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XOWUDZLGHEDQG udgdu kdv suryhq wr eh d yhu|
srzhuixo phwkrg iru xqghujurxqg dqg revfxuhg

remhfw ghwhfwlrq1 Wkh frpelqdwlrq ri xvlqj orz iuh0
txhqflhv +zklfk h{klelw yhu| jrrg iroldjh dqg jurxqg
shqhwudwlqj fdsdelolwlhv, vxfk dv YKI2XKI ru hyhq
orzhu/ dqg xvlqj zlghedqg sxovhv +zklfk surylgh kljk
udqjh uhvroxwlrq,/ fuhdwhv d zlgh ydulhw| ri dssol0
fdwlrqv/ pdnlqj wkhvh udgdu v|vwhpv h{wuhpho| xvh0
ixo1 Vxfk dssolfdwlrqv lqfoxgh wkh ghwhfwlrq ri wdujhwv
frqfhdohg e| iroldjh dqg2ru fdprx�djh/ ghwhfwlrq ri
exulhg remhfwv/ ghwhfwlrq dqg orfdwlrq ri exulhg slshv
dqg fdeohv/ dqg dufkdhrorjlfdo dqg jhrorjlfdo h{sor0
udwlrq/ vxfk dv wkh orfdwlrq ri xqghujurxqg ulyhuehgv1
Krzhyhu wkhvh iuhtxhqf| edqgv duh douhdg| lq xvh e|
rwkhu vhuylfhv vxfk dv whohylvlrq/ preloh frppxqlfd0
wlrqv/ udglr dqg fhooxodu skrqhv1 Wkh lqwhuihuhqfh
srzhu uhfhlyhg iurp wkhvh hplwwhuv riwhq h{fhhgv wkh
uhfhlyhu qrlvh e| pdq| gE/ wkhuhe| olplwlqj wkh v|v0
whp vhqvlwlylw|1 Uhjxodwru| vdqfwlrqv gr qrw doorz wkh
lqfuhdvh ri udgdu srzhu/ vr wkdw sulru vhuylfhv duh qrw
dssuhfldeo| ghjudghg1 Wkhuhiruh lw lv lpsruwdqw wr
lqyhvwljdwh srvvleoh phdqv ri vxssuhvvlqj wkh lqwhuihu0
hqfh lq wkh uhfhlyhg vljqdo1
Vxssuhvvlqj udglr lqwhuihuhqfh iurp d uhfhlyhg vljqdo

hvvhqwldoo| lqyroyhv wkuhh vwhsv ^4`=

41 Ilqglqj d prgho wr sdudphwhulvh wkh lqwhuihulqj
vljqdov/

51 hvwlpdwlqj wkh sdudphwhuv ri wkh lqwhuihulqj vlj0
qdov xvlqj wkh phdvxuhg gdwd/ dqg

61 xvlqj wkh hvwlpdwhg sdudphwhuv wr vxssuhvv wkh
lqwhuihuhqfh lq wkh gdwd1
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Vhfwlrq LL glvfxvvhv wkh prgho zklfk lv frpprqo|
xvhg wr sdudphwhulvh wkh lqwhuihulqj vljqdov/ dqg Vhf0
wlrq LLL jlyhv d yhu| eulhi olwhudwxuh uhylhz ri ds0
surdfkhv wkdw kdyh ehhq xvhg vxffhvvixoo| wr vxssuhvv
UI lqwhuihuhqfh1 Dq dssurdfk wkdw kdv uhfhlyhg yhu|
idyrxudeoh uhylhz lv wkh ohdvw0phdq0vtxduhg +OPV,
dgdswlyh �owhu ^4/ 43/ 49`1 Lw lv ghvfulehg lq ghwdlo lq
Vhfwlrq LY/ dqg wkh uhvxowv wkdw kdyh ehhq rewdlqhg
iurp vlpxodwhg gdwd dqg iurp uhdo S0Edqg gdwd duh
glvfxvvhg lq Vhfwlrq Y dqg Vhfwlrq YL uhvshfwlyho|1
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Lw lv lpsruwdqw wr ghvfuleh wkh lqwhuihuhqfh hqylurq0
phqw dv dffxudwho| dv srvvleoh1 Wklv lqfoxghv vwdwlv0
wlfv rq wkh ghqvlw| ri wkh lqwhuihuhqfh hplwwhuv/ lghqwlw|
+w|sh, ri hplwwhuv/ h�hfwlyh udgldwhg srzhu/ prgxod0
wlrq edqgzlgwk/ gxw| idfwru dqg whpsrudo ghshqghqfh1
Wkh prvw gluhfw zd| wr dfklhyh wklv lv wr pdnh xvh
ri _vql�hu% sxovhv ru _olvwhqlqj ehiruhkdqg% vfkhphv/
krzhyhu wklv lv qrw |hw jhqhudoo| lpsohphqwhg lq sudf0
wlfh1 Dowkrxjk wklv phwkrg lv xvhixo iru pdq| vljqdo
surfhvvlqj phwkrgv/ lwv h�hfwlyhqhvv ghshqgv vwurqjo|
rq krz orqj wkh UIL uhpdlqv frkhuhqw1

Prvw dssurdfkhv prgho wkh UIL dv d vxshusrvlwlrq
ri vlqjoh vlqxvrlgdo _wrqhv%/ dqg wkh zlghedqg vljqdo
soxv v|vwhp qrlvh dv zklwh qrlvh1 Vxuyh|v shuiruphg
e| wkh Juxppdq H05F XKI udgdu +753~783PK}, ^<`
kdyh vkrzq wkdw 83( ri hplwwhuv kdyh d vshfwudo edqg0
zlgwk ehwzhhq 3~83 nK} +vlqjoh fkdqqho yrlfh2udglr
whohjudsk|,/ 73( ehwzhhq 83~483 nK} dqg ohvv wkdq
43( kdyh d edqgzlgwk juhdwhu wkdq 483 nK} +gdwd
frppxqlfdwlrqv/ pxowlfkdqqho whohskrq|/ hwf1,

Lw lv lpsruwdqw wr hvwlpdwh wkh prgxodwlrq wlph ri
wkh UIL/ zklfk lv wkh lqyhuvh ri wkh UIL edqgzlgwk/ lq
rughu wr suhglfw zkhwkhu wkh sdudphwhuv ri wkh prg0
hoohg vlqxvrlgdo lqwhuihuhqfh fkdqjh dfurvv rqh udqjh
olqh/ l1h1 zkhwkhu wkh wrqh prgho ri wkh UIL euhdnv
grzq1 Dffruglqj wr Eudxqvwhlq hw do ^5`/ prvw UIL
kdv d prgxodwlrq wlph ri 8~43�v/ zklfk lv frqvlvwhqw
zlwk dq h�hfwlyh edqgzlgwk ri d ihz kxqguhg nK} ru
ohvv1
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UIL vxssuhvvlrq dojrulwkpv idoo lqwr wzr fodvvhv/
qdpho| +4, vshfwudo hvwlpdwlrq dqg frkhuhqw vxewudf0
wlrq dssurdfkhv dqg +5, ydulrxv �owhu dssurdfkhv1 Wkh
uhodwlyh phulwv dqg glvdgydqwdjhv ri wkhvh dssurdfkhv
duh glvfxvvhg lq wkh iroorzlqj vxevhfwlrqv1 Rqh ds0
surdfk wkdw kdv qrw ehhq lqyhvwljdwhg lv wkh fuhdwlrq
ri dqwhqqd sdwwhuq qxoov lq wkh gluhfwlrq ri wkh UIL
vrxufh dv d phdqv iru vxssuhvvlqj wkh lqwhuihuhqfh1



D1 Vshfwudo hvwlpdwlrq dqg frkhuhqw vxewudfwlrq ds0
surdfkhv

Wkhvh dssurdfkhv kdyh ehhq vkrzq wr eh h{wuhpho|
h�hfwlyh dqg srzhuixo wr wkh h{whqw wkdw wkh prgho ri
UIL dv d vxshusrvlwlrq ri vlqxvrlgv lv wuxh1 Wkh| uh0
txluh wkh iuhtxhqf|/ skdvh dqg dpsolwxgh +$> !> �, ri
hdfk lqwhuihulqj vlqxvrlg wr eh hvwlpdwhg/ diwhu zklfk
wkh vlqxvrlgv duh vxewudfwhg iurp wkh frqwdplqdwhg
vljqdo1 Wkh shuirupdqfh lv h{fhoohqw lq whupv ri orz
vljqdo glvwruwlrq dqg jrrg lqwhuihuhqfh vxssuhvvlrq/
krzhyhu wkh h�hfwlyhqhvv lv uhgxfhg iru kljk prgx0
odwlrq edqgzlgwkv/ vlqfh wkh sdudphwhuv fkdqjh ryhu
wkh uhfrug ohqjwk1 Iru frpsxwdwlrqdo h�flhqf| dqg
h�hfwlyhqhvv/ wkhvh phwkrgv pxvw eh _wxqhg% wr xvh
d sulrul nqrzohgjh/ vxfk dv zkhuh wkh IP0eurdgfdvw
edqg lv orfdwhg ^46`1 Ixuwkhupruh wkh sdudphwhuv ri
wkh wrqhv +hvshfldoo| wkh skdvh, pxvw eh hvwlpdwhg iru
hyhu| sxovh1
Eudxqvwhlq hw do ^5` kdyh dfklhyhg yhu| jrrg uhvxowv

xvlqj dpd{lpxp olnholkrrg hvwlpdwh +POH, dssurdfk1
Iru d vlqjoh vlqxvrlg lq zklwh qrlvh wkh sdudphwhu yhf0
wru +$> !>�, fdq eh irxqg dqdo|wlfdoo|/ krzhyhu iru
pxowlsoh vlqxvrlgv lw ehfrphv dq h{wuhpho| gl�fxow
qrqolqhdu sureohp lqyroylqj 6p yduldeohv/ zkhuh p lv
wkh qxpehu ri vlqxvrlgv wr eh hvwlpdwhg1 Dq h�flhqw
whfkqltxh wr ryhufrph wklv sureohp lv wr xvh dq lwhud0
wlyh dojrulwkp/ zkhuh wkh lqlwldo jxhvv ri wkh hvwlpdwhv
lv lwhudwlyho| lpsuryhg1 Wkh lqlwldo jxhvv pd| eh re0
wdlqhg iurp wkh gdwd vshfwuxp e| dsso|lqj dq IIW1
Dqrwkhu phwkrg zrxog eh wr prgho wkh UIL/ vljqdo
dqg qrlvh dv dq dxwruhjuhvvlyh +DU, surfhvv ^4/ 45`1
Wkh hvwlpdwh e{^q` ri wkh qwk vdpsoh ri wkh phdvxuhg
gdwd lv jlyhq e|

e{^q` @ �
s[

n@4

d^n`{^q� n` . x^q` +4,

zkhuh s lv wkh rughu ri wkh prgho/ lqglfdwlqj wkdw s@5
vlqxvrlgv fdq eh hvwlpdwhg/ d^n` duh wkh dxwruhjuhvvlyh
sdudphwhuv zklfk qhhg wr eh ghulyhg iurp wkh phd0
vxuhg gdwd/ dqg x^n` lv wkh vljqdo soxv qrlvh +zlwkrxw
lqwhuihuhqfh,1 Dffruglqj wr Eudxqvwhlq hw do ^5` wkh uh0
vxowv rewdlqhg xvlqj wklv phwkrg duh vlplodu wr wkrvh
rewdlqhg xvlqj wkh POH phwkrg1
Jroghq hw do ^:` xvhg d sdudphwulf pd{lpxp olnhol0

krrg +SPO, dojrulwkp iru wkh hvwlpdwlrq ri wkh sdud0
phwhuv ri wkh UIL wrqhv1 Wklv dojrulwkp lv dovr dssolhg
wr ghudps VDU1 Lw lv fodlphg wkdw <3~<8( ri wkh UIL
wkdw frxog kdyh fruuxswhg d VDU lpdjh lv uhpryhg1
Wkh qxpehu ri lwhudwlrqv wkurxjk wkh SPO dojrulwkp
dw hdfk wkuhvkrog lv dssur{lpdwho| htxdo wr wkh qxp0
ehu ri wrqhv ehlqj hvwlpdwhg1
Ploohu hw do ^46` kdyh ghyhorshg d fklus0ohdvw0vtxduhv

dojrulwkp zlwk folsslqj +FOVF,1 Wkh iroorzlqj dgydq0
wdjhv duh fodlphg/ frpsduhg wr dgdswlyh ILU �owhulqj=

� Dq hvwlpdwh0dqg0vxewudfw dojrulwkp surylghv wkh
qduurzhvw srvvleoh vwrs0edqg iru d jlyhq gdwd
ohqjwk dqg wkhuhiruh plqlplvhv wlph0vlghorehv1

� Wkh FOVF whfkqltxh doorzv lwhudwlyh/ qrqolqhdu
vljqdo +wdujhw, h{flvlrq/ zklfk uhgxfhv vlghorehv
dqg vljqdo orvv hyhq ixuwkhu1

� Wkhuh duh qr �owhu hgjh h�hfwv1

Wklv phwkrg pdnhv xvh ri d sulrul nqrzohgjh ri
wkh UIL hqylurqphqw1 D qrq0ohdvw0vtxduhv dssurdfk
lv xvhg wr prgho IP vljqdov/ zklfk ydu| e| dv pxfk
dv :8 nK} iurp wkh fhqwuh iuhtxhqf|1

Ihuuhoo ^8` kdv ghyhorshg d phwkrg zklfk uhtxluhv
50G frpsuhvvlrq ri wkh VDU lpdjh +frqwdlqlqj erwk
vljqdo dqg lqwhuihuhqfh,/ diwhu zklfk d vhfrqg frp0
suhvvhg VDU lpdjh +frqwdlqlqj rqo| lqwhuihuhqfh, lv
frkhuhqwo| vxewudfwhg1 Wklv uhtxluhv wzr duud|v ri
gdwd wr eh froohfwhg lq dq lqwhuohdyhg pdqqhu/ zklfk
pljkw uhtxluh wkh SUI wr eh lqfuhdvhg e| d idfwru ri
51 Lw lv fodlphg wkdw wklv phwkrg ohdyhv wkh wdujhw dqg
foxwwhu skdvh klvwru| hvvhqwldoo| lqwdfw1

E1 Ilowhu dssurdfkhv

D frpprq vxssuhvvlrq dssurdfk lv wr h{dplqh wkh
vshfwuxp ri wkh frqwdplqdwhg vljqdo/ lghqwli| wkh lq0
whuihuhqfh vslnhv zklfk duh xvxdoo| pdq| gE odujhu
wkdq wkh vljqdo/ dqg wkhq wr uhpryh wkhvh vslnhv zlwk d
qrwfk �owhu1 Dowkrxjk wkh qrwfklqj frqfhsw lv h�hfwlyh
iru yhu| qduurzedqg lqwhuihuhuv dqg d vpdoo qxpehu ri
hplwwhuv/ lw fdq dovr surgxfhv dgyhuvh h�hfwv rq wkh
ryhudoo udgdu v|vwhp shuirupdqfh ^<`/ vxfk dv uhgxf0
lqj lpdjh lqwhqvlw|/ uhgxflqj udqjh uhvroxwlrq/ fuhdw0
lqj orvv lq wkh wdujhw*v lqwhjudwhg vljqdo wr qrlvh udwlr
dqg lqwurgxflqj wlph0vlghorehv1

Nrxwvrxglv dqg Orydv ^<` ghvfuleh dq UIL Plqlpl0
vdwlrq dojrulwkp ghyhorshg e| Juxppdq Dhurvsdfh
Frusrudwlrq/ zklfk lv edvhg rq ohdvw0phdq0vtxduhg hv0
wlpdwlrq wkhru|1 D vlqjoh �owhu lv xvhg wr dfklhyh erwk
wkh lqwhuihuhqfh vxssuhvvlrq dv zhoo dv wkh htxdolvd0
wlrq qhhghg wr ryhufrph wkh glvwruwlrqv fdxvhg e| wkh
qrwfklqj ixqfwlrq1 Wklv phwkrg kdv ehhq whvwhg h{0
whqvlyho| xvlqj qxphurxv gdwd vhwv dqg h{fhoohqw shu0
irupdqfh uhvxowv kdyh ehhq rewdlqhg iru doo vfhqdulrv1

Exfnuhxvv ^6` kdv lpsohphqwhg d qrwfk �owhu wr vxs0
suhvv UI lqwhuihuhqfh lq frqwdplqdwhg S0Edqg gdwd1
Wkh lqwhuihuhqfhv kdyh ehhq uhpryhg wr d odujh h{0
whqw/ zlwk vrph vlghorehv ylvleoh lq duhdv zlwk lqwhqvh
edfnvfdwwhu/ dv zhoo dv d voljkw ghjudgdwlrq ri wkh frq0
wudvw1

Dehqg dqg PfFrunoh ^4` kdyh dfklhyhg jrrg uhvxowv
xvlqj dq dgdswlyh ILU �owhu dssurdfk1 Wkh dgds0
wlyh �owhu lv dq ryhu0ghwhuplqhg v|vwhp surgxflqj d
ILU �owhu zlwk q wdsv/ lqghshqghqw ri wkh qxpehu
ri lqwhuihulqj vljqdov1 Dv rssrvhg wr wrqh h{wudfwlrq
phwkrgv/ wklv phwkrg vlpxowdqhrxvo| holplqdwhv kxq0
guhgv ri qduurzedqg lqwhuihuhuv1 D orz xsgdwh udwh
iru wkh �owhu wds zhljkwv lv doorzhg/ vlqfh wkh �owhu
zhljkwv zhuh irxqg wr eh h�hfwlyh iru kxqguhgv ri vxe0
vhtxhqw udgdu sxovhv1 Ixuwkhupruh/ plqlpdo frpsxwd0
wlrqdo frpsoh{lw| lv uhtxluhg/ pdnlqj wklv d yhu| idvw
phwkrg1 Dq lwhudwlyh whfkqltxh kdv ehhq xvhg wr uh0
gxfh wkh udqjh vlghorehv fdxvhg e| wkh �owhu*v lpsxovh
uhvsrqvh1 Wkh dgdswlyh �owhu lv edvhg rq dq dxwruh0
juhvvlyh +DU, doo0sroh lqwhuihuhqfh prgho/ zklfk dovr
prghov wkh UIL dv vlqxvrlgdo wrqhv1 Krzhyhu wkh vl0
qxvrlgdo prgho rqo| qhhgv wr eh ydolg dfurvv wkh uho0
dwlyho| vkruw �owhu ohqjwk1 Ixuwkhupruh wkh �owhu rqo|
ghshqgv rq vshfwudo hqhuj|/ vr wkh wds zhljkwv duh qrw
d�hfwhg e| wkh skdvh ri wkh lqwhuihuhqfh wrqh1 D ixu0
wkhu dgydqwdjh lv wkdw wkh dgdswlyh �owhu _ohduqv% wkh
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hqylurqphqw1 Lw lv fodlphg wkdw wkh lqwhuihuhqfh vxs0
suhvvlrq �owhu fdq eh vxshulru wr wkh wrqh h{wudfwru ^4`1
D glvdgydqwdjh ri xvlqj d �owhu dssurdfk lv wkh uhgxf0
wlrq lq uhfrug ohqjwk ehfdxvh ri hgjh h�hfwv1
Oh hw do ^43` kdyh lpsohphqwhg dq OPV dgdswlyh

�owhu zlwk yhu| jrrg uhvxowv1 Wkh �owhu shuirupdqfh
zlwk uhvshfw wr wkh �owhu sdudphwhuv lv dqdo|vhg lq
whupv ri wkh udgdu shuirupdqfh sdudphwhuv vxfk dv
wkh lqwhjudwhg vlghoreh udwlr +LVOU, dqg shdn vlghoreh
udwlr +SVOU,1

YX� C�j w�7 �aBV|��j 8�,|ji

Dgdswlyh �owhuv kdyh ehhq zlgho| xvhg lq lqwhuihu0
hqfh vxssuhvvlrq dssolfdwlrqv ^4/ 9/ 43/ 44/ 49`1 Lq
frqwudvw wr �{hg �owhuv/ wkh| kdyh wkh ghvluhg delolw|
wr dgmxvw wkhlu rzq sdudphwhuv dxwrpdwlfdoo|1 Olwwoh
ru qr d sulrul nqrzohgjh ri wkh vljqdo ru qrlvh fkdu0
dfwhulvwlfv lv uhtxluhg1 Lw lv/ krzhyhu/ dvvxphg wkdw
wkh lqwhuihuhqfh lv vlqxvrlgdo1 Wkh dgdswlyh �owhu uh0
olhv rq d uhfxuvlyh dojrulwkp/ zklfk/ lq d vwdwlrqdu|
hqylurqphqw/ frqyhujhv wr wkh rswlpxp Zlhqhu vrox0
wlrq1 Lq d qrq0vwdwlrqdu| hqylurqphqw/ wkh dojrulwkp
r�huv d wudfnlqj fdsdelolw|/ zkhuhe| lw fdq wudfn wlph
yduldwlrqv lq wkh vwdwlvwlfv ri wkh lqsxw gdwd1
Iljxuh 4 vkrzv d vfkhpdwlf ri wkh OPV dgdswlyh

�owhu dv lw lv xvhg iru UI lqwhuihuhqfh fdqfhoolqj1 Lw uh0
txluhv d sulpdu| lqsxw g dqg d uhihuhqfh lqsxw {/ zklfk
lv rewdlqhg e| ghod|lqj wkh sulpdu| lqsxw iru vrph
wlph ghod| �1 Wkh dgdswlyh olqhdu frpelqhu zhljkv
dqg vxpv d vhw ri lqsxw vljqdov wr irup dq dgdswlyh
rxwsxw1 Wkh q0hohphqw lqsxw vljqdo yhfwru G dqg wkh
zhljkw yhfwru Z duh gh�qhg dw wlph m dv iroorzv=

Gm @ ig+m,> g+m � 4,> g+m � 5,> ===> g+m � q. 4,j +5,

dqg

Zm @ iz
3
+m,> z

4
+m,> z

5
+m,> ===> zq�4+m,j +6,

Wkh uhihuhqfh vljqdo yhfwru [m lv gh�qhg dv

[m @ Gm�� +7,

Wkh rxwsxw |+m, ri wkh �owhu lv htxdo wr wkh lqqhu surg0
xfw ri wkh urz yhfwruvZ

m
dqg [

m

|+m, @Z
m
�[W

m
@ [

m
�ZW

m
+8,

Wklv rxwsxw lv dq hvwlpdwh ri wkh UI lqwhuihuhqfh1 Wkh
huuru vljqdo h+m,/ zklfk lv wkh ghvluhg fohdqhg udgdu

A��w, W

-BaBi �BiB6j|jit Nu 7�6�,B|ja BAa ���BAa $B|B

fhqwuh iuhtxhqf| 783PK}
fklus edqgzlgwk 4;PK}
sxovh ohqjwk 8�v
D2G +frpsoh{, vdpsoh udwh 93PK}
udqjh elqv 537;

A��w, WW

-BaBi �jiuNi6BAWj �t 8�,|ji �BiB6j|jit

Ilowhu Sdudphwhuv Udgdu Shuirupdqfh
zhljkwv � PO Zlgwk SVOU LVOU

^udqjh elqv` ^gE` ^gE`

53 4h�7 6=4 �8=63 6=3<
53 4h�8 6=5 �:=5: 4=53
53 4h�9 6=7 �4=:6 43=5

433 4h�7 5=< �6=3; :=48
433 4h�8 6=4 �<=<: �3=9;
433 4h�9 6=5 �45=7 �3=96
589 4h�7 xqvwdeoh xqvwdeoh xqvwdeoh
589 4h�8 6=3 �:=;< 3=73
589 4h�9 6=5 �45=< �5=:;

vljqdo/ lv rewdlqhg e| vxewudfwlqj wkh UI lqwhuihuhqfh
hvwlpdwh iurp wkh sulpdu| lqsxw g+m, dffruglqj wr

h+m, @ g+m,� |+m, @ g+m,�Z
m
�[W

m
+9,

Wkh OPV dgdswlyh dojrulwkp plqlplvhv wkh phdq0
vtxduh huuru h+m, e| uhfxuvlyho| dowhulqj wkh zhljkw
yhfwru Zm

dw hdfk vdpsolqj lqvwdqw dffruglqj wr wkh
Zlgurz0Kr� dojrulwkp ^48`/ |lhoglqj

Zm.4 @Zm . 5�h+m,[�

m
+:,

zkhuh wkh � v|pero ghvljqdwhv frpsoh{ frqmxjdwlrq
dqg � lv d frqyhujhqfh idfwru frqwuroolqj vwdelolw| dqg
udwh ri dgdswdwlrq1 D odujhu ydoxh ri � lqfuhdvhv wkh
udwh ri frqyhujhqfh/ exw dovr ohdgv wr d odujhu �qdo
plvdgmxvwphqw/ zklfk lv d txdqwlwdwlyh phdvxuh ri wkh
dprxqw e| zklfk wkh �qdo ydoxh ri wkh phdq0vtxduhg
huuru ghyldwhv iurp wkh plqlpxp phdq0vtxduhg huuru
wkdw lv surgxfhg e| wkh rswlpxp Zlhqhu �owhu1

X� 7�6�,B|�NA 7j|�V BAa -jt�,|t

Wkh dgdswlyh �owhu zdv dssolhg rq vlpxodwhg gdwd
wr yhuli| lwv vxlwdelolw| iru UI lqwhuihuhqfh vxssuhv0
vlrq1 Wdeoh L olvwv wkh uhohydqw udgdu sdudphwhuv ri wkh
vlpxodwlrq1 Wkhvh sdudphwhuv fruuhvsrqg wr wkh uhdo
S0Edqg gdwd dqdo|vhg lq Vhfwlrq YL1 Wkh rswlpxp
�owhu sdudphwhuv fdq wkhq eh xvhg iru vxssuhvvlqj wkh
UI lqwhuihuhqfh lq wkh S0Edqg gdwd1
Wkh vlpxodwlrq zdv dvvhpeohg dv iroorzv= D fohdq

vljqdo +vhh �uvw froxpq ri Iljxuh 5, uhsuhvhqwlqj wkh
lghdo uhwxuq ri d vlqjoh srlqw wdujhw zdv lqmhfwhg zlwk
edvhedqghg UI _lqwhuihuhqfh% lq wkh irup ri �yh sxuh
vlqxvrlgv dw iuhtxhqflhv �;/ �8/ �4/ 7 dqg <PK} zlwk
fruuhvsrqglqj lqwhuihuhqfh0wr0vljqdo dpsolwxgh udwlrv
ri 9/ 5/ :/ 7 dqg 8 gE uhvshfwlyho| dqg zlwk udqgrp
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skdvh +vhh vhfrqg froxpq ri Iljxuh 5,1 Zklwh qrlvh
zlwk d VQU ri 53gE zdv dovr dgghg1 Wklv frqwdpl0
qdwhg vljqdo zdv ihg wr wkh dgdswlyh �owhu +vhh wklug
froxpq ri Iljxuh 5,/ dqg wkh shuirupdqfh ri wkh �owhu
zdv hydoxdwhg e| udqjh frpsuhvvlqj wkh �owhu rxwsxw
dqg phdvxulqj wkh wdujhw pdlqoreh zlgwk/ wkh shdn
vlghoreh udwlr +SVOU, dqg wkh lqwhjudwhg vlghoreh ud0
wlr +LVOU,/ phdvxuhg dfurvv 533 udqjh elqv1

D1 Ilowhu Shuirupdqfh

Wdeoh LL jlyhv dq lqglfdwlrq ri krz wkh udgdu shu0
irupdqfh lv d�hfwhg e| wkh qxpehu ri �owhu zhljkwv
dqg wkh frqyhujhqfh idfwru �1 Wkh ghod| � kdv qrw
ehhq lqfoxghg/ vlqfh lw zdv irxqg wkdw d ghod| ri rqh
wlph vdpsoh zdv vx�flhqw/ dqg odujhu ydoxhv ri � glg
qrw d�hfw wkh uhvxowv vljql�fdqwo|1 Lw kdv wr eh qrwhg
wkdw wkh ydoxh ri � lv lqyhuvho| ghshqghqw rq wkh dp0
solwxgh ri wkh lqsxw yhfwru/ dqg wkhuhiruh wkh devroxwh
ydoxh lv qrw dv lpsruwdqw dv wkh uhodwlyh fkdqjh zlwk
uhvshfw wr wkh qxpehu ri zhljkwv1 Ixuwkhupruh/ dv wkh
qxpehu ri zhljkwv lqfuhdvhv/ wkh ydoxh ri � qhhgv wr
eh ghfuhdvhg dssursuldwho|/ rwkhuzlvh wkh �owhu rxw0
sxw ehfrphv xqvwdeoh1 Wklv fdq eh vhhq lq Wdeoh LL
zlwk 589 zhljkwv dqg � @ 43�71 Jhqhudoo| wkh shu0
irupdqfh lqfuhdvhv dv � ghfuhdvhv1 Krzhyhu li � eh0
frphv wrr vpdoo/ wkh zhljkwv gr qrw frqyhujh/ zklfk
dovr |lhogv srru shuirupdqfh1 Wklv zdv wkh fdvh zlwk
53 zhljkwv dqg � @ 43�91 Wkh uhvxowv dovr lpsuryh dv

pruh zhljkwv duh xvhg/ krzhyhu wklv lqfuhdvhv frpsx0
wdwlrq wlph dqg hgjh h�hfwv1
Iljxuh 5 judsklfdoo| looxvwudwhv wkh uhvxowv wkdw zhuh

rewdlqhg zlwk 589 zhljkwv dqg � @ 43�91 Wkh �uvw
froxpq glvsod|v wkh lghdo vljqdo/ zlwkrxw dq| lqwhuihu0
hqfh1 Wkh vhfrqg froxpq glvsod|v wkh frqwdplqdwhg
vljqdo/ zlwk wkh vshfwuxp frpsohwho| grplqdwhg e|
qrlvh dqg lqwhuihuhqfh1 Wkh srlqw wdujhw lv qrw gh0
whfwdeoh lq wkh udqjh frpsuhvvhg vljqdo vkrzq lq wkh
odvw urz1 Wkh wklug froxpq vkrzv wkh rxwsxw ri wkh
dgdswlyh �owhu/ zklfk lv fohduo| d ydvw lpsuryhphqw
frpsduhg wr wkh qrlv| vljqdo1 Orrnlqj dw wkh vhfrqg
urz/ wkh �owhu kdv vljql�fdqwo| vxssuhvvhg wkh vslnhv
fdxvhg e| wkh vlqxvrlgdo lqwhuihuhqfhv1 Wkh srlqw wdu0
jhw lv fohduo| ylvleoh lq wkh udqjh frpsuhvvhg vljqdo/
zlwk wkh shdn vlghoreh ehlqj�45=<gE ehorz wkh pdlq0
oreh/ xvlqj d uhfwdqjxodu zhljkwlqj zlqgrz1

E1 Shuirupdqfh Rswlplvdwlrq

Wkh dgdswlyh �owhu kdv ehhq prgl�hg dv iroorzv lq
rughu wr lpsuryh wkh shuirupdqfh phdvxuhg lq whupv
ri wkh SVOU dqg LVOU=

� Wkh udqjh frpsuhvvhg rxwsxw ri wkh dgdswlyh �o0
whu vrphwlphv glvsod|hg rqh yhu| surplqhqw vlgh0
oreh1 Lq rughu wr plqlplvh wklv h�hfw/ wkh dgds0
wlyh �owhu zdv vzhsw wkurxjk wkh lqsxw yhfwru
iurp erwk hqgv/ xvlqj wzr vhsdudwh zhljkw yhf0
wruv/ diwhu zklfk wkh wzr rxwsxw yhfwruv zhuh dy0
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hudjhg1 Wklv |lhoghg vljql�fdqw shuirupdqfh lp0
suryhphqwv lq whupv ri shdn vlghoreh uhgxfwlrq1

� Vpdoohu ydoxhv ri � jhqhudoo| |lhoghg ehwwhu uh0
vxowv/ lq whupv ri orzhu SVOU dqg LVOU1 Vrph0
wlphv/ krzhyhu/ wklv uhvxowhg lq wkh wds zhljkwv
qrw frqyhujlqj diwhu rqh vzhhs wkurxjk wkh lqsxw
yhfwru/ frqvlvwlqj ri 537; udqjh elqv1 Wkhuhiruh
wkh dgdswlyh �owhu zdv dssolhg wr wkh gdwd wzlfh/
xvlqj wkh zhljkw ydoxhv ri wkh �uvw vzhhs dv vwduw0
lqj ydoxhv iru wkh vhfrqg vzhhs1

� Lq rughu wr plqlplvh wkh hgjh h�hfwv ri wkh �owhu/
wkh lqsxw yhfwru zdv }hur sdgghg e| wkh dssur0
suldwh dprxqw1

Wkhvh �owhu prgl�fdwlrqv kdg dq dgyhuvh h�hfw lq
whupv ri frpsxwdwlrqdo h�flhqf|1 Ixwxuh uhvhdufk
zloo hqwdlo wkh lqyhvwljdwlrq ri phwkrgv wr lpsuryh
frpsxwdwlrqdo vshhg/ vxfk dv xvlqj wkh vdph zhljkw
yhfwru ryhu pdq| udqjh olqhv +suhvxplqj wkh lqwhuihu0
hqfh lv uhodwlyho| frqvwdqw,/ dqg dgdswlyho| prgli|lqj
wkh frqyhujhqfh idfwru � e| prqlwrulqj krz idvw wkh
zhljkw yhfwru fkdqjhv1

XY� ���BAa $B|B �AB,+t�t

Iljxuh 8 vkrzv d S0Edqg lpdjh lq wkh ylflqlw| ri
Zhlokhlp/ Jhupdq|/ zklfk lv vhyhuho| ghjudghg e| UI
lqwhuihuhqfh1 Wkh lpdjh zdv jhqhudwhg e| wkh h{shul0
phqwdo dlueruqh VDU v|vwhp H0VDU ri wkh GOU/ dqg
wkh udz gdwd zdv vxssolhg wr wkh dxwkruv e| wkh GOU/
Rehusid�hqkrihq/ Jhupdq|1 Wkh UI lqwhuihuhqfh lq
wkh lpdjh lv fohduo| ylvleoh dv euljkw olqhv lq wkh udqjh
gluhfwlrq1 Wkh lqwhuihuhqfh lv pruh grplqdqw dw wkh idu
udqjh gxh wr vhqvlwlylw| wlph frqwuro +VWF,1 Wr rewdlq
dq hvwlpdwh ri wkh qxpehu ri lqwhuihulqj vrxufhv/ 433
udqjh vshfwud zhuh dyhudjhg1 Vlqfh wkh lqwhuihuhqfh
uhpdlqv uhodwlyho| frqvwdqw dfurvv d qxpehu ri udqjh
olqhv/ dyhudjlqj d qxpehu ri vshfwud hqkdqfhv wkh ylv0
lelolw| ri wkh lqwhuihuhqfh1
Iurp Iljxuh 6 rqh fdq vhh wkdw wkhuh lv d odujh lq0

whuihuhqfh vslnh qhdu wkh ruljlq/ dqg derxw 48 vpdoohu
vslnhv rq hlwkhu vlgh ri wkh ruljlq1 Diwhu wkh lpdjh kdg
ehhq fohdqhg zlwk d 8450wds dgdswlyh �owhu/ wkh vdph
433 udqjh vshfwud zhuh dyhudjhg/ |lhoglqj wkh uhvxow
vkrzq lq Iljxuh 71 Wkh odujh lqwhuihuhqfh vslnh kdv
ehhq uhgxfhg e| derxw 45gE/ zklfk lv d vljql�fdqw
lpsuryhphqw1 Krzhyhu vpdoohu lqwhuihuhqfh vslnhv duh
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vwloo ylvleoh1
Iljxuh 9 glvsod|v wkh fohdqhg S0Edqg lpdjh/ zklfk

lv gh�qlwho| d ydvw lpsuryhphqw1 Vrph ihdwxuhv wkdw
zhuh klgghq e| wkh lqwhuihuhqfh kdyh ehfrph ylvleoh/
dowkrxjk vlghorehv ri euljkw wdujhwv kdyh dovr ehfrph
pruh surqrxqfhg1 Ixwxuh zrun zloo frqfhqwudwh rq
uhgxflqj wkhvh vlghorehv1

XYY� �NAW,�t�NAt

Wklv sdshu kdv orrnhg dw d qxpehu ri whfkqltxhv
wkdw kdyh ehhq lpsohphqwhg wr vxssuhvv UI lqwhuihu0
hqfh/ exw rqo| wkh OPV dgdswlyh �owhu kdv ehhq lpsoh0
phqwhg dqg vwxglhg lq ghwdlo/ sduwo| ehfdxvh ri lwv hdvh
ri lpsohphqwdwlrq/ dqg sduwo| ehfdxvh ri lwv idyrxudeoh
uhylhz lq wkh olwhudwxuh1
Lw kdv ehhq irxqg wkdw wkh dgdswlyh �owhu grhv vlj0

ql�fdqwo| vxssuhvv UI lqwhuihuhqfh/ dowkrxjk vlghorehv
duh hqkdqfhg1 Ixwxuh zrun zloo hqwdlo orrnlqj dw ixu0
wkhu hqkdqfhphqwv wr wkh dojrulwkp/ olnh vlghoreh uh0
gxfwlrq dqg frpsxwdwlrqdo h�flhqf|1

�W"AN�,ja}6jA|t

Vshfldo wkdqnv jr wr Vwhidq Exfnuhxvv iurp wkh GOU
iru vxsso|lqj wkh udz S0Edqg H0VDU gdwd/ dqg iru klv
khos zlwk surfhvvlqj wkh gdwd1 Wkh dxwkruv zrxog dovr
olnh wr wkdqn Mdvshu Kruuhoo iru klv h{whqvlyh khos zlwk
surfhvvlqj wkh gdwd/ dv zhoo dv Dqguhz Zlonlqvrq iru
klv vwlpxodwlqj glvfxvvlrqv rq wkh vxemhfw1
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