
�Lhhi*@|�L? wi?}|�tc |�i N*|h@tU@*ic @?_ |�i 5T@|�@*
5|h�U|�hi Lu W?|ihT*@?i|@h) A�hM�*i?Ui

`� O� �@||�@i�tc �� `� 54�|�c @?_ a� `� ��iMih

Eduwro Uhvhdufk Lqvwlwxwh/ Xqlyhuvlw| ri Ghodzduh/ Qhzdun/ GH 4<:49

�Mt|h@U|� ��@h@U|ih�t|�U *i?}|� tU@*it U@? Mi i4T*L)i_ |L _itUh�Mi |�i *@h}i tU@*i t|h�U|�h@* @?_ t|@�

|�t|�U@* ui@|�hit Lu tL*@h ��?_ T*@t4@ |�hM�*i?Ui� �| *i@t| |�L L�|ih tU@*it Lu �?|ihT*@?i|@h) |�hM�*i?Uic |�i

ULhhi*@|�L? tU@*i @?_ @? �?_iTi?_i?| ^�@?|�|) |�@| �@t Mii? U@**i_ |�i RN*|h@ tU@*ic� �@�i @TT*�U@|�L? �?

|�i |�iLh) Lu �i*_ *�?i h@?_L4 �@*! @?_ U�@h}i_ T@h|�U*i _�g�t�L?� A��t T@Tih _�tU�ttit �?|ihThi|@|�L? Lu

|�i L�|ih tU@*itc @?_ Thiti?|t tL4i Thi*�4�?@h) LMtih�@|�L?@* hit�*|t UL?Uih?�?} |�i�h h@_�@* i�L*�|�L?�

W?|hL_�U|�L?

Vrodu zlqg sodvpd dqg pdjqhwlf �hog �xfwxdwlrqv
duh eurdgedqg/ dqg w|slfdoo| dgplw d srzhuodz lqhu0
wldo udqjh revhuyhg lq wkh vsdfhfudiw iudph dw vfdohv
fruuhvsrqglqj wr vhyhudo vhfrqgv xs wr vhyhudo krxuv1
Li wkh vljqdo zhuh srzhuodz dw doo iuhtxhqflhv/ wkhuh
zrxog eh qr lqkhuhqw vfdohv1 Krzhyhu/ li d srzhuodz
kdv �qlwh h{whqw/ wkhuh pxvw eh vfdohv wkdw fkdudfwhu0
l}h wklv fkdqjh ri ehkdylru1 D prgho iru d srzhuodz
vshfwuxp wkdw �dwwhqv dw orz iuhtxhqf| pxvw kdyh
rqh vfdoh wkdw fruuhvsrqgv wr wkh urooryhu iurp �dw wr
srzhuodz1 D idploldu h{dpsoh ri wklv lv wkh h{srqhq0
wldo fruuhodwlrq ixqfwlrq1 Iru vrodu zlqg �xfwxdwlrqv/
lw lv dssduhqw wkdw dw ohdvw wzr vfdohv duh qhhghg wr
ghvfuleh wkh �xfwxdwlrqv/ fruuhvsrqglqj wr wkh whupl0
qdwlrq ri wkh srzhuodz udqjh dw erwk wkh orqj zdyh0
ohqjwk +orz iuhtxhqf|, hqg dqg dw wkh vkruw zdyh0
ohqjwk +kljk iuhtxhqf|, hqg1 Wzr lpsruwdqw txhv0
wlrqv wkdw kdyh ehhq dgguhvvhg rqo| sduwldoo| sulru wr
wklv wlph duh= Krz pdq| ohqjwk vfdohv duh uhtxluhg
wr fkdudfwhul}h wkh �xfwxdwlrqvB Zkdw duh wkh sk|v0
lfdo phdqlqjv ri wkhvh vfdohvB Khuh zh suhvhqw vrph
suholplqdu| vwxglhv ri fkdudfwhulvwlf orqj zdyhohqjwk
+_rxwhu%, vfdohv lq wkh vrodu zlqg/ prwlydwhg lq sduw
e| frqvlghudwlrqv ri fkdujhg sduwlfoh vfdwwhulqj wkh0
ru|1
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Wkh wzr srlqw fruuhodwlrq ixqfwlrq surylghv d
edvlv iru glvfxvvlrq ri ydulrxv fkdudfwhulvwlf ohqjwk
vfdohv1 Wkh fruuhodwlrq ixqfwlrq fdq eh gh�qhg iru

wkh { frpsrqhqw ri wkh �xfwxdwlqj pdjqhwlf �hog
e+{, @ +e{> e|> e}, dv

U{{+3> 3> u, @ ke{+{> |> },e{+{> |> } . u,l +4,

zkhuh lw lv dvvxphg iru frqyhqlhqfh wkdw wkh revhuyd0
wlrq gluhfwlrq lv } vr wkdw rqo| vsdwldo odjv u lq wkh }
gluhfwlrq duh phdvxuhg1 Lq wkh vrodu zlqg wklv zrxog
eh wkh udgldo gluhfwlrq/ lq dffrugdqfh zlwk wkh dv0
vxpswlrq ri iur}hq0lq �rz1 Wkh prvw idploldu rxwhu
vfdoh lv wkh fruuhodwlrq vfdoh/ zklfk fdq gh�qhg lq
dffrugdqfh zlwk vwdqgdug sudfwlfh +5, dv
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zkhuh zh qrz vxssuhvv wkh luuhohydqw frruglqdwhv1
Dq dowhuqdwlyh gh�qlwlrq ri wkh fruuhodwlrq vfdoh wkdw
lv vrphwlph xvhixo zkhq odujh odj gdwd lv xqdydlodeoh
+ru xquholdeoh, lv wkh _h0iroglqj% fruuhodwlrq vfdoh
zklfk lv gh�qhg e| wkh frqglwlrq U{{+�
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Wkh lqwhjudo gh�qlwlrq lv dvvrfldwhg zlwk d idplo0

ldu lqwhusuhwdwlrq lq whupv ri wkh srzhu vshfwuxp
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Qrwh wkdw
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vr wkdw wkh fruuhodwlrq vfdoh lv sursruwlrqdo wr wkh
_srzhu dw }hur iuhtxhqf|/% ru/ pruh suhflvho|/ wkh
srzhu dw }hur zdyhqxpehu lq wkh uhgxfhg zdyhqxp0
ehu vshfwuxp +:,1

Wkh fruuhodwlrq ohqjwk gh�qhg lq hlwkhu ri wkhvh
zd|v lv sk|vlfdoo| uhohydqw lq wkdw lw lv dq hvwlpdwh
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ri wkh vfdoh dw zklfk wkh srzhuodz jlyhv zd| wr d �dw
vshfwuxp dw orz zdyhqxpehu1 Wkhuhiruh lw surylghv
dq hvwlpdwh iru wkh vl}h ri wkh g|qdplfdoo| lpsruwdqw
hgglhv/ ru _hqhuj| frqwdlqlqj% hgglhv lq wkh wxuex0
ohqfh1 Wkh fruuhodwlrq vfdoh dovr hphujhv qdwxudoo| lq
wkh txdvlolqhdu wkhru| ri �hog olqh udqgrp zdon +;,/
lq wkdw wkh txdvlolqhdu gl�xvlrq frh�flhqw +Irnnhu
Sodqfn frh�flhqw, lv
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zkhuh E3 lv wkh phdq pdjqhwlf �hog dqg �f{ lv wkh
fruuhodwlrq ohqjwk ri E{ phdvxuhg lq wkh } gluhfwlrq
zklfk lv dorqj wkh phdq �hog1 Wkhuhiruh �f{ lw lv
ri lpsruwdqfh lq sduwlfoh vfdwwhulqj wkhru|/ lq zklfk
sduwlfohv fdq iroorz �hog olqhv dv wkh| gl�xvh1

Krzhyhu lpsruwdqw lw pljkw eh/ wkh fruuhodwlrq
vfdoh lv dq lqwulqvlfdoo| yhu| gl�fxow txdqwlw| wr h{0
wudfw iurp �qlwh gdwd vdpsohv1 Dffruglqj wr lwv ghi0
lqlwlrq Ht1 +5,/ �f{ lv wkh udwlr ri wkh duhd xqghu
wkh fxuyh ri wkh fruuhodwlrq ixqfwlrq wr wkh yduldqfh
ri wkh pdjqhwlf �hog frpsrqhqw ri lqwhuhvw/ vlqfh
U{{+3, @ ke5{l1 Erwk ri wkhvh duh h{solflwo| vhqvlwlyh
wr xquhvroyhg srzhu dw orz zdyhqxpehu1 Wkhuhiruh
wkhuh lv dq h{wuhph vhqvlwlylw| ri wkh fruuhodwlrq vfdoh
wr frqwulexwlrqv iurp yhu| orqj shulrg �xfwxdwlrqv
lq wkh vsdfhfudiw iudph1 Wkh orzhvw iuhtxhqf| �xf0
wxdwlrqv duh dovr fuxfldo lq ghwhuplqlqj +43, zkhwkhu
�xfwxdwlrqv duh vwdwlrqdu| lq wlph/ ru krprjhqhrxv
lq vsdfh1 Glvfxvvlrq ri wklv srlqw lqyduldeo| irfxvhv
rq wkh lvvxh ri krz rqh gh�qhv wkh hqvhpeoh ri lq0
whuhvw1 Lw frxog eh dssursuldwh +ghshqglqj xsrq wkh
sk|vlfdo sureohp ri lqwhuhvw, wkdw wkh hqvhpeoh eh dv0
vrfldwhg zlwk yroxph dyhudjhv/ ru/ dowhuqdwlyho|/ wlph
dyhudjhv1 Lw pljkw eh wkh hqvhpeoh vhhq e| guliwlqj
sduwlfoh glvwulexwlrqv1 Rqh pljkw dovr uhfrjql}h wkdw
wkhuh d vhsdudwh hqvhpeoh deryh dqg ehorz wkh kholr0
vskhulf fxuuhqw vkhhw1 Wkhvh fkrlfhv udlvh txhvwlrqv
wkdw dv |hw kdyh qrw ehhq dqvzhuhg frpsohwho|/ dqg
wkdw prvw olnho| kdyh dqvzhuv wkdw ydu| iurp dssol0
fdwlrq wr dssolfdwlrq1 Hyhq wkrxjk erwk wkh revhu0
ydwlrqdo dqg wkhruhwlfdo dpeljxlwlhv lqyduldeo| hqwhu
lqwr lqwhusuhwdwlrq ri wkh fruuhodwlrq vfdoh/ lw uhpdlqv
d txdqwlw| ri frqvlghudeoh/ li qrw fhqwudo lpsruwdqfh/
lq pdq| sureohpv lq vsdfh sk|vlfv1

Lv wkh fruuhodwlrq vfdoh wkh rqo| lpsruwdqw rxwhu
vfdohB Li wkh fruuhodwlrq ixqfwlrq zhuh d vlpsoh h{sr0
qhqwldo/ wkh dqvzhu zrxog eh |hv/ exw wkhuh lv fohduo|
wrr pxfk frpsoh{lw| dw wkh orz iuhtxhqf| hqg ri wkh
revhuyhg vshfwuxp wr kdyh d vlpsoh rqh sdudphwhu
ghshqghqfh +vhh/ h1j1/ +44,,1 Wkxv/ wkh dqvzhu vhhpv
wr eh doprvw gh�qlwho| qrw1 Wkhuh duh rwkhu fkdu0
dfwhulvwlf odujh vfdohv lq vrodu zlqg wxuexohqfh/ exw

dv |hw zh gr qrw kdyh d kdqgoh rq wkhp revhuyd0
wlrqdoo|/ dqg zh duh rqo| vwduwlqj wr xqghuvwdqg wkh
sk|vlfdo qdwxuh ri vxfk vfdohv lq pdwkhpdwlfdo prg0
hov1 Prvw olnho| rxwhu vfdohv duh ri uhohydqfh wr erwk
frurqdo dqg vrodu zlqg g|qdplfv1 Iru h{dpsoh/ lw lv
doprvw fhuwdlq +44/ 49, wkdw yhu| orz iuhtxhqf|/ orqj
zdyhohqjwk vrodu zlqg revhuydwlrqv dw 4 DX uhsuhvhqw
uhpqdqw ihdwxuhv ri vrodu vrxufh vxuidfh vwuxfwxuhv ru
frurqdo g|qdplfv ehorz wkh Doiy�hq srlqw1
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Lq d qrqshuwxuedwlyh dssurdfk wr wkh �hog olqh
udqgrp zdon +45/ 7, sureohp/ wkh h{fxuvlrq ri wkh
�hog olqhv lq wkh gluhfwlrq wudqvyhuvh wr wkh phdq
pdjqhwlf �hog E3 lv qrw qhjohfwhg dv lw lv lq txdvl0
olqhdu wkhru|1 Zkhq wkh �xfwxdwlrqv e ydu| lq wkh
wudqvyhuvh gluhfwlrqv/ wkh fruuhodwlrq surshuwlhv ri
wkh pdjqhwlf �hog lq wkh gluhfwlrq dfurvv wkh phdq
�hog pxvw hqwhu lqwr wkh sureohp1 Wklv vxjjhvwv
wkdw �hog olqh udqgrp zdon fdq lqyroyh fkdudfwhulv0
wlf vfdohv wkdw duh glvwlqfw iurp wkh xvxdo fruuhodwlrq
vfdoh1 Wklv h{shfwdwlrq lv eruq rxw e| h{solflw fdofx0
odwlrq +45, ri wkh �hog olqh Irnnhu Sodqfn frh�flhqw
iru d prgho kdylqj wzr frpsrqhqwv ~ d vode lqjuh0
glhqw +ydu|lqj dorqj E3, dqg d wzr glphqvlrqdo lq0
juhglhqw +ydu|lqj lq wudqvyhuvh gluhfwlrqv rqo|,1 Iru
wklv fdvh wkh �hog olqh gl�xvlrq frh�flhqw ehfrphv
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Dv lq Ht1 +8,/ GTO lv wkh txdvlolqhdu uhvxow/ zkloh
G5G lv d gl�xvlrq frh�flhqw dvvrfldwhg zlwk wkh wzr
glphqvlrqdo �xfwxdwlrqv/
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zkhuh �e55G lv wkh yduldqfh ri wkh 5G �xfwxdwlrqv/
dqg wkh Irxulhu vhulhv fruuhvsrqgv wr fduu|lqj rxw
wkh fdofxodwlrq lq d odujh shulrglf er{ ri glphqvlrq
O lq wkh wudqvyhuvh gluhfwlrqv1

Wkh ohqjwk vfdoh �� lv gh�qhg lq whupv ri dq lq0
yhuvh n5

B
zhljkwlqj ri wkh �xfwxdwlrq vshfwuxp dqg

wkxv fdq uhdglo| eh glvwlqjxlvkhg iurp wkh ruglqdu|
fruuhodwlrq vfdoh �f{ +vhh/ h1j1/ +5,,1 �� ghshqgv rq
wkh yhu| orz zdyhqxpehu �xfwxdwlrqv lq wkh wudqv0
yhuvh gluhfwlrq1 Iru wklv uhdvrq/ �� kdv ehhq fdoohg wkh
xowudvfdoh +45,1 Lw lv qrw gl�fxow wr frqmxuh prgho
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vshfwud iru zklfk wkh xowudvfdoh glyhujhv1 Wklv fdq
eh xqghuvwrrg lq sk|vlfdo whupv1 Qrwh wkdw wkh 5G
�xfwxdwlrqv fdq eh h{suhvvhg dv e5G @ u�a}D}+{> |,
zkhuh D} lv wkh }0frpsrqhqw ri wkh yhfwru srwhqwldo
dvvrfldwhg zlwk wkh 5G �xfwxdwlrqv1 Vrphwlphv wklv
lv fdoohg wkh srorlgdo �x{ ixqfwlrq ehfdxvh gl�huhqfhv
lq D} dorqj d olqh duh htxdo wr wkh pdjqhwlf �x{ +shu
xqlw ohqjwk, lqwhuvhfwlqj wkh olqh1 Wkh phdq vtxduh
yhfwru srwhqwldo +6, frpsxwhg ryhu wkh 5G yroxph
O5 lv

kD5
}l @

[
nB

me5G+nB,m5
n5
B

= +;,

E| lqvshfwlrq zh vhh wkdw �� � +kD5
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�� � �D}@�E5G/ zkhuh �D} lv wkh u1p1v1 pdjqhwlf
�x{ lq wkh _pdjqhwlf lvodqgv% wkdw duh fkdudfwhulvwlf
ri 5G wxuexohqfh +6,1 Khuhlq olhv wkh nh| wr xqghu0
vwdqglqj wkh xowudvfdoh/ dv zhoo dv sk|vlfdo uhdvrqv lw
pljkw vrphwlphv eh glyhujhqw1 Wkh xowudvfdoh lv wkh
ohqjwk rewdlqhg iurp wkh udwlr ri phdq vtxduh �x{ wr
phdq �xfwxdwlrq hqhuj|1 Lw lv wkhuhiruh d phdvxuh ri
wkh phdq vl}h ri srorlgdo +5G, �x{ vwuxfwxuhv1 Rqh
vkrxog qrwh wkdw wkh phdq vl}h ri wkh srorlgdo �x{
vwuxfwxuhv pd| eh ri wkh rughu ri O/ wkh er{ vl}h1
Zkdw kdsshqv wr wkh prgho zkhq O $ 4B Wkh lv0
vxh ri �qlwh �� lv uhodwhg wr wkh txhvwlrq ri zkhwkhu doo
srorlgdo vwuxfwxuhv duh frqwdlqhg +forvhg ru dyhudjhg
wr }hur, zlwklq d jlyhq er{ ri vl}h O1 Li vr/ wkhq iru
vwloo odujhu O/ wkh ydoxh ri �� zloo uhpdlq �qlwh1 Lq�0
qlwh phdq vtxduh yhfwru srwhqwldo kD5

}l lv dvvrfldwhg
zlwk wkh lq�qlwh er{ olplw zkhqhyhu wkhuh duh lvodqgv
ri lq�qlwh vl}h wkdw kdyh �qlwh �x{1

Dqrwkhu lvvxh lv zkhwkhu wkhuh duh vljqdwxuhv lq
wkh fruuhodwlrq ixqfwlrqv wkdw duh frqqhfwhg zlwk
��1 Lpdjlqh frpsxwlqj d fruuhodwlrq ixqfwlrq lq wkh
wudqvyhuvh gluhfwlrq xvlqj d phdq odjjhg surgxfw ds0
surdfk1 D sureh lv sodfhg zlwklq d pdjqhwlf lvodqg/
dqg lwv vljqdo lv pxowlsolhg e| wkdw ri d vhfrqg sureh
dv wkh srvlwlrq ri wkh vhfrqg sureh lv ydulhg1 Wkh
dyhudjhg vljqdo fdqqrw dssurdfk }hur xqwlo wkh vhs0
dudwlrq glvwdqfh lv ri wkh rughu ri wkh lvodqg vl}h ~
rwkhuzlvh wkh vsdwldoo| ydu|lqj pdjqhwlf �hog zloo qrw
|hw kdyh fkdqjhg vljq uhodwlyh wr wkh vljqdo dw wkh
ruljlqdo srvlwlrq1 Zkhq wkh surehv duh vhsdudwhg
eh|rqg wkh phdq lvodqg vl}h/ frqwulexwlrqv wr wkh
fruuhodwlrq pd| uhyhuvh vljq1 Rq wkh edvlv ri wklv
khxulvwlf uhdvrqlqj/ zh pd| frqmhfwxuh wkdw wkh xo0
wudvfdoh ��/ zklfk lv d phdvxuh ri phdq srorlgdo lvodqg
vl}h/ lv dovr frqqhfwhg zlwk wkh }hur furvvlqj vfdoh ri
wkh fruuhodwlrq ixqfwlrq1 Wr eh suhflvh/ ohw �3 eh wkh
plqlpxp ohqjwk iru zklfk U{{+�3, @ 31 Rxu frq0
mhfwxuh lv wkdw �� � �31 Li wuxh wklv zrxog surylgh d
frqfhswxdo dqg revhuydwlrqdo edvlv wr glvfxvvlrqv ri
wkh xowudvfdoh1
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Lq sulqflsoh wkhuh fdq eh pdq| ohqjwk vfdohv dvvr0
fldwhg zlwk wkh orqj zdyhohqjwk vkdsh ri wkh fruuhod0
wlrq ixqfwlrq1 Wkhvh zrxog eh htxlydohqw/ iru vwulfwo|
krprjhqhrxv wxuexohqfh +47,/ wr wkh vfdohv dvvrfl0
dwhg zlwk wkh ehkdylru ri wkh vshfwuxp dv n $ 3/ h1j1/
wkh frh�flhqwv lq d srzhu vhulhv h{sdqvlrq derxw
n @ 31 Uhdo wxuexohqfh wkdw lv qrw vr zhoo ehkdyhg
pdwkhpdwlfdoo| dw h{wuhpho| odujh vfdohv/ zloo dovr
kdyh rwkhu fkdudfwhulvwlf ohqjwkv ehvlghv wkh fruuhod0
wlrq vfdoh dqg wkh xowudvfdoh1 Lq wkh vrodu zlqg/ wkhvh
dgglwlrqdo rxwhu vfdohv lqfoxgh dw ohdvw wzr1

Iluvw/ wkhuh lv d vfdoh dvvrfldwhg zlwk wkh euhdn0
grzq ri wkh dvvxpswlrq ri orfdo krprjhqhlw|1 Ioxf0
wxdwlrqv odujhu wkdq vrph vfdoh fdqqrw zlwk uholdelo0
lw| eh ghvfulehg e| krprjhqhrxv wxuexohqfh wkhru|/
qru lv lw olnho| wkdw hyhq wkh ghvfulswlyh iudphzrun
ri vshfwud dqg fruuhodwlrq ixqfwlrqv lv dssursuldwh
iru vxfk vwuxfwxuhv +vhh/ h1j1/ +43,1, Wkh h{lvwhqfh
ri vxfk d vfdoh lv lpsolflw lq ghyhorsphqwv vxfk dv
ZNE wkhru| +48/ 4/ 8,/ lq zklfk vpdooqhvv ri d vfdoh
vhsdudwlrq sdudphwhu lv uhtxluhg1 Wkh vfdoh vhsd0
udwlrq sdudphwhu ri lqwhuhvw iru d v|pphwulf udgldo
vrodu zlqg lv ri wkh rughu ri �@u iru orfdo kholrfhqwulf
glvwdqfh u dqg zdyhohqjwkv ohvv wkdq � +9,1 Wkh vfdoh
dvvrfldwhg zlwk wkh euhdngrzq ri krprjhqhlw| pxvw
eh ri wkh rughu ri u/ dqg zloo lqfuhdvh zlwk kholrfhq0
wulf glvwdqfh1 Krzhyhu/ lw lv gl�fxow wr slqsrlqw d
vlqjoh vfdoh dw zklfk wklv euhdngrzq zloo rffxu1

D vhfrqg dgglwlrqdo rxwhu vfdoh lv ri g|qdplfdo/
udwkhu wkdq nlqhpdwlf ruljlq1 Dv wkh vrodu zlqg
sodvpd dqg pdjqhwlf �hog duh fduulhg rxwzdugv/ orfdo
g|qdplfdo h�hfwv vsuhdg/ ghvwur|lqj phpru| ri wkh
lqlwldo gdwd dw wkh vrodu zlqg vrxufh vxuidfh/ dqg jhq0
hudwlqj qhz lq vlwx fruuhodwlrqv1 Wkh ghyhorsphqw ri
dq dfwlyh PKG fdvfdgh +4:, lv wkh suhhplqhqw h{0
dpsoh ri wklv ghyhorsphqw1 Dw dq| jlyhq kholrfhqwulf
glvwdqfh/ dq lpsruwdqw olplwdwlrq lv wkdw doo srlqwv lq
wkh wxuexohqfh fdqqrw frppxqlfdwh zlwk hdfk rwkhu
lqvwdqwdqhrxvo|1 Lqvwhdg/ wkh lq�xhqfh ri orfdo wxu0
exohqfh dw d srlqw prylqj lq wkh iudph ri wkh phdq
vrodu zlqg vsuhdgv dw d udwh ghwhuplqhg e| fkdudf0
whulvwlf PKG vshhgv1 Lq sulqflsoh/ rqh fdq fdofxodwh
wkh vl}h ri wklv uhjlrq ri g|qdplfdo lq�xhqfh derxw
hdfk srlqw lq wkh zlqg/ dqg wkxv gh�qh d ohqjwk vfdoh
wkdw pljkw eh fdoohg wkh _PKG fdxvdolw| ohqjwk%1

Wr gdwh uhvhdufk lq vrodu zlqg wxuexohqfh kdv qrw
frpsohwho| wdnhq lqwr dffrxqw wkh qdwxuh dqg lq�x0
hqfh ri wkh wkhvh dgglwlrqdo rxwhu vfdohv1 H�ruwv
dorqj wkhvh olqhv pd| khos wr ehwwhu xqghuvwdqg krz
orfdo wxuexohqfh �wv lqwr d pruh frpsohwh slfwxuh ri
wkh kholrvskhulf sodvpd1
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Zh kdyh ehjxq dq revhuydwlrqdo dqdo|vlv ri wkh
rxwhu vfdohv ri vrodu zlqg �xfwxdwlrqv e| xvlqj erwk
Yr|djhu 5 dqg Rpqlwdsh gdwd wr frpsxwh fruuhodwlrq
vfdohv dqg }hur furvvlqj vfdohv1 Fruuhodwlrq vfdohv duh
frpsxwhg dffruglqj wr erwk lqwhjudo dqg h0iroglqj
gh�qlwlrqv1 Wkh Rpqlwdsh fruuhodwlrq ixqfwlrqv duh
frpsxwhg iurp pruh wkdq 65 |hduv ri gdwd1 Wkh uh0
vxowv iru wkh fruuhodwlrq ixqfwlrq ri wkh Q frpsrqhqw
duh vkrzq lq Iljxuh 41 Krxu dyhudjhg Yr|djhu 5
pdjqhwlf �hog gdwd lv rujdql}hg lqwr 5: gd| vdpsohv/
dqg wkh fruuhodwlrq ixqfwlrq lv frpsxwhg iru wkh qru0
pdo +Q, frpsrqhqw1 Iru wkh Rpqlwdsh dqdo|vlv/ doo
dw 4 DX/ wkh uhvxowlqj hvwlpdwhv duh dyhudjhg ryhu
wkh hqwluh vsdq ri wkh gdwdvhw1 Lq wkh fdvh ri Yr|0
djhu gdwd/ uhvxowv duh dyhudjhg ryhu vdpsohv vsdqqlqj
vhyhudo vrodu urwdwlrqv/ surylglqj gdwd srlqwv iru hdfk
txdqwlw| wkdw duh vsdfhg e| vhyhudo DX1 Wkh uhvxowv
duh jlyhq lq wkh Wdeoh ehorz1

Gdwd U+DX, �f +krxuv, �3 +krxuv,

lqw h0irog

Rpql Q 4 41<:0619 518 5517
Y5 Q 407 6148 716 591<
Y5 Q 70: 615 81; 581<
Y5 Q :043 :19 :18 :518
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Wkhvh uhvxowv lqglfdwh wkdw wkh fruuhodwlrq vfdoh
jhqhudoo| lqfuhdvhv zlwk kholrfhqwulf glvwdqfh/ dv kdv
ehhq uhsruwhg hduolhu +<,1 Wkh }hur furvvlqj vfdoh dovr
lqfuhdvhv exw lv frqvlghudeo| odujhu wkdq wkh fruuhod0
wlrq vfdoh dqg lv fohduo| d glvwlqfw vfdoh1 Phdvxuh0
phqwv ri wkh fruuhodwlrq vfdoh vxfk dv wkhvh duh d
fhqwudo frqvwudlqwv lq hydoxdwlqj g|qdplfdo wkhrulhv
ri vrodu zlqg wxuexohqfh +vhh sdshu 516; wkhvh sur0
fhhglqjv/ dqg +46,,1

Wklv uhvhdufk vxssruwhg e| QVI judqwv DWP0
<:468<8 dqg DWP0<949943/ QDVD judqwv QDJ80
98:3 dqg QDJ80:475/ dqg MSO vxefrqwudfw <8<49:1
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