuhwh fkdqjh e| ghñqlqj wkh vshhg ri fkdqjh lq d zruog zlwk l1l1g1
gudzv iurp wkh vdph glvwulexwlrq1 Lq rxu prgho dffhohudwlrq ri fkdqjh zdv
phdvxuhg dv wkh ghyldwlrq iurp wklv surfhvv1

Lghdoo|/ zh zrxog olnh wr orrn dw uhfrugv iru dfwlylwlhv olnh pdnlqj fduv zhoo
dqg zulwlqj jrrg vriwzduh/ dqg vhh zkhwkhu wkhvh uhfrugv duh ehlqj eurnhq
idvwhu1 Exw wklv lv lpsrvvleoh> lq sduw ehfdxvh lw lv qrw dozd|v fohdu zkdw
%ehwwhu% phdqv lq wkhvh duhdv1 Khuh zh frqiurqw dqrwkhu juhdw dgydqwdjh ri
wudfn dqg ñhog uhfrugv ~ zkdw %ehwwhu% phdqv lv xqdpeljxrxv dqg vlpsoh
wr phdvxuh1 Zh fdq vhh zkhwkhu ru qrw wudfn dqg ñhog uhfrugv duh ehlqj
eurnhq idvwhu/ dqg lq wkh devhqfh ri vlplodu gluhfw lqirupdwlrq derxw rwkhu
duhdv/ wklv vdpsoh ri rqh rqfh djdlq lv lqirupdwlyh1

D sulrul/ lw lv xqfohdu zkhwkhu whfkqlfdo surjuhvv lq wudfn dqg ñhog pljkw
eh h{shfwhg wr eh idvwhu ru vorzhu wkdq whfkqlfdo surjuhvv lq rwkhu ñhogv
ri kxpdq hqghdyru1 Rq wkh rqh kdqg/ wkh uxohv ri wudfn dqg ñhog sodfh
pdq| uhvwulfwlrqv rq wkh zd|v lq zklfk whfkqlfdo surjuhvv fdq eh pdgh1e

Iru lqvwdqfh/ |rx fdqqrw lpsuryh |rxu shuirupdqfh lq wkh orqj mxps e|
xvlqj d udlvhg wdnh0rò erdug/ ru sodflqj d elj idq ehklqg |rx lq wkh uxq0
zd|/ ru lqmhfwlqj frslrxv dprxqwv ri vwhurlgv1 Vlqfh prvw rwkhu duhdv ri
kxpdq hqghdyru gr qrw rshudwh xqghu vxfk uhvwulfwlyh uxohv/ rqh pljkw h{0

e ì @hi }h@|iuý* |L +@éðñ 5i|üð uLh h@ðtð?} |üðt ðttýi êð|ü ýtë
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shfw whfkqlfdo surjuhvv wr eh vorzhu lq wudfn dqg ñhog1 Rq wkh rwkhu kdqg/
wkh remhfwlyh ixqfwlrq lq wudfn dqg ñhog lv pxfk vlpsohu wkdq wkh remhfwlyh
ixqfwlrq lq prvw rwkhu duhdv1 D qhz w|sh ri fdu hqjlqh zloo eh hydoxdwhg qrw
rqo| rq wkh edvlv ri zkhwkhu lw pdnhv d fdu jr idvwhu/ exw dovr rq zkhwkhu
lw surgxfhv dq dffhswdeo| vprrwk ulgh/ dffhswdeo| orz srooxwlrq/ d jrrg0
orrnlqj fdu/ dqg vr rq1 D qhz zd| ri wudlqlqj iru wkh 48330phwhu uxq rq
wkh rwkhu kdqg qhhg rqo| surgxfh idvwhu wlphv1 Vr whfkqlfdo surjuhvv pljkw
eh idvwhu lq wudfn dqg ñhog iru wklv uhdvrq1D

eëô �i|üL_ Lu it|ð4@|ðL?

Zh eholhyh wkdw wklv sdshu lv wkh ñuvw wr hvwlpdwh wkh sdudphwhuv ri qrq l1l1g1
uhfrug surfhvvhv1 Wkh hpslulfdo whfkqltxhv zh ghyhors iru vwxg|lqj wudfn
dqg ñhog uhfrugv pd| dovr suryh khosixo iru rwkhu sureohpv wkdw hfrqrplvwv
vwxg|1 Lq pdq| duhdv ri hfrqrplf olih/ shrsoh gr wklqjv d fhuwdlq zd| xqwlo
vrphwklqj ehwwhu frphv dorqj1 Sk|vlfldqv lqmhfwhg Vdon srolr ydfflqh xqwlo
rudo Vdelq ydfflqh zdv lqyhqwhg> wkh| dgkhuhg wr wkh vwuhvv wkhru| ri xofhu
fdxvdwlrq xqwlo wkh edfwhuld wkhru| wulxpskhg1 Shrsoh vwrsshg ex|lqj ylq|o
zkhq FGv ehfrph dydlodeoh1 Dehodug zdv wuxh wr klv yrzv xqwlo Khorlvh
fdph dorqj1 Prvw Diulfdq Dphulfdqv vwrsshg vxssruwlqj wkh Uhsxeolfdq
Sduw| zkhq Hohdqru dqg Iudqnolq Urrvhyhow frqylqfhg wkhp wkh Ghprfudwv
kdg pruh wr ròhu1 Rq dq lqglylgxdo ohyho/ frqvxphuv vwlfn wr wkhlu idyrulwh
eudqgv ri vrgd/ uxqqlqj vkrhv/ suhw}hov/ dqg fduv/ xqwlo wkh| ñqg eudqgv wkh|
olnh ehwwhu1

Li shrsoh vwlfn wr wkh rog zd|v xqwlo wkh| ñqg vrphwklqj ehwwhu/ wkh
wkhru| ri uhfrug surfhvvhv h{sodlqv krz riwhq wkh| fkdqjh1 Wkdw lv krz zh
olqn uhfrugv dqg lqwhuqdwlrqdo wudgh= dw dq| prphqw wkh uhjlrq surgxflqj
dxwrprelohv iru wkh XV1 pdunhw/ vd|/ vkrxog eh wkh uhjlrq wkdw fdq gr vr
prvw fkhdso| +lq uhodwlyh whupv,> vr vzlwfkhv lq wkh ruljlq ri dxwrprelohv
vkrxog rffxu rqo| zkhq dqrwkhu uhjlrq ñqgv lw fdq surgxfh pruh fkhdso|
+dozd|v lq uhodwlyh whupv,1 D fkdqjh lq wkh ruljlq ri XV1 dxwrprelohv lv olnh
d uhfrug euhdn= d qhz uhjlrq fdq surgxfh pruh fkhdso| wkdq doo suhylrxv
uhjlrqv1

Wkxv wudfn dqg ñhog/ whfkqlfdo surjuhvv/ dqg lqwhuqdwlrqdo wudgh duh qrw
DAüi *@}h@?}ð@? |h@?tuLh4@|ðL? tüLêt |ü@| iñih) UL?t|h@ð?i_ LT|ð4ð3@|ðL? ThLM*i4

êð|ü @ tð?}*i LMéiU|ðñi Eië}ë @ |h@U! @?_ �i*_ ThLM*i4ä ðt i^ýðñ@*i?| |L @? ý?UL?t|h@ð?i_
LT|ð4ð3@|ðL? ThLM*i4 Lu |üi êið}ü|i_ tý4 Lu 4ý*|ðT*i LMéiU|ðñit Eië}ëc @ U@h _itð}? ThLMí
*i4äë Aüðt ðt |üi _iiTih hi@tL? êü) ð| _Lit ?L| tii4 TLttðM*i |L }ýitt @ ThðLhð êüðUü tLh|
Lu ThLM*i4 tüLý*_ Mi 4Lhi @4i?@M*i |L ThL}hitt |ühLý}ü ð??Lñ@|ðL?ë
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wkh rqo| duhdv zkhuh vzlwfkhv duh olnh uhfrug euhdnv1 Wkh wkhru| ri uhfrugv
surfhvvhv dovr fduulhv whvwdeoh suhglfwlrqv derxw krz riwhq shrsoh zloo fkdqjh
mrev/ guxjv/ pduuldjh sduwqhuv/ eudqgv ri vrgd/ dqg srolwlfdo dïoldwlrq1
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+iuihi?Uit

^4` Eduwho/ D1 dqg Q1 Vlfkhupdq +4<<;,/ %Whfkqrorjlfdo Fkdqjh dqg wkh
Vnloo Dftxlvlwlrq ri \rxqj Zrunhuv/% Mrxuqdo ri Oderu Hfrqrplfv/ Yro0
xph 49/ Qxpehu 7/ Rfwrehu 4<<;= :4;0:881

^5` Eduwho/ D1 dqg Q1 Vlfkhupdq +4<<;,/ %Whfkqrorjlfdo Fkdqjh dqg Zdjhv=
Dq Lqwhu0Lqgxvwu| Dqdo|vlv/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ iruwkfrp0
lqj1

^6` Ekdjzdwl/ M1 +4<<9,/ %Ihdu Qrw/% lq= Wkh Qhz Uhsxeolf/ Pd| 4<<91

^7` Ekdjzdwl/ M1 +4<<;,/ %D Qhz HsrfkB/% Fkdswhu 4 lq= M1 Ekdjzdwl/ D
Vwuhdp ri Zlqgrzv= Xqvhwwolqj Uhðhfwlrqv rq Wudgh/ Lppljudwlrq dqg
Ghprfudf|/ PLW1

^8` Ekdjzdwl/ M1 dqg Ylyhn Ghkhmld +4<<8,/ %Iuhhu Wudgh dqg Zdjhv ri
Xqvnloohg ~ Lv Pdu{ Vwulnlqj EdfnB/% lq= H1 Nrvwhuv/ Wudgh dqg Zdjhv/
DHL Suhvv1

^9` Exughww/ Nhqqhwk +4<:;,/ %Wkhru| ri Hpsor|hh Vhdufk= Txlw Udwhv/%
Dphulfdq Hfrqrplf Uhylhz/ Yro1 9;/ Pdufk 4<:;= 5450531

^:` Fkdqgohu/ N1 Q1 +4<85,/ %Wkh Glvwulexwlrq dqg Iuhtxhqf| ri Uhfrug
Ydoxhv/% Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| E/ 47/ 553055;1

^;` Gdylv/ V1 dqg G1 Fduh| +4<;6,/ %Wkh Xqlwhg Vwdwhv Qdwlrqdo Uhfrug
Surjuhvvlrq iurp 4;::/% SGT Sxeolfdwlrq1

^<` Gdylv/ V1 dqg G1 Fduh| +4<<4,/ %Wkh Xqlwhg Vwdwhv Qdwlrqdo Uhfrug
Surjuhvvlrq iru Zrphq iurp 4;<5/% SGT Sxeolfdwlrq1

^43` Iduehu K1 +4<<8,/ %Duh Olihwlph Mrev GlvdsshdulqjB Mre Gxudwlrq lq
wkh Xqlwhg Vwdwhv 4<:604<<6/% Sulqfhwrq Xqlyhuvlw|/ Zrunlqj Sdshu
6741

^44` Irjho U1 Z1 +4<<7,/ %Hfrqrplf Jurzwk/ Srsxodwlrq Wkhru|/ dqg Sk|vl0
rorj|= Wkh Ehdulqj ri Orqj0Whup Surfhvvhv rq wkh Pdnlqj ri Hfrqrplf
Srolf|/% Dphulfdq Hfrqrplf Uhylhz/ ;7+6,/ 69<0<81

^45` Jdodperv M1 +4<:;,/ Dv|pswrwlf Wkhru| ri H{wuhph Rughu Vwdwlvwlfv/
Qhz \run= Zloh|1
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^46` Jdoru/ R1 dqg G1 Wvlggrq +4<<:,/ %Whfkqrorjlfdo Surjuhvv/ Prelolw|/
dqg Hfrqrplf Jurzwk/% Dphulfdq Hfrqrplf Uhylhz/ ;: +6,/ 69606;51

^47` Jdyluld/ D1 +4<<:,/ %Duh Whfkqrorjlfdo Lqqrydwlrqv FrqwdjlrxvB Hyl0
ghqfh iurp Vsruwv Uhfrugv/% plphr/ Ghsduwphqw ri Hfrqrplfv/ Xql0
yhuvlw| ri Vdq Glhjr1

^48` Jrxog/ V1M1 +4<<9,/ Ixoo Krxvh= Wkh Vsuhdg ri H{fhoohqfh iurp Sodwr
wr Gduzlq/ Qhz \run= Kduprq| Errnv1

^49` Juloolfkhv/ ]1 +4<9<,= %Fdslwdo0Vnloo Frpsohphqwdulw|/% Uhylhz ri Hfr0
qrplfv dqg Vwdwlvwlfv 84/ 79809;1

^4:` K|pdqv/ U1 +4<<8,/ Uhfrug Surjuhvvlrq ri Zruog Ehvw Shuirupdqfhv
dqg rïfldo LDDI Uhfrugv/ LDDI1

^4;` Lgvrq W1 dqg U1 J1 Ydohwwd +4<<9,/ %Vhqlrulw|/ Vhfwrudo Ghfolqh/ dqg
Hpsor|hh Uhwhqwlrq= Dq Dqdo|vlv ri Od|rò dqg Xqhpsor|phqw Vshoov/%
Mrxuqdo ri Oderu Hfrqrplfv/ 47 +7,1

^4<` Mrydqrylf/ E1 dqg \1 Q|dunr +4<<8,/ %Wkh Wudqvihu ri Kxpdq Fdslwdo/%
Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 4</ 43660971

^53` Mxkq/ F1/ N1 P1 Pxusk| dqg Eurrnv Slhufh +4<<6,/ %Zdjh Lqhtxdolw|
dqg wkh Ulvh lq Uhwxuqv wr Vnloo/% Mrxuqdo ri Srolwlfdo Hfrqrp| 434/
7430751

^54` Nruwxp/ V1 +4<<:,/ %Uhvhdufk/ Sdwhqwlqj/ dqg Whfkqrorjlfdo Fkdqjh/%
Hfrqrphwulfd 98 +9,/ 46;<0474<1

^55` Ohy|/ I1 dqg U1 Pxuqdqh +4<<5,/ _XV1 Hduqlqjv Ohyhov dqg Hduqlqjv
Lqhtxdolw|= D Uhylhz ri Uhfhqw Wuhqgv dqg Sursrvhg H{sodqdwlrqv/%
Mrxuqdo ri Hfrqrplf Olwhudwxuh 63 +6,/ 46660;41

^56` Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk= Exvlqhvv F|foh H{sdqvlrqv
dqg Frqwudfwlrqv/ kwws=22zzz1qehu1ruj2f|fohv1kwpo

^57` Qhovrq/ U1 dqg H1 Skhosv +4<99,/ %Lqyhvwphqw lq Kxpdqv/ Whfkqrorjlfdo
Glòxvlrq/ dqg Hfrqrplf Jurzwk/% Dphulfdq Hfrqrplf Uhylhz 89/ 9<0
:81

^58` Qhxwv P1 I1 +4<9:,/ %Zdlwlqj Wlphv ehwzhhq Uhfrug Revhuydwlrqv/%
Mrxuqdo ri Dssolhg Suredelolw|/ 7/ 539053;1

5;



^59` Qhz \run Wlphv +4<<9,/ Wkh Grzqvl}lqj ri Dphulfd/ Qhz \run= Wlphv
Errnv1

^5:` Uhq|l D1 +4<95,/ %Wkhrulh ghv hohphqwv vdloodqwv g*xqh g*revhuydwlrq/%
Froortxlxp rq Frpelqdwruldo Phwkrgv lq Suredelolw| Wkhru|/ Ddukxv
Xqlyhuvlw|/ 43704481

^5;` Urvhq/ V1 +4<;4, %Wkh Hfrqrplfv ri Vxshuvwduv/% Dphulfdq Hfrqrplf
Uhylhz/ 4+8,/ ;7808;1

^5<` XV1 Sxeolf Khdowk Vhuylfh/ Ylwdo Vwdwlvwlfv ri wkh Xqlwhg Vwdwhv/ yro1LL/
ydulrxv |hduv/ Zdvklqjwrq G1F1

^63` XV1 Ghsduwphqw ri Frpphufh 0 Exuhdx ri wkh Fhqvxv +4<<6, Klvwrulfdo
Vwdwlvwlfv ri wkh vwdwhv ri wkh Xqlwhg Vwdwhv/ Zhvwsruw/ Frqqhfwlfxw=
Juhhqzrrg Suhvv1

^64` XV1 Ghsduwphqw ri Khdowk Hgxfdwlrq/ dqg Zhoiduh 0 Hgxfdwlrq Glylvlrq
+odwhu/ XV1 Ghsduwphqw ri Hgxfdwlrq,= Gljhvw ri Hgxfdwlrq Vwdwlvwlfv/
ydulrxv |hduv/ Zdvklqjwrq G1F1
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Wdeoh 4= H{srqhqwldo Hvwlpdwhv

Gdwd ò V1H1

Qhz Mhuvh| KV 3138:; 313548

Ploourvh 31495 313496

XV Uhfrugv 3157:5 313435

Zruog Uhfrugv 3158< 3133<7

Ro|pslf Jdphv 315468 313457

63



Wdeoh 5d= Ploourvh Jdphv +4<4804<<6, q@<:6

Ploourvh hvw hvw hvw hvw hvw

frqvwdqw 314:< 314:9 314;< 31587 314;7
+31349, +31349, +31349, +31348, +31349,

revfxuh
zdu4
zdu5 0313<5 031358 0313:< 031367

+031367, +31393, +31368, +31394,
kdqg wlplqj 031358 0313<3 03136: 031486 0313:<

+3138<, +31368, +31393, +3136:, +31369,
ihpdoh 3133< 31335

+3135:, +3135<,
Kljkvfkrro 0313:< 0313:<

+31375, +31377,
Uhfhvvlrq 3135:

+31379,
4<5304<63
4<6304<73
4<7304<83 031463

+31395,
4<8304<93 031347

+31383,
4<9304<:3 3139;

+31386,
4<:304<;3 031457

+3136:,
4<;304<<3 031383

+3137<,
4<<304<<8 031589

+3139;,

Orj Oln 0788165 078815 07861: 076<1:<

Qrwh= Wkh rplwwhg fdwhjru| iru wkh ghfdgh gxpplhv duh wkh |hduv eh0
wzhhq 4<4804<6<1 Vwdqgdug huuruv lq sduhqwkhvlv1
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Wdeoh 5e= Qhz Mhuvh| Kljk Vfkrro +4<8;04<<6, q@9<5

Q1M1 KV hvw hvw hvw hvw hvw hvw hvw

frqvwdqw 31389 31375 313<45 313:< 313:6 31394 31573
+31354, +31354, +31356, +31357, +31356, +31356, +31355,

revfxuh
zdu4
zdu5
kdqg wlplqj 31344 31356 031375 031338 03136< 313389 031474

+313:3, +313:3, +3139<, +313;<, +3139<, +31397, +3139<,
ihpdoh 31384 31433 313;3

+31384, +31393, +31393,
Kljkvfkrro
Hquroophqw 31:59 41444

+31;8:, +31;;:,
Judgxdwlrq 03146: 03137<

+318<;, +61488,
4<5304<63
4<6304<73
4<7304<83
4<8304<93
4<9304<:3
4<:304<;3 03138<

+31386,
4<;304<<3 031574

+31384,
4<<304<<8 031595

+313;<,

orj oln 065317 064<1< 06361< 06371< 063518 063616 06441;4

Qrwh= Hvwlpdwlrq prghov lqyroylqj wkh yduldeohv %hquroophqw dqg judgx0
dwlrq jurzwk udwh% xvh gdwd rqo| xs wr 4<<31 Vwdqgdug huuruv lq sduhqwkhvlv1
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Wdeoh 5f= XV uhfrugv +4;:904<<4, q@6359

XV uhfrugv hvw hvw hvw hvw hvw hvw hvw

frqvwdqw 315<< 31637 3164; 3158< 3158; 315:; 31556
+3133<, +3133<, +3133<, +3133<, +3133<, +3133<, +3133<,

revfxuh
zdu4 031588 03158< 031587 031588 031573 031573

+31369, +31369, +31369, +31369, +31369, +31369,
zdu5 031545 031549 031557 031545 0314<5 031537

+31353, +31353, +31353, +31353, +31353, +31353,
kdqg wlplqj 031394 031393 031398 031394 03138< 031396 0313:<

+31354, +31354, +31354, +31354, +31354, +31354, +31353,
ihpdoh 03134:

+31354,
Kljkvfkrro
Uhfhvvlrq 031387 031383

+31354, +31353,
Olih H{s Juzwk 431363

+61495,
XV0srs Juzwk 31595 31588

+313<3, +313<4,
4<5304<63 31375

+31367,
4<6304<73 3133;

+31368,
4<7304<83 03144:

+31356,
4<8304<93 31438

+3136:,
4<9304<:3 31536

+31376,
4<:304<;3 31453

+3136<,
4<;304<<3 3138<

+31368,
4<<304<<8 031487

+31373,

Orj Oln 0488:14 048891: 04887 0488: 0488614 0488314 0488915
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Wdeoh 5g= Zruog uhfrugv +4;<904<<5, q@6:9:

Zruog uhfrugv hvw hvw hvw

frqvwdqw 3165< 3163: 031457
+3133<, +3133<, +3133<,

revfxuh 031388 031399 03138:
+31354, +31354, +31353,

zdu4 03196: 031953
+3144<, +31453,

zdu5 031475 031466
+31354, +31354,

kdqg wlplqj 031447 031449 031473
+31354, +31353, +31354,

ihpdoh 31393
+31393,

Kljkvfkrro
4<5304<63 31733

+31365,
4<6304<73 3173;

+3135:,
4<7304<83 3167<

+31357,
4<8304<93 318<<

+31369,
4<9304<:3 31845

+31367,
4<:304<;3 3189:

+3136;,
4<;304<<3 3169;

+31369,
4<<304<<8 315;7

+31396,

Orj Oln 04<;; 04<;616 04<7516

Qrwh= Vwdqgdug huuruv lq sduhqwkhvlv1
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Wdeoh 5h= Ro|pslf uhfrugv +4;<904<<5, q@987

Ro|pslf Jdphv hvw hvw hvw hvw

frqvwdqw 31549 314<5 31564 3148;
+31345, +31345, +31345, +31344,

revfxuh
zdu4
zdu5
kdqg wlplqj 03134; 031345 031365 0313<<

+31364, +31363, +31364, +31363,
ihpdoh 313<4

+31364,
er|frww 0313;3

+31364,
4<5304<63
4<6304<73 31539

+31393,
4<7304<83 31339

+31375,
4<8304<93 31575

+31394,
4<9304<:3 3157:

+3137;,
4<:304<;3 313:4

+3136;,
4<;304<<3 31355

+31363,
4<<304<<8 0313<7

+31367,

Orj Oln 074516 073:17 073<15 06:91;

Qrwh= Vwdqgdug huuruv lq sduhqwkhvlv1
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Wdeoh 6d= Hvwlpdwhv iru XV/ Zruog dqg QM Kljkvfkrro uhfrugv lq
Iljxuh 6d

XV Zruog QM KV

frqvwdqw 315:48 0313773 313376
+3133<5, +3133<5, +313569,

revfxuh 314<98 031397:
+315346, +313539,

zdu4 031555< 0315949
+313699, +314535,

zdu5 0313337 0313:<<
+313578, +3135<8,

kdqg wlplqj 0313986 0314836 03145;3
+31353:, +313546, +3139<7,

ihpdoh 0313664 313794 314479
+313539, +3134<4, +3138<5,

4<5304<63 313354 31647:
+31358:, +31364<,

4<6304<73 03136:9 316566
+3135<<, +31359<,

4<7304<83 03149:9 315<87
+31359;, +313654,

4<8304<93 31397: 31835;
+31369:, +31369<,

4<9304<:3 31494< 3174<< 3155;<
+31375;, +313674, +313:;8,

4<:304<;3 313;66 317986 3147<4
+3136<6, +3136;8, +31389:,

4<;304<<3 313665 3159:4 03135<8-
+313664, +313694, +3155<;,

4<<304<<8 0314;<6 314;;8
+313733, +3139<:,

Orj Oln 0487713 04<6819 05<81:

Qrwh= Vwdqgdug huuruv lq sduhqwkhvlv1 - Ghfdgh gxpp| lqfoxghv dovr
revhuydwlrqv iurp 4<<3v
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Wdeoh 6e= Hvwlpdwhv iru XV/ Zruog dqg QM Kljkvfkrro uhfrugv lq
Iljxuh 6e

XV Zruog QM KV

frqvwdqw 315785 3149:4 0313398
+3133<5, +3133<5, +3135:;,

revfxu 3148<5 03139;9
+315367, +313537,

zdu4 0314<:6 0317:6:
+3136:4, +314538,

zdu5 0313954 0313843
+3135;7, +3135<7,

kdqg wlplqj 0313:96 03147;< 0313797
+313539, +313544, +313:5;,

ihpdoh 03136;; 3138:7 3145<5
+313537, +3134<;, +313966,

XV0srs Juzwk 3139<4
+313994,

Judgxdwlrq 0319678
+316587,

4<5804<68 313:78 31468:
+31367:, +3135;;,

4<6804<78 0313983 31388<
+31365;, +313643,

4<7804<88 0314388 31439<
+3135;;, +3135:4,

4<8804<98 3153:3 315;43
+313747, +313687,

4<9804<:8 313;7; 314<36 314954
+313798, +31365;, +313:48,

4<:804<;8 314765 314997 3147<9
+3136<3, +313687, +3139<8,

4<;804<<8 0313954 0313364 0314835
+313745, +3135;:, +418395,

Orj Oln 0486318 04<761; 05<316<

Qrwh= Ghfdgh gxpplhv kdyh ehhq dowhuhg wr dyrlg pxowlfroolqhdulw| zlwk
ghfdgh XV srsxodwlrq jurzwk gdwd1
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