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Plfkdho U1 Lqjjv dqg Ulfkdug W1 Orug

Udgdu Uhprwh Vhqvlqj Jurxs/ Ghsw ri Hohfwulfdo Hqjlqhhulqj/ Xqlyhuvlw| ri Fdsh Wrzq

Sulydwh Edj/ Urqghervfk ::33/ Vrxwk Diulfd

Who= .5: 54 983 6:89 Id{= .5: 54 983 6798

Hpdlo= uorugChohfhqj1xfw1df1}d

Devwudfw�Vdwhoolwh zlqg vhqvruv duh xqdeoh wr rewdlq phd0
vxuhphqwv gluhfwo| ehorz wkh vdwhoolwh/ fuhdwlqj d _qdglu
jds% fhqwuhg rq wkh vxe0vdwhoolwh wudfn1 Wklv lv wuxh ri
dfwlyh vhqvruv vxfk dv vfdwwhurphwhuv/ dv zhoo dv iru pl0
furzdyh udglrphwhuv/ qhzo| xvhg iru wklv sxusrvh1 Lq dg0
glwlrq/ vhqvru fryhudjh lq htxdwruldo uhjlrqv lv lqfrpsohwh1
Xvlqj surfhvvhg HUV04 zlqg �hog gdwd/ lw lv vkrzq lq wklv
sdshu wkdw Ruglqdu| Nuljlqj lv dq dssursuldwh whfkqltxh
wr lqwhusrodwh wklv _qdglu jds%1 Ixuwkhupruh/ zlqg �hog
gdwd fdq dovr eh h{wudsrodwhg dzd| iurp wkh vzdwk xv0
lqj wklv phwkrg/ wkhuhe| h�hfwlyho| |lhoglqj ehwwhu rfhdq
fryhudjh41

LQWURGXFWLRQ

Wklv zrun zdv lqvsluhg e| d ghvluh wr wu| dqg lpsuryh
wkh vsdwldo fryhudjh ri zlqg vhqvruv lq htxdwruldo uhjlrqv/
zkhuh srodu ruelwlqj vhqvruv lq vxq0v|qfkurqrxv ruelwv
glvsod| vljql�fdqw jdsv lq wkh gdlo| fryhudjh1 Lw wkhq
ehfdph dssduhqw wkdw wkh whfkqltxh frxog dovr eh xvhg wr
�oo wkh _qdglu jds%/ gh�qhg ehorz1
Gxh wr wkh lqdelolw| ri vdwhoolwh vfdwwhurphwhuv wr re0

wdlq zlqg �hog phdvxuhphqwv iru lqflghqfh dqjohv ehorz
53�/ wkh QDVD Vfdwwhurphwhu +QVFDW, zlqg �hog vzdwkv
kdyh d jds +fdoohg wkh _qdglu jds%, fhqwuhg rq wkh vxe0
vdwhoolwh wudfn zkhuh qr zlqg phdvxuhphqwv duh dydlodeoh1
Ilj1 4 looxvwudwhv wkh QVFDW dqwhqqd looxplqdwlrq sdw0
whuq rq wkh rfhdq vxuidfh1 Wkh vzdwkv rq hlwkhu vlgh ri
wkh vxe0vdwhoolwh wudfn duh 933 np zlgh/ vhsdudwhg e| d
65< np zlgh jds1
Uhfhqw zrun e| Zhqw} ^;` kdv vkrzq wkdw lw lv srv0

vleoh wr xvh vsdfheruqh udglrphwhu gdwd wr phdvxuh wkh
zlqg vshhg dqg yhorflw| ryhu wkh rfhdq vxuidfh1 Vdwho0
olwh udglrphwhuv kdyh wkh dgydqwdjh ryhu vfdwwhurphwhuv
ri ehlqj ohvv exon| dqg khqfh pruh uholdeoh dqg frvw hi0
ihfwlyh1 Krzhyhu/ dv iru wkh dfwlyh vhqvruv/ udglrphwhuv
fdqqrw phdvxuh zlqg yhfwruv iru lqflghqfh dqjohv ehwzhhq
}hur dqg wzhqw| ghjuhhv/ uhvxowlqj lq d vlplodu _qdglu jds%
fhqwuhg rq wkh vxe0vdwhoolwh wudfn1
Wkh iroorzlqj lqwhusrodwlrq dqg vprrwklqj whfkqltxhv

iru vsdwldo gdwd zhuh lqyhvwljdwhg dqg frpsduhg ^6`=

41 Wuhqg Vxuidfh Dqdo|vlv
51 Vsolqhv

4D pruh ghwdlohg yhuvlrq ri wklv sdshu kdv ehhq vxe0
plwwhg iru sxeolfdwlrq wr wkh LHHH Wudqvdfwlrqv rq Jhr0
vflhqfh dqg Uhprwh Vhqvlqj1

Iljxuh 4= QVFDW dqwhqqd looxplqdwlrq sdwwhuq

61 Nhuqho Vprrwklqj
71 Nuljlqj

Erwk nuljlqj ^8` dqg vsolqh edvhg phwkrgv ^8` vhhphg
wr eh dssursuldwh whfkqltxhv wr lqwhusrodwh zlqg �hog yhf0
wruv1 Ruglqdu| Nuljlqj vhhphg prvw dssursuldwh vlqfh lw
zdv vshfl�fdoo| ghyhorshg iru lqwhusrodwlrq lq wkh fdvh
ri udqgrp yduldeohv wkdw h{klelw vsdwldo dxwrfruuhodwlrq1
Zlqg �hog gdwd zdv h{shfwhg wr h{klelw d kljk ghjuhh ri
dxwrfruuhodwlrq1 Ixuwkhupruh/ Ruglqdu| Nuljlqj kdv ehhq
vxffhvvixoo| dssolhg lq d qxpehu ri duhdv/ vxfk dv vrlo pds0
slqj/ plqlqj/ udlqidoo prghoolqj dqg k|gurorj| ^8`1
Wkh sdshu jrhv rq wr uhylhz Nuljlqj eulh�|1 Wr whvw

wkh ydolglw| ri wkh whfkqltxh/ duwl�fldo dv zhoo dv HUV04
zlqg �hog gdwd zdv xvhg1 Wkh qdglu jds zdv vlpxodwhg
e| uhprylqj d vwuls iurp wkh fhqwuh ri wkh HUV04 zlqg
gdwd1 Jrrg uhvxowv zhuh rewdlqhg dqg duh uhsruwhg khuh1

NULJLQJ ZLQG YHFWRUV

Zlqg �hog gdwd frqvlvwv ri yhfwru yduldeohv udwkhu wkdq
vfdoduv1 Dffruglqj wr \rxqj ^<`/ wkh nuljlqj whfkqltxh
fdq eh h{whqghg wr wkh vsdwldo dqdo|vlv ri yhfwru ydul0
deohv e| gh�qlqj wkh hvwlpdwlrq yduldqfh dqg yhfwru vhpl0
ydulrjudp lq whupv ri wkh pdjqlwxgh ri gl�huhqfh yhfwruv1
Krzhyhu wkh yhfwruv kdyh wr eh vwdwlrqdu|/ vsdwldoo| fru0
uhodwhg udqgrp yduldeohv1
Dv iru vfdodu yduldeohv/ wkh yhfwru vhpl0ydulrjudp fdq

eh hvwlpdwhg xvlqj
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zkhuh wkh vxppdwlrq lv ryhu doo q+k, sdluv zklfk duh d
yhfwru glvwdqfh k dsduw1



Wklv gh�qlwlrq ri wkh yhfwru vhpl0ydulrjudp lv frqvlv0
whqw zlwk wkh gh�qlwlrq ri wkh vhpl0ydulrjudp iru vfdodu
yduldeohv1 Iru wkh uhpdlqghu ri wklv duwlfoh/ wkh zrug
_vhpl0ydulrjudp% zloo uhihu wr wkh yhfwru vhpl0ydulrjudp/
xqohvv vwdwhg rwkhuzlvh1
\rxqj ^<` gh�qhv wkh hvwlpdwlrq yduldqfh dv wkh yhfwru
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Wklv gh�qlwlrq iru wkh hvwlpdwlrq yduldqfh lv frqvlvwhqw
zlwk wkh yhfwru vhpl0ydulrjudp/ dqg fdq eh plqlplvhg wr
|lhog wkh nuljlqj htxdwlrqv mxvw dv iru wkh vfdodu fdvh1

LPSOHPHQWDWLRQ RQ HUV04 GDWD

Ehiruh wklv phwkrg zdv lpsohphqwhg rq uhdo HUV04
zlqg �hog gdwd/ lw zdv whvwhg xvlqj v|qwkhwlf gdwd vhwv1
Wkh _shuihfw% vwuxfwxuh ri v|qwkhwlf gdwd vhwv hqdeohg lp0
phgldwh hydoxdwlrq ri wkh rewdlqhg uhvxowv/ zklfk orrnhg
yhu| surplvlqj ^6`1 Wklv sdshu jrhv rq wr ghvfuleh rqo|
wkh uhvxowv rewdlqhg iru uhdo HUV04 gdwd1

Ghvfulswlrq ri Lpsohphqwdwlrq Surfhgxuh

Wkh nuljlqj dojrulwkp zdv lpsohphqwhg rq vhyhq gdwd
vhwv/ zklfk zhuh doo 4< zlqg yhfwruv zlgh dqg 6; zlqg yhf0
wruv orqj1 Wkhvh gdwd vhwv zhuh vhfwlrqv ri orqjhu HUV04
zlqg �hog vzdwkv1 Iru hdfk gdwd vhw/ : froxpqv ri yhfwruv
zhuh uhpryhg iurp wkh plggoh ri wkh vzdwk1 Wklv jds zdv
wkhq lqwhusrodwhg/ dqg wkh uhvxowv zhuh frpsduhg zlwk wkh
ruljlqdo vwuls1 Ixuwkhupruh/ iru hdfk vzdwk/ 9 froxpqv ri
yhfwruv zhuh h{wudsrodwhg iurp hdfk vlgh ri wkh vzdwk1
Rqfh wkh jds kdg ehhq lqwhusrodwhg/ wkh uhvxowv zhuh

frpsduhg zlwk wkh ruljlqdo ydoxhv e| fdofxodwlqj wkh urrw0
phdq0vtxduh +u1p1v1, ydoxh ri wkh gl�huhqfhv lq wkh vshhg
dqg dqjoh ydoxhv/ dqg dovr wkh u1p1v1 ydoxh ri wkh pdj0
qlwxgh ri wkh gl�huhqfh yhfwruv1 Wkh huuru lq wkh vshhg
frpsrqhqw zdv dovr fdofxodwhg dv d shufhqwdjh/ e| fdofx0
odwlqj wkh udwlr ehwzhhq wkh vshhg u1p1v1 ydoxh dqg wkh
dyhudjh vshhg lq wkh ruljlqdo gdwd vwuls1

Lqwhusuhwlqj Zlqg Ilhog Vhpl0Ydulrjudpv

Doo wkh uhvxowv vkrzq dqg glvfxvvhg lq wklv sdshu kdyh
ehhq rewdlqhg e| �wwlqj d vskhulfdo vhpl0ydulrjudp prgho
wr wkh fdofxodwhg vhpl0ydulrjudpv1 Wkh vskhulfdo prgho lv
suredeo| wkh prvw frpprqo| xvhg vhpl0ydulrjudp prgho/
dqg lv gh�qhg e| wkh htxdwlrq
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zkhuh v lv wkh vloo dqg d lv wkh udqjh1 Lw kdv d olqhdu
ehkdylrxu dw vpdoo vhsdudwlrq glvwdqfhv qhdu wkh ruljlq/
exw �dwwhqv rxw dw odujhu glvwdqfhv/ dqg uhdfkhv wkh vloo
dw d1

Wdeoh 4= UPV huuruv iru uhdo gdwd

Vzdwk Vshhg Dqjoh Yhfwru Dyj Vshhg Vshhg
^p2v` ^Ghj` ^p2v` ^p2v` ^(`

4 31:<8 913<; 4178: 441:4; 91:;6
5 31936 81:;6 413<9 <1737 91743
6 318:6 461473 41694 81:;3 <1<4:
7 31747 71;38 31:8; :19;8 816;7
8 31;99 ;19<4 415:< 917<5 461675
9 31983 :7173: 41674 :1<73 ;14<4
: 315;: ;1476 31:5: 71;8; 81<45

Dyj 318<; 4:15<8 41479 :19<: :1<<4

Lw kdv ehhq irxqg wkdw wkh zlqg �hog gdwd glvsod|v d
pl{wxuh ri jhrphwulf dqg }rqdo dqlvrwurs|1 Zkhq prg0
hoolqj dqlvrwurs|/ rqh xvxdoo| vwduwv e| ghwhuplqlqj wkh
dqlvrwurs| d{hv e| h{shulphqwdoo| ghwhuplqlqj wkh gl0
uhfwlrqv fruuhvsrqglqj wr wkh plqlpxp dqg pd{lpxp
udqjh ru vloo1 Iru wklv sdshu lw kdv ehhq dvvxphg wkdw
wkh dqlvrwurs| d{hv fruuhvsrqg wr wkh gluhfwlrqv sdudooho
wr wkh vzdwk dqg shushqglfxodu wr wkh vzdwk1
Wkh udqjh ri lq�xhqfh ri prvw vhpl0ydulrjudpv h{whqghg

yluwxdoo| ryhu wkh zkroh zlgwk ri wkh vzdwk1 Wkh 9 h{wuds0
rodwhg froxpqv ri yhfwruv dqg wkh : lqwhusrodwhg froxpqv
ri yhfwruv idoo zhoo zlwklq wkh udqjh ri prvw zlqg �hog
vhpl0ydulrjudpv1
D zhljkwhg qrq0olqhdu ohdvw vtxduhv phwkrg zdv xvhg wr

�w vhpl0ydulrjudp prghov wr wkh fdofxodwhg judskv1 Wkh
srlqwv forvhu wr wkh ruljlq zhuh jlyhq kljkhu zhljkwv wkdq
srlqwv ixuwkhu dzd|/ ehfdxvh wkh| duh lqkhuhqwo| pruh df0
fxudwh/ dv wkh| duh fdofxodwhg xvlqj pruh gdwd sdluv1 D
frpsdulvrq ehwzhhq wkh uhvxowv rewdlqhg xvlqj wkh vskhu0
lfdo prgho/ dqg wkh uhvxowv rewdlqhg xvlqj wkh h{srqhqwldo
prgho/ vkrzhg wkdw wkh vskhulfdo prgho |lhoghg ehwwhu uh0
vxowv rq dyhudjh1 Krzhyhu wkh srruhu uhvxowv iurp wkh h{0
srqhqwldo prgho zhuh rewdlqhg ehfdxvh wkh prgho0�wwlqj
dojrulwkp vrphwlphv surgxfhg h{wuhpho| odujh udqjh dqg
vloo ydoxhv iru wkh vhpl0ydulrjudpprghov1 Vhpl0ydulrjudpv
wkdw glg qrw uhdfk d zhoo0gh�qhg vloo surgxfhg h{wuhpho|
odujh udqjh dqg vloo ydoxhv1 Zkhq wkh vhpl0ydulrjudp sd0
udphwhuv zhuh hvwlpdwhg e| _h|h%/ zlwk hpskdvlv rq �w0
wlqj wkh erwwrp uhjlrq ri wkh judsk uhdvrqdeo| zhoo/ erwk
prghov |lhoghg jrrg uhvxowv1

Lqwhusrodwlrq dqg H{wudsrodwlrq Uhvxowv

Wdeoh 4 vxppdulvhv wkh u1p1v1 huuruv rewdlqhg iurp lq0
whusrodwlqj wkh plggoh vwuls ri wkh gdwd vhwv1 Wkh dyhu0
djh vshhg u1p1v1 huuru rewdlqhg iru wkh vhyhq uhdo gdwd
vhwv wkdw zhuh h{dplqhg lv ri wkh rughu ri 319p2v ru ;(/
zklfk lv dffhswdeoh/ hvshfldoo| zkhq rqh frqvlghuv wkdw
wkh QVFDW v|vwhp lv uhtxluhg wr phdvxuh zlqg vshhgv
zlwk dq dffxudf| ehwwhu wkdq 5p2v ru 43(/ zklfkhyhu
lv juhdwhu ^:`1 Krzhyhu wkh dyhudjh dqjoh u1p1v1 huuru lv
4:=6�/ zklfk vhhpv xqdffhswdeo| kljk1 Wkh uhdvrq iru wklv
kljk dyhudjh lv wkh yhu| odujh dqjoh u1p1v1 huuru ri gdwd
vhw 91 Wklv uhvxow lv vxusulvlqj/ vlqfh zkhq rqh orrnv



 

Iljxuh 5= Lqwhusrodwlrq dqg H{wudsrodwlrq Uhvxowv

dw wkh lqwhusrodwhg yhfwruv vkrzq lq Ilj1 5/ rqh fdqqrw
lpdjlqh wkdw wkhuh lv vxfk d elj gl�huhqfh ehwzhhq wkh
ruljlqdo yhfwru dqjohv dqg wkh lqwhusrodwhg yhfwru dqjohv1
Krzhyhu wkh ruljlqdo gdwd vhw pljkw kdyh frqwdlqhg d ihz
dpeljxlw| huuruv/ zklfk jdyh ulvh wr wklv kljk dqjoh u1p1v1
huuru1 Wkh QVFDW v|vwhp lv uhtxluhg wr phdvxuh zlqg
gluhfwlrq zlwk dq dffxudf| ehwwhu wkdq 53� ^:`1 Wkh dy0
hudjh dqjoh u1p1v1 huuru rewdlqhg khuh lv wkhuhiruh vwloo lq
wkh udqjh uhtxluhg iru wkh QVFDW v|vwhp1

Uhvxowv rewdlqhg iru Vzdwkv ri Gdwd

Zkhq wkh vdph surfhgxuh zdv dssolhg wr zkroh vzdwkv
ri gdwd/ wkh dyhudjh vshhg u1p1v1 huuru rewdlqhg zdv 4314(/
zklfk lv voljkwo| kljkhu wkdq wkh dyhudjh ri ;13( rewdlqhg
iru wkh uhdo gdwd vhwv1 Wkh dyhudjh dqjoh u1p1v1 huuru
zdv 7<=3�/ zklfk lv vljql�fdqwo| kljkhu wkdq wkdw rewdlqhg
iurp wkh deryh gdwd vhwv/ zklfk zdv 4:=6�1 Wklv lqfuhdvh
lq wkh u1p1v1 huuruv lv suredeo| gxh wr xqghuo|lqj wuhqg1
Wkh dyhudjh vshhg dqg gluhfwlrq ri zlqg yhfwruv dw wkh
erwwrp ri wkh vzdwk lv vljql�fdqwo| gl�huhqw wr wkdw dw
wkh wrs ri wkh vzdwk1 Wr plqlplvh wklv h�hfw/ wkh nuljlqj
dojrulwkp vkrxog eh dssolhg wr vxffhvvlyh vpdoohu vhfwlrqv
ri d vzdwk/ hdfk vhfwlrq ehlqj derxw 6; yhfwruv orqj1

FRQFOXVLRQV

Wkh uhvxowv rewdlqhg iurp lqwhusrodwlqj dqg h{wudsr0
odwlqj HUV04 gdwd vhwv kdyh vkrzq wkdw lw lv ihdvleoh wr
xvh Ruglqdu| Nuljlqj wr lqwhusrodwh dqg h{wudsrodwh zlqg
�hog yhfwruv1
Erwk wkh vskhulfdo dqg h{srqhqwldo vhpl0ydulrjudpprg0

hov zhuh xvhg wr rewdlq uhvxowv/ krzhyhu wkh vskhulfdo
prgho |lhoghg ehwwhu uhvxowv rq dyhudjh1 Lw kdv ehhq
vkrzq wkdw �wwlqj h{srqhqwldo prghov e| _h|h%/ zlwk hp0
skdvlv rq �wwlqj wkh erwwrp uhjlrq ri wkh judsk yhu| zhoo/
dovr |lhoghg jrrg uhvxowv1 Wkxv/ wkh txdolw| ri wkh �wwhg
vhpl0ydulrjudp prgho/ hvshfldoo| qhdu wkh orzhu uhjlrq ri
wkh judsk/ sod|v d yhu| lpsruwdqw uroh lq wkh dffxudf| ri

wkh uhvxowv rewdlqhg1
Wkh h{whqw wr zklfk gdwd fdq eh h{wudsrodwhg/ dqg wkh

olplwv ri wkh vl}h ri wkh jds wkdw fdq eh lqwhusrodwhg/ kdv
qrw ehhq uljrurxvo| lqyhvwljdwhg1 Wkh odujh udqjh ri lq0
�xhqfh ri wkh vhpl0ydulrjudpv grhv vhhp wr vxjjhvw/ krz0
hyhu/ wkdw yhfwruv hvwlpdwhg kdoi d vzdwk zlgwk dzd| iurp
wkh erxqgdu| ri wkh vzdwk duh vwloo uhdvrqdeo| dffxudwh/
jlyhq wkdw hqrxjk vdpsohv kdyh ehhq xvhg lq wkh nulj0
lqj htxdwlrqv1 Lw iroorzv wkdw wkh vl}h ri wkh jds wkdw
fdq eh lqwhusrodwhg ehwzhhq wzr vzdwkv vkrxog eh ohvv ru
htxdo wr rqh vzdwk zlgwk1 D pruh frqvhuydwlyh hvwlpdwh
zrxog uhtxluh wkh jds wr eh ohvv ru htxdo wr wzr wklugv ri d
vzdwk zlgwk1 Wkh _qdglu jds% ri wkh QVFDW vfdwwhurp0
hwhu/ dqg srvvleo| ri ixwxuh udglrphwhu v|vwhpv/ zklfk lv
ohvv wkdq d wklug ri wkh vzdwk zlgwkv rq hlwkhu vlgh zlgh/
fdq wkhuhiruh eh lqwhusrodwhg txlwh hdvlo|1
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DFNQRZOHGJPHQWV

Wkh dxwkruv zlvk wr wkdqn Gu O1 PfQhloo iurp wkh Vwd0
wlvwlfdo Vflhqfhv Ghsduwphqw ri wkh Xqlyhuvlw| ri Fdsh
Wrzq iru khu vxssruw dqg khosixo frpphqwv zkloh suhsdu0
lqj wklv sdshu1


