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Devwudfw�Wklv sdshu ghprqvwudwhv d phwkrg wr surgxfh
kljk uhvroxwlrq VDU lpdjhv xvlqj vwhsshg0iuhtxhqflhv1
Dq dgydqwdjh ri wkh vwhsshg0iuhtxhqf| dssurdfk lv wkh
uhgxfwlrq ri wkh lqvwdqwdqhrxv edqgzlgwk dqg vdpsolqj
udwh uhtxluhphqwv ri wkh udgdu v|vwhp/ dv zhoo dv wkh srv0
vlelolw| ri vnlsslqj iuhtxhqflhv wkdw pljkw eh fruuxswhg
gxh wr h{whuqdo lqwhuihulqj iuhtxhqf| vrxufhv1 Wkh whfk0
qltxh ghvfulehg lq wklv sdshu lqyroyhv wkh frqvwuxfwlrq ri
d zlgh0edqgzlgwk fklus sxovh surgxfhg iurp d exuvw ri
qduurz0edqgzlgwk fklus sxovhv wudqvplwwhg dw vwhsshg0
iuhtxhqf| lqwhuydov1 D ghvfulswlrq ri wklv whfkqltxh lv
jlyhq dqg vlpxodwlrq uhvxowv duh vkrzq1

LQWURGXFWLRQ

Wkh xvh ri vwhsshg0iuhtxhqf| zdyhirupv wr rewdlq kljk
udqjh uhvroxwlrq lv zhoo grfxphqwhg ^9`1 V|qwkhwlf udqjh
sur�oh +VUS, surfhvvlqj lv d yhu| h�hfwlyh phwkrg wr re0
wdlq kljk grzqudqjh sur�ohv ri wdujhwv vxfk dv dlufudiw ^8`1
Krzhyhu wklv phwkrg kdv wkh xqiruwxqdwh gudzedfn wkdw
wdujhw hqhuj| vsloov ryhu lqwr frqvhfxwlyh frduvh udqjh elqv
gxh wr wkh pdwfkhg �owhu rshudwlrq/ fdxvlqj _jkrvw lp0
djhv% lq wkh uhvxowlqj udqjh sur�oh ^7`1 Wklv lv wkh pdlq
uhdvrq zk| lw lv qrw uhjdughg dv d vxlwdeoh phwkrg wr
surfhvv VDU lpdjhv1 Lq wkh iroorzlqj vhfwlrq dqrwkhu
phwkrg lv ghvfulehg zklfk grhv qrw fdxvh dq| _jkrvw lp0
djhv%1 Wklv lv ghprqvwudwhg lq Ilj1 4/ zklfk vkrzv d
surfhvvhg VDU lpdjh frqvlvwlqj ri srlqw wdujhwv lq wkh
vkdsh ri dq _U%/ kdylqj ehhq rewdlqhg xvlqj hljkw iuh0
txhqf| vwhsv1
Wklv sdshu irfxvhv pdlqo| rq wkh surgxfwlrq ri kljk

udqjh uhvroxwlrq1 Wr rewdlq kljk uhvroxwlrq lpdjhv/ pr0
wlrq frpshqvdwlrq dqg udqjh fxuydwxuh zrxog dovr kdyh
wr eh dgguhvvhg1

ZDYHIRUP PRGHOOLQJ

Wkh hvvhqfh ri wkh phwkrg ghvfulehg ehorz lv wkh frq0
vwuxfwlrq ri d �fwlwlrxv zlgh0edqgzlgwk fklus vljqdo +zlwk
fhqwuh iuhtxhqf| if/ edqgzlgwk E/ fklus udwh � dqg sxovh
ohqjwk Ws, iurp d jurxs ru exuvw ri q qduurz0edqgzlgwk
fklus vljqdov +zlwk edqgzlgwk E

q
dqg sxovh ohqjwk W

sq
,1

Lw lv lpsruwdqw wkdw wkh qduurz0edqgzlgwk fklus sxovhv

Iljxuh 4= V|qwkhwlf VDU lpdjh surfhvvhg xvlqj vwhsshg0
iuhtxhqf| zdyhirupv

kdyh wkh vdph fklus udwh � dv wkh �fwlwlrxv zlgh0edqgzlgwk
fklus vljqdo1 Wkhuhiruh wkh qduurz edqgzlgwk Eq lv re0
wdlqhg e| uhgxflqj wkh sxovh ohqjwk Ws e| d idfwru ri q/
zkhuh q lv wkh qxpehu ri sxovhv xvhg wr v|qwkhvl}h wkh
wrwdo udgdu edqgzlgwk E1 Wkh fhqwuh iuhtxhqf| ri wkh
qduurz0edqgzlgwk sxovhv/ zklfk duh vwhsshg lq iuhtxhqf|
wr fryhu wkh zkroh v|qwkhvl}hg edqgzlgwk/ lv jlyhq e|
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zkhuh n @ 3 = = = +q � 4,1 Wkh skdvh ri wkh wudqvplwwhg
sxovhv ehorqjlqj wr rqh exuvw fdq eh ghvfulehg e|
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Wkh vljqdo skdvh uhfhlyhg e| wkh VDU v|vwhp iurp d vlqjoh
vfdwwhuhu dw d glvwdqfh uw lv wkhuhiruh jlyhq e|
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Wkh dssursuldwh uhihuhqfh ixqfwlrq iru ghprgxodwlqj dqg



prwlrq frpshqvdwlqj wkh uhfhlyhg vljqdo lv
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zkhuh uv lv wkh glvwdqfh iurp wkh udgdu wr vfhqh fhqwuh1
Wkh suhvhqfh ri wkh frqvwdqw uv lq wklv uhihuhqfh ixqfwlrq
lqwurgxfhv d skdvh whup lq wkh ghprgxodwhg vljqdo zklfk
ydulhv iurp sxovh wr sxovh dqg wkhuhiruh kdv wr eh fdq0
fhoohg1 Wklv fdqfhoodwlrq lv dfklhyhg e| lqfoxglqj dqrwkhu
whup lqyroylqj u

v
lq wkh iuhtxhqf|0vkliw rshudwlrq jlyhq

e| +9,1
Wkh vljqdo wkdw uhvxowv iurp pl{lqj wkh uhfhlyhg vljqdo

ri +6, dqg wkh frpsoh{ frqmxjdwh ri wkh uhihuhqfh ixqfwlrq
ri +7, lv
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Ilj1 5 jlyhv dq ryhuylhz ri wkh vljqdo surfhvvlqj vwhsv
lqyroyhg wr uhfrqvwuxfw wkh zlgh0edqgzlgwk fklus sxovh
iurp +8,1 Lq wkh �jxuh/ wzr qduurz0edqgzlgwk sxovhv dw
edvhedqg duh vkrzq1 Wkhvh wzr sxovhv kdyh wr eh xs0
vdpsohg dqg vkliwhg lq iuhtxhqf|/ dqg d frqvwdqw skdvh
whup kdv wr eh dgghg wr hdfk ri wkhp/ ehiruh wkh| fdq
eh frpelqhg wr |lhog wkh zlgh0edqgzlgwk vljqdo1 Wkhvh
rshudwlrqv duh ghvfulehg lq wkh iroorzlqj vxevhfwlrqv1

Xsvdpsolqj
Wkh qduurz0edqgzlgwk sxovhv duh qdwxudoo| vdpsohg

dw d orzhu udwh wkdq wkh fruuhvsrqglqj zlgh0edqgzlgwk
sxovh1 Ehiruh uhfrpelqlqj wkh qduurz0edqgzlgwk sxovhv
wr rewdlq wkh zlgh0edqgzlgwk sxovh/ wkh| kdyh wr eh xs0
vdpsohg/ xvxdoo| e| d idfwru ri q/ zkhuh q lv wkh qxpehu
ri sxovhv xvhg wr v|qwkhvl}h wkh zlgh edqgzlgwk1 Wklv kdv
ehhq dffrpsolvkhg xvlqj d vwudljkwiruzdug gljlwdo ILU �o0
whu1 Wkh xsvdpsolqj rshudwlrq/ zklfk lv h�hfwlyho| dq
lqwhusrodwlrq/ lv wkh rqo| vwhs lq wkh surfhgxuh zklfk lq0
wurgxfhv d fhuwdlq dprxqw ri huuru lq wkh uhfrqvwuxfwhg
fklus sxovh1 Krzhyhu lw kdv ehhq irxqg wkdw wklv h�hfw lv
qhjoljleoh dqg kdugo| d�hfwv wkh �qdo lpdjh uhvroxwlrq1

Iuhtxhqf|0Vkliw
Vlqfh doo q qduurz0edqgzlgwk sxovhv ghvfulehg e| +8,

duh dw edvhedqg/ wkh| qhhg wr eh vkliwhg lq iuhtxhqf|
ehiruh ehlqj frpelqhg1 D iuhtxhqf| vkliw lq wkh iuhtxhqf|
grpdlq fruuhvsrqgv wr d pxowlsolfdwlrq zlwk d skdvh udps
lq wkh wlph grpdlq1 Wkhuhiruh wkh uhfhlyhg vljqdo kdv wr
eh pxowlsolhg e|
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Iljxuh 5= Frqvwuxfwlrq ri zlgh0edqgzlgwk fklus sxovh

Skdvh Fruuhfwlrq
Lq rughu iru wkh skdvh ri wkh zlgh0edqgzlgwk sxovh wr

eh frqwlqxrxv dw wkh qduurz0edqgzlgwk sxovh erxqgdulhv/
wkh iroorzlqj skdvh0fruuhfwlqj whup !
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Qrwh wkdw wkh iuhtxhqf|0vkliw dqg skdvh0fruuhfwlqj whupv
fdq eh dssolhg vlpxowdqhrxvo|1 Lq idfw wkh skdvh0fruuhfwlqj
whupv fdq eh dssolhg ehiruh xsvdpsolqj wkh vljqdov/ uh0
vxowlqj lq d idvwhu lpsohphqwdwlrq ri wkh zkroh surfhgxuh1

Wlph0Vkliw
Ehiruh dgglqj wkh lqglylgxdo sxovhv wrjhwkhu/ wkh| kdyh

wr eh vkliwhg lq wkh wlph grpdlq1 Wkh qhfhvvdu| wlph0vkliw
lv jlyhq e|
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Lq rughu iru wkh lqglylgxdo fklus sxovhv wr doljq qh{w wr
hdfk rwkhu zlwkrxw glvfrqwlqxlw|/ fduh kdv wr eh wdnhq wr
hqvxuh wkdw wkh wlph0vkliw lv dq lqwhjhu qxpehu ri glvfuhwh
vdpsoh vsdflqjv1 Wklv fdq eh dfklhyhg e| hlwkhu dgmxvwlqj
wkh sxovh ohqjwk Wsq ru wkh D2G vdpsolqj udwh idg1
Wkh udz lpdjh lv qrz uhdg| wr eh surfhvvhg e| d frq0

yhqwlrqdo VDU surfhvvru vxfk dv wkh Fklus Vfdolqj dojr0
ulwkp/ zklfk dovr dssolhv dffxudwh udqjh fxuydwxuh fru0
uhfwlrq1

VLPXODWLRQ UHVXOWV

Ilj1 6 vkrzv d vxuidfh sorw ri wzr srlqw wdujhwv vhsd0
udwhg lq udqjh e| d glvwdqfh ri 6p1 Wkh udgdu sdudphwhuv
wkdw zhuh xvhg wr fuhdwh wkh udz gdwd duh jlyhq lq Wdeoh 41



Hyhu| lqglylgxdo wudqvplwwhg fklus sxovh kdv d edqgzlgwk
ri 48PK} jlylqj d vodqw0udqjh uhvroxwlrq ri 43p1 Krz0
hyhu wkh wrwdo v|qwkhvl}hg edqgzlgwk lv 453PK}/ wkhuhe|
pdnlqj d vodqw0udqjh uhvroxwlrq ri 4=58p srvvleoh1 Wkh
Fklus Vfdolqj dojrulwkp/ zklfk zdv xvhg wr surfhvv wkh
gdwd/ pdgh xvh ri wkh Wd|oru zhljkwlqj ixqfwlrq wr uhgxfh
vlghorehv/ wkhuhe| eurdghqlqj wkh pdlqoreh dqg uhgxflqj
wkh udqjh dqg d}lpxwk uhvroxwlrq e| d idfwru ri 4=671 Qhy0
huwkhohvv wkh wzr srlqw wdujhwv vkrzq lq Ilj1 6 duh fohduo|
glvwlqjxlvkdeoh1 Lw lv lpsruwdqw wr qrwh wkdw wkhuh duh
qr _jkrvw lpdjhv% lq wkh surfhvvhg lpdjh1 Ixuwkhupruh/
lw zdv srvvleoh wr uhgxfh wkh plqlpxp D2G vdpsoh udwh
iurp 453PK} wr 48PK} +lq wkh vlpxodwlrq 4:=8PK} zdv
xvhg,/ wkhuhe| doohyldwlqj wkh lqvwdqwdqhrxv vdpsoh udwh
uhtxluhphqwv ri wkh udgdu1
D glvdgydqwdjh ri vwhsshg0iuhtxhqf| v|vwhpv lv wkh lq0

fuhdvh lq SUI1 Li wkh lqfuhdvh lq SUI ehfrphv lqwrohudeoh/
rqh pljkw kdyh wr uhvruw wr phwkrgv vxfk dv pxowlsoh SUI
udqjlqj ^5 sj1 449`1

LQWHUSRODWLQJ PLVVLQJ IUHTXHQFLHV

Uhfhqw dgydqfhv lq dqdorjxh0wr0gljlwdo whfkqrorj| kdyh
pdgh lw lqfuhdvlqjo| pruh ihdvleoh wr dfklhyh kljk lqvwdq0
wdqhrxv edqgzlgwkv/ wkhuhe| uhgxflqj wkh qhhg wr uhvruw
wr vwhsshg0iuhtxhqf| zdyhirupv wr rewdlq kljk udqjh uhv0
roxwlrq1 Krzhyhu wkh fdsdelolw| wr rplw iuhtxhqflhv lq
d wudqvplw0exuvw wkdw duh fruuxswhg gxh wr h{whuqdo lq0
whuihuhqfh uhpdlqv dq lpsruwdqw dgydqwdjh/ hvshfldoo| iru
kljk0uhvroxwlrq YKI v|vwhpv wkdw rshudwh lq d iuhtxhqf|
edqg frqwdplqdwhg zlwk eurdgfdvw IP dqg preloh udglr1
Lw lv ghvludeoh wr lqwhusrodwh wkh plvvlqj gdwd lq rughu wr
rewdlq wkh kljkhvw srvvleoh udqjh uhvroxwlrq1 Vxlwdeoh lq0
whusrodwlrq whfkqltxhv duh fxuuhqwo| xqghu lqyhvwljdwlrq1

Iljxuh 6= Vxuidfh sorw ri wzr srlqw wdujhwv

Wdeoh 4= Udgdu Sdudphwhuv
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FRQFOXVLRQV

Wkh phwkrg sursrvhg lq wklv sdshu wr uhfrpelqh d
qxpehu ri qduurz0edqgzlgwk fklus sxovhv wr frqvwuxfw d
zlgh0edqgzlgwk fklus sxovh kdv ehhq vkrzq wr eh ihdvleoh
zlwk wkh dlg ri vlpxodwhg VDU gdwd1 Lw grhv qrw vx�hu
iurp wkh _jkrvw lpdjh% h�hfw dv wkh VUS phwkrg/ dqg
lw lv idluo| vwudljkwiruzdug wr lpsohphqw1 Ixuwkhu zrun
zloo vwloo kdyh wr eh fduulhg rxw wr ghwhuplqh wkh rswlpdo
phwkrg wr lqwhusrodwh plvvlqj iuhtxhqflhv1

DFNQRZOHGJPHQWV

Wkh dxwkruv zlvk wr wkdqn Uroi Ohqjhqihoghu iru klv
khos zlwk wkh surgxfwlrq ri wkh v|qwkhwlf gdwd1
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