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41 Edfnjurxqg

Edvhg xsrq uhfhqw h{shulhqfh zlwk qdwlrqdo fhqvxvhv wdnhq erwk lq wkh XV dqg

XN/ ryhu d txduwhu ri doo uhvsrqvhv zloo frqwdlq vrph irup ri lwhp qrq0uhvsrqvh1

Iru h{dpsoh/ Oloodug/ Vplwk/ dqg Zhofk +4<;9, qrwh wkdw qrq0uhvsrqvh wr wkh

fhqvxv lqfrph txhvwlrq kdv lqfuhdvhg iurp 518( lq 4<73 wr 59( lq 4<;51 Rq d

voljkwo| ohvv judqg vfdoh d odujh sursruwlrq ri erwk HVUF dqg QVI ixqghg dqg

jryhuqphqw vsrqvruhg surmhfwv lqyroyh wkh fuhdwlrq ri frpsoh{ gdwdvhwv/ pdq|

ri zklfk duh edvhg xsrq vdpsoh vxuyh| ri �upv ru lqglylgxdov1 Wklv lv wuxh/ iru

lqvwdqfh/ ri wkh pdmru vxuyh|v ri lqqrydwlrq dfwlylw| lq wkh HX frxqwulhv fduulhg

rxw xqghu wkh Frppxqlw| Kduprqlvhg Lqqrydwlrq Vxuyh| Surjudpph1 Vlqfh

wkhvh gdwdvhwv uhsuhvhqw dq lpsruwdqw vrxufh ri lqirupdwlrq iru srolf| pdnhuv/

wkh vljql�fdqw frvwv ri gdwd froohfwlrq kdv uhvxowhg lq frqvlghudeoh h�ruw wr hqvxuh

erwk wkh dffxudf| ri wkh lqirupdwlrq dqg h{dplqh wkh lpsdfw ri xqlw dwwulwlrq

dqg lwhp qrq0uhvsrqvh1 Lq wklv frqwh{w wkh sureohp ri plvvlqj gdwd dqg uhodwhg

lvvxhv vxfk dv vhohfwlrq eldv duh sdudprxqw1

Lq wkh fdvh ri wkh HVUF ixqghg FEU vpdoo dqg phglxp vl}hg exvlqhvv vxuyh|

dqg rwkhu exvlqhvv edvhg vxuyh|v/ wkh sureohp ri plvvlqj ydoxhv fdq pdqlihvw

lwvhoi lq d qxpehu ri lpsruwdqw zd|v/ iru lqvwdqfh lq d uhodwlyho| juhdwhu uhoxfwdqfh

wr uhsruw sur�wv gdwd frpsduhg wr fdwhjrulvhg gdwd vxfk dv txhvwlrqv rq jurzwk

remhfwlyhv1 Wklv sureohp lv wkhq pdqlihvw lq wkh sureohp ri erwk lwhp +ru txhvwlrq

vshfl�f, qrq0uhvsrqvh/ dqg lq d whqghqf| iru �ehwwhu� �upv wr uhvsrqg jhqhudoo|

ohdglqj wr xqlw +ru txhvwlrqqdluh, qrq0uhvsrqvh14

Wkh frqvhtxhqfhv ri plvvlqj gdwd zloo ydu| dffruglqj wr d odujh qxpehu ri

idfwruv1 Wkhvh lqfoxgh=

+l, remhfwlyhv ri wkh dqdo|vlv

+ll, wkh sdwwhuq ri plvvlqj gdwd1 Fulwlfdo khuh lv zkhwkhu plvvlqj gdwd lv xql0

yduldwh ru pxowlyduldwh1 Li/ iru h{dpsoh/ wkh sureohp ri plvvlqj gdwd lq d

exvlqhvv vxuyh| d�hfwv d odujh qxpehu ri yduldeohv/ dqg wkdw wkh olnholkrrg

4Iru d sduwlfxodu glvfxvvlrq lq uhodwlrq wr plvvlqj lqqrydwlrq lwhp uhvsrqvh udwhv vhh Frvk
dqg Zrrg +4<<<,
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ri �upv uhvsrqglqj gl�huv dffruglqj wr wkh txhvwlrq dvnhg/ wkhq wkh vhw ri

�upv iru zklfk wkhuh h{lvwv d frpsohwh vhw ri uhvsrqvhv pd| eh txlwh vpdoo1

+lll, wkh udwlr ri plvvlqj wr qrq0plvvlqj fdvhv1 Iru dq| vlqjoh yduldeoh wkh frq0

vhtxhqfh ri qrq0uhvsrqvh zloo ghshqg/ lq sduw/ xsrq wkh iuhtxhqf| ri qrq0

uhvsrqvh1 Lq wkh fdvh ri xqlyduldwh dqdo|vlv/ dqg dvvxplqj wkdw qrq0uhvsrqvh

lv d udqgrp skhqrphqrq5/ plvvlqj gdwd zloo vlpso| uhvxow lq dq h!flhqf|

orvv/ wkhuhe| frpsurplvlqj wkh delolw| wr glvfulplqdwh ehwzhhq dowhuqdwlyh

k|srwkhvhv1 Lq d pxowlyduldwh vhwwlqj/ wkh h{lvwhqfh ri plvvlqj gdwd lq rqh

yduldeoh zloo riwhq jhqhudwh plvvlqj ydoxhv lq rwkhuv> frqvlghu wkh fdvh/ iru

h{dpsoh/ ri wkh frpsxwdwlrq ri elyduldwh fruuhodwlrq frh!flhqwv zklfk fdq

rqo| eh frpsxwhg dfurvv wkh vhw ri fdvhv iru zklfk wkh wzr yduldeohv duh

erwk qrq0plvvlqj1 Li zh pryh iurp d elyduldwh wr d pxowlyduldwh vhwwlqj/

wkhq wkh sdwwhuq ri plvvlqj gdwd dfurvv d vhw ri yduldeohv fdq uhvxow lq d vxe0

vwdqwldo orvv ri lqirupdwlrq1 Iru h{dpsoh/ vrph vriwzduh sdfndjhv zloo rqo|

shuirup vwdwlvwlfdo dqdo|vlv rq uhfwdqjxodu gdwdvhwv/ qdpho| d ?� & pdwul{/

vd| � / ri ? �upv zlwk ixoo| revhuyhg gdwd ryhu & yduldeohv1 Djdlq/ hyhq li

wkh gdwd lq � lv d uhsuhvhqwdwlyh vdpsoh ri wkh wrwdo gdwd +lqfoxglqj �upv

zlwk erwk frpsohwh dqg sduwldoo| revhuyhg uhfrugv ryhu & yduldeohv,/ wkh hi0

�flhqf| orvv fdq eh vxevwdqwldo/ dqg pd| uhvxow lq vwdwlvwlfdoo| lqvljql�fdqw

h�hfwv pdvnlqj rwkhuzlvh vwurqj uhodwlrqvklsv1

+ly, wkh plvvlqj gdwd jhqhudwlqj surfhvv1 Dowkrxjk zh gr qrw vxevfuleh wr wkh

vrphwlphv khog qrwlrq wkdw wkh vhdufk iru d jrrg hfrqrplf prgho lv d vhdufk

iru zkdw lv riwhq uhihuuhg wr dv xqghuo|lqj gdwd jhqhudwlqj surfhvv/ +gjs, lw

lv lqvwuxfwlyh wr hqwhuwdlq wkh lghd wkdw prgho vhohfwlrq vkrxog vhhn wr ds0

sur{lpdwh wkh wuxh dqg xqnqrzq gjs1 Lq wkh vdph vslulw/ dqg idfhg zlwk wkh

sureohp ri plvvlqj gdwd/ zh fdq surgxfwlyho| wklqn ri d plvvlqj gdwd jhqhu0

dwlqj surfhvv +pgjs, zklfk/ lq wkh irup ri d suredelolw| prgho/ ghwhuplqhv

wkh olnholkrrg ri zkhwkhu ru qrw lqirupdwlrq rq d jlyhq txhvwlrq lv vxssolhg1

Li iru h{dpsoh/ dq dqdo|vw zhuh wr udqgrpo| glvfdug wkh sur�w uhvsrqvhv iru

d vhw ri �upv wkhq wkh pgjs zrxog eh ljqrudeoh/ lq wkh vhqvh wkdw vxevh0

5Vhh Zhhnv +5334, iru d wkrurxjk ryhuylhz ri udqgrp dqg qrq0udqgrp qrq0uhvsrqvh1
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txhqw lqihuhqfh frxog surfhhg xvlqj rqo| wkh revhuyhg vhw ri uhvsrqvhv> wkh

rqo| orvv zrxog eh wkh suhflvlrq lq zklfk prgho sdudphwhuv zhuh hvwlpdwhg1

Dowhuqdwlyho|/ li wkh pjgs zhuh vxfk wkdw �upv rqo| uhsruwhg sur�wv li suri0

lwv zhuh ohvv wkdq vrph wkuhvkrog ydoxh wkhq wkhuh zrxog eh erwk d orvv ri

h!flhqf| dqg eldv1

Dw wkh rxwvhw zh hpskdvlvh wkh lpsruwdqfh ri glvwlqjxlvklqj ehwzhhq gdwdedvh

surylghuv dqg hqg0xvhuv1 Dv qrwhg deryh/ wkh frqvhtxhqfhv ri plvvlqj gdwd lq

vxuyh|v zloo ghshqg lq sduw xsrq wkh remhfwlyhv ri wkh dqdo|vw1 Krzhyhu/ lw lv

dovr wuxh wkdw wkhuh lv olnho| wr eh vxevwdqwldo khwhurjhqhlw| dfurvv wkh xvhuv ri

wkh gdwd zlwk uhvshfw wr wkh delolw| wr erwk vhohfw dqg kdqgoh plvvlqj gdwd1 Wklv

nqrzohgjh lv lq sduw vxemhfw vshfl�f1 Iru h{dpsoh/ xvhuv zlwk vxevwdqwldo wudlqlqj

lq vwdwlvwlfv kdyh/ vlqfh wkh vhplqdo zrun ri Uxelq +4<::,/ uhdolvhg wkdw lpsxwhg

gdwd vkrxog eh wuhdwhg gl�huhqwo| iurp revhuyhg gdwd lq vxevhtxhqw vwdwlvwlfdo

dqdo|vlv1 Lq frqwudvw vrph dssolhg hfrqrplvwv kdyh iroorzhg d fodvvlfdo dssurdfk

e| surylglqj vlqjoh hvwlpdwhv ri plvvlqj ydoxhv zlwkrxw pdnlqj doorzdqfh iru dq

ryhudoo lqfuhdvh lq xqfhuwdlqw| dwwdfkhg wr wkhvh ydoxhv1 Wklv lvvxh lv ixuwkhu

glvfxvvhg lq Vhfwlrq 6 ri wklv uhsruw1

51 Remhfwlyhv

Wkh sulqflsdo remhfwlyhv ri wklv uhvhdufk iroorz qdwxudoo| iurp d txrwh iurpKrurzlw}

dqg Pdqvnl +4<<;,1

Vxuyh| qrquhvsrqvh lv sureohpdwlf iru lghqwl�fdwlrq ri srsxodwlrq sd0

udphwhuv1 Zkhwkhu qrquhvsrqvh wdnhv wkh irup ri sduwlfxodu plvvlqj

lwhpv ru hqwluh plvvlqj lqwhuylhzv/ wkh rqo| zd| wr lghqwli| srsxodwlrq

sdudphwhuv lv wr pdnh dvvxpswlrqv wkdw ghwhuplqh wkh glvwulexwlrq ri

wkh plvvlqj gdwd1 D edvlf sureohp ri hpslulfdo dqdo|vlv lv wkdw vxfk

dvvxpswlrqv duh qrw whvwdeoh1

Krurzlw} dqg Pdqvnl +4<<;,

Idfhg zlwk d qxpehu ri frpshwlqj phwkrgrorjlhv zlwk zklfk wr lpsxwh plvv0

lqj ydoxhv zh dgrsw dq h{shulphqwdo dssurdfk e| xwlolvlqj d vhfrqgdu| gdwd vrxufh
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zklfk idflolwdwhv hydoxdwlrq1 Wklv gdwd h{lvwv lq wkh irup ri wkh LFF +Lqwhu Frp0

sdq| Frpsdulvrq, gdwdedvh zklfk krogv wkh vwdqgduglvhg �qdqfldo dffrxqwv rq

wkh uhwxuqv vxeplwwhg e| frpsdqlhv wr Frpsdqlhv Krxvh dv sduw ri wkhlu vwdwxwru|

uhsruwlqj uhtxluhphqwv1 Wkxv/ rqfh zh kdyh pdwfkhg �upv lq wkh FEU gdwdedvh

zlwk LFF gdwd/ zh zloo xwlolvh wkh revhuyhg sur�w dqg hpsor|phqw gdwd lq LFF

wr hydoxdwh wkh dffxudf| ri lpsxwdwlrq ri plvvlqj ydoxhv lq wkh FEU gdwdedvh1

Lq wkh ruljlqdo sursrvdo zh rxwolqhg wkh iroorzlqj remhfwlyhv=

l, frqvwuxfw d suredelolvwlf prgho ri qrq0uhvsrqvh iru sur�w dqg hpsor|phqw

gdwd>

ll, hydoxdwh wkh shuirupdqfh ri dowhuqdwh whfkqltxhv iru lpsxwlqj plvvlqj sur�w

gdwd1

lll, grfxphqw dqg pdnh dydlodeoh xvhu0iulhqgo| urxwlqhv iru lpsohphqwlqj ydul0

rxv lpsxwdwlrq whfkqltxhv1

Zlwklq wkh frq�qhv ri wklv rqh |hdu orqj surmhfw/ hdfk ri wkhvh remhfwlyhv kdyh

ehhq phw dqg/ zh eholhyh/ wkdw wkh rxwfrphv ri wkh uhvhdufk jr eh|rqg wkrvh

vwdwhg16 Lq wkh fdvh ri l, Zhhnv dqg Kxjkhv +5334, lq Vhfwlrq 7 dqg ghprqvwudwh

krz wkh suredelolvwlf prgho ri qrq0uhvsrqvh iru erwk sur�wv dqg hpsor|phqw gdwd

lv lqwhjudo wr wzr frpshwlqj lpsxwdwlrq phwkrgrorjlhv= d, d frqglwlrqdo phdq

prgho wr suhglfw plvvlqj ydoxhv zlwk d fruuhfwlrq iru qrq0udqgrp qrq0uhvsrqvh>

dqg e, d pxowlsoh lpsxwdwlrq dssurdfk wr lpsxwlqj plvvlqj ydoxhv1 Lq dgglwlrq/

wkh suredelolvwlf prgho ri plvvlqj gdwd/ hvvhqwldoo| d elqdu| surelw prgho xvlqj

revhuyhg �up fkdudfwhulvwlfv dv suhglfwruv ri plvvlqj gdwd/ lv dovr xvhg wr whvw

iru zkhwkhu wkh surfhvv jhqhudwlqj wkh gdwd lv vrph ixqfwlrq ri wkh ohyho ri wkh

yduldeoh lq txhvwlrq1 Qrwh wkdw e| dgrswlqj dq h{shulphqwdo dssurdfk dqg e|

xvlqj pdwfkhg revhuydwlrqv lq wkh LFF gdwdedvh/ zh duh deoh wr gr wklv1 Ixuwkhu

ghwdlov duh surylghg lq Vhfwlrq 7 ri Zhhnv dqg Kxjkhv +5334,1

Wkh hydoxdwlrq ri wkh shuirupdqfh ri dowhuqdwlyh whfkqltxhv +srlqw ll, lq wkh

ruljlqdo remhfwlyhv, kdv ehhq fduulhg rxw lq Zhhnv dqg Kxjkhv +5334, +vhh Vhfwlrq

6Dq lpsruwdqw fdyhdw lv wkdw wr gdwh zh kdyh irfxvvhg xsrq plvvlqj sur�wv gdwd1 Iru
uhdvrqv hoderudwhg xsrq lq Zhhnv dqg Kxjkhv +5334,/ wkhuh zhuh yhu| ihz �upv zlwk erwk
plvvlqj hpsor|phqw gdwd dqg revhuyhg LFF gdwd1
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;14,1 Dowkrxjk zh eholhyh wkdw zh kdyh ehhq vxffhvvixo lq phhwlqj wklv remhfwlyh/

wkhuh zhuh d qxpehu ri sduwlfxodu sureohpv wkdw uhtxluh hpskdvlv1 Iluvw/ lq wkh

fdvh ri sur�wv gdwd wkhuh zhuh xqdqwlflsdwhg sureohpv lq uhfrqflolqj gdwd iru

�upv zlwk uhsruwhg sur�wv gdwd lq erwk wkh FEU dqg LFF gdwdedvhv1 Wkh LFF

dqg FEU sur�w gdwd vkrz vljql�fdqw gl�huhqfhv1 Jlyhq wkdw zh lqwhqg wr xvh wkh

revhuyhg LFF sur�wv gdwd +iru �upv qrw uhsruwlqj sur�wv lq wkh FEU gdwdedvh, wr

hydoxdwh suhglfwhg ydoxhv iru gl�huhqw lpsxwdwlrq whfkqltxhv/ zh reylrxvo| qhhg

gdwd zklfk lv frpsdudeoh1 Krzhyhu/ dv glvfxvvhg lq Zhhnv dqg Kxjkhv +5334,/ lw

lv qrw qhfhvvdu| wr kdyh d shuihfw pdwfk lq wkh fdvh ri udqnlqj shuirupdqfh dfurvv

gl�huhqw dssurdfkhv1

Zlwk uhjdug wr remhfwlyh +lll, wkh frpsxwdwlrqv zhuh frpsohwhg xvlqj VRODV

iru plvvlqj gdwd dqg wkh R{ +vhh Grruqln +4<<<,, surjudpplqj odqjxdjh1 Do0

wkrxjk VRODV lqfoxghv d prgxoh wr shuirup pxowlsoh lpsxwdwlrqv7/ wklv suryhg

txlwh lq h{leoh dqg gl!fxow wr xvh1 Dv d uhvxow zh ghyhorshg rxu rzq prgxoh/

wkh frgh iru zklfk lv surylghg lq Dsshqgl{ 4 ri Zhhnv dqg Kxjkhv +5334,1

Zh eholhyh wkdw zh kdyh vxusdvvhg rxu ruljlqdo remhfwlyhv lq wkh iroorzlqj vhqvh1

Iluvw/ wkh olwhudwxuh uhylhz rq plvvlqj gdwd frpsohwhg e| Zhhnv +5334, uhsuhvhqwv

d frpsuhkhqvlyh ryhuylhz ri wkh jhqhudo sureohp ri plvvlqj gdwd/ surylglqj d

wd{rqrp| ri dssurdfkhv zklfk dovr lqfoxghv d qxpehu ri qhz dqg lqqrydwlyh

whfkqltxhv vxfk dv jhqhudolvhg hqwurs|1 Vhfrqg/ lq frpsohwlqj wkh zrun zh qrz

ihho deoh wr dgylvh rwkhu gdwdedvh surylghuv rq wkh uhodwlyh phulwv ri lpsxwdwlrq

vwudwhjlhv18 Wklv/ zh eholhyh/ uhsuhvhqwv d vljql�fdqw rxwfrph ri wkh uhvhdufk1

Ixuwkhu iuxlwixo zrun rq prghoolqj qrquhvsrqvh lq exvlqhvv sur�wv gdwd frxog

eh ghyhorshg rq wkh irxqgdwlrqv odlg lq wklv vkruw surmhfw e| ghyhorslqj d pruh

vrsklvwlfdwhg ehkdylrxudo prgho ri exvlqhvv sur�wv1

61 Phwkrgv

Wkh phwkrgv xvhg lq wkh uhsruw duh/ zlwk wkh h{fhswlrq ri rqh ri wkh lpsxwdwlrq

phwkrgv/ yhu| idploldu wr uhvhdufkhuv dfurvv wkh vrfldo vflhqfhv1 Wkhvh phwkrgv/

7Vhh VRODV +4<<:,1
8Wkh Ghsduwphqw ri Wudgh dqg Lqgxvwu| kdyh dvnhg xv wr suhvhqw d vhplqdu rq lpsxwdwlrq

whfkqltxhv1 Vhh Vhfwlrq :1
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hvvhqwldoo| uhjuhvvlrq0edvhg wrrov/ duh xvhg dv lqsxwv lqwr uhodwlyho| vwudljkwiruzdug

whfkqltxhv iru lpsxwlqj plvvlqj ydoxhv1 Iru h{dpsoh/ frqvlghu wkh fdvh zkhuh zh

revhuyh sur�w gdwd iru ?� �upv/ zlwk ?f qrq0uhvsrqghqwv1 Lq rughu wr iruhfdvw

sur�w lqirupdwlrq iru wkh ?f qrq0uhvsrqghqwv zh pljkw vshfli| d prgho ri sur�wv

iru uhvsrqghqwv zulwlqj/

�� ' kn � 
�
n 0�c � ' �c ���c ?c +614,

zkhuh � lqgh{hv wkh vhw ri �upv zlwk revhuyhg sur�wv/ � lv d ��& yhfwru ri xqnqrzq

sdudphwhuv/ dqg  � lv d &� � yhfwru ri yduldeohv zklfk zh eholhyh lq frpelqdwlrq

surylgh suhglfwlyh lqirupdwlrq iru ��1 Jlyhq dq hvwlpdwh ri �c vd| e�c dqg ixoo|

revhuyhg gdwd lq  / zh pd| wkhq lpsxwh plvvlqj sur�w gdwd xvlqj wkh vlpsoh

uhodwlrqvkls/ e�� ' ek n e� �/ zkhuh � ' �c ���c ?f lqgh{hv qrq0uhvsrqghqw �upv1

Wklv phwkrg uhsuhvhqwv rqh ri wkh edvlf whfkqltxhv iru lpsxwlqj plvvlqj gdwd/

dqg ghshqgv fulwlfdoo| rq wkh dvvxpswlrq wkdw wkh surfhvv ghwhuplqlqj zkhwkhu

ru qrw �upv vxsso| sur�w lqirupdwlrq lv xquhodwhg wr wkh ohyho ri sur�wv1 Li/ iru

h{dpsoh/ rqo| �upv zlwk sur�wv h{fhhglqj vrph wkuhvkrog ydoxh/ lc uhvsrqghg wr

wkh sur�w txhvwlrq/ wkhq wkh xvh ri d vhw ri sdudphwhuv e� wr lpsxwh gdwd zrxog

uhvxow lq eldvhg lpsxwdwlrqv1 Erwk Zhhnv +5334, dqg Zhhnv dqg Kxjkhv +5334,

hoderudwh xsrq wklv phwkrg/ dovr ghwdlolqj d surfhgxuh zklfk surylghv d fruuhfwlrq

lq wkh fdvh zkhuh wkh plvvlqj dw udqgrp dvvxpswlrq lv lqydolg1

Wkh wzr phwkrgv zklfk zh xvh zklfk pljkw qrw eh vr idploldu wr doo vrfldo

vflhqwlvwv duh wkh Krw Ghfn +KG, dqg Pxowlsoh Lpsxwdwlrq dssurdfk wr lpsxwlqj

plvvlqj gdwd1 Erwk wkhvh phwkrgv/ dowkrxjk lqyroylqj vrph uhodwlyho| vrsklvwl0

fdwhg ghwdlov/ duh yhu| lqwxlwlyh dqg hdv| wr prwlydwh1 KG/ zklfk kdv ehhq d

vwdqgdug dssurdfk wr iruhfdvwlqj plvvlqj gdwd lq wkh XV Fhqvxvhv/ lv edvhg xsrq

wkh ixqgdphqwdo qrwlrq ri pdwfklqj1 Wkdw lv/ li iru d jlyhq �up zh gr qrw re0

vhuyh sur�w gdwd/ lw pdnhv vhqvh wr xvh grqru ydoxhv iurp rwkhu vlplodu �upv iru

zklfk gdwd lv uhsruwhg1 Iru h{dpsoh/ li lq wkh xqolnho| fdvh zh eholhyh wkdw wkh

glvwulexwlrq ri sur�wv lv el0prgdo/9 dqg wkdw wkhuh h{lvwv dq doprvw ghwhuplqlvwlf

uhodwlrqvkls ri wkh irup

Ilupv wkdw wudlq � Kljk sur�wv +615,

9El0prgdo zlwk wkh yduldqfh durxqg hdfk prgh ehlqj qhjoljleoh1
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Ilupv qrw wudlq � Orz sur�wv

wkhq zh frxog uhdvrqdeo| vdpsoh iurp wkh vxevhw ri �upv zlwk revhuyhg sur�wv

dqg zklfk wudlq wkhlu hpsor|hhv/ dqg xvh wkh sur�w lqirupdwlrq dv grqru ydoxhv

iru qrq0uhvsrqghqw �upv zklfk wudlq1 Reylrxvo| dv vrrq dv zh ghsduw iurp wklv

sxuho| shgdjrjlfdo fdvh/ zh qhhg wr frqwuro iru rwkhu idfwruv/ zklfk lq frpelqdwlrq

zlwk wudlqlqj ghwhuplqh wkh ohyho ri sur�wv1 Krzhyhu/ li wkh uhodwlrqvkls ehwzhhq

wudlqlqj dqg sur�wv lv qrw dv zh kdyh ghslfwhg wkhq rqh zd| wr dffrxqw iru wkh

vxevhtxhqw glvwulexwlrq ri sur�wv zlwklq hdfk ri wkh irxu fhoov: lv wr vdpsoh zlwk

uhsodfhphqw iurp hdfk ri wkh fhoov dqg frpsxwh dq dyhudjh1

Rqh ri wkh sulqflsdo glvwlqfwlrqv ehwzhhq wkh KG dssurdfk wr lpsxwdwlrq dqg

wkh uhjuhvvlrq0edvhg dssurdfk rxwolqhg deryh lv wkdw wkh KG dssurdfk lv qrq0

sdudphwulf lq wkdw udwkhu wkdq xvlqj wkh lqirupdwlrq surylghg e| d sdudphwulf

prgho/ lw xwlolvhv wkh sulqflsoh ri pdwfklqj1 D yduldqw ri wkh KG dssurdfk zklfk

pljkw eh frqvlghuhg dv d ghulydwlrq ri d Ed|hvldq dssurdfk wr lqihuhqfh/ lv wkh Pxo0

wlsoh Lpsxwdwlrq whfkqltxh1 Wklv dssurdfk lv suhglfdwhg xsrq wkh vshfl�fdwlrq ri

d sdudphwulf prgho ri wkh plvvlqj gdwd/ zlwk wkh uxglphqwv ri wkh phwkrgrorj|

ehlqj dv iroorzv=

41 Vshfli| d prgho ri wkh plvvlqj gdwd surfhvvhv/ vd| �hE��r�m�Kr��c zkhuh

��r� lv htxdo wr 4 li sur�w gdwd lv plvvlqj iru �up �/ 3 rwkhuzlvh1 �Kr�

uhsuhvhqwv wkh revhuyhg lqirupdwlrq dqg zrxog jhqhudoo| wdnh wkh irup ri d

yhfwru ri gdwd iru hdfk �up/ � ' �c ���c ?� n ?f1

51 �hE��r�m�Kr�� pljkw wdnh wkh irup ri d vlpsoh elqdu| surelw ru orjlw prgho1

Xvlqj wkh yhfwru ri hvwlpdwhg suredelolwlhv E e��� uhsuhvhqwlqj/ iru hdfk �up/

dq hvwlpdwh ri wkh suredelolw| wkdw sur�w gdwd lv plvvlqj/ e�� lv wkhq sduwl0

wlrqhg lqwr htxdo vl}hg jurxsv xvlqj txdqwlohv1

61 Zlwklq hdfk txdqwloh wkhuh zloo eh erwk �upv zlwk plvvlqj dqg wkrvh zlwk

revhuyhg sur�w gdwd1 Lq wkh vdph vslulw dv wkh KG dssurdfk/ Pxowlsoh

:Wkh irxu fhoov ehlqj= l, wudlq> kljk sur�wv/ ll, wudlq orz sur�wv> lll, qrw wudlq/ kljk sur�wv>

qrw wudlq/ orz sur�wv1 Qrwh wkdw e| uhihuulqj wr d glvwulexwlrq ri sur�wv lq hdfk fhoo zh phdq

wkdw wkh uhodwlrqvkls lv qrw ghwhuplqlvwlf dv lpsolhg e| +615,1
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Lpsxwdwlrq surfhhgv e| vdpsolqj +zlwk uhsodfhphqw, iurp hdfk txdqwloh

grqru sur�wv uhfrugv dqg xvlqj wklv wr �oo lq wkh plvvlqj ydoxhv1

71 Dw wklv vwdjh wkh zd| lq zklfk frpsohwh gdwdvhwv duh frqvwuxfwhg pd| gl�hu

dffruglqj wr wkh dqdo|wlfdo shuvxdvlrq ri wkh dqdo|vw1 Dv glvfxvvhg lq Zhhnv

dqg Kxjkhv +5334,/ d fodvvlfdoo| wudlqhg dqdo|vw pljkw uhvdpsoh pdq| wlphv

dqg/ iru hdfk qrq0uhvsrqghqw �up/ dqg uhsruw wkh dyhudjh ydoxh1 Lq frqwudvw/

d Ed|hvldq dssurdfk; pljkw dyrlg uhgxflqj wkh lqirupdwlrq rewdlqhg lq wkh

pxowlsoh gudzv wr d vlqjoh dyhudjh/ dqg vlpso| uhsruw pxowlsoh gdwdvhwv/ wkh

pxowlsolflw| uh hfwlqj wkh dgglwlrqdo xqfhuwdlqw| jlyhq wkdw zlwklq wkh qhz

frpsohwh gdwdedvh rqh ru pruh ri wkh yduldeohv frqwdlqv lpsxwhg +l1h1 suh0

glfwhg, lqirupdwlrq1 Wklv odvw srlqw uhtxluhv sduwlfxodu hpskdvlv jlyhq wkdw

lw lv reylrxvo| huurqhrxv wr wuhdw wzr yduldeohv/ rqh ri zklfk iru h{dpsoh/

frqwdlqv }hur fdvhv ri plvvlqj gdwd/ wkh rwkhu h{klelwlqj d uhodwlyho| kljk

lqflghqfh ri plvvlqj ydoxhv/ rq wkh vdph irrwlqj1 D sulrul/ wkhuh lv idu pruh

xqfhuwdlqw| dwwdfkhg wr wkh odwwhu1

71 Uhvxowv

Wklv uhvhdufk surmhfw kdv frqgxfwhg dq hydoxdwlrq ri d qxpehu ri frpshwlqj lp0

sxwdwlrq whfkqltxhv iru plvvlqj gdwd lq vdpsoh vxuyh|v1 Dssolhg wr wkh sduwlfxodu

sureohp ri plvvlqj sur�w gdwd lq wkh Fhqwuh iru Exvlqhvv Uhvhdufk +FEU, Vpdoo

dqg Phglxp Vl}hg Hqwhusulvh gdwdedvh/ wkh gh�qlqj fkdudfwhulvwlf ri wklv uhvhdufk

lv wkh dydlodelolw| ri d vhfrqgdu| gdwd vrxufh/ surylglqj ehqfkpdun gdwd iru qrq0

uhvsrqghqw �upv1 Wklv gdwd lv ghulyhg iurp wkh Lqwhu Frpsdq| Frpsdulvrq +LFF,

gdwdedvh/ frqwdlqlqj gdwd zklfk �upv pxvw ghsrvlw dw Frpsdqlhv Krxvh1

Wklv sduwlfxodu uhvhdufk zdv prwlydwhg e| wkh sureohp ri ghwhuplqlqj zklfk

ri d qxpehu ri frpshwlqj dssurdfkhv zdv ehvw lq whupv ri lpsxwlqj plvvlqj gdwd1

Reylrxvo|/ wkh jhqhudo sureohp lv wkdw prvw dqdo|vwv duh frqiurqwhg zlwk wkh

vlwxdwlrq wkdw dq| dvvxpswlrqv wkdw duh pdgh dv wr wkh sdwwhuq ri plvvlqj gdwd

duh qrw yhul�deoh1 Iru h{dpsoh/ vlpsoh uhjuhvvlrq0edvhg surfhgxuhv duh iuhtxhqwo|

;Iru h{dpsoh/ wkh VRODV iru Plvvlqj Gdwd Vwdwlvwlfdo Vriwzduh grhv qrw idflolwdwh hdv|

fdofxodwlrqv ri wkhvh dyhudjhv/ fkrrvlqj wr uhsruwhg pxowlsoh gdwdvhwv +vhh VRODV +4<<:,,1
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xvhg rq wkh edvlv wkdw wkh surfhvv jhqhudwlqj wkh plvvlqj gdwd lv lqghshqghqw ri wkh

ohyho ri sur�wv1 Vxfk d vlwxdwlrq zrxog dulvh li/ iru h{dpsoh/ d gdwdedvh pdqdjhu

udqgrpo| glvfdughg wkh sur�w uhvsrqvhv iru d jurxs ri �upv1 Zlwk dffhvv wr d

vhfrqgdu| vrxufh wkhvh w|sh ri dvvxpswlrqv fdq eh whvwhg/ wkhuhe| idflolwdwlqj

d pruh lqiruphg fkrlfh ri lpsxwdwlrq whfkqltxh1 Lq wklv vwxg| zh irxqg wkdw

wkh surfhvv ri plvvlqj sur�w gdwd zdv qrw udqgrp/ dqg wkdw wkh suredelolw| ri

uhsruwlqj sur�wv ihoo zlwk wkh ohyho ri sur�wv1

Wkh whfkqltxhv hydoxdwhg udqjh iurp vlpsoh uhjuhvvlrq0edvhg phwkrgv zlwk

dqg zlwkrxw fruuhfwlrqv iru qrq0udqgrp qrquhvsrqvh/ wr pdwfklqj surfhgxuhv gh0

vljqhg wr orfdwh �upv zklfk/ li vlplodu rq d vhw ri revhuyhg �up0ohyho dwwulexwhv/

pd| +jlyhq d qxpehu ri dvvxpswlrqv, fdq eh xvhg dv grqruv l1h1 vxsso|lqj sur�w

gdwd iru rwkhuzlvh vlplodu �upv zklfk gr qrw uhsruw sur�wv1 Wkh sulqflsoh sure0

ohp hqfrxqwhuhg lq xqghuwdnlqj wkh uhvhdufk zdv wkh gl!fxow| lq uhfrqflolqj wkh

wzr vrxufhv ri gdwd1 Wklv lv reylrxvo| lpsruwdqw jlyhq wkdw zh xvh wkh LFF gdwd

wr hydoxdwh wkh shuirupdqfh dfurvv wkh gl�huhqw lpsxwdwlrq whfkqltxhv1 Wkxv/ lq

lqwhusuhwlqj rxu uhvxowv zh uhfrjqlvh wkdw lpsxwdwlrq huuru zloo frqwdlq wzr frp0

srqhqwv= d frqvwdqw whup +dfurvv whfkqltxhv, uh hfwlqj wkh odfn ri frpsdudelolw|/

dqg wuxh suhglfwlrq huuru zklfk zloo ydu| dfurvv whfkqltxhv1 Ghvslwh wklv sureohp

zh duh deoh wr lghqwli| d gh�qlwh udqnlqj dfurvv wkh whfkqltxhv= wkh uhvdpsolqj

whfkqltxh/ uhihuuhg wr dv Pxowlsoh Lpsxwdwlrq shuirupv ehvw/ zlwk erwk uhjuhvvlrq0

edvhg dqg pdwfklqj surfhgxuhv surylglqj glvdssrlqwlqj uhvxowv1< Dq lpsruwdqw

fdyhdw rq wkhvh �qglqjv lv dgghg ehorz1

Lq lghqwli|lqj gluhfwlrqv iru ixwxuh uhvhdufk zh hpskdvlvh wkdw rxu dqdo|vlv kdv

ehhq frqgxfwhg lq d xqlyduldwh vhwwlqj1 Wkdw lv zh kdyh frqgxfwhg lpsxwdwlrq

dqg hydoxdwhg gl�huhqw whfkqltxhv e| irfxvvlqj xsrq wkh lqflghqfh ri plvvlqj gdwd

lq d vlqjoh yduldeoh1 Dowkrxjk zh fdq uhdglo| prwlydwh wkh lpsruwdqfh ri sur�w

gdwd/ dqg zk| rqh pljkw h{shfw v|vwhpdwlf sdwwhuqv lq qrquhvsrqvh/ lw lv dovr

wkh fdvh wkdw lq odujh gdwdedvhv wkh lqflghqfh ri plvvlqj gdwd lv zlghvsuhdg/ dqg

lpsruwdqwo|/ wkh sdwwhuq ri plvvlqj gdwd lv fruuhodwhg dfurvv vxuyh| txhvwlrqv1 Zh

irxqg wklv wr eh wkh fdvh lq wklv vwxg|/ qrwlqj wkh h{sodqdwru| srzhu ri d yduldeoh

fdswxulqj wkh h{whqw ri plvvlqj gdwd dfurvv d zlgh vhw ri �up fkdudfwhulvwlfv lq d

<Vhh Zhhnv dqg Kxjkhv +5334, iru ghwdlov1

43



prgho ri plvvlqjqhvv iru sur�wv1 Vxevhtxhqwo| zh eholhyh wkdw d xvhixo h{whqvlrq

ri wkh uhvhdufk frqgxfwhg khuh zrxog eh wr zrun zlwk pxowlyduldwh prghov ri

plvvlqj gdwd1

81 Dfwlylwlhv

Zhhnv lv dq Dvvrfldwh ri Fdpeulgjh Hfrqrphwulfv/ d orfdo �up zklfk surylghv

frqvxowdwlrq dgylfh iru/ dprqj rwkhuv/ wkh Hxurshdq Frpplvvlrq1 Gxulqj 4<<; kh

zdv lqyroyhg lq d surmhfw iru Hxurvwdw/ wkh Vwdwlvwlfdo glylvlrq ri wkh Frpplvvlrq/

rq dssurdfkhv wr lpsxwdwlrq lq wkh frqwh{w ri plvvlqj gdwd zlwklq FURQRV/ wkh

sdq Hxurshdq gdwdedvh rq uhjlrqdo hpsor|phqw/ lqgxvwuldo rxwsxw dqg jurzwk143

Fdpeulgjh Hfrqrphwulfv kdyh h{suhvvhg lqwhuhvw lq wkh �qglqjv ri wklv uhvhdufk

dqg pdq| xwlolvh vrph ri wkh phwkrgv xvhg lq gdwdedvh pdqdjhphqw1

Lq Dsulo 5333 Zhhnv dwwhqghg d frqihuhqfh rq phwkrgrorjlfdo lvvxhv lq wkh

lpsxwdwlrq ri plvvlqj gdwd dw wkh Zhoofrph Jhqrph Fdpsxv/ Fdpeulgjh441 Sul0

pdulo| vsrqvruhg e| wkh vriwzduh frpsdq| Vwdwlvwlfdo Vroxwlrqv/ wkh frqihuhqfh

lqfoxghg d qxpehu ri surplqhqw vwdwlvwlfldqv lqfoxglqj Surihvvru G1 Uxelq iurp

Kduydug Xqlyhuvlw|1

Kxjkhv lv d phpehu ri wkh RQV2GWL vwxg| jurxs rq wkh xwlolvdwlrq ri wkh

Kduprqlvhg Frppxqlw| Lqqrydwlrq Gdwdvhwv dqg lv uhvsrqvleoh iru wkh frqgxfw

dqg dqdo|vlv ri wkh elhqqldo FEU VPH Vxuyh|1 Dq dqdo|vlv ri uhvsrqvh udwh eldv

xwlolwlhv zdv sxeolvkhg lq Frvk dqg Kxjkhv +5333,1 Kxjkhv dqg Zhhnv zloo suhvhqw

d vhplqdu rq lpsxwdwlrq phwkrgv wr wkh GWL dqg Fdpeulgjh Hfrqrphwulfv1 +Vhh

Vhfwlrq :,1

91 Rxwsxwv

Wkhuh duh wzr sulqflsoh sxeolfdwlrqv edvhg xsrq wkh plvvlqj gdwd surmhfw1

d1 Phwkrgv ri Lpsxwdwlrq iru Plvvlqj Gdwd= Phoy|q Zhhnv

43Vhh Zhhnv +4<<;,1
44Fkdoohqjlqj Vwdwlvwlfdo Lvvxhv lq Folqlfdo Wuldov/ Dsulo 53wk/ 5333/ Zhoofrph Jhqrph Fdp0

sxv/ Fdpeulgjh1
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e1 Plvvlqj Revhuydwlrqv lq Vxuyh| Gdwd= Dq H{shulphqwdo Dssurdfk wr Lpsx0

wdwlrq> Phoy|q Zhhnv dqg Dodq Kxjkhv1

Wkh �uvw sdshu uhylhzv wkh frqvlghudeoh olwhudwxuh rq plvvlqj gdwd dqg surylghv

d wd{rqrp| ri plvvlqj gdwd sureohpv1 Ri sduwlfxodu qrwh lv wkh glvfxvvlrq ri

hqwurs|0edvhg phwkrgv ri lpsxwdwlrq zklfk duh srwhqwldoo| dwwudfwlyh jlyhq wkh

plqlpdo xvh ri dvvxpswlrqv dv wr wkh vwuxfwxuh ri wkh gdwd1 Lq e, zh dsso| d

qxpehu ri lpsxwdwlrq whfkqltxhv wr wkh sureohp ri plvvlqj gdwd lq wkh Fhqwuh

iru Exvlqhvv Uhvhdufk gdwdedvh rq vpdoo wr phglxp0vl}hg frpsdqlhv1

:1 Lpsdfwv

Dv d uhvxow ri wkh zrun ri Kxjkhv zlwk GWL lq wkh ghvljq dqg slorwlqj ri wkh FLV6

Lqqrydwlrq Vxuyh|/ Kxjkhv dqg Zhhnv kdyh ehhq lqylwhg wr suhvhqw d zrunvkrs

wr eh rujdqlvhg e| wkh GWL Vxuyh| whdp rq Phwkrgv ri Lpsxwlqj Plvvlqj Ydoxhv

lq wkh iruwkfrplqj XN frpsrqhqw ri FLV6 Vxuyh|1

;1 Ixwxuh Uhvhdufk Sulrulwlhv

Rxu ixwxuh uhvhdufk sulrulwlhv uhodwh gluhfwo| wr wkh sureohpv zh kdyh hqfrxq0

whuhg lq xqghuwdnlqj wklv uhvhdufk1 Iluvw/ zh dlp wr fuhdwh d gdwdvhw zklfk kdv d

odujhu qxpehu ri �upv zlwk erwk plvvlqj gdwd iru wkh FEU yduldeoh dqg revhuyhg

vhfrqgdu| gdwd 0 lq wklv fdvh wkh LFF gdwdvhw1 Vhfrqg/ zh eholhyh wkdw d xvhixo

h{whqvlrq ri wklv uhvhdufk zrxog eh wr frqgxfw wkh dqdo|vlv lq d pxowlyduldwh vhw0

wlqj1 Wr gdwh zh kdyh irfxvvhg xsrq wkh sureohp ri plvvlqj sur�wv gdwd/ exw

eholhyh wkdw wkhuh zrxog eh vxevwdqwldo jdlqv wr prgho wkh surfhvv ri plvvlqjqhvv

zlwklq d pxowlyduldwh iudphzrun1
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Uhihuhqfhv

Frvk/ D1 G1/ dqg D1 H1 Kxjkhv +5333,= �Eulwlvk Hqwhusulvh lq Wudqvlwlrq=

Jurzwk Lqqrydwlrq dqg Sxeolf Srolf| lq wkh Vpdoo dqg Phglxp Vl}hg Hqwhu0

sulvh Vhfwru 4<<704<<</� HVUF Fhqwuh iru Exvlqhvv Uhvhdufk/ Xqlyhuvlw| ri

Fdpeulgjh1

Frvk/ D1 G1/ K1 D1/ dqg H1 Zrrg +4<<<,= �Lqqrydwlrq lq XN VPHv= Fdxvhv

dqg Frqvhtxhqfhv iru Ilup Idloxuh dqg Dftxlvlwlrq/� lq Hqwuhsuhqhxuvkls VPHv

dqg wkh Pdfur Hfrqrp|/ hg1 e| ]1 Dfv/ E1 Fduovvrq/ dqg F1 Nduovvrq1 Fdp0

eulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Grruqln/ M1 D1 +4<<<,= R{= Dq Remhfw Rulhqwdwhg Pdwul{ Surjudpplqj Odq0

jxdjh1 Wlpehuodnh Frqvxowdqwv Owg/ Orqgrq1

Krurzlw}/ M1/ dqg F1 Pdqvnl +4<<;,= �Fhqvrulqj ri rxwfrphv dqg uhjuhvvruv

gxh wr vxuyh| qrquhvsrqvh= Lghqwl�fdwlrq dqg hvwlpdwlrq xvlqj zhljkwv dqg

lpsxwdwlrqv/� Mrxuqdo ri Hfrqrphwulfv/ ;7/ 6:�8;1

Oloodug/ O1/ M1 S1 Vplwk/ dqg I1 Zhofk +4<;9,= �Zkdw Gr Zh Uhdoo| Nqrz

Derxw ZdjhvB Wkh Lpsruwdqfh ri Qrquhsruwlqj dqg Fhqvxv Lpsxwdwlrq/�

Mrxuqdo ri Srolwlfdo Hfrqrp|/ <7+6,/ 7;<�8391

Uxelq/ G1 E1 +4<::,= �Irupdol}lqj Vxemhfwlyh Qrwlrqv Derxw wkh H�hfw ri Qrquh0

vsrqghqwv lq Vdpsoh Vxuyh|v1/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/

:5+68<,/ 86;�8761

VRODV +4<<:,= VRODV iru Plvvlqj Gdwd Dqdo|vlv 4131Vwdwlvwlfdo Vroxwlrqv Owg1/

; Vrxwk Edqn/ Furvvh*v Juhhq/ Frun/ Luhodqg1

Zhhnv/ P1 +4<<;,= �Phwkrgv ri Lpsxwdwlrq iru Plvvlqj Gdwd/� Uhsruw iru Hx0

urvwdw uhodwlqj wr wkh surmhfw Prgho Edvhg Uhjlrqdo Lqglfdwruv1

+5334,= �Phwkrgv ri Lpsxwdwlrq iru Plvvlqj Gdwd/� Plphr/ Idfxow| ri

Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdpeulgjh1
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Zhhnv/ P1/ dqg D1 Kxjkhv +5334,= �Plvvlqj Revhuydwlrqv lq Vxuyh| Gdwd= Dq

H{shulphqwdo Dssurdfk wr Lpsxwdwlrq/� plphr/ Fhqwuh iru Exvlqhvv Uhvhdufk/

Xqlyhuvlw| ri Fdpeulgjh1
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