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5Ghsduwdphqwr gh Lqirup�dwlfd/ Xqlyhuvlgdgh Ihghudo gh Shuqdpexfr/ Uhflih/ SH/ Eud}lo
iuhu|Cgl1xish1eu

Devwudfw1 Iru pdq| VDU vhqvruv/ xuedq duhdv/ iruhvwv dqg sdvwxuh duhdv kdyh d jurzlqj ghjuhh ri
krprjhqhlw|/ dqg iru hdfk rqh ri wkhvh uhjlrq w|shv wkhuh lv d glvwulexwlrq fodvv wkdw �wv wkh gdwd ehvw1
Lq wklv zrun/ wkh ihdvlelolw| ri xvlqj wkh J3

D glvwulexwlrq dv d jhqhudo prgho lv vwxglhg/ dqg wkh sudfwlfdo
xvhixoqhvv ri wklv sursrvdo lv vkrzq1 Wkh J3D glvwulexwlrq zloo eh dgrswhg dv wkh wuxh prgho/ dqg lwv
orfdoo| hvwlpdwhg sdudphwhuv zloo eh xvhg iru fodvvl�fdwlrq ri v|qwkhwlf dqg uhdo VDU lpdjhv1

4 Lqwurgxfwlrq

Gdwd iurp d frkhuhqw looxplqdwlrq v|vwhp olnh d V|q0
wkhwlf Dshuwxuh Udgdu +VDU, fdq eh prghoohg e| wkh
pxowlsolfdwlyh prgho1 Wklv prgho vwdwhv wkdw/ xqghu
fhuwdlq frqglwlrqv/ wkh frqvwuxfwlyh dqg ghvwuxfwlyh lq0
whuihuhqfh ri wkh lqflghqw dqg uh�hfwhg vljqdov surgxfh
d uhwxuq wkdw ydulhv/ lq d udqgrp pdqqhu/ zlwk wkh
phdq ydoxh ri wkh edfnvfdwwhu fruuhvsrqglqj wr wkh lo0
oxplqdwhg wdujhw1

Wklv w|sh ri gdwd vx�huv iurp wkh suhvhqfh ri d
qrlvh fdoohg vshfnoh/ w|slfdo ri doo lpdjhv jhqhudwhg
zlwk frkhuhqw looxplqdwlrq/ olnh xowudvrxqg dqg odvhu
lpdjhv1 Lq VDU lpdjhv/ wkh ydoxh ri hdfk sl{ho lv d
frpsoh{ qxpehu/ exw lq pdq| dssolfdwlrqv/ rqo| wkh
prgxoxv ri wkhvh frpsoh{ qxpehuv +dpsolwxgh lpdjhv,
ru wkhlu vtxduhg ydoxh +lqwhqvlw| lpdjhv, duh xvhg1 Lq
wklv zrun olqhdu ghwhfwlrq +dpsolwxgh, gdwd zloo eh
xvhg1

Wkh revhuyhg ydoxh +uhwxuq, lq dpsolwxgh irupdw
lv prghoohg dv d udqgrp yduldeoh uhvxowlqj iurp wkh
surgxfw ri wzr lqghshqghqw udqgrp yduldeohv/ zklfk
fruuhvsrqg wr wkh edfnvfdwwhu dqg wr wkh vshfnoh qrlvh1
Wkh vwdwlvwlfdo prgho iru wkh vshfnoh qrlvh lv wkh Vtxduh
Urrw ri Jdppd/ dqg wkh prgho iru wkh edfnvfdwwhu
zloo ghshqg rq vhyhudo sdudphwhuv wkdw uhodwh wr wkh
urxjkqhvv dqg wh{wxuh ri wkh wdujhw1 Wkh sdudphwulf
prghoolqj ri wkh edfnvfdwwhu zloo eh wuhdwhg khuh/ vlqfh
wkh hvwlpdwlrq ri wkhvh sdudphwhuv sod|v d fhqwudo uroh
lq lpdjh dqdo|vlv1

Iru uhjlrqv zkhuh wkh edfnvfdwwhu fdq eh frqvlg0
huhg frqvwdqw/ olnh fursv dqg sdvwxuhv/ wkh �4@5 glv0
wulexwlrq lv d jrrg prgho iru wkh uhwxuqhg gdwd1 Wkh
ND glvwulexwlrq prghov wkh uhwxuq iurp krprjhqhrxv
}rqhv +zlwk fhuwdlq uhvwulfwlrqv gxh wr qxphulfdo sure0
ohpv, dv zhoo dv khwhurjhqhrxv rqhv/ olnh iruhvw rq �dw

uholhi1 Wkh �4@5 glvwulexwlrq/ krzhyhu/ grhv qrw �w khw0
hurjhqhrxv gdwd dssursuldwho|1

Zkhq wkh duhd xqghu vwxg| lv h{wuhpho| khwhur0
jhqhrxv/ dv lv wkh fdvh iru xuedq duhdv ru iruhvw ryhu
xqgxodwhg uholhi/ erwk wkh �4@5 glvwulexwlrq dqg wkh
ND glvwulexwlrq gr qrw prgho wkh gdwd dghtxdwho|1 Lq
wklv fdvh wkh J3D glvwulexwlrq ehkdyhv uhpdundeo| zhoo1
Wdnlqj lqwr dffrxqw wkdw wklv glvwulexwlrq prghov yhu|
zhoo gdwd iurp khwhurjhqhrxv dqg krprjhqhrxv duhdv
wrr/ dqg wkdw lw lv pruh frpsxwdwlrqdoo| dqg wkhruhwl0
fdoo| wudfwdeoh/ wkh vxevwlwxwlrq ri wkh J3D glvwulexwlrq
iru wkh ND glvwulexwlrq lv sursrvhg/ dqg wkh ihdvlelolw|
ri wklv vxevwlwxwlrq lv vwxglhg1 Wr wklv hqg/ d fruuh0
vsrqghqfh ehwzhhq wkh sdudphwhuv ri erwk glvwulex0
wlrqv zloo eh frqvlghuhg lq rughu wr dssur{lpdwh/ lq
vrph vhqvh/ wkh J3D glvwulexwlrq wr wkh ND glvwulex0
wlrq1 Wklv vwxg| frqvlvwv ri wzr sduwv=

41 Plqlplvdwlrq O5 lq ri wkh glvwdqfh ehwzhhq wkh
uhvshfwlyh ghqvlwlhv/ lq rughu wr rewdlq d fruuh0
vsrqghqfh ehwzhhq glvwulexwlrqv1

51 Wkh jrrgqhvv ri �w ri wkh J3D glvwulexwlrq wr ND
glvwulexwhg gdwd xvlqj wkh whvw lq d Prqwh Fduor
h{shulphqw1

D qhz dssurdfk wr fodvvl�fdwlrq/ edvhg rq ihd0
wxuhv h{wudfwlrq/ iru vlpxodwhg dqg uhdo VDU lpdjhv
xvlqj dv wuxh prgho wkh J3D glvwulexwlrq/ zloo eh vkrzq1

5 Pdlq surshuwlhv

Wkh J3D+�> �>q, dqg wkh ND+�> �>q, glvwulexwlrqv zh
zloo xvh duh fkdudfwhulvhg e| wkh iroorzlqj ghqvlwlhv
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zkhuh �N > �> q> } A 3 dqg N� lv wkh prgl�hg Ehvvho
ixqfwlrq ri wkh wklug nlqg dqg rughu �/ uhvshfwlyho|1

Wkhuh duh qrw pdq| frpsxwdwlrqdo lpsohphqwd0
wlrqv ri wklv Ehvvho ixqfwlrq +vhh ^6`/ iru d uhfhqw dojr0
ulwkp,1 Rq wkh rwkhu kdqg/ wkh rqo| vshfldo ixqfwlrq lq
wkh J3D glvwulexwlrq lv wkh � ixqfwlrq/ iru zklfk wkhuh
duh pdq| uholdeoh lpsohphqwdwlrqv1

Wklv lv wkh �uvw frpsxwdwlrqdo dujxphqw lq idyrxu
ri wkh J3D glvwulexwlrq dqg djdlqvw wkh ND glvwulexwlrq1
Wkh vhfrqg frpsxwdwlrqdo dujxphqw dlpv lq wkh vdph
gluhfwlrq dqg uhtxluhv wkh gh�qlwlrq ri wkh fxpxodwlyh
glvwulexwlrq ixqfwlrqv iru erwk glvwulexwlrqv1

Ohw wkh udqgrp yduldeoh Y eh J3D+�>�> q, glvwulexwhg1
Lwv fxpxodwlyh glvwulexwlrq ixqfwlrq lv jlyhq e|
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zkhuh K lv lv wkh k|shujhrphwulf ixqfwlrq1 Wklv fx0
pxodwlyh glvwulexwlrq ixqfwlrq lv hdv| wr hydoxdwh xvlqj
wkh Vqhghfru*v I glvwulexwlrq/ vlqfh lw fdq eh vhhq wkdw
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zkhuh 
!>� lv wkh fxpxodwlyh glvwulexwlrq ixqfwlrq ri d
Vqhghfru*v I glvwulexwhg udqgrp yduldeoh zlwk ! dqg
� ghjuhhv ri iuhhgrp1

Frqvlghu qrz Z � ND+�> �>q, Lq rughu wr zulwh
wkh fxpxodwlyh glvwulexwlrq ixqfwlrq ri wklv udqgrp
yduldeoh lw lv qhfhvvdu| wr lpsrvh uhvwulfwlrqv rq wkh
yduldwlrq grpdlq ri lwv sdudphwhuv1 Ruljlqdoo|/ wkh
sdudphwulf vsdfh ri wkhND+�> �> q, glvwulexwlrq lv +U.,6

exw/ wr eh deoh wr zulwh lwv fxpxodwlyh glvwulexwlrq
ixqfwlrq lq d uhfxuvlyh irup/ lw lv qhfhvvdu| wr uhvwulfw
wkh yduldwlrq ri hlwkhu q ru �N wr wkh lqwhjhuv1 Iru wkh
iruphu/ wklv ixqfwlrq lv jlyhq e|
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ixqfwlrq j+�> n> }, @ lv jlyhq e| wkh uhfxuvlyh uhodwlrq
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Pruh ghwdlov derxw wklv uhfxuvlyh vroxwlrq iru wkh
fxpxodwlyh glvwulexwlrq ixqfwlrq riND glvwulexwhg ydul0
deohv fdq eh irxqg lq ^9`1

Iurp wkhvh frqvlghudwlrqv zh fdq ghgxfh wkh iro0
orzlqj dgydqwdjhv ri wkh J3D glvwulexwlrq ryhu wkh ND=
lw lv hdvlhu wr lpsohphqw/ lw xvhv uholdeoh dqg lpph0
gldwho| rewdlqdeoh lpsohphqwdwlrqv/ dqg lw grhv qrw
lpsrvh uhvwulfwlrqv rq wkh ruljlqdo sdudphwhu vsdfh1

Wkh lpsruwdqfh ri wkh dydlodelolw| ri uholdeoh lp0
sohphqwdwlrqv ri wkh fxpxodwlyh glvwulexwlrq ixqfwlrq
dulvhv iurp wkh qhhg ri fduu|lqj rxw jrrgqhvv ri �w
whvwv dqg iurp wkh xvh ri wkhvh ixqfwlrqv lq hvwlpdwruv
edvhg rq rughu vwdwlvwlfv1

Wr wkh vwdwhg dgydqwdjhv/ dgglwlrqdo dgydqwdjhv
lq wkh �hogv ri lqihuhqfh idyrxu hyhq pruh wkh xvh ri
wkh J3D glvwulexwlrq lqvwhdg ri wkh ND glvwulexwlrq1

Iru wkh hvwlpdwlrq ri wkh krprjhqhlw| sdudph0
whu ri erwk glvwulexwlrqv xvlqj pd{lpxp olnholkrrg/
wkh hvwlpdwru ri lv �N gl�fxow wr fdofxodwh gxh wr wkh
suhvhqfh ri wkh ghulydwlyh ri wkh Ehvvho ixqfwlrq zlwk
uhvshfw wr wkh rughu sdudphwhu1 Wkh pd{lpxp olnhol0
krrg hvwlpdwru ri �J hqwdlov wkh xvh ri wkh gljdppd
ixqfwlrq +�,/ zklfk kdv ehhq zlgho| vwxglhg dqg lp0
sohphqwhg1

Frqvlghu wkh vdpsoh }4> = = = > }n ri lqghshqghqw re0
vhuydwlrqv1 Wkh pd{lpxp olnholkrrg hvwlpdwru ri �N /
nqrzlqj q dqg � lv
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Dqdorjrxvo|/ wkh pd{lpxp olnholkrrg hvwlpdwru ri
�J/ nqrzlqj q dqg �/ lv
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6 Plqlplvdwlrq ri wkh glvwdqfh ehwzhhq glvwul0

exwlrqv

Lq wklv vhfwlrq/ d phwkrg e| zklfk d J3D glvwulexwlrq
dssur{lpdwhv d ND glvwulexwlrq/ xqghu wkh frqvwudlqw
wkdw erwk pxvw kdyh d phdq ydoxh htxdo wr rqh/ lv
ghvfulehg1 Lq rwkhu zrugv/ jlyhq wkh vhwv ri J3D dqg ND
glvwulexwlrqv zlwk xqlwdu| phdq/ d fruuhvsrqghqfh ri
hohphqwv ri wkh �uvw rqh wr hohphqwv ri wkh vhfrqg rqh/
wurxjk d qxphulfdo plqlplvdwlrq ri dq dovr qxphulfdo
lqwhjudwlrq/ zloo eh vrxjkw1 Wklv fruuhvsrqghqfh zloo
wkhq eh hvwdeolvkhg e| sdudphwhu sdluv1

Wkhvh glvwulexwlrqv kdyh rqo| rqh iuhh sdudphwhu=
wkh krprjhqhlw| sdudphwhu �N +�J uhvs1,/ ehfdxvh wkh



vfdoh sdudphwhu � +� uhvs1, pxvw eh fkrvhq dv d ixqf0
wlrq ri wkh qxpehu ri orrnv q dqg wkh krprjhqhlw|
sdudphwhu/ lq rughu wr jxdudqwhh wkh frqvwudlqw1

Lq rughu wr dssur{lpdwh wkh ND glvwulexwlrq e|
wkh J3D glvwulexwlrq lw lv qhfhvvdu| wr suhylrxvo| gh�qh
wkh dssur{lpdwlrq fulwhulrq1 Frqvlghu G/ wkh vhw ri
doo wkh glvwulexwlrqv wkdw dgplw d ghqvlw| dqg hvwdeolvk
wkh qrwlrq ri sur{lplw| ehwzhhq glvwulexwlrqv lq G zlwk
wkh glvwdqfh g = G �G $ ^3>4` jlyhq e| wkh uhodwlrq
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zkhuh i4 dqg i5 duh wkh ghqvlwlhv wkdw fkdudfwhulvh wkh
glvwulexwlrqv G4 dqg G5/ uhvshfwlyho|1 Wklv phwulf kdv
ehhq douhdg| xvhg lq d vlplodu frqwh{w lq ^7`1

Zh wkh zdqw wr �qg wkh ydoxh ri �J wkdw plqlplvhv
wkh glvwdqfh g+J3D+�J> �> q,>ND+�N > �> q,,/ xvlqj wkh
ghqvlwlhv suhvhqwhg lq ht1 +4, dqg lq ht1 +5,/ zkhuh wkh
ydoxhv � @ �+�N > q, dqg � @ �+�J> q, duh wkh rqhv
wkdw pdnh wkh phdq ydoxh htxdo wr rqh1 Wkhq/ wkh
ydoxh ri �J wkdw plqlplvhv wkdw lqwhjudo zloo eh vrxjkw
qxphulfdoo|1

Dowkrxjk �N ydulhv ryhu doo wkh srvlwlyh uhdo qxp0
ehuv/ iru wkh sxusrvhv ri wklv vwxg| wkh vhdufk zloo eh
grqh zlwklq wkh lqwhuydo ^7>45`1 Yhu| vpdoo ydoxhv ri
�N +3 ? �N ? 7 iru lqvwdqfh, fruuhvsrqg wr gdwd
iurp h{wuhpho| khwhurjhqhrxv duhdv/ zklfk duh qrw zhoo
prghoohg e| wkh ND exw e| wkh J3D glvwulexwlrq/ dv fdq
eh vhhq lq ^5`> wkhq/ iru wkhvh gdwd/ lw lv qrw qhfhvvdu| wr
kdyh dq dssur{lpdwlrq1 Iru ydoxhv ri �N odujhu wkdq
48/ wkh revhuyhg gdwd fdq eh prghoohg e| wkh �4@5 glv0
wulexwlrq ^5/ 9/ :`/ zklfk lv dovr d sduwlfxodu fdvh ri
wkh J3D glvwulexwlrq1 Vr/ wkh rqo| uhjlrq lq zklfk wkh
dssur{lpdwlrq lv qhfhvvdu| lv lq wkh lqwhuydo ^7> 45`1

Iru wkhvh ydoxhv ri �N / wkh fruuhvsrqglqj ydoxhv
ri �J rewdlqhg dv d uhvxow ri wkh plqlplvdwlrq ri wkh
lqwhjudo/ duh vkrzq lq Wdeoh 41

7 Jrrgqhvv ri �w ri vlpxodwhg gdwd

Wr phdvxuh wkh jrrgqhvv ri wkh �w ri ND glvwulexwhg
gdwd xvlqj wkh J3D glvwulexwlrq/ zh zloo xvh wkh "5 dg0
khuhqfh whvw lq d Prqwh Fduor h{shulphqw1 Wr whvw li
wkh vlpxodwhg ND glvwulexwhg gdwd fdq eh �wwhg e| wkh
J3D glvwulexwlrq/ wkh Shduvrq�v "5 vwdwlvwlf zloo eh xvhg=
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zkhuhp lv wkh wrwdo qxpehu ri ND glvwulexwhg gdwd/ kl
lv wkh qxpehu ri gdwd lq hdfk lqwhuydo/ n lv wkh qxpehu
ri lqwhuydov/ sl @ I +}l, � I +}l�l,/ zkhuh I lv wkh fx0
pxodwlyh glvwulexwlrq ixqwlrq dqg wkh lqwhuydo l lv jlyhq
e| ^}l�4> }l`1

�N �J � �
q @ 4

7 �7=6 5=<8 7=48
8 �8=6 6=:6 8=75
9 �9=6 7=85 9=3<
: �:=6 8=63 :=<9
; �;=6 9=3< <=56
< �<=6 9=;: 43=83
43 �43=6 :=99 44=:;

q @ 5
7 �7=7 6=65 6=9;
8 �8=7 7=53 7=;4
9 �9=7 8=3; 8=<7
: �:=7 8=<9 :=3:
; �;=6 9=;8 ;=54
< �<=6 :=:6 <=67
43 �43=6 ;=94 43=7:

q @ 7
7 �5=< 6=86 6=78
8 �8=8 7=79 7=86
9 �9=7 8=73 8=8<
: �:=7 9=67 9=98
; �;=7 :=5; :=:5
< �<=7 ;=55 ;=:;
43 �43=7 <=49 <=;7

Wdeoh 4= Fruuhvsrqghqfh ehwzhhq sdudphwhuv iru gli0
ihuhqw qxpehuv ri orrnv1

Ohw }D eh d vdpsoh ri vl}hp ri ND+�> �+�N > q,> q,
glvwulexwhg gdwd zlwk �+�N > q, dv suhylrxvo| gh�qhg1
Iurp wklv vdpsoh �J/ wkh krprjhqhlw| sdudphwhu ri
wkh J3D+�J> �+�J> q,> q, glvwulexwlrq lv hvwlpdwhg xvlqj
wkh pd{lpxp olnholkrrg hvwlpdwru suhvhqwhg lq ht1 +8,1
Li wkh udqgrp yduldeoh ] lv J3D glvwulexwhg wkhq lwv fx0
pxodwlyh glvwulexwlrq ixqfwlrq fdq eh hydoxdwhg xvlqj
ht1 +6,1

8 Prqwh Fduor h{shulhqfh

D Prqwh Fduor h{shulhqfh zdv fduulhg rxw jhqhudwlqj
ND glvwulexwhg gdwd zklfk zhuh �wwhg zlwk d J3D glvwul0
exwlrq1 Wkh ydoxhv ri wkh sdudphwhuv �N dqg �J zhuh
hvwlpdwhg e| wkh pd{lpxp olnholkrrg phwkrg dqg e|
wkh 4

5
rughu prphqw hvwlpdwru phwkrg1 Wkh jrrgqhvv

ri �w zdv hydoxdwhg xvlqj wkh s0ydoxh ri wkh "5 whvw1
Iru d qxpehu U ri uhsolfdwlrqv/ wkh iroorzlqj vwhsv

zhuh shuiruphg=

41 Iru hdfk �N 5 ^7> 45` ND glvwulexwhg vdpsohv zhuh
jhqhudwhg1

51 Iru hdfk ri wkhvhND glvwulexwhg vdpsohv wkh urxjk0
qhvv sdudphwhu �J dqg wkh sdudphwhu � ri wkh J3D



glvwulexwlrq zhuh hvwlpdwhg1

61 Wkh jrrgqhvv ri �w zdv hydoxdwhg xvlqj wkh s0
ydoxh ri wkh whvw1

Wkh ND glvwulexwhg vdpsohv zhuh jhqhudwhg iru
ydoxhv ri �N 5 ^7> 45` zlwk U @ 433/ 4333 dqg 43333
uhsolfdwlrqv/ vdpsoh vl}hv W @ 4333 dqg 43333 dqg vlj0
ql�fdqfh ohyho 3=341 Dv d sduwlfxodu fdvh/ wkh �jxuhv
iru �N @ 7 duh vkrzq lq Wdeoh 5= iru hdfk qxpehu ri
uhsolfdwlrqv +U, dqg hdfk vdpsoh vl}h +W , wkh phdq
ri wkh hvwlpdwhg sdudphwhuv e�J lv suhvhqwhg/ dorqj
zlwk wkh phdq vtxduh huuru ri wkh hvwlpdwlrq +pvh,
dqg zlwk wkh phdq vljql�fdqfh ohyho ri wkh furvv0�w
+u3=34,1 Wklv vkrzv wkdw wkhuh lv qr uhdvrq wr vxssrvh
wkdw wkh ND dqg J3D glvwulexwlrqv duh gl�huhqw dw wkh
sursrvhg vljql�fdqfh ohyho1 Wdeoh 6 vkrzv wkh ydoxhv
fruuhvsrqglqj wr wkh phdq ydoxh ri wkh hvwlpdwhg �J
zlwk �N 5 ^8>43` dqg q @ 41

U W �J pvh u3=34
433 43333 �7=83 3=46 44=3
4333 4333 �7=:; 4=;3 4=8
4333 43333 �7=86 3=47 43=3
43333 4333 �7=:< 5=3; 4=6
43333 43333 �7=85 3=46 45=3

Wdeoh 5= Fruuhvsrqghqfh ehwzhhq �N @ 7 dqg q @ 41

�N �J pvh u3=34
8 �8=86 3=58 6=7
9 �9=88 3=83 5=5
: �:=94 3=<8 4=3
; �;=:6 4=<6 4=4
< �<=9< 5=77 4=6
43 �43=;6 7=94 3=:
44 �44=<; 9=;3 3=:

Wdeoh 6= Fruuhvsrqghqfh iru U @ 4333/ W @ 43333 dqg
q @ 41

9 Frpsdulvrq ri fodvvl�fdwlrqv

Lpdjh surfhvvlqj dqg dqdo|vlv uhtxluhv wkh xvh ri �o0
whulqj/ vhjphqwdwlrq dqg fodvvl�fdwlrq rshudwlrqv1 Iru
wklv uhdvrq/ wkh lq�xhqfh wkh fkdqjh ri prgho h{huwv
rq wkh fodvvl�fdwlrq uhvxowv zloo eh dqdo|vhg lq wklv vhf0
wlrq1

Dq lpdjh zlwk uhjlrqv ri gl�huhqw ghjuhhv ri kr0
prjhqhlw| zloo eh fodvvl�hg1 Hyhq wkrxjk gdwd duh ND

glvwulexwhg/ wkh lpdjh zloo eh fodvvl�hg zlwk erwk wkh
J3D dqg wkh ND prgho/ dqg wkh uhvxowv zloo eh frp0
sduhg1 D uhdo VDU lpdjh frqwdlqlqj duhdv ri vhyhudo

ghjuhhv ri krprjhqhlw| zloo eh xvhg iru wkh sursrvhg
prghov1

D 733 � 733 vxelpdjh/ wdnhq iurp d 4933 � 5733
MHUV04/ O edqg/ KK srodulvdwlrq lpdjh zlwk dq hv0
wlpdwhg qxpehu ri orrnv htxdo wr 5=<8/ fruuhvsrqglqj
wr wkh Ioruhvwd Qdflrqdo gr Wdsdm�rv +Vwdwh ri Sdu�d/
Eud}lo/ vkrzq lq Ilj1 4,/ zdv fodvvl�hg xvlqj wkh / wkh
ND dqg wkh J3D prghov1 Lw zdv revhuyhg wkdw xvlqj
rqo| wkh J3D glvwulexwlrq/ wkh fodvvl�fdwlrq uhvxowv duh
vwdwlvwlfdoo| dv dffxudwh dv wkh rqhv rewdlqhg zlwk wkh
wzr rwkhu prghov1 Wklv rffxuv lq krprjhqhrxv dv zhoo
dv lq khwhurjhqhrxv duhdv1

Iljxuh 4= MHUV04 lpdjh zlwk wudlqlqj uhjlrqv fru0
uhvsrqglqj wr fohdu0fxw +gdun,/ fxw zlwk vhf0rqgdu|
jurzwk +lqwhuphgldwh,/ dqg iruhvw +oljkw,1

Wkhvh fodvvl�fdwlrqv zhuh rewdlqhg xvlqj Pd{l0
pxp Olnholkrrg iroorzhg e| wkh LFP +Lwhudwhg Frq0
glwlrqdo Prghv, dojrulwkp1 Pd{lpxp Olnholkrrg lv
d vxshuylvhg fodvvl�fdwlrq phwkrg zlgho| xvhg lq uh0
prwh vhqvlqj1 Wkh LFP phwkrg ^4`/ lv dq lwhudwlyh/
ghwhuplqlvwlf orfdo rswlplvdwlrq surfhgxuh1

Wkuhh fodvvhv zhuh xvhg= fohdu0fxw +FF/ gdun juh|,/
fxw zlwk vhfrqgdu| jurzwk +FVJ= phglxp juh|, dqg
iruhvw +I= oljkw juh|,1 Wkh wudlqlqj uhjlrqv duh vkrzq
lq Ilj1 41

Wkh hvwlpdwhg sdudphwhu ydoxhv iru wkh wkuhh fodv0
vhv xqghu wkh ND zhuh= FF= e�N @ 49=9/ e� @ 3=3374/



FVJ= e�N @ 46=:9/ e� @ 3=3348 dqg I= e�N @ 45=89/ e� @
3=333;61 Wkh hvwlpdwhg sdudphwhu ydoxhv iru wkh J3D
prgho zhuh= FF= e�J @ �4<=75/ e� @ :7:39=59/ FVJ=e�J @ �47=4:/ e� @ 44<9:4=:5 dqg I= e�J @ �45=<:/e� @ 4:;697=3:1 Lw fdq eh revhuyhg FF dqg FVJ fru0
uhvsrqg wr uhodwlyho| krprjhqhrxv duhdv/ zkloh I lv
pruh khwhurjhqhrxv wkdq wkh iruphu wzr1 Frqixvlrq
pdwul{hv zhuh fdofxodwhg lq rughu wr frpsduh wkh uh0
vxowv1

Lq wkh �uvw fdvh/ gdwd ri wkh wudlqlqj duhdv fruuh0
vsrqglqj wr wkh wkuhh sursrvhg fodvvhv zhuh prghoohg
zlwk wkh �4@5 glvwulexwlrq1 Iljxuh 5 vkrzv wkh fodvvl0
�fdwlrq uhvxow ri dsso|lqj PO> wkhq LFP zdv dssolhg1
Vlqfh erwk PO dqg LFP uhvxowv duh ylvxdoo| lghqwl0
fdo xqghu wkh wkuhh frqvlghuhg prghov/ rqo| PO xqghu
wkh �4@5 prgho +Ilj1 5, dqg LFP xqghu wkh J3D prgho
+Ilj1 6, duh vkrzq1 Vlqfh LFP fodvvl�fdwlrq dozd|v
uhsuhvhqwv dq lpsuryhphqw ryhu PO/ zh fkrvh lw wr
shuirup wkh frpsdulvrq dprqj wkh wkuhh prghov1

Iljxuh 5= MHUV04 fodvvl�fdwlrq e| Pd{lpxp Olnhol0
krrg/ xqghu wkh �4@5 glvwulexwlrq prgho1

Wdeoh 7 vkrzv wkh frqixvlrq pdwul{ iru wkh LFP
fodvvl�fdwlrq xqghu wkh prgho1 Khuh/ wkh shufhqwdjh
ri sl{hov fodvvl�hg lq hdfk fodvv/ wkh ryhudoo dffxudf| ri
wkh fodvvl�fdwlrq dqg wkh fruuhvsrqglqj � frh�flhqw ri
djuhhphqw duh uhsruwhg1

Wdeoh 8 dqg Wdeoh 9 vkrz wkh frqixvlrq pdwul{hv
ri wkh LFP fodvvl�fdwlrqv xqghu wkhND dqg J3D prghov/
dqg wkh| ohdg wr wkh frqfoxvlrq wkdw wkh J3D glvwulex0

Iljxuh 6= MHUV04 fodvvl�fdwlrq xvlqj wkh LFP phwkrg/
xqghu wkh J3D glvwulexwlrq prgho1

Dffxudf| ;8=;(/ � @ 3=;4
FF 6<=387 4=:7 5=:88 76=87<
FVJ 3=4;: 73=64: 4=9<5 75=4<8
I 4=33: 9=;53 9=763 47=589
Wrwdo 73=57: 7;=;:9 43=;:9 433=333

Wdeoh 7= Frqixvlrq pdwul{ +shufhqw, ri wkh �4@5 prgho1

wlrq grhv qrw ghwhulrudwh wkh fodvvl�fdwlrqv1

: Wkh J3D dv wkh wuxh prgho

Dv wkh jurxqg wuxwk fdq eh fkdudfwhulvhg e| wkh sd0
udphwhuv � dqg �/ wkhlu hvwlpdwlrq iru hdfk sl{ho pd|
ohdg wr hvwlpdwhg sdudphwhuv pdsv wkdw/ lq wxuq/ fdq
eh xvhg dv wkh lqsxw iru fodvvl�fdwlrq phwkrgv/ dprqj
rwkhu dssolfdwlrqv1 Wkhvh ihdwxuhv frqyh| lpsruwdqw
lqirupdwlrq wkdw khosv wkh xqghuvwdqglqj ri wkh vfhqh1

Vhyhudo sdudphwhu hvwlpdwlrq whfkqltxhv duh dydlo0
deoh/ ehlqj wkh prvw uhpdundeoh rqhv wkrvh edvhg rq
pd{lpxp olnholkrrg/ rq vdpsoh prphqwv ru vxevwlwx0
wlrq phwkrg +PR iru vkruw,/ rq rughu vwdwlvwlfv dqg rq
gdwd wudqvirupdwlrqv +vhh ^8`,1 Lq wklv zrun PR hvwl0
pdwlrq lv xvhg1 Wr hvwlpdwh � dqg � lw lv qhfhvvdu| wr
hvwlpdwh wzr prphqwv1 Lq wklv zrun prphqwv ri rughu
4@5 dqg 4/ ghqrwhg dv p4@5 dqg p4 uhvshfwlyho|/ zloo



Dffxudf| ;;=3(/ � @ 3=;7
FF 6;=<3: 4=565 5=793 75=8<<
FVJ 3=567 78=58 5=73; 78=:94
I 4=339 9=;53 9=33< 44=973
Wrwdo 73=57: 7;=;:9 43=;:9 433=333

Wdeoh 8= Frqixvlrq pdwul{ +shufhqw, ri wkh ND prgho1

Dffxudf| ;8=4(/ � @ 3=;4
FF 6<=387 4=:73 5=:88 76=87<
FVJ 3=4;: 73=64: 4=9<5 75=4<8
I 4=33: 9=;53 9=763 47=589
Wrwdo 73=57: 7;=;:9 43=;:9 433=333

Wdeoh 9= Frqixvlrq pdwul{ +shufhqw, ri wkh J3D prgho1

eh xvhg1 Wkhvh prphqwv duh jlyhq e|

p4@5 @
��
q

�4@7 �+��� 4@7,�+q. 4@7,

�+��,�+q,
> � ? �4@7

p4 @
��
q

�4@5 �+��� 4@5,�+q. 4@5,

�+��,�+q,
> � ? �4@5

Xvlqj wkhvh uhodwlrqv a� fdq eh ghwhuplqhg dv wkh
vroxwlrq ri wkh htxdwlrq

j+a�,� � @ 3> +9,

zkhuh

j+a�, @
�5+�a�� 4@7,

�+�a�,�+�a�� 4@5,

dqg

� @
ap5

4@5�+q,�+q. 4@5,

ap4�+q.4@7,
>

dqg wkhq uhsodflqj wkh ydoxh ri a� lq rqh ri wkh h{suhv0
vlrqv ri wkh prphqwv wr �qg a�1

Lw fdq eh vhhq wkdw/ vlqfh j+a�, frqyhujhv dv|ps0
wrwlfdoo| wr 4 dqg vlqfh dv � lv d udqgrp yduldeoh wkdw
fdq wdnh ydoxhv juhdwhu wkdq rqh/ wkhuh duh fdvhv iru
zklfk ht1 +9, grhv qrw kdyh d vroxwlrq1 Wkh orzhu wkh
ydoxh ri a�/ wkh kljkhu wkh fkdqfhv ri qrw ehlqj d vr0
oxwlrq iru ht1 +9,1 Iru rxu dssolfdwlrq/ d whfkqltxh wr
ryhufrph wklv sureohp lv suhvhqwhg1

Rqh ri wkh prvw lpsruwdqw dydlodeoh pdqqhuv wr
dvvhvv wkh dghtxdf| ri d wkhru| wr uhdolw| lv wkh xvh ri
vwrfkdvwlf vlpxodwlrq1 Lq wkh iroorzlqj/ dq h{shulphqw
lqyroylqj vlpxodwlrq dqg hvwlpdwlrq zloo eh vkrzq/ dlp0
lqj dw looxvwudwlqj wkh prgho dqg wrrov suhvhqwhg1 Wklv
vlpxodwhg lpdjh zloo dovr eh xvhg wr whvw wkh shuiru0
pdqfh ri wkh iruwkfrplqj fodvvl�fdwlrq surfhgxuh1

Lw lv lpphgldwh wr rewdlq rxwfrphv iurp J3D glv0
wulexwhg udqgrp yduldeohv/ vlqfh dojrulwkpv iru vdp0
solqj iurp � glvwulexwlrqv duh dydlodeoh1 Lq rughu wr

rewdlq rxwfrphv ri wkh udqgrp yduldeoh J3D+�>�> q,

lw lv hqrxjk wr uhwxuq wkh rxwfrph ri
s
X@Y / zkhuh

X � �+q>q, lv lqghshqghqw ri Y � �+��> �,1
Dq lghdolvhg vfhqh zlwk irxu uhjlrqv zloo eh xvhg

khuh1 Wkh uhjlrqv uhsuhvhqw khwhurjhqhrxv +� @ �8,
dqg h{wuhpho| khwhurjhqhrxv +� @ �4=8, duhdv1 Wzr
ydoxhv ri �/ qdpho| � 5 i5=438> 7=438j/ zhuh xvhg iru
hdfk �1 Wkh uhvxow ri wklv vlpxodwlrq lv vkrzq lq Ilj1 71
Wkh q @ 4 fdvh lv fkrvhq iru wklv vwxg| vlqfh lw fruuh0
vsrqgv wr wkh qrlvlhvw +dqg kdughvw wr fodvvli|, fodvv ri
dpsolwxgh lpdjhv= vlqjoh orrn gdwd1

Iljxuh 7= V|qwkhwlf lpdjh zlwk irxu duhdv +wrs wr
erwwrp dqg ohiw wr uljkw,= +� @ �8> � @ 5=438,/
+� @ �8> � @ 7=438,/ +� @ �4=8> � @ 5=438, dqg
+� @ �4=8> � @ 7=438,1

Wkh lpdjh suhvhqwhg lq Ilj1 7 zdv wkhq dqdo|vhg
zlwklq wkh frqwh{w ri Jdxvvldq pd{lpxp olnholkrrg/
l1h1/ uhsuhvhqwdwlyh vdpsohv iurp hdfk uhjlrq zhuh wdnhq
lq rughu wr hvwlpdwh wkh phdq dqg yduldqfh ri qrupdo
glvwulexwlrqv1 Wkh uhvxowv ri wklv wudlqlqj vwhs zhuh wkh
hvwlpdwhg sdudphwhuv a� @ 4<6=43 dqg a� @ 448=75 iru
wkh xsshu ohiw fodvv +F4 ruljlqdoo| � @ �8/ � @ 5=438,/
a� @ 5:5=49 dqg a� @ 496=48 iru wkh xsshu uljkw fodvv
+F5 ruljlqdoo| � @ �8/ � @ 7=438,/ a� @ 777=<4 dqg a� @
738=44 iru wkh orzhu ohiw fodvv +F6 ruljlqdoo| � @ �4=8/
� @ 5=438,/ dqg a� @ 967=:5 dqg a� @ 939=;7 iru wkh
orzhu uljkw fodvv +F7 ruljlqdoo| � @ �4=8/ � @ 7=438,1
Wkh ghqvlwlhv ri wkhvh glvwulexwlrqv duh xvhg wr ghwhu0
plqh wkh fodvvl�fdwlrq uxoh wkdw/ lq wxuq/ |lhoghg wkh



pds suhvhqwhg lq Ilj1 81 Wklv pds lv fohduo| grpl0
qdwhg e| wkh xsshu ohiw fodvv/ dqg lw lv xqdffhswdeoh
iru dq| sudfwlfdo dssolfdwlrq1

Iljxuh 8= Jdxvvldq pd{lpxp olnholkrrg fodvvl�fdwlrq
ri wkh vlpxodwhg lpdjh +Ilj1 7,1

Ilj1 9 vkrzv wkh uhvxow ri dsso|lqj wkh hvwlpdwruv
iru � dqg � wr wkh lpdjh vkrzq lq Ilj1 71 Wkh lpdjh rq
wkh ohiw zdv rewdlqhg e| orfdoo| hvwlpdwlqj � dqg wkh
lpdjh rq wkh uljkw lv wkh uhvxow ri orfdoo| hvwlpdwlqj �1
Lq erwk fdvhv/ d :� : volglqj zlqgrz zdv xvhg1

Iljxuh 9= Hvwlpdwruv ri wkh urxjkqhvv +�/ ohiw, dqg
vfdoh +�/ uljkw, rq : � : zlqgrzv ryhu wkh vlpxodwhg
lpdjh +Ilj1 7,1

Dv suhylrxvo| vwdwhg/ wkhuh duh fdvhv zkhuh qr hv0
wlpdwhg ydoxh lv dydlodeoh +l1h1 zkhuh ht1 +9, kdv qr
vroxwlrq,1 Wkh fr0ruglqdwhv ri vxfk sl{hov duh pdunhg/

dqg wkhlu fruuhvsrqglqj hvwlpdwhg ydoxhv duh ghulyhg
fdofxodwlqj wkh phgldq ri wkh revhuyhg hvwlpdwlrqv lq
d 44 � 44 zlqgrz durxqg lw1 Wklv uduho| kdsshqv lq
h{wuhpho| khwhurjhqhrxv duhdv/ dqg wkh qxpehu ri sl{0
hov zkhuh wklv skhqrphqrq lv revhuyhg ghshqgv rq wkh
qxpehu ri revhuydwlrqv xvhg lq wkh hvwlpdwlrq +wkh elj0
jhu wkh zlqgrz vl}h/ wkh ohvv sl{hov zlwkrxw hvwlpd0
wlrq,1

Iurp Ilj1 9 ohiw/ lw lv srvvleoh wr frqfoxgh wkdw wkh
hvwlpdwru a�/ edvhg rq wkh p4 dqg p4@5 prphqwv/ glv0
wlqjxlvkhv ehwzhhq khwhurjhqhrxv dqg h{wuhpho| khw0
hurjhqhrxv duhdv/ vlqfh wkh xsshu kdoi ri wkh lpdjh
+zkhuh ruljlqdo revhuydwlrqv zhuh jhqhudwhg zlwk � @
�4=8, lv gdunhu wkdq wkh orzhu kdoi +zkhuh � @ �8
zdv xvhg lq wkh vlpxodwlrq,1 Lw lv dovr qrwlfhdeoh wkdw
a� grhv qrw glvfulplqdwh ehwzhhq uljkw dqg ohiw kdoyhv
ri Ilj1 7/ zkhuh wkh urxjkqhvv sdudphwhu d zdv nhsw
frqvwdqw1

Ilj1 9 uljkw ohdgv wr wkh frqfoxvlrq wkdw wkh hv0
wlpdwru a� lv deoh wr vhsdudwh erwk uhjlrqv zkhuh wkh
vfdoh fkdqjhv +uljkw dqg ohiw kdoyhv, dqg duhdv zkhuh
gl�huhqw urxjkqhvv duh revhuyhg +xsshu dqg orzhu kdo0
yhv,1 Wklv odvw glvfulplqdwlrq lv shuiruphg wr d ohvvhu
h{whqw wkdq wkh hvwlpdwru a� grhv +qrwlfh wkdw wkh frq0
wudvw ri wkh uljkw lpdjh lv vpdoohu wkdq wkh ohiw rqh,1
Wkhq wkh sdudphwhu � fdq eh vxffhvvixoo| xvhg dv d
wrro iru wkh glvfulplqdwlrq dprqj gl�huhqw w|shv ri
wdujhwv/ sduwlfxoduo| lq wkrvh uhjlrqv zkhuh wkh sdudp0
hwhu � fdqqrw shuirup lw1 Wklv fdq eh yhu| xvhixo lq
fdvhv ri duhdv zlwk wkh vdph urxjkqhvv exw gl�huhqw
euljkwqhvv1

Wkh mrlqw ehkdylrxu ri a� dqg a� vxjjhvwv wkdw wkh|
pd| irup d jrrg el0ohyho ihdwxuh iru wkh fodvvl�fdwlrq ri
VDU gdwd1 Wkh lpdjh vkrzq lq Ilj1 7 zloo eh fodvvl�hg/
xvlqj wkh ihdwxuhv vkrzq lq Ilj1 91

Ilj1 : vkrzv wkh uhvxow ri dsso|lqj Jdxvvldq pd{l0
pxp olnholkrrg fodvvl�fdwlrq wr wkh el0ohyho lpdjh vkrzq
lq Ilj1 91 Wkh frqixvlrq pdwul{ ri wklv fodvvl�fdwlrq
lv vkrzq lq Wdeoh :/ zkhuh wkh wudlqlqj vdpsohv zhuh
xvhg dv jurxqg wuxwk1 Wklv frqixvlrq pdwul{ doorzv xv
wr vd| wkdw wkh fodvvl�fdwlrq lv h{fhoohqw1

UhvxowqWuxh F4 F5 F6 F7

F4 <9=;4 4=55 6=8: 3=33
F5 3=33 <6=5; 3=33 3=76
F6 5=48 3=33 <9=44 3=33
F7 4=37 8=83 3=65 <<=8:

Wdeoh := Frqixvlrq pdwul{ iurp wkh fodvvl�fdwlrq ri
wkh vlpxodwhg irxu fodvvhv lpdjh1

Ilj1 ; vkrzv dq H0VDU lpdjh/ rewdlqhg lq KK
srodulvdwlrq dqg O0edqg/ vodqw udqjh dqg fdoleudwhg
zlwkrxw hohydwlrq vorsh fruuhfwlrq1 Wklv lv dq dlueruqh



Iljxuh := Jdxvvldq pd{lpxp olnholkrrg fodvvl�fdwlrq
ri wkh hvwlpdwhg sdudphwhuv lpdjhv1

vhqvru ehorqjlqj wr wkh Jhupdq Dhurvsdfh Lqvwlwxwh
+GOU/ Rehusid�hqkrihq,1 Wkh duhd vkrzq khuh vkrzv
d krprjhqhrxv uhjlrq +sdvwxuh,/ vxuurxqghg e| h{0
wuhpho| khwhurjhqhrxv uhwxuq fruuhvsrqglqj wr dq xu0
edq duhd1 D Jdxvvldq pd{lpxp olnholkrrg fodvvl�fd0
wlrq zdv wulhg lq wklv lpdjh xvlqj wkh wzr diruhphq0
wlrqhg fodvvhv1 Wkh uhvxow zdv wkh frpsohwh grplqlrq
ri wkh xuedq fodvv ryhu wkh rwkhu/ l1h1/ doprvw doo wkh
sl{hov zhuh fodvvl�hg dv ehorqjlqj wr wkh xuedq w|sh1

Ilj1 < vkrzv wkh h{wudfwhg ihdwxuhv iurp wkh rulj0
lqdo lpdjh/ wkh urxjkqhvv sdudphwhuv wr wkh ohiw dqg
wkh vfdoh sdudphwhuv wr wkh uljkw1 Lw lv qrwlfhdeoh wkdw
wkh krprjhqhrxv duhdv dsshdu dv gdun vsrwv lq wkh
iruphu/ dqg d dv oljkw uhjlrq lq wkh odwwhu1 Wklv glv0
fulplqdwlrq lv lqyhuwhg iru wkh vfdoh lpdjh1 Wklv sdlu
ri lpdjhv zdv wkhq xvhg dv d el0ohyho ihdwxuh lpdjh
iru d Jdxvvldq pd{lpxp olnholkrrg fodvvl�fdwlrq/ dqg
wkh uhvxow lv suhvhqwhg lq Ilj1 431 Wkh frqixvlrq pd0
wul{ +lq shufhqwdjhv, ri wklv fodvvl�fdwlrq lv suhvhqwhg
lq Wdeoh ;/ zkhuh wkh wudlqlqj vdpsohv zhuh xvhg dv
jurxqg wuxwk1 Wklv frqixvlrq pdwul{ doorz xv wr vd|
wkdw wklv fodvvl�fdwlrq lv h{fhoohqw1

Wkh lqwhusuhwdelolw| ri wkh sdudphwhuv/ dv douhdg|
frpphqwhg/ doorz wkh yhul�fdwlrq ri wkh odehov xvhg
iru wkh fodvvhv revhuyhg lq Ilj1 ;1 Wkh gdwd iurp
wkhvh fodvvhv wkdw zhuh xvhg dv wudlqlqj vdpsohv sur0
gxfhg a� @ �45=8 lq wkh duhd odehoohg dv _sdvwxuh% dqg

Iljxuh ;= H0VDU lpdjh ryhu Jlofklqj1

a� @ �4=9 iru wkh rqh fdoohg _xuedq%1 Sdvwxuh duhdv
duh riwhq vhhq dv krprjhqhrxv zklovw wkh uhwxuq iurp
xuedq rqhv lv h{wuhpho| khwhurjhqhrxv1

Wkh rwkhu lpdjh dqdo|vhg e| phdqv ri wkh h{wudf0
wlrq ri sdudphwhu pdsv dqg Jdxvvldq pd{lpxp olnhol0
krrg lv wkh rqh douhdg| vkrzq lq Ilj1 41 Wkuhh uhjlrqv
duh glvwlqjxlvkdeoh= fohdu fxw +vhhq dv krprjhqhrxv
gdwd/ gdun juh|,/ fxw zlwk vhfrqgdu| jurzwk +ohvv kr0
prjhqrxv gdwd/ lqwhuphgldwh juh|, dqg ylujlq iruhvw
+khwhurjhqhrxv gdwd/ oljkw juh|,1

Djdlq/ d Jdxvvldq pd{lpxp olnholkrrg fodvvl�fd0
wlrq ri wkh udz gdwd |lhoghg d frpsohwho| xqdffhswdeoh
uhvxow/ vr sdudphwhu pdsv zhuh h{wudfwhg1 Wkhvh pdsv
duh vkrzq lq Ilj1 44/ wkh urxjkqhvv wr wkh ohiw dqg wkh

Iljxuh <= Hvwlpdwhg urxjkqhvv +ohiw, dqg vfdoh +uljkw,
sdudphwhuv gdwd rewdlqhg iurp wkh H0VDU lpdjh1



Iljxuh 43= Jdxvvldq pd{lpxp olnholkrrg fodvvl�fdwlrq
ri wkh hvwlpdwhg sdudphwhuv lpdjhv1

UhvxowqWuxh Sdvwxuh Xuedq
Sdvwxuh <:=95 4=;7
Xuedq 5=6; <;=49

Wdeoh ;= Frqixvlrq pdwul{ iurp wkh fodvvl�fdwlrq ri
wkh Jlofklqj lpdjh1

vfdoh wr wkh uljkw1 Wkh hvwlpdwhg sdudphwhuv lq wkh
wudlqlqj duhdv zhuh +a� @ �4<=75/ a� @ :7:39=59, lq
wkh fohdu fxw/ +a� @ �47=4:/ a� @ 44<9:4=:5, lq wkh
vhfrqgdu| jurzwk dqg +a� @ �45=<:/ a� @ 4:;697=3:, lq
wkh ylujlq iruhvw1 Lw fdq eh revhuyhg/ wkxv/ wkdw wkh wzr
�uvw fodvvhv +fohdu fxw dqg fxw zlwk vhfrqgdu| jurzwk,
fruuhvsrqg wr uhodwlyho| krprjhqhrxv duhdv/ zkloh wkh
ylujlq iruhvw lv pruh khwhurjhqhrxv wkdq wkh rwkhu wzr1

Wkh Jdxvvldq pd{lpxp olnholkrrg fodvvl�fdwlrq
ri wkh gdwd suhvhqwhg lq Ilj1 44 lv vkrzq lq Ilj1 45/
dqg wkh frqixvlrq pdwul{ +lq shufhqwdjh, ri wklv fodv0
vl�fdwlrq/ xvlqj wudlqlqj gdwd dv wkh wuxwk/ lv vkrzq
lq Wdeoh <1 Djdlq/ wkh fodvvl�fdwlrq lv txdqwlwdwlyho|
h{fhoohqw1

; Frqfoxvlrqv

Lq wklv zrun/ wkh srvvlelolw| ri vxevwlwxwlqj wkh ND glv0
wulexwlrq e| wkh J3

D glvwulexwlrq kdv ehhq suhvhqwhg1
Wkh lpsruwdqfh ri wklv vxevwlwxwlrq uhvlghv lq wkh wkh0
ruhwlfdo dqg frpsxwdwlrqdo wudfwdelolw| ri wkh vhfrqg

Iljxuh 44= Jdxvvldq pd{lpxp olnholkrrg fodvvl�fdwlrq
ri wkh hvwlpdwhg sdudphwhuv lpdjhv1

UhvxowqWuxh Fohdu Fxw Vhf1 Jurzwk Iruhvw
Fohdu Fxw <7=77 9=89 3=34

Vhf1 Jurzwk 8=89 ;:=77 6=86
Iruhvw 3=33 9=33 <9=79

Wdeoh <= Frqixvlrq pdwul{ iurp wkh fodvvl�fdwlrq ri
MHUV lpdjh1

rqh ryhu wkh �uvw rqh1
Lw kdv ehhq vkrzq lq d Prqwh Fduor h{shulhqfh

wkdw/ iru d jlyhq ydoxh ri wkh urxjkqhvv sdudphwhu �N /
wkh uhsolfdwlrqv ri wkh hvwlpdwhg ydoxhv ri �J duh forvh
wr wkh wkhruhwlfdo ydoxh irxqg wkurxjk wkh plqlplvd0
wlrq ri wkh glvwdqfh ehwzhhq glvwulexwlrqv1 Wkxv/ wkh
k|srwkhvlv ri ND glvwulexwhg gdwd fdq eh vxevwlwxwhg
e| wkh k|srwkhvlv ri J3

D glvwulexwhg gdwd1 Wklv zdv
ghprqvwudwhg iru wkh urxjkqhvv sdudphwhu �N ydu|lqj
zlwklq wkh lqwhuydo ^7> 45`1

Lq wkh �uvw sudfwlfdo dssolfdwlrq suhvhqwhg khuh wkh
�4@5/ wkh ND dqg wkh J3

D kdyh ehhq frqvlghuhg dv srv0
vleoh prghov iru VDU gdwd1 Pd{lpxp olnholkrrg fodv0
vl�fdwlrqv iroorzhg e| wkh LFP dojrulwkp zhuh fduulhg
rxw iru wkh wkuhh prghov lq d MHUV04 lpdjh/ frqwdlq0
lqj duhdv ri vhyhudo ghjuhhv ri krprjhqhlw|= fohdu0fxw
+FF,/ fxw zlwk vhfrqgdu| jurzwk +FVJ, dqg iruhvw +I,1
Wkh rewdlqhg uhvxowv vkrz wkdw wkh fodvvl�fdwlrq shu0
irupdqfh grhv qrw ghwhulrudwh zkhq wkh J3

D glvwulex0
wlrq lv dgrswhg dv wkh wuxh prgho1

Lq d vhfrqg sudfwlfdo dssolfdwlrq/ hvwlpdwlrq ri wkh
sdudphwhuv ri wkh J3

D glvwulexwlrq edvhg rq prphqwv
zdv xvhg wr ghulyh ihdwxuhv pdsv wkdw zhuh xvhg dv wkh
lqsxw ri Jdxvvldq pd{lpxp olnholkrrg fodvvl�fdwlrq1
Wklv zdv grqh rq d vlpxodwhg 40orrn VDU lpdjh/ rq
d 40orrn/ KK srodulvdwlrq/ O0edqg H0VDU lpdjh dqg
rq wkh vdph MHUV04 lpdjh xvhg lq wkh �uvw sudfwlfdo
dssolfdwlrq1 Wkh uhvxowv/ erwk xvlqj vlpxodwhg dqg uhdo
VDU lpdjhv duh h{fhoohqw1 Wkh frpsxwdwlrqdo h�ruw wr



Iljxuh 45= Jdxvvldq pd{lpxp olnholkrrg fodvvl�fdwlrq
ri hvwlpdwhg pdsv1

ghulyh wkh sdudphwhu pdsv lv d�rugdeoh1
Zh fdq wkhq vd| wkdw wkh J3

D glvwulexwlrq lv txlwh
d jrrg prgho iru VDU gdwd/ wkdw lwv sdudphwhuv kdyh
uhohydqw dqg lpphgldwh lqwhusuhwdwlrq dqg wkdw wkh hv0
wlpdwlrq ri wkhvh sdudphwhuv/ zklfk lv d vlpsoh frpsx0
wdwlrqdo wdvn/ doorzv wkh ghulydwlrq ri ihdwxuhv wkdw fdq
eh xvhg wr rewdlq h{fhoohqw fodvvl�fdwlrqv zlwk Jdxv0
vldq pd{lpxp olnholkrrg1

Jlyhq wkhvh uhvxowv dqg wkh wkhruhwlfdo dv zhoo dv
wkh sudfwlfdo dgydqwdjhv ri wkh J3

D glvwulexwlrq ryhu
wkh ND glvwulexwlrq/ zh frqfoxgh wkdw wkh iruphu fdq
eh dgrswhg dv wkh wuxh prgho iru VDU gdwd1

Dfnqrzohgjphqwv

Wklv zrun zdv sduwldoo| vxssruwhg e| judqwv iurp FQSt
+Surf1 85679<2<90<, dqg IDFHSH +DST 3:3:041362<:,1

Uhihuhqfhv

^4` M1 Ehvdj/ _Rq wkh vwdwlvwlfdo dqdo|vlv ri gluw| slf0
wxuhv +zlwk glvfxvvlrq,1 Lq= Mrxuqdo ri wkh Ur|do

Vwdwlvwlfdo Vrflhw| E/ 7;+6,58<~635/ +4<;9,1

^5` D1 F1 Iuhu|/ K10M1 P�xoohu/ F1 F1 I \dqdvvh/ V1 M1 V1
Vdqw*Dqqd/ _Dprgho iru H{wuhpho| Khwhurjhqhrxv
Foxwwhu1 Lq= LHHH Wudqvdfwlrqv rq Jhrvflhqfh dqg

Uhprwh Vhqvlqj/ 68+6,97;~98</ +4<<:,1

^6` V1 G1 Jrugrq/ M1 D1 Ulwfh|/ %Fdofxodwlqj wkh
N glvwulexwlrq e| vdggohsrlqw lqwhjudwlrq%1 Lq=
LHH Surfhhglqjv lq Udgdu/ Vrqdu dqg Qdyljdwlrq/
475+7,495~498/ +4<<8,1

^7` L1 U1 Mrxjklq/ G1 E1 Shuflydo/ G1 S1 Zlqheuhqqhu/
_Pd{lpxp olnholkrrg hvwlpdwlrq ri N glvwulexwlrq
sdudphwhuv iru VDU gdwd1 Lq= LHHH Wudqvdfwlrqv

rq Jhrvflhqfh dqg Uhprwh Vhqvlqj/ 64+8,<;<~<<</
+4<<6,1

^8` P1 Phmdlo/ Wkh JD3 glvwulexwlrq lq wkh prghoolqj

dqg dqdo|vlv ri VDU lpdjhv1 SkG Wkhvlv lq Frp0
sxwhu Vflhqfh/ Xqlyhuvlgdg gh Exhqrv Dluhv/ Du0
jhqwlqd/ 4<<<1

^9` F1 F1 I \dqdvvh/ D1 F1 Iuhu|/ V1 M1 V1 Vdqw*Dqqd/
_Vwrfkdvwlf glvwulexwlrqv dqg wkh pxowlsolfdwlyh
prgho= uhodwlrqv/ surshuwlhv/ hvwlpdwruv dqg ds0
solfdwlrqv wr VDU lpdjh dqdo|vlv1 Whfkqlfdo Uh0
sruw 89630QWF264;/ LQSH/ Vr Mrv grv Fdpsrv/
VS/ Eud}lo/ +4<<8,1

^:` F1 F1 I \dqdvvh/ D1 F1 Iuhu|/ V1 M1 V1 Vdqw*Dqqd/ S1
I1 Khuqdqgh}/ O1 Y1 Gxwud/ _Vwdwlvwlfdo dqdo|vlv ri
VDUH[ gdwd ryhu Wdsdm�rv/ Eud}lo1 Lq= VDUH[0<5=
Vrxwk Dphulfdq Udgdu H{shulphqw/ P1 Zrrglqj
dqg H1 Dwwhpd/ hgv1 ss1 =58~73/ HVD/ Sdulv/ +4<<6,1


