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41 Lqwurgxfwlrq

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<<;,

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 qrq0

uhvsrqvh1 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

surmhfwv lqyroyh wkh fuhdwlrq ri frpsoh{ gdwdvhwv/ pdq| ri zklfk duh edvhg xsrq

vdpsoh vxuyh| ri �upv ru lqglylgxdov1 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 wkh uhodwhg lvvxhv vxfk dv vhohfwlrq eldv lv sdudprxqw1

Dw wkh rxwvhw zh hpskdvlvh wkh gl�huhqfh ehwzhhq lpsxwdwlrq ri plvvlqj gdwd

dqg zhljkwlqj wkh revhuyhg gdwd wr surylgh dssursuldwh dgmxvwphqwv iru eldvhv

gxh wr qrq0udqgrp vhohfwlrq1 Wklv iroorzv qdwxudoo| iurp wkh glvwlqfwlrq ehwzhhq

hqg0xvhuv ri d gdwdedvh dqg wkh surylghuv1 Lq hfrqrphwulfv/ dqg iroorzlqj wkh

zrun ri Khfnpdq +4<:<,/ hqg0xvhuv kdyh ghyhorshg d zhdowk ri whfkqltxhv/ erwk

sdudphwulf dqg qrq0sdudphwulf/ wr fruuhfw iru wkh h�hfwv ri qrq0udqgrp qrquh0

vsrqvh14 Krzhyhu/ wkhvh fruuhfwlrqv duh/ lq jhqhudo/ xvhu vshfl�f dqg wkhuhiruh

uh hfw wkh frqvlghudeoh khwhurjhqhlw| dfurvv xvhuv lq erwk wkh xqghuvwdqglqj ri

wkh frqvhtxhqfh ri qrq0uhvsrqvh/ dqg wkh delolw| wr fruuhfw iru srwhqwldo eldvhv1

Doljqhg zlwk wkh lqfuhdvlqj frvw ri froohfwlqj vxuyh| gdwd/ wkhuh lv suhvvxuh wr

4Wklv sureohp lv riwhq uhihuuhg wr dv vhoi0vhohfwlrq1
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surylgh/ zkhuh srvvleoh/ frpsohwh gdwdvhwv zlwk lpsxwdwlrq fduulhg rxw e| wkh

gdwdedvh surylghu1

Zh dgrsw d txdvl h{shulphqwdo dssurdfk wr h{dplqh wkh shuirupdqfh ri lp0

sxwdwlrq whfkqltxhv1 Zh irfxv rq wkh sureohp ri lwhp qrquhvsrqvh lq wkh Fhqwuh

iru Exvlqhvv Uhvhdufk gdwdedvh rq vpdoo dqg phglxp0vl}hg hqwhusulvhv +VPH*v,

dqg lq sduwlfxodu wkh sureohp ri plvvlqj sur�w dqg hpsor|phqw gdwd1 Dqdorjrxv

wr wkh sureohp ri hydoxdwlqj qrq0h{shulphqwdo phwkrgv iru frqwuroolqj iru vdpsoh

vhohfwlrq/ zh dgrsw d phwkrgrorj| wkdw h{sorlwv wkh dydlodelolw| ri d frpsdudeoh

sur�w dqg hpsor|phqw vhulhv +wkh Lqwhu Frpsdq| Frpsdulvrq gdwdedvh +LFF,5

wkurxjk wkh gdwd zklfk frpsdqlhv pxvw ghsrvlw dw Frpsdqlhv Krxvh1 Qrwzlwk0

vwdqglqj wkh xvh ri prgl�hg dffrxqwv e| vrph vpdoo frpsdqlhv zklfk gr qrw

uhtxluh sur�wv wr eh uhsruwhg6/ wklv gdwd vhulhv kdv frpsohwh hqwulhv iru d kljk

shufhqwdjh ri wkh FEU gdwd fryhulqj erwk uhvsrqghqwv dqg qrq0uhvsrqghqwv1 Lq

wklv frqwh{w zh pd| ghwhuplqh wkh ydolglw| ri erwk prgho dvvxpswlrqv dqg wkh

vshfl�fdwlrq ri wkh prgho ri qrquhvsrqvh/ wkhuhe| dgguhvvlqj/ lq sduw/ wkh frp0

phqwv ri Krurzlw} dqg Pdqvnl +4<<;,1 Lq d frpsdudeoh vwxg| h{dplqlqj lqfrph

qrquhvsrqvh lq wkh Fxuuhqw Srsxodwlrq Vxuyh|/ Juhhqohhv/ Uhhfh/ dqg ]lhvfkdqj

+4<;5, irxqg wkdw wkh surfhvv ghwhuplqlqj qrquhvsrqvh lv ghshqghqw xsrq wkh

ydoxh ri lqfrph1 Suholplqdu| dqdo|vlv vxjjhvwv wkdw wkh surfhvv ri qrquhvsrqvh wr

sur�w lv dovr hqgrjhqrxv1

51 Plvvlqj Gdwd dv Vxuyh| Qrq0uhvsrqvh

Lq wkh vrfldo vflhqfhv prgho0edvhg lqihuhqfh ghshqgv xsrq wkh xvh ri vdpsoh revhu0

ydwlrqv wr surylgh erwk suhglfwlyh lqirupdwlrq iru wkh skhqrphqrq xqghu vwxg|/

dqg d jxlgh wr wkh lpsruwdqfh ri vwuxfwxudo sdudphwhuv1 Lq wklv uhjdug d fulwlfdo

frpsrqhqw ri d prgho0exloghuv wrronlw lv phwkrgrorjlhv wr dvvlvw lq wkh vhohfwlrq

ri d prgho iru wkh revhuyhg gdwd1 Li zh qrz dgg dq dgglwlrqdo sureohp lq wkh

jxlvh ri plvvlqj gdwd/ d qxpehu ri dgglwlrqdo lvvxhv pxvw eh idfhg1 Fulwlfdo lq wklv

uhvshfw lv zkhwkhu wkh surfhvv zklfk jhqhudwhv wkh plvvlqj gdwd fdq eh ljqruhg/

5Wkh LFF +Lqwhu Frpsdq| Frpsdulvrqv, gdwdedvh lv wkh odujhvw rq0olqh gdwdedvh fryhulqj wkh

zkroh ri wkh XN frpsdq| vhfwru1 Lw irupv d frpsrqhqw ri erwk wkh Gdwdvwuhdp dqg RqhVrxufh

gdwdedvhv zklfk kdyh ehhq xvhg h{whqvlyho| lq uhfhqw zrun rq wkh XN frpsdq| vhfwru1
6Zh hoderudwh rq wklv lvvxh lq Vhfwlrq :151
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vxfk wkdw ydolg lqihuhqfh fdq surfhhg xvlqj rqo| wkh revhuyhg gdwd1

Hyhq lq wkh fdvh ri gdwd zklfk lv plvvlqj dw udqgrp zkhuh prgho sdudphwhuv

duh/ lq jhqhudo/ xqeldvhg dqg frqvlvwhqw/ wkhuh zloo eh dq h!flhqf| orvv wkhuhe|

frpsurplvlqj wkh ydolglw| ri prgho hvwlpdwhv wkurxjk zlghu frq�ghqfh edqgv1

Lq lqvwdqfhv zkhuh wkh dqdo|vw uhfrjqlvhv wkdw wkh plvvlqj gdwd sureohp lv rqh

ri vwrfkdvwlf fhqvrulqj dqg vxevhtxhqwo| lqfrusrudwhv d suredelolw| ri uhvsrqvh

prgho/ wkh pdmru gudzedfn lv wkh qhhg wr pdnh qrq0whvwdeoh dvvxpswlrqv derxw

wkh glvwulexwlrq ri wkh plvvlqj gdwd1 Zhhnv +5334, kdv surylghg dq h{whqvlyh

ryhuylhz ri wkh plvvlqj gdwd sureohp lqfoxglqj d wd{rqrp| ri d zlgh udqjh ri

frqglwlrqdo dqg xqfrqglwlrqdo lpsxwdwlrq whfkqltxhv1

Zkhq revhuydwlrqdo uxohv duh jhqhudwhg e| qrq0udqgrp surfhvvhv zklfk duh

lqwulqvlfdoo| uhodwhg wr wkh skhqrphqrq ri lqwhuhvw/ wkh uhvxowlqj revhuyhg gdwd

grhv qrw uhsuhvhqw dq ljqrudeoh udqgrp vdpsoh ri wkh xqghuo|lqj gdwd1 Lq wkh fdvh

ri qrq0uhvsrqvh lq vxuyh| gdwd zh pd| frqvlghu d qxpehu ri revhuydwlrqdo uxohv +ru

vhoi0vhohfwlrq phfkdqlvpv, edvhg xsrq/ iru h{dpsoh/ surfhvvhv wkdw ghwhuplqh wkh

olnholkrrg ri uhwxuqlqj d txhvwlrqqdluh dqg2ru wkh suredelolw| ri qrq0uhvsrqvh rq

d sduwlfxodu txhvwlrq1 Lq wkh frqwh{w ri d exvlqhvv vxuyh|/ wkh nh| lvvxh lv zkhwkhu

d �up fkrrvhv wr uhvsrqg wr d sduwlfxodu txhvwlrq/ dqg zkhwkhu zh fdq lghqwli|

rqh ru pruh �up fkdudfwhulvwlfv zklfk gl�hu vljql�fdqwo| dfurvv wkh uhvsrqghqw

dqg qrq0uhvsrqghqw vwdwhv vxfk wkdw zh pljkw eh deoh wr frqvwuxfw d prgho zklfk

dssur{lpdwhv wkh plvvlqj gdwd jhqhudwlqj surfhvv +pgjs,1

D uhfhqw vwxg| e| Krurzlw} dqg Pdqvnl +4<<;, qrwhv wkdw wkh pdmru sureohp

ri phwkrgv xvhg e| hfrqrphwulfldqv dqg vwdwlvwlfldqv wr frqwuro iru wkh sureohp

ri eldv lqwurgxfhg e| wkh xvh ri qrq0udqgrp vdpsohv/ lv wkdw xqohvv xqwhvwdeoh

dvvxpswlrqv derxw wkh glvwulexwlrq ri wkh plvvlqj gdwd duh pdgh/ lghqwl�fdwlrq

ri srsxodwlrq sdudphwhuv duh lpsrvvleoh1 Olwwoh +4<;5, dovr zduqv djdlqvw wkh

slwidoov ri prgho0edvhg whfkqltxhv iru fruuhfwlqj vhohfwlrq eldv/ dqg vxjjhvwv wkh

xvh ri d ydulhw| ri prghov wr ghwhuplqh vhqvlwlylw| wr qrquhvsrqvh eldv1 Krzhyhu/

ghvslwh wkh uhfhqw hphujhqfh ri d qxpehu ri dowhuqdwlyhv vxfk dv qrqsdudphwulf

whfkqltxhv +vhh Dkq dqg Srzhoo +4<<6,, dqg hqwurs|0edvhg phwkrgv +vhh Jrodq/

Mxgjh/ dqg Ploohu +4<<9,,/ wkh sdudphwulf prghoolqj dssurdfk wr kdqgoh erwk

xqlw dqg lwhp qrq0uhvsrqvh lq vdpsoh vxuyh|v lv vwloo suhgrplqdqw1 Reylrxvo| li
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wkh plvvlqj gdwd zhuh dydlodeoh wkhq wkhvh dvvxpswlrqv frxog eh yhul�hg/ wrjhwkhu

zlwk d frpsdulvrq ri lpsxwdwlrq phwkrgv zklfk erwk ljqruhg dqg lqfrusrudwhg

d prgho ri qrq0uhvsrqvh lq wkh lpsxwdwlrq surfhgxuh1

Dq h{shulphqwdo dssurdfk wr kdqgolqj gl�huhqw w|shv ri plvvlqj gdwd kdv ehhq

dgyrfdwhg lq d qxpehu ri gl�huhqw vlwxdwlrqv1 Iru h{dpsoh/ lq wkh frqwh{w ri wkh

hydoxdwlrq ri ydulrxv pdqsrzhu wudlqlqj surjudpphv/ wkh plvvlqj gdwd lv wkh

shuirupdqfh ri hlwkhu wkh �up ru dq lqglylgxdo lq wkh frxqwhuidfwxdo vwdwh l1h1

lw lv qrw srvvleoh wr revhuyh wkh vdph hfrqrplf djhqw lq erwk d wuhdwphqw dqg

qrq0wuhdwphqw vwdwh1 Srolf| hydoxdwlrq edvhg rq udqgrp dvvljqphqw ri surjudp

dssolfdqwv wr d uhflslhqw dqg qrq0uhflslhqw +frqwuro, jurxs kdv ehhq dgrswhg e|

Khfnpdq dqg Vplwk +4<<8,1 Wklv surfhgxuh r�huv dq dowhuqdwlyh vroxwlrq wr wkh

sureohp ri vhohfwlrq eldv lq wkdw d udqgrp vdpsoh lv wdnhq iurp wkh wuhdwphqw

jurxs zklfk duh wkhq ghqlhg dffhvv wr wkh surjudp1 Khfnpdq dqg Krw} +4<;<, iro0

orz d vlplodu dssurdfk lq wkh hydoxdwlrq ri dowhuqdwlyh qrq0h{shulphqwdo phwkrgv

iru hvwlpdwlqj wkh lpsdfw ri pdqsrzhu wudlqlqj1 Edvhg xsrq d vwxg| e| OdOrqgh

+4<;9,/ wkh dxwkruv xvh erwk h{shulphqwdo dqg qrq0h{shulphqwdo gdwd wr hydoxdwh

qrq0h{shulphqwdo hvwlpdwhv ri wkh lpsdfw ri wkh surjudpph1 D uhfhqw vwxg| e|

Kxug/ PfIdgghq/ Fkdqg/ Jdq/ Phuuloo/ dqg Urehuwv +4<<:, kdv xwlolvhg dq h{shu0

lphqwdo dssurdfk wr hydoxdwh vxuyh| uhvsrqvh eldv lq d gdwdvhw grfxphqwlqj wkh

frqvxpswlrq dqg vdylqjv ri wkh hoghuo|1

61 Plvvlqj Gdwd Surfhvvhv

Ehorz zh lqwurgxfh qrwdwlrq dqg gh�qh d qxpehu ri plvvlqj gdwd surfhvvhv e|

irfxvvlqj xsrq d gdwd pdwul{ � ' i6��jc � ' �c ���?c � ' �c ���c &c zkhuh � lqgh{hv

lqglylgxdo �upv dqg � fryduldwhv1 Lq wkh dqdo|vlv wkdw iroorzv/ plvvlqj gdwd zloo

uhihu wr d vlwxdwlrq zkhuh gdwd lv plvvlqj iru rqh ru pruh urzv dqg froxpqv ri�1

Wkh dssolfdelolw| ri dq| sduwlfxodu irup ri lpsxwdwlrq ghshqgv/ lq sduw/ xsrq wkh

glphqvlrqdolw| ri �c zkhwkhu lqihuhqfh lv xqfrqglwlrqdo ru frqglwlrqdo/ dqg wkh

sdwwhuq ri plvvlqj gdwd17

Zh sduwlwlrq wkh ? revhuydwlrqv lqwr wzr pxwxdoo| h{foxvlyh vhwv= �� ghqrwhv

7Wkh prvw dssursuldwh irup ri lpsxwdwlrq zloo dovr ghshqg xsrq zkhwkhu xqlyduldwh ru
pxowlyduldwh dqdo|vlv lv wr eh shuiruphg1
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ixoo| revhuyhg gdwd dqg �?3� ghqrwhv d pdwul{ zkhuh dw ohdvw rqh froxpq hqwu|

shu urz lv plvvlqj1 Qrwh wkdw ghshqglqj xsrq wkh sdwwhuq ri wkh plvvlqj gdwd

�� dqg �?3� pd| wdnh ydulrxv irupv1 Iru h{dpsoh/ lq wkh fdvh ri txhvwlrqqdluh

qrq0uhvsrqvh iru d vxevhw ri �upv/ �� zloo frpsulvh d uhfwdqjxodu gdwdvhw zlwk

qr plvvlqj ydoxhv dfurvv wkh & froxpqv1

Ixuwkhu zh ohw " ghqrwh dq ?� & pdwul{ zlwk w|slfdo hohphqw ^�� ' � li 6�� lv

revhuyhg dqg }hur rwkhuzlvh1 Wkh h{whqw wr zklfk gdwd lv erwk plvvlqj dw udqgrp

+PDU, dqg revhuyhg dw udqgrp +RDU, pd| eh dqdo|vhg e| h{dplqlqj wkh mrlqw

glvwulexwlrq ri� dqg "1 Iru h{dpsoh/ wkh mrlqw glvwulexwlrq ri� dqg " lv jlyhq

e|

sE�c" m �c�� ' sE� m ��sE"m�c��c +614,

zkhuh � dqg � duh yhfwruv ri sdudphwhuv/ dqg sE" m �c�� lv wkh glvwulexwlrq

ri wkh plvvlqj gdwd phfkdqlvp1 Zh zloo dovr uhihu wr sE�� dv wkh suhglfwlyh +ru

srvwhulru, glvwulexwlrq ri wkh plvvlqj gdwd1 � uhsuhvhqwv sdudphwhuv ri lqwhuhvw

dqg � duh sdudphwhuv zklfk ghwhuplqh wkh 6_}R� Vlqfh wkh revhuyhg lqirupdwlrq

frqvlvwv ri i�,c"j wkh nh| lvvxh lv fkdudfwhulvlqj vlwxdwlrqv zkhq hvwlpdwlrq dqg
lqihuhqfh fdq eh edvhg xsrq ��/ wkxv ljqrulqj wkh plvvlqj gdwd phfkdqlvp18 Li

wklv fdq eh grqh wkhq lqvwhdg ri +614, zh fdq zulwh

sE��c" m �c�� ' sE�� m ��sE" m��c���

Lw wkhuhiruh iroorzv wkdw li zh fdq vlpsoli| sE" m�c�� vxfk wkdw

sE" m��c�?3�c�� ' sE" m��c��c +615,

wkhq gdwd lv plvvlqj dw udqgrp ru pdu1 Sxwwlqj +615, lqwr zrugv zh qrz gh�qh

pdu1

Gh�qlwlrq 6141 pdu

Wkh plvvlqj gdwd duh plvvlqj dw udqgrp +pdu, li wkh suhglfwlyh glvwulexwlrq ri

wkh plvvlqj gdwd/ Eqdpho| sE" m��c�?3�c���/ lv wkh vdph iru doo srvvleoh ydoxhv

ri wkh plvvlqj gdwd vxfk wkdw sE" m��c�?3�c�� ' sE" m��c���

8Qrwh wkdw lq wklv lqvwdqfh zh dvvxph wkdw wkh urzv ri P duh lqwhufkdqjhdeoh1
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Lq pruh jhqhudo whupv/ wkh suredelolw| ri plvvlqj gdwd ghshqgv xsrq wkh re0

vhuyhg exw qrw wkh xqrevhuyhg gdwd1 Iru h{dpsoh/ li lq d vxuyh| ri �upv wkhuh lv

lwhp qrq uhvsrqvh iru sur�w gdwd/ ghqrwhg khuh dv wkh ?� � yhfwru 4Rc dqg wkdw

wkh h{whqw ri qrq0uhvsrqvh lv kljk iru erwk vpdoo dqg odujh �upv dqg lqghshqghqw

ri wkh ohyho ri sur�wv/ wkhq wkh sdwwhuq ri plvvlqj gdwd lv suhglfwdeoh xvlqj �up

vl}h1 Qrwh wkdw li d sduwlfxodu plvvlqj gdwd surfhvv lv frqvlghuhg pdu dqg wkh

yhfwru ri sdudphwhuv/ �c zklfk ghwhuplqh wkh sdwwhuq ri plvvlqj gdwd +", duh

glvwlqfw iurp �c wkhq Y�*Y�� ' f dqg wkh plvvlqj0gdwd phfkdqlvp lv ljqrudeoh1

Dv Olwwoh dqg Uxelq +4<;:, qrwh/ li wkh sdwwhuq ri plvvlqj gdwd lv pdu wkhq/ iru

h{dpsoh/ wkh olnholkrrg wkdw sur�w gdwd iru �up �c 6R
� c lv plvvlqj grhv qrw ghshqg

xsrq wkh ydoxh ri sur�wv1 Shukdsv d pruh lqwxlwlyh shuvshfwlyh lv wr uhfdvw wkh

sureohp lq whupv ri wkh delolw| wr suhglfw wkh sdwwhuq ri plvvlqjqhvv1 Lq wklv

uhvshfw/ iru d plvvlqj ydoxh surfhvv wkdw lv pdu/ wkhuh lv qr suhglfwlyh srzhu lq

wkh revhuyhg ydoxhv ri 6R1

Zh qrz frqvlghu dq dowhuqdwh uhsuhvhqwdwlrq ri d plvvlqj0gdwd phfkdqlvp1

Gh�qlwlrq 6151 rdu

Wkh revhuyhg gdwd duh revhuyhg dw udqgrp +rdu, li iru hdfk ydoxh ri wkh plvvlqj

gdwd wkh frqglwlrqdo suredelolw| ri wkh revhuyhg sdwwhuq ri plvvlqj gdwd/ jlyhq wkh

plvvlqj gdwd dqg revhuyhg gdwd/ lv wkh vdph iru doo srvvleoh ydoxhv ri wkh revhuyhg

gdwd1

Li gh�qlwlrq 615 krogv wkhq zh fdq ixuwkhu vlpsoli| +615, e| zulwlqj

sE" m��c�?3�c�� ' sE" m ��c +616,

vxfk wkdw wkh plvvlqj0gdwd phfkdqlvp lv frpsohwho| lqghshqghqw ri erwk plvvlqj

dqg revhuyhg gdwd1 Qrwh wkdw lq +616, � uhsuhvhqwv wkh xqfrqglwlrqdo iuhtxhqf|

ri plvvlqj ydoxhv/ vxfk wkdw " � ��?E�c ?�� Lq wklv lqvwdqfh wkh plvvlqj gdwd

duh plvvlqj frpsohwho| dw udqgrp +pfdu,1 H{whqglqj wkh h{dpsoh jlyhq deryh/

plvvlqj sur�w gdwd lq d vxuyh| ri �upv zrxog eh pfdu li wkh gdwdedvh surylghu

udqgrpo| hudvhg sur�w lqirupdwlrq iru d vxevhw ri frpsohwhg txhvwlrqqdluhv1

Ehiruh wxuqlqj wr dq h{dplqdwlrq ri wkh sulqflsoh fkdudfwhulvwlfv ri lpsxwdwlrq

whfkqltxhv/ zh frpphqw rq wkh glvwulexwlrq ri plvvlqj gdwd lpsolhg e| +616,1 E|

:



xwlolvlqj wklv glvwulexwlrq rq sE'*q� zh qrwhg wkdw wklv lpsolhv wkdw wkh plvvlqj

gdwd phfkdqlvp lv pfdu/ vxfk wkdw iru wkh lwk froxpq lq ' wkh glvwulexwlrq lv

elqrpldo zlwk sdudphwhu q�1 Wkdw lv wkh plvvlqj gdwd phfkdqlvp lv l1l1g1 iru

dq| hohphqw ri ' dqg wkdw hdfk wkhuh lv qr ehwzhhq yduldeoh fruuhodwlrq1 Jlyhq

wkh olnholkrrg wkdw zh pljkw lghqwli| jrrg �upv zklfk kdyh uhvsrqghg wr prvw

txhvwlrqv dqg vlploduo| edg �upv zlwk qrq0uhvsrqvh dfurvv txhvwlrqv/ wkhq wklv

dvvxpswlrq ri lqghshqghqfh dfurvv wkh froxpqv ri ' pd| qrw eh ydolg1 Dowkrxjk

lq wklv vwxg| zh irfxv rq xqlyduldwh plvvlqj gdwd surfhvvhv/ lq ixwxuh h{whqvlrqv

zh sodq wr h{whqg rxu dqdo|vlv wr d pxowlyduldwh iudphzrun1

71 Sulqflsohv ri Lpsxwdwlrq

Lq wklv sdshu rxu sulqflsdo remhfwlyh lv wr hpslulfdoo| hydoxdwh wkh shuirupdqfh ri

d qxpehu ri lpsxwdwlrq whfkqltxhv1 Lq wklv vhfwlrq zh rxwolqh wkh edvlf sulqflsohv

ri lpsxwdwlrq wkdw zloo lqirup wkh phwkrgrorjlhv xvhg lq rxu dqdo|vlv1

D frpprq ihdwxuh ri d qxpehu ri frpprqo| xvhg whfkqltxhv lv wkh srvwhulru

suhglfwlyh glvwulexwlrq ri plvvlqj ydoxhv jlyhq revhuyhg gdwd +ssgpy,1 Xvlqj wkh

qrwdwlrq ri Vhfwlrq 6 zh zulwh wklv dv sE�?3,m�,�1 Dv glvfxvvhg lq Vhfwlrq 6 d

fulwlfdo lvvxh lv krz zh frqvwuxfw wkh suhglfwlyh glvwulexwlrq dqg zkhwkhu wkh plvv0

lqj gdwd phfkdqlvp lv ljqrudeoh1 Ghshqglqj xsrq krz lpsxwdwlrq lv fduulhg rxw

zh pd| xwlolvh sE�� wr prwlydwh hlwkhu d Ed|hvldq ru fodvvlfdo dssurdfk1 Uxelq dqg

Vfkhqnhu +4<;9, hpskdvlvh wkdw d Ed|hvldq shuvshfwlyh surylghv wkh prvw qdwxudo

wkhruhwlfdo iudphzrun zlwk zklfk wr frqvlghu lpsxwdwlrq/ odujho| ehfdxvh erwk

sdudphwhuv dqg gdwd duh wuhdwhg dv udqgrp txdqwlwlhv1 Lq wklv frqwh{w zh qrwhg

wkdw wkh lpsxwdwlrq ri plvvlqj gdwd dggv dq dgglwlrqdo frpsrqhqw ri xqfhuwdlqw|

lq wkh frqvwuxfwlrq ri wkh srvwhulru glvwulexwlrq ri xqnqrzq sdudphwhuv/ ghqrwhg

}E�m�,�� Lq wkh suhvhqfh ri plvvlqj gdwd }E�m�,� lv frqvwuxfwhg e| dyhudjlqj

ryhu wkh srvwhulru glvwulexwlrq ri wkh plvvlqj gdwd jlyhq wkh revhuyhg/ vxfk wkdw

}E�m�,� lv jlyhq e|

}E�m�,� '
]
�E�m�,c�?3,�sE�?3,m�,�_�?3,c +714,

zkhuh �E�� ghqrwhv wkh frqglwlrqdo ghqvlw| ri � jlyhq wkh frpsohwh gdwd1 Wklv

sduwlfxodu dssurdfk wr kdqgolqj plvvlqj gdwd qdpho| vdpsolqj iurp sE�� wr jhq0

;



hudwh pxowlsoh ydoxhv ri �?3, lv qrz irupdoo| uhihuuhg wr dv pxowlsoh lpsxwdwlrq/

zlwk wkh �uvw sxeolvkhg zrun lq Uxelq +4<::,1 Lq +714, wkh srvwhulru suhglfwlyh

glvwulexwlrq ri plvvlqj jlyhq revhuyhg gdwd sod|v d fhqwudo uroh lq wkh fdofxodwlrq

ri wkh srvwhulru glvwulexwlrq iru wkh sdudphwhuv ri lqwhuhvw �� Krzhyhu/ lq wklv

vwxg| wkh sulqflsdo irfxv lv xsrq wkh xvh ri revhuyhg gdwd wr surylgh hvwlpdwhv iru

plvvlqj gdwd/ dv rssrvhg wr hvwlpdwhv ri �1 Lq wklv uhvshfw wkh ssgpy zloo sod| d

slyrwdo uroh lq whfkqltxhv rxwolqhg lq Vhfwlrq 81

Wkh glvwlqfwlrq ehwzhhq d Ed|hvldq dqg fodvvlfdo olnholkrrg0edvhg dssurdfk wr

plvvlqj gdwd ehfrphv hylghqw li zh frpsduh wkh gdwd dxjphqwdwlrq dssurdfk zlwk

wkh HP dojrulwkp1 Qrwlfh wkdw lq +714, zh wdnh pxowlsoh gudzv iurp sE�?3,m�,�1

Lq frqwudvw wkh xvh ri HP dojrulwkp lq lqfrpsohwh gdwd sureohpv uhsodfhv wkhvh

pxowlsoh gudzv e| wkh h{shfwhg ydoxh ri wkh plvvlqj gdwd/ frqglwlrqdo rq wkh re0

vhuyhg gdwd dqg fxuuhqw ydoxhv ri sdudphwhu hvwlpdwhv1 Dv Nlqj/ Krqdnhu/ Mrvhsk/

dqg Vfkhyh +4<<;, qrwh/ wkh Ed|hvldq dssurdfk suhvhuyhv wkh zkroh glvwulexwlrq

ri wkh wzr hvwlpdqgv 0 wkh lpsxwhg ydoxhv dqg wkh sdudphwhuv 0 zkhuhdv wkh HP

dssurdfk gholyhuv wkh vlqjoh/ pd{lpxp srvwhulru ydoxhv1 Iurp wkh shuvshfwlyh

ri d gdwdedvh surylghu/ wkhuh lv d fkrlfh ehwzhhq �oolqj lq plvvlqj ydoxhv xvlqj

vlqjoh/ dyhudjhg/ lpsxwhg hvwlpdwhv ru surylglqj wkh ixoo vhw ri uhvdpsohg gudzv

iurp wkh srvwhulru glvwulexwlrq1

7141 H{solflw yhuvxv Lpsolflw Prghov

Iroorzlqj Urghulfn/ Olwwoh/ dqg Vfkhqnhu +4<<8, zh pdnh wkh glvwlqfwlrq ehwzhhq

h{solflw yhuvxv lpsolflw prghov ri lpsxwdwlrqv19 Wkh krw0ghfn phwkrg zklfk kdv

ehhq xvhg h{whqvlyho| e| wkh Fhqvxv Exuhdx iru lpsxwlqj lqfrph lq wkh FSV lv

shukdsv wkh ehvw nqrzq lpsolflw surfhgxuh1 Wkh krw0ghfn dssurdfk wr lpsxwdwlrq

lv edvhg xsrq vhohfwlqj gdwd iurp d glvwulexwlrq ri srwhqwldo grqru ydoxhv iru hdfk

plvvlqj ydoxh1 Iru hdfk plvvlqj ydoxh wkh dssurdfk lghqwl�hv d pdwfklqj revhuyhg

ydoxh xvlqj d vhw ri fryduldwhv wkdw duh revhuyhg iru erwk uhvsrqghqwv dqg qrq0

uhvsrqghqwv1 Lq jhqhudo wkh odujhu wkh vhw ri revhuyhg gdwd wkh kljkhu wkh olnholkrrg

wkdw dq| grqru ydoxh zloo uhsuhvhqw dq dffxudwh hvwlpdwh ri wkh plvvlqj ydoxh1

9D phwkrg zklfk frpelqh erwk lpsolflw dqg h{solflw prghov kdv ehhq sursrvhg e| Olwwoh
+4<<;,

<



Zhoqldn dqg Frghu +4<;3, xwlolvh wkh krw ghfn dssurdfk wr lpsxwh plvvlqj

ydoxhv iru hduqlqjv fodvvli|lqj qrq uhvsrqghqwv lqwr rqh ri hljkw jurxsv edvhg

xsrq d frpelqdwlrq ri plvvlqj ydoxhv iru hduqlqjv +uhflslhqf| dqg dprxqw,/ zrun

h{shulhqfh dqg orqjhvw mre1 Wkhuhdiwhu uhvsrqghqwv vxsso| grqru ydoxhv edvhg

xsrq vlplodu ydoxhv ri d odujh qxpehu ri fkdudfwhulvwlfv vxfk dv zrun h{shulhqfh/

vh{/ djh udfh dqg uhjlrq ri uhvlghqfh1 Xvlqj mxvw wzr fdwhjrulfdo yduldeohv %2 dqg

%�/ dqg iroorzlqj Oloodug/ Vplwk/ dqg Zhofk +4<;9,/ zh rxwolqh wkh edvlfv ri krw

ghfn lpsxwdwlrq1 Ohw %��, uhsuhvhqw wrwdo hpsor|phqw iru �up , lq d fhoo zlwk

%� ' � dqg %2 ' �/ vxfk wkdw

%��, ' >��, n 0��,c

uhsuhvhqwv d ixoo| lqwhudfwlyh DQRYD prgho zlwk >��, ghqrwlqj h{shfwhg hpsor|0

phqw dqg 0��, lv d udqgrp huuru whup1 Dvvxplqj �up 6 lv wkh grqru �up/ wkh

lpsxwhg ydoxh %��6 lv zulwwhq dv

%��6 ' %��, n o��6

zkhuh %��, lv dq hvwlpdwh ri >��, dqg o��6 ' E%��6 � %��6� lv d uhvlgxdo iru d

uhvsrqghqw fkrvhq udqgrpo| iurp wkh E�c �c &�|� fhoo1 Dowkrxjk wklv dssurdfk

lpsrvhv ihz frqglwlrqv/ lw grhv dvvxph wkdw wkh plvvlqj gdwd lv pdu/ wkdw lv

zlwklq hdfk fhoo wkh glvwulexwlrq ryhu wkh skhqrphqrq ri lqwhuhvw lv wkh vdph iru

�upv uhvsrqglqj dqg qrq0uhvsrqglqj1 Krzhyhu/ wkh pruh revhuyhg lqirupdwlrq

wkdw lv dffrxqwhg iru/ wkh pruh olnho| wkdw dq| qrq0uhvsrqvh eldv fdq eh uhgxfhg1:

Dovr lw lv lpsruwdqw wr qrwh wkh revhuydwlrq e| Gdylg/ Olwwoh/ Vdpxkho/ dqg Wulhvw

+4<;9,/ qdpho| wkdw qrquhvsrqghqwv zlwk h{wuhph ydoxhv zloo eh gl!fxow wr pdwfk1

7151 Qrq0Ljqrudeoh Qrq0Uhvsrqvh

Dv glvfxvvhg lq Zhhnv +5334,/ d fulwlfdo ihdwxuh ri wkh lpsxwdwlrq surfhgxuh lv

zkhwkhu zh pd| uhdvrqdeo| dvvxph wkdw wkh plvvlqj gdwd phfkdqlvp lv ljqru0

deoh1 Lq wklv lqvwdqfh/ lpsxwdwlrq lv frqvlghudeo| hdvlhu1 Krw0ghfn dqg uhjuhvvlrq

edvhg lpsxwdwlrq uho| rq wklv dvvxpswlrq1 Juhhqohhv/ Uhhfh/ dqg ]lhvfkdqj +4<;5,

glvfxvv lpsxwdwlrq whfkqltxhv iru qrq0ljqrudeoh plvvlqj gdwd surfhvvhv1

:Uxelq dqg Vfkhqnhu +4<;9,
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Wkh sureohp ri pdnlqj lqihuhqfhv lq prghov vxemhfw wr qrqljqrudeoh qrquh0

vsrqvh kdv ehhq wuhdwhg h{whqvlyho| zlwklq wkh hfrqrphwulfv olwhudwxuh +vhh/ iru

h{dpsoh/ Krurzlw} dqg Pdqvnl +4<<;,,1 Uhjuhvvlrq edvhg +frqglwlrqdo, lpsxwd0

wlrq lv qrw0ydolg li/ iru h{dpsoh/ wkh ghshqghqw yduldeoh lv frqvwudlqhg wr olh zlwklq

d jlyhq lqwhuydo1 Iru h{dpsoh/ lq wkh fdvh ri vdpsolqj iurp d +wuxqfdwhg, glvwulex0

wlrq zkhuh + lv revhuyhg li + : kc wkhq .E+m c + : k� 9'  � +hyhq li � lv xqeldvhg,

vlqfh wkh vwrfkdvwlf frpsrqhqw lv reylrxvo| fruuhodwhg zlwk  dqg zloo qrw kdyh

}hur phdq1 Vxevhtxhqwo| lpsxwdwlrq edvhg xsrq wkh lqgh{  	� zloo surgxfh el0

dvhg hvwlpdwhv ri wkh plvvlqj ydoxhv +vhh Juhhqohhv/ Uhhfh/ dqg ]lhvfkdqj +4<;5,

iru ixuwkhu ghwdlov,1

Zh h{dplqh wklv sureohp ixuwkhu e| frqvlghulqj wkh iroorzlqj prgho ri plvvlqj

sur�wv gdwd1 Ohwwlqj ^� ' �E6R
� lv plvvlqj,/ zkhuh �E�� ghqrwhv wkh lqglfdwru

ixqfwlrq/ dqg dv ehiruh 6R
� ghqrwhv sur�wv iru wkh �wk �up/ d orjlvwlf prgho ri wkh

plvvlqj gdwd surfhvv pd| eh zulwwhq dv

� E^� ' �m4�c3�c6
R
� � ' d� n i TE�k� w6R

� � $4�c3��o
3�c +715,

zkhuh 4�c3� ghqrwhv d & � � yhfwru ri fryduldwhv/ k dqg w duh xqnqrzq vfdodu

sdudphwhuv dqg $ lv d � � & yhfwru ri sdudphwhuv1 Wkh sulqflsdo sureohp zlwk

+715, lv wkdw lq prvw fdvhv w lv qrw lghqwl�hg jlyhq wkdw zkhq ^� ' � sur�wv gdwd

duh plvvlqj1 Krzhyhu/ lq wklv vwxg| lw lv srvvleoh wr frqgxfw d whvw ri zkhwkhu

ru qrw wkh plvvlqj gdwd surfhvv lv pdu e| xvlqj gdwd iru erwk uhvsrqghqwv dqg

qrq0uhvsrqghqwv surylghg lq wkh LFF vhulhv1 Li hlwkhu wkh plvvlqj sur�wv ru hp0

sor|phqw gdwd duh plvvlqj dw udqgrp wkhq wkh pgjs vlpsol�hv wr +615,1 Li zh

uhmhfw wkh qxoo k|srwkhvhv wkdw w ' f wkhq wkh plvvlqj gdwd surfhvv lv qrw pdu/

vxfk wkdw lpsxwdwlrq edvhg vroho| rq revhuyhg gdwd lq 4�c3� zloo jhqhudwh eldvhg

dqg lqfrqvlvwhqw hvwlpdwhv ri wkh plvvlqj gdwd1 Li zh fdqqrw uhmhfw wkh mrlqw qxoo

wkdw erwk w ' f dqg $ ' f wkhq wkh surfhvv lv pfdu1 Jlyhq wkh dydlodelolw| ri

d vhfrqgdu| gdwd vrxufh surylglqj gdwd ydoxhv iru wkh qrq0uhvsrqghqwv/ zh duh

dovr deoh wr ghwhuplqh wkh frqvhtxhqfhv ri wkhvh eldvhv iru suhglfwlqj wkh plvvlqj

gdwd1

Dv qrwhg deryh lq prvw fdvhv lw zloo qrw eh srvvleoh wr lghqwli| w/ dqg wkhuh0

iruh d whvw ri qrq0ljqrudeoh qrquhvsrqvh lv qrw eh srvvleoh1 Krzhyhu/ iroorzlqj

wkh vhplqdo zrun ri Khfnpdq +4<:9, lw lv srvvleoh wr flufxpyhqw wklv sureohp e|
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lpsrvlqj vrph dgglwlrqdo vwuxfwxuh rq wkh sureohp1 Iluvw/ zh lqwurgxfh dq xqre0

vhuyhg udqgrp yduldeoh 6R
W
zklfk ghwhuplqhv zkhwkhu ru qrw 6R lv revhuyhg> 6R

f

ghqrwhv sur�wv iru uhvsrqghqw �upv1 Wkh jhqhulf irup ri wklv sureohp lv nqrzq dv

vwrfkdvwlf fhqvrulqj dqg lqyroyhv vshfli|lqj wkh mrlqw glvwulexwlrq ri wzr yduldeohv

6R
f dqg 6R

W
/ #

6R
f

6R
W

$
� �T�

#%
 f��

 
W
�2

&
c

%
j2

�
4j�

4j� �

&$
c +716,

zkhuh�T�E�cP� ghqrwhv wkh elyduldwh qrupdo glvwulexwlrq zlwk phdq� ' E 
f
��c

 
W
�
2
�� dqg fryduldqfh P�  f dqg  W ghqrwh/ uhvshfwlyho|/ srvvleo| ryhuodsslqj vhwv

ri fryduldwhv/ dqg �� dqg �2 duh xqnqrzq sdudphwhu yhfwruv1 Vshfl�fdoo| zh pd|

wklqn ri 6R
W
dv wkh qhw surshqvlw| wr uhsruw sur�w gdwd vxfk wkdw ^ pd| eh zulwwhq

dv ^ ' �E6R
W
: f� zkhuh �E�� ghqrwhv wkh lqglfdwru ixqfwlrq1 Edvhg xsrq +716, dqg

wkh irup ri wkh plvvlqj gdwd surfhvv/ zh pd| zulwh wkh suredelolw| wkdw 6R
W
	 fc

�hE6R
W
	 fm6Rc W�c dv

xE 
W
�2� n

4j�E6
R �  ���

�s
�� 42

� +717,

Iru 4 9' f/ wkh plvvlqj gdwd phfkdqlvp ghshqgv rq 6R zklfk lv rqo| sduwldoo|

revhuyhg1

Xvlqj +716, wkh frqglwlrqdo srsxodwlrq uhjuhvvlrq ixqfwlrq iru �upv uhsruwlqj

sur�wv lv

.E6R
fm6R

W
: f� '  f��

n l �E��*E�� x� ~} �
A�

E���c +718,

zkhuh � '  
W
�2c � Ex� ghqrwhv wkh ghqvlw| +glvwulexwlrq ixqfwlrq, ri wkh vwdqgdug

qrupdo glvwulexwlrq/ A� uhsuhvhqwv dq duwl�fldo uhjuhvvru xvhg wr fruuhfw iru wkh

h�hfw ri qrq0udqgrp qrquhvsrqvh dqg l ' 4j1 Qrwh wkdw A� uhsuhvhqwv rqh

irup ri vhoi0vhohfwlrq dgmxvwphqw iru d jlyhq xvhu ri wkh gdwd1 Krzhyhu/ iurp wkh

shuvshfwlyh ri d gdwdedvh surylghu/ lqwhuhvwhg lq surgxflqj d frpsohwh vhw ri sur�w

gdwd/ wkh suhglfwhg sur�w ydoxhv iru qrq0uhvsrqghqwv pd| eh lpsxwhg xvlqj

.E6R
fm6R

W

	 f� '  2q�
� l�E��*xE��� +719,

Lw lv lpsruwdqw wr hpskdvlvh wkdw wkh Khfnpdq surfhgxuh lv kljko| vhqvlwlyh

wr prgho plvvshfl�fdwlrq sduwlfxoduo| zlwk uhvshfw wr elyduldwh qrupdolw| dqg
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wkh glylvlrq ri wkh wrwdo vhw ri fryduldwhv lqwr vhwv  f dqg  W1 Iru h{dpsoh/ Rovhq

+4<;3, kdv qrwhg wkdw li  � dqg  2 frlqflgh/ wkhq wkh prgho lv rqo| lghqwl�hg e| wkh

qrqolqhdu wudqvirupdwlrq rq �E��*xE��1 Lq sudfwlfdo dssolfdwlrqv lw lv qhfhvvdu|

iru  f dqg  
W
wr eh glvwlqfw1 Krzhyhu/ sulru nqrzohgjh dv wr wkh dssursuldwh vhw

ri }hur uhvwulfwlrqv pd| eh odfnlqj1 Qrwh wkdw edvhg xsrq +718, d whvw ri zkhwkhu

sur�w gdwd pd| eh frqvlghuhg pdu 0 lv d whvw ri l ' 4j� ' f� Li zh fdqqrw uhmhfw

wklv qxoo dqg lq dgglwlrq li  f 9'  
W
wkhq wkh plvvlqj0gdwd phfkdqlvp lv ljqrudeoh

vxfk wkdw hvwlpdwlrq ri wkh sdudphwhuv �
�
dqg j2 edvhg xsrq dq dssolfdwlrq

ri ROV rq wkh uhvsrqghqw gdwd dorqh zloo jhqhudwh erwk xqeldvhg dqg h!flhqw

sdudphwhu hvwlpdwhv +iru wkh hqg xvhu,/ dqg xqeldvhg hvwlpdwhv ri plvvlqj gdwd

+iru gdwdedvh surylghuv,1

Dv dooxghg wr e| Krurzlw} dqg Pdqvnl +4<<;,/ wkh sulqflsdo sureohp zlwk wklv

dssurdfk lv wkdw +719, lv rqo| dssursuldwh li wkh +jhqhudoo|, xqwhvwdeoh dvvxps0

wlrqv duh ydolg1 Vxevhtxhqwo|/ d qxpehu ri dqdo|vwv kdyh hydoxdwhg wkh shuiru0

pdqfh ri d qxpehu ri dssur{lpdwlrqv xvlqj d txdvl0h{shulphqwdo iudphzrun1 Lq

dq dqdo|vlv ri lpsxwdwlrq whfkqltxhv dssolhg wr plvvlqj zdjh dqg vdodu| gdwd lq

wkh Fxuuhqw Srsxodwlrq Vxuyh| +FSV,/ Juhhqohhv/ Uhhfh/ dqg ]lhvfkdqj +4<;5,

xwlolvh d vhfrqgdu| gdwd vrxufh iurp wkh Lqwhuqdo Uhyhqxh Vhuylfh +LUV, wr frp0

sduh lpsxwhg gdwd zlwk qrquhvsrqghqwv LUV zdjh gdwd1 Wkh dxwkruv �qg wkdw dq

dssurdfk zklfk xwlolvhv d vwrfkdvwlf fhqvrulqj prgho uhsuhvhqwv dq lpsuryhphqw

ryhu d vwdqgdug uhjuhvvlrq dssurdfk zklfk dvvxphv wkdw wkh plvvlqj gdwd surfhvv

lv pdu1 Jlyhq dffhvv wr d frpsohwh LUV zdjh vhulhv wkh dxwkruv zhuh deoh wr

whvw k|srwkhvhv zklfk lq prvw flufxpvwdqfhv duh qrw yhul�deoh1 Iru h{dpsoh/ d

qhjdwlyh dqg kljko| vljql�fdqw frh!flhqw rq wkh zdjh yduldeoh lq d suredelolw| ri

uhvsrqvh prgh +l1h1 w lq +715,, uhvxowhg lq wkh uhmhfwlrq ri qrq0ljqrudeoh qrquh0

vsrqvh1 Lq dgglwlrq/ ghvslwh �qglqj dssur{lpdwh v|pphwu|/ d odujh nxuwrvlv ydoxh

rq wkh uhvlgxdov iurp wkh zdjh htxdwlrq uhvxowhg lq wkh uhmhfwlrq ri wkh qrupdolw|

k|srwkhvlv1
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81 Uhvdpsolqj iurp wkh Srvwhulru Suhglfwlyh Glvwulexwlrq

ri Plvvlqj Ydoxhv

Lq Vhfwlrq 714 zh rxwolqhg wkh edvlfv ri wkh krw ghfn dssurdfk wr lpsxwdwlrq1

Zh dovr qrwhg wkdw wklv lv dq lpsolflw phwkrg vlqfh wkh pdqqhu lq zklfk wkh

revhuyhg gdwd lv sduwlwlrqhg lqwr qrq0ryhuodsslqj grqru fhoov grhv qrw ghshqg

xsrq d sdudphwulf prgho1 Dq dowhuqdwlyh zd| ri rujdqlvlqj wkh revhuyhg gdwd lv

wr vshfli| dq h{solflw/ sdudphwulf prgho ri wkh plvvlqj gdwd1 Zhhnv +5334, rxwolqhg

wklv dssurdfk dqg zh eruurz khdylo| iurp wkh h{srvlwlrq/ xvlqj wkh vdph qrwdwlrq

dv ghyhorshg lq Vhfwlrq 7151

Zh ohw xE 
W�
eq� ghqrwh dq hvwlpdwh ri wkh suredelolw| wkdw gdwd +lq wklv ds0

solfdwlrq hlwkhu hpsor|phqw ru sur�w, lv plvvlqj iru �up �1 Xvlqj wkh txdqwlohv

ri xE 
W

eq� zh sduwlwlrq suhglfwhg suredelolwlhv iru wkh ? �upv lqwr a htxdo sduwv1

Zlwklq hdfk �wk txdqwloh ohw �^
�
E�^

�
� ghqrwh wkh qxpehu ri plvvlqj +revhuyhg,

gdwd/ vxfk wkdw wkh wrwdo qxpehu ri revhuyhg +plvvlqj, ydoxhv lv wkhuhiruh

a[

�'�

�^� ' ?�(
a[

�'�

�^� ' ?� E? ' ?� n ?��� +814,

Zh uhvdpsoh iurp wkh srvwhulru suhglfwlyh glvwulexwlrq ri wkh plvvlqj gdwd frqgl0

wlrqdo xsrq wkh revhuyhg gdwd dqg dq h{solflw prgho ri wkh plvvlqj gdwd surfhvv1

Zh gr wklv e| gudzlqj/ iru hdfk �wk txdqwloh/ d udqgrp vdpsoh zlwk uhsodfhphqw

ri vl}h �^� iurp �^�c lqgh{lqj wkhvh gudzv e| 6 dqg uhshdwlqj � wlphv1 Khuh

zh qrwh dq lpsruwdqw gl�huhqfh ehwzhhq d Ed|hvldq dqg fodvvlfdo dssurdfk wr

lpsxwdwlrq1 Zlwklq d fodvvlfdo iudphzrun dq hvwlpdwh ri wkh plvvlqj revhuydwlrq

� lq wkh �|� txdqwloh lv wkhq jlyhq e|

	+�� '
�

�

�[

6'�

+6��c +815,

zkhuh +6�� ghqrwhv dq revhuyhg ydoxh lq wkh mwk txdqwloh1 Krzhyhu/ wkh pxowlsoh

lpsxwdwlrqv E+��� uhsuhvhqw lqghshqghqw gudzv iurp wkh srvwhulru suhglfwlyh glv0

wulexwlrq 0 qdpho| sE+?3,m+,�1 Wkhuhiruh/ li zh duh sulpdulo| lqwhuhvwhg lq rewdlqlqj
hvwlpdwhv ri wkh plvvlqj txdqwlw| iru qrq0uhvsrqghqw �upv/ wkhq uhgxflqj wkh lq0

irupdwlrq lq d srvwhulru suhglfwlyh glvwulexwlrq wr dq dyhudjh iru hdfk txdqwloh/ dv

lq +815, lv/ lq sduw/ ydolg1 Krzhyhu/ lqghshqghqw ri dq| gl�huhqfhv lq phwkrgrorj|
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gxh wr rssrvlqj fodvvlfdo dqg Ed|hvldq shuvshfwlyhv/ lw lv reylrxv wkdw dv surylghuv

ri gdwd lw lv lpsruwdqw wr lqglfdwh wkh ghjuhh ri xqfhuwdlqw| dwwdfkhg wr lqglylgxdo

lpsxwdwlrqv/ dqg wkhuhe| gl�huhqwldwh ehwzhhq lpsxwhg dqg ixoo| revhuyhg gdwd1

Dq dgydqwdjh ri wkh surfhgxuh rxwolqhg deryh lv wkdw lw grhv qrw lpsrvh dq

dvvxpswlrq ri elyduldwh qrupdolw|/ qru grhv lw lpsrvh d sdudphwulf prgho iru wkh

phdq htxdwlrq zkhq lpsxwlqj plvvlqj revhuydwlrqv l1h1 lw grhv qrw dvvxph wkdw

lpsxwhg ydoxhv duh jhqhudwhg e| +718,1 Lqvwhdg gl�huhqfhv ehwzhhq uhvsrqghqwv

dqg qrq0uhvsrqghqw �upv duh frqwuroohg iru e| wkh vshfl�fdwlrq ri d plvvlqj gdwd

suredelolw| prgho/ zlwk wkh vhw ri srwhqwldo cgrqru* �upv vwudwl�hg edvhg xsrq

wkh txdqwlohv ri xE 
W

e��1 Lq wklv uhvshfw/ lw lv lpsruwdqw wr qrwh wkdw wkh xvh

ri d uhvdpsolqj dssurdfk lv suhglfdwhg rq erwk wkh vshfl�fdwlrq ri d suredelolw|

prgho zlwk kljk suhglfwlyh srzhu/ dqg wkh qxpehu ri txdqwlohv1 Zh uhwxuq wr

wkhvh rshudwlrqdo lvvxhv lq Vhfwlrq <1

Wr h{dplqh wklv surfhgxuh pruh forvho| zh h{dplqh wkh iroorzlqj vlpsol�fd0

wlrq1 Iluvw/ zh frqvlghu irxu w|shv ri �upv doo ri zklfk kdyh revhuyhg sur�w gdwd

+� ,/ ghqrwlqj wkhvh dv Jurxs D @ i@�c K�c S�c _�j� Edvhg rq revhuyhg sur�wv iru

Jurxs D dqg xE 
W

e�� zh zulwh wkh mrlqw glvwulexwlrq ri wkh wzr elqdu| fodvvl�huv/

kljk2orz sur�wv dqg kljk2orz xE 
W

e�� lq Wdeoh 41 Lq wkh fdvh ri �upv iru zklfk

sur�w gdwd lv xqrevhuyhg zh gh�qh wzr �up w|shv zklfk zh ghqrwh Jurxs E @

ie�c s�j� Wkh uhvdpsolqj dssurdfk lv edvhg xsrq vdpsolqj gdwd iurp @�/ S� EK�/ _��

�upv wr lpsxwh ydoxhv iru e� +s��1 Iru h{dpsoh/ dq hvwlpdwh ri wkh sur�w udwh iru

d �up ri w|sh e� pd| eh zulwwhq dv

e�Ee�� '
�

�

�[

6'�

�E@�cS��� +816,

Ilupv ri w|sh e� Es�� duh pdwfkhg zlwk grqru �upv @� dqg S� +K�c _�� edvhg xsrq

wkh suredelolw| hvwlpdwhv xE 
W

eq�1 Lq wkh fdvh ri e� �upv/ �upv ri w|sh @� dqg S�

zloo frqwulexwh sur�w ydoxhv wr wkh vxppdwlrq lq +816,1

Wkh sulqflsdo gudzedfn ri wklv phwkrgrorj| duh dqdorjrxv zlwk wkh sureohpv

hqfrxqwhuhg zlwk krwghfn lpsxwdwlrq/ qdpho| wkdw uhvsrqghqwv dqg qrquhvsrq0

ghqwv duh dvvxphg wr kdyh wkh vdph sur�w glvwulexwlrq zlwklq dq| txdqwloh gh�qhg

e| wkh plvvlqj0gdwd suredelolw| prgho1; Wr vhh wklv zh qrwh wkdw wkhuh h{lvwv d

;Wklv lpsolhv wkdw wkh cqrquhvsrqvh* phfkdqlvp lv ljqrudeoh1 Dv qrwhg deryh/ wkh ehwwhu

48



erxqg rq wkh suhglfwhg ydoxhv/ e� Ee�� ri wkh irup

�4�?E@�c S�� 	 e� Ee�� 	 �4@ E@�c S�� +817,

lpsrvhg e| wkh dvvxpswlrq wkdw wkh plvvlqj gdwd surfhvv lv pdu1 Iru h{dpsoh/ li

wkh revhuydwlrqdo uxoh jhqhudwlqj revhuyhg sur�wv/ �fc zhuh �f ' �E� 	 l��c vxfk

wkdw sur�wv duh rqo| uhsruwhg li wkh| duh ohvv wkdq d wkuhvkrog txdqwlw| lc wkhq

uhvdpsolqj iurp d orzhu wuxqfdwhg glvwulexwlrq ri revhuyhg sur�wv zloo reylrxvo|

lqwurgxfh dwwhqxdwlrq eldv lqwr wkh hvwlpdwhv ri plvvlqj sur�wv1

91 Sdwwhuqv ri Plvvlqj Gdwd

Wkh h{whqw wr zklfk hlwkhu dq h{solflw ru lpsolflw dssurdfk wr lpsxwdwlrq lv ds0

sursuldwh zloo ghshqg lqwhu dold rq wkh sdwwhuq ri plvvlqj gdwd1 Iljxuhv 4/ 5 dqg

6/ dgdswhg iurp Olwwoh +4<<;,/ lqglfdwh d qxpehu ri srvvleoh sdwwhuqv1 B ghqrwhv

d vdpsoh0lqglfdwru yduldeoh zlwk B� ' � li �up � lv vdpsohg/ f li qrw1 5 ghqrwhv

txdolwdwlyh gdwd rq �up fkdudfwhulvwlfv vxfk dv lqgxvwu| dqg orfdwlrq lghqwl�huv/

zklfk lq jhqhudo/ duh qrw vxemhfw wr lwhp qrq0uhvsrqvh1 j ' E �c ���c &�
� ghqrwhv

d ?� & pdwul{ ri gdwd/ zlwk hdfk  �c � ' �c ���c &c uhsuhvhqwlqj d ?� � yhfwru1 Iru

hdvh ri h{srvlwlrq zh dvvxph wkdw wkh sulpdu| lqwhuhvw lv lq rewdlqlqj d frpsohwh

vhw ri revhuydwlrqv iru  �/ ghqrwlqj wkh uhpdlqlqj yduldeohv e| j
3�� Uhjlrq �

ghqrwhv lqirupdwlrq rq qrq0vdpsohg �upv1

Iljxuh 4 suhvhqwv wkh fdvh zkhuh wkh yduldeoh ri lqwhuhvw/  �c kdv plvvlqj gdwd

iru fdvhv �c ���c ?c ghqrwhg e| uhjlrq �1 Iru  2c ���c & wkhuh lv qr lwhp qrq0uhvsrqvh1

Lq wklv lqvwdqfh wkhvh yduldeohv pd| eh xvhg dv lqsxw lqwr hlwkhu h{solflw ru lpsolflw

prghov ri lpsxwdwlrq/ zlwkrxw wkh qhhg wr zruu| derxw plvvlqj gdwd lq j
3�1

Iljxuh 5 suhvhqwv d yhu| gl�huhqw vfhqdulr1 Iru fdvhv �c ���c ? gdwd lv plvvlqj iru

doo & yduldeohv/ djdlq ghqrwhg e| uhjlrq �1 Lq wklv lqvwdqfh qhlwkhu lpsolflw ru

h{solflw whfkqltxhv uhsuhvhqw yldeoh dssurdfkhv wr lpsxwdwlrq1 Zkhwkhu ru qrw

prgho0edvhg lqihuhqfh frxog surfhhg xvlqj wkh vhw ri frpsohwh revhuydwlrqv zloo

ghshqg xsrq wkh irup ri wkh revhuydwlrqdo uxoh1 Iru h{dpsoh/ zh frxog qrw ljqruh

wkh suredelolw| prgho/ wkh ehwwhu duh zh deoh wr frqwuro iru srvvleoh gl�huhqfhv ehwzhhq wkh wzr

jurxsv1
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wklv sduwlfxodu pdqlihvwdwlrq ri txhvwlrqqdluh qrq0uhvsrqvh< li/ lq wkh fdvh ri d

exvlqhvv vxuyh|/ qrq0uhvsrqghqwv zhuh orfdwhg lq d vshfl�f uhjlrq/ dqg wkdw �up

fkdudfwhulvwlfv zhuh/ lq sduw/ jhrjudsklfdoo| ghwhuplqhg1 Wkh vlwxdwlrq ehwzhhq

wkhvh wzr fdvhv lv uhsuhvhqwhg e| Iljxuh 61 Wklv sdwwhuq ri qrq uhvsrqvh kdv ehhq

uhihuuhg wr dv prqrwrqh ru qhvwhg +vhh Kduwoh| dqg Krfnlqj +4<:4, dqg Uxelq

+:7,,1 Khuh  � lv revhuyhg iru � revhuydwlrqv/  2 iru �
� : �/ zlwk yduldeohv  � wr  &

ixoo| revhuyhg1 Lq wklv vlwxdwlrq edvlqj lpsxwdwlrq rq revhuyhg gdwd lq hlwkhu  2

dqg2ru  � zloo fuhdwh dgglwlrqdo sureohpv1 Iru h{dpsoh/ frqvlghu wkh fdvh zkhuh

 2 lv d wulqrpldo fdwhjrulfdo yduldeoh dqg lv wr eh xvhg iru krw0ghfn lpsxwdwlrq1 Lq

wklv lqvwdqfh/ wkh ? revhuydwlrqv duh vwudwl�hg dffruglqj wr wkh uhdolvdwlrq ri  2/

dqg fdvhv zlwk revhuyhg gdwd lq  � dfwlqj dv srwhqwldo grqruv iru qrq0uhvsrqghqwv1

Lq wklv lqvwdqfh/ plvvlqj gdwd rq  2 grhv qrw fuhdwh d sureohp1

:1 Gdwd

:141 Wkh FEU VPH Vxuyh| gdwd

Wkh FEU kdv fduulhg rxw d vhulhv ri srvwdo vxuyh|v ri lqghshqghqw �upv lq wkh

XN Vpdoo dqg Phglxp Vl}hg Hqwhusulvh +VPH, vhfwru/ hpsor|lqj ohvv wkdq 833

zrunhuv1 Wkhvh vxuyh|v kdyh wdnhq sodfh lq 4<<4/ 4<<6/ 4<<8/ 4<<: dqg 4<<<

+vhh Frvk dqg Kxjkhv +5333,,1 Wkh fxuuhqw sdshu xvhv gdwd iurp �upv/ zklfk

uhvsrqghg wr erwk wkh 4<<4/ dqg 4<<8 vxuyh|v dqg lqfoxghv gdwd uhsruwhg e| wkrvh

�upv lq wkh 4<<6 vxuyh|1

Wkh dfklhyhg vdpsoh lq 4<<4 zdv vsolw htxdoo| ehwzhhq pdqxidfwxulqj dqg

exvlqhvv vhuylfhv1 Lw lqfoxghg 535; uhvsrqghqwv +d xqlw uhvsrqvh udwh ri 651<(,1

Wkh uhvsrqghqwv wr wkh ruljlqdo vxuyh| zhuh uh0vxuyh|hg lq 4<<61 Wklv surgxfhg

4674 uhvsrqvhv +d xqlw uhvsrqvh udwh ri 9914(,1 Dv dq lqwhjudo sduw ri wkh uh0

vxuyh| surfhvv/ wkh FEU prqlwruhg wkh vwdwxv ri wkh ruljlqdo 535; �upv diwhu

4<<4 xvlqj xs0gdwhg Gxq dqg Eudgvwuhhw lqirupdwlrq/ rq0olqh gdwd iurp Lqwhu0

Frpsdq| Frpsdulvrqv +LFF,/ dqg plfur�fkh gdwd iurp Frpsdqlhv Krxvh143 Lq

<Qrwh wkdw wklv lv qrw vwulfwo| frpsohwh txhvwlrqqdluh uhvsrqvh vlqfh wkhvh �upv kdyh uhsruwhg

lqirupdwlrq rq txdolwdwlyh �up fkdudfwhulvwlfv vxfk dv lqgxvwu| dqg orfdwlrq1
43Wkh LFF gdwdedvh lv d vwdqgduglvhg �qdqfldo dffrxqwv gdwdedvh edvhg rq wkh uhwxuqv vxe0

plwwhg e| frpsdqlhv wr Frpsdqlhv Krxvh dv sduw ri wkhlu vwdwxwru| uhsruwlqj uhtxluhphqwv1
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4<<8 d ixuwkhu vxuyh| zdv frqgxfwhg ri doo wkrvh uhvsrqghqwv lq 4<<4 zklfk rq wkh

edvlv ri wklv prqlwrulqj dfwlylw| frxog eh lghqwl�hg dv vwloo dolyh dqg lqghshqghqw

lq wkdw |hdu1 Ri wkh 48<5 �upv vr lghqwl�hg <<; uhvsrqghg +d xqlw uhvsrqvh udwh

ri 951:(,144 Wkhvh <<; �upv frqvwlwxwh wkh sdqho iurp zklfk gdwd iru wkh fxuuhqw

vwxg| lv gudzq1

Wdeoh 4 suhvhqwv d vxppdu| ri wkh duhdv fryhuhg e| wkh 4<<4/ 4<<6/ dqg

4<<8 vxuyh|v1 Wkh 4<<4 vxuyh| zdv h{whqvlyh zlwk 94 txhvwlrqv fryhulqj hljkw

wrslfv/ uhvxowlqj lq 649 yduldeohv145 Wkh irfxv ri wkh vhfrqg vxuyh| zdv wr xsgdwh

vhohfwhg shuirupdqfh yduldeohv dqg wr h{dplqh lq juhdwhu ghwdlo wkdq lq 4<<4

wkh �qdqflqj frqvwudlqwv idflqj XN VPHv> wklv uhvxowhg lq 44 txhvwlrqv dqg 63

yduldeohv1 Wkh 4<<8 vxuyh| lqfoxghg 5< txhvwlrqv |lhoglqj 4<; yduldeohv1 Hdfk

vxuyh| lqfoxghg frpsdudeoh txhvwlrqv rq wkh wxuqryhu/ hpsor|phqw/ dqg sur�wv

vl}h ri wkh uhvsrqghqw1

:151 Wkh Dpdojdpdwhg FEU0LFF Gdwdvhw

Lq wklv sdshu zh frqvwuxfw d txdvl h{shulphqwdo iudphzrun dqg h{dplqh wkh shu0

irupdqfh ri d qxpehu ri lpsxwdwlrq phwkrgv dssolhg wr wkh sureohp ri qrq0

uhvsrqvh lq exvlqhvv vxuyh| gdwd1 Zh dgrsw d phwkrgrorj| wkdw h{sorlwv wkh

dydlodelolw| ri d vhfrqgdu| gdwd vrxufh lq wkh irup ri d frpsdudeoh hpsor|phqw

dqg sur�w vhulhv wkurxjk gdwd zklfk frpsdqlhv pxvw ghsrvlw dw Frpsdqlhv Krxvh1

Vxevhtxhqwo| lw zdv qhfhvvdu| wr pdwfk hdfk FEU vxuyh| fdvh lq wkh sdqho zlwk

wkh fruuhvsrqglqj vhw ri frpsdq| dffrxqwv rq wkh LFF gdwdedvh1

Wkh LFF gdwdedvh frqwdlqv d zlgh udqjh ri vwdqgduglvhg �qdqfldo dqg dffrxqw0

lqj udwlrv dv zhoo dv dgglwlrqdo lqirupdwlrq uhodwlqj wr fuhglw zruwklqhvv/ vxfk dv

wkh suhvhqfh/ ru devhqfh/ ri Frxqw| Frxuw Mxgjhphqwv d�hfwlqj wkh �up1 Lw zdv

srvvleoh wr dwwdfk LFF dffrxqwv wr <98 �upv lq wkh sdqho ri <<; uhvsrqglqj lq

44Vhh Exoorfn/ Gxqfdq/ dqg Zrrg +4<<9,1
45Wkh 4<<4 vxuyh| xvhg dq hpsor|phqw0vl}h vwudwl�hg vdpsolqj ghvljq1 Wkh vdpsolqj iudph0

zrun xvhg lq wkh frqvwuxfwlrq ri wkh vxuyh| zdv wkh Gxq ) Eudgvwuhhw +G)E, gdwdedvh1 Wklv

gdwdedvh kdv lwv ruljlq lq wkh fuhglw0udwlqj exvlqhvv dqg dv d uhvxow lv suredeo| eldvhg wrzdugv wkh

lqfoxvlrq ri d uhodwlyho| kljkhu sursruwlrq ri h{sdqglqj �upv vhhnlqj �qdqfh wkdq lv wuxh ri wkh

hqwhusulvh srsxodwlrq dv d zkroh1 Lw lv dovr nqrzq/ wkdw dw wkdw wlph lw xqghu0uhsuhvhqwhg vroh

sursulhwruv/ sduwqhuvklsv dqg vlqjoh shuvrq vhoi0hpsor|hg hqwhusulvhv frpsduhg wr wkh ryhudoo

hqwhusulvh vhfwru1
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erwk 4<<4 dqg 4<<8/ wkh edodqfh ehlqj sduwqhuvklsv sursulhwruvklsv ru frpsd0

qlhv zlwk xqwudfhdeoh LFF dffrxqwv1 Wkh suhflvh �qdqfldo gdwd dydlodeoh iru hdfk

ri wkh <98 frpsdqlhv lv/ krzhyhu/ d�hfwhg e| wkh h{whqw wr zklfk wkhvh frpsd0

qlhv dydlohg wkhpvhoyhv ri wkh uljkw wr vxeplw prgl�hg ru deeuhyldwhg dffrxqwv

wr Frpsdqlhv Krxvh1 Iru h{dpsoh/ wkh Frpsdqlhv Dfw 4<;8/ dqg vxevhtxhqw

dphqgphqwv/ gh�qhg fodvvhv ri vpdoo dqg phglxp vl}hg frpsdqlhv zklfk pd|

vxeplw prgl�hg dffrxqwv zklfk glg qrw qhhg wr lqfoxgh/ lq sduwlfxodu/ gdwd rq

sur�wv/ wxuqryhu/ ru hpsor|hhv1 Lq 4<<8/ d vxevwdqwldo sursruwlrq ri wkh FEU

gdwdedvh frxog fodlp h{hpswlrq +rwkhu |hduv, dqg vxeplw vxfk prgl�hg dffrxqwv

rq wkh edvlv ri vdwlvi|lqj dq| wzr ri wkh iroorzlqj wkuhh fulwhuld dw wkh wlph ri wkh

4<<8 vxuyh|=46

Vpdoo Phglxp0Vl}hg
Dqqxdo wxuqryhu qrw h{fhhglqj Â5/;33/333 Â44/533/333
Edodqfh vkhhw wrwdo qrw h{fhhglqj Â4/733/333 Â8/933/333
Dyhudjh qxpehu ri hpsor|hhv qrw
h{fhhglqj 83 583

Wkhvh edvlf vl}h fxw0r�v duh wkh vxemhfw ri shulrglf dphqgphqw +iru lqvwdqfh

wkh GWL lvvxhg d frqvxowdwlyh grfxphqw lq Pd| 4<<8 zklfk sursrvhg wr lqfuhdvh

wkh olplwv ixuwkhu e| 83 shu fhqw,1 Hyhq lq 4<<8/ krzhyhu/ d vxevwdqwldo sursruwlrq

ri wkh FEU gdwdedvh frxog fodlp h{hpswlrq1 Wkxv ryhu 933 ri wkh sdqho vdpsoh

hpsor|hg ohvv wkdq 83 zrunhuv dqg 83( kdg d wxuqryhu ri ohvv wkdq Â4ploolrq147

Iru wkh sxusrvhv ri wklv vwxg|/ wkhuhiruh/ wzr vxe0vdpsohv ri �upv zhuh iruphg1

Wkhvh frqvlvwhg/ uhvshfwlyho|/ ri �upv iru zklfk wkhuh zhuh qr lwhp plvvlqj ydoxhv

iru LFF sur�wv rq wkh frpelqhg FEU0LFF gdwdedvh/ ru iru zklfk wkhuh zhuh qr

lwhp plvvlqj ydoxhv iru LFF uhsruwhg gdwd +hlwkhu sur�wv ru hpsor|phqw, rq wkh

frpelqhg FEU0LFF gdwdedvh1 Rqh ri hdfk ri wkhvh vdpsohv zdv iruphg iru wkh

FEU vxuyh| gdwd |hdu ri 4<<4 zklfk |lhogv wkh odujhvw vdpsoh vl}hv iru dqdo|vlv1

46Vrxufh= Wkh Frrshuv dqg O|eudqg Pdqxdo ri Dffrxqwlqj Dffrxqwdqf| Errnv/ Lqvwlwxwh ri

Fkduwhuhg Dffrxqwdqwv ri Hqjodqg dqg Zdohv/ Qryhpehu 4<<8 ss 6933406933:1
47Vhh Frvk/ Gxqfdq/ dqg Kxjkhv +4<<9,1
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:161 Sdwwhuqv ri Plvvlqj Gdwd= Sur�olqj wkh Qrq0Uhvsrqghqwv

Lq rughu wr hvwdeolvk d sur�oh ri �upv zkr zhuh qrq0uhvsrqghqwv rq hlwkhu sur�w

ru hpsor|phqw gdwd lq 4<<4 zh frpsduhg wkh ydoxhv ri d zlgh udqjh ri FEU

vxuyh| yduldeohv iru wkrvh fdvhv zkhuh FEU sur�w dqg hpsor|phqw gdwd zhuh

plvvlqj1 Wklv zdv grqh iru wkh zkroh vdpsoh dqg iru hdfk ri wkh wzr vxe0vdpsohv1

Wdeoh 6 suhvhqwv dq dqdo|vlv/ iru wkh zkroh vdpsoh/ ri doo frpsdqlhv zklfk kdg

dq LFF dffrxqw dwwdfkhg +zkhwkhu prgl�hg ru qrw,/ frpsdulqj wkrvh fdvhv zkhuh

FEU hpsor|phqw gdwd zdv plvvlqj dqg wkrvh zkhuh lw zdv suhvhqw1 Wdeoh 7

surylghv d vlplodu dqdo|vlv exw wklv wlph frpsdulqj fdvhv zkhuh FEU sur�wv gdwd

zhuh plvvlqj zlwk �upv zkhuh wkh| zhuh qrw1 Urz 4 ri Wdeoh 6/ iru h{dpsoh/

vkrzv wkdw ri wkh 4<; �upv uhsruwlqj lq wkh 4<<4 vxuyh| rq dgglwlrqdo �qdqfh

rewdlqhg iurp KS ru Ohdvlqj frpsdqlhv/ +dggilq46, 73 kdg plvvlqj ydoxhv iru

FEU hpsor|phqw1 Wkh phdq shufhqwdjh ri �qdqfh rewdlqhg iurp wklv vrxufh

e| wkrvh zlwk plvvlqj +qrq0plvvlqj, hpsor|phqw gdwd zdv 5619( +4:17(,1 Wklv

gl�huhqfh zdv vwdwlvwlfdoo| vljql�fdqw xvlqj wkh qrq0sdudphwulf Pdqq0Zklwqh|

Whvw exw zdv qrw xvlqj d vwdqgdug cw* whvw1

Wdeohv 8 dqg 9 uhshdw wkh h{huflvh exw wklv wlph rq wzr vxe0vdpsohv zkhuh

LFF hpsor|phqw dqg sur�w gdwd uhvshfwlyho| zhuh suhvhqw148 Wkxv urz 4 ri Wdeoh

7 vkrzv wkdw lq wkh vxe0vdpsoh ri fdvhv zkhuh LFF hpsor|phqw lv dozd|v suhvhqw/

FEU hpsor|phqw gdwd zdv plvvlqj iru mxvw : fdvhv/ dqg suhvhqw iru 444 fdvhv/

ri wkh wrwdo ri 44; fdvhv zkhuh wkh uhvsrqghqw uhsruwhg wkdw dgglwlrqdo �qdqfh

zdv rewdlqhg iurp yhqwxuh fdslwdolvwv1 Wkh gl�huhqfh lq wkh sursruwlrq ri �qdqfh

rewdlqhg iurp wklv vrxufh ehwzhhq wkh plvvlqj dqg qrq0plvvlqj FEU hpsor|phqw

gdwd jurxs zdv vljql�fdqw rq wkh sdudphwulf whvw exw qrw rq wkh qrq0sdudphwulf

whvw149

Wkh FEU yduldeohv suhvhqwhg lq hdfk wdeoh duh d vxevhw ri d zlghu udqjh ri

FEU yduldeohv/ zklfk rq hlwkhu wkhruhwlfdo ru hpslulfdo jurxqgv frxog eh xvhg

48Qrwh wkdw lq Wdeohv 6 dqg 7 wkh wzr vxe0vdpsohv zhuh vhohfwhg rq wkh edvlv wkdw dq LFF

dffrxqw zdv dwwdfkhg1 Wkh vwdwlvwlfv lq Wdeohv 8 dqg 9 duh uhvwulfwhg vxe0vdpsohv edvhg xsrq

wkh dfwxdo uhsruwlqj ri/ uhvshfwlyho|/ LFF hpsor|phqw dqg sur�w gdwd1
49Lq wkh fdvh ri hpsor|phqw gdwd zh irxqg wkdw wkhuh zhuh yhu| ihz �upv zlwk erwk pdwfklqj

LFF hpsor|phqw gdwd dqg plvvlqj FEU hpsor|phqw1 Vxevhtxhqwo| dw wklv mxqfwxuh zh ghflghg

qrw wr dwwhpsw lpsxwdwlrq/ dqg vlpso| irfxv rq wkh sur�w gdwd1
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dv suhglfwruv ri hpsor|phqw ru sur�w1 Wkh ydvw pdmrulw| ri wkh yduldeohv whvwhg

uhodwh wr 4<<41 Rqo| wkrvh yduldeohv zkhuh vwdwlvwlfdoo| vljql�fdqw gl�huhqfhv

hphujhg ehwzhhq wkh uhvshfwlyh plvvlqj dqg qrq0plvvlqj jurxsv +xvlqj hlwkhu wkh

sdudphwulf ru qrq0sdudphwulf whvw, duh uhsruwhg1

Wkh vxe0vhw ri yduldeohv zklfk hphujhg dv vljql�fdqw ydulhv iurp vdpsoh wr

vdpsoh1 Wkhuh lv/ krzhyhu/ vrph sdwwhuq ri gl�huhqfhv ehwzhhq wkh wzr hpsor|0

phqw edvhg vdpsohv +Wdeohv 6 dqg 8,/ dqg wkh wzr sur�w edvhg vdpsoh +Wdeohv

7 dqg 9,1 Lq wkh odwwhu iru lqvwdqfh wkh sur�w uhodwhg yduldeohv uhodwlqj wr ryhu0

gudiw dqg lqwhuhvw sd|phqw sdwwhuqv hphujh dv glvfulplqdwruv ehwzhhq wkh plvvlqj

dqg qrq0plvvlqj jurxsv1 Wkh| gr qrw/ krzhyhu/ dsshdu lq wkh hpsor|phqw uh0

odwhg vdpsohv zkhuh wkhlu glvfulplqdwru| srzhu lv lqvljql�fdqw dqg wkh| duh qrw

uhsruwhg1

:171 Pdwfklqj FEU dqg LFF Gdwd

Dowkrxjk zh kdyh uhihuuhg wr wkh LFF gdwdedvh dv d vhfrqgdu| gdwd vrxufh surylg0

lqj revhuydwlrqv iru �upv fodvvl�hg dv qrq0uhvsrqghqwv lq wkh FEU gdwd/ wkhuh duh

wzr lpsruwdqw txdol�fdwlrqv1 Iluvw/ dv qrwhg deryh/ wkhuh grhv qrw h{lvw d pdwfk

iru hyhu| qrq0uhvsrqghqw lq wkh FEU gdwdedvh jlyhq wkdw lw lv qrw frpsxovru| iru

doo �upv wr surylgh dffrxqw lqirupdwlrq1 Vhfrqg/ iru uhdvrqv glvfxvvhg lq Vhfwlrq

:15 wklv gdwd grhv qrw dozd|v surylgh d shuihfw pdwfk1 Gdylg/ Olwwoh/ Vdpxkho/

dqg Wulhvw +4<;9, qrwh vlplodu sureohpv lq d vwxg| ri frpsdulqj gl�huhqw phwk0

rgv ri lqfrph lpsxwdwlrq/ zlwk gl�huhqfhv lq wkh lqfoxvlrq ri vlfn sd| dfurvv gdwd

vrxufhv1

Wr h{dplqh wkh uhodwlrqvkls ehwzhhq wkh wzr hpsor|phqw vhulhv zh hvwlpdwhg

d vlpsoh slhfh0zlvh olqhdu uhjuhvvlrq ri wkh irup

�Ko.� '
[

�'�

�Ek� 	 USS.� 	 � �� n q
�
USS.� n q

2
USS.2

� n 0�c +:14,

zkhuh � lqgh{hv �upv iru zklfk pdwfkhg gdwd h{lvwv/ �Ko.� dqg USS.� ghqrwh/

uhvshfwlyho|/ FEU dqg LFF hpsor|phqw �jxuhv/ k� ' ifc .c 2fc Dfj dqg � � '

iSc �bc ebc4j uhsuhvhqw hpsor|phqw wkuhvkrogv vxfk wkdw
S
�'�

�E�� ghqrwhv d vhulhv

ri pxwxdoo| h{foxvlyh gxpp| yduldeohv uhsuhvhqwlqj phdq dgmxvwphqwv14: Sdudp0

4:Qrwh wkdw wkhvh wkuhvkrogv zhuh vhohfwhg edvhg xsrq lqvshfwlrq ri wkh uhvshfwlyh glvwulex0
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hwhu hvwlpdwhv duh jlyhq lq Wdeoh :1 D qxpehu ri revhuydwlrqv duh qrwhzruwk|1

Iluvw/ wkh phdq dgmxvwphqwv surylghg e| wkh vhulhv ri hpsor|phqw wkuhvkrogv/

k�c � � lqglfdwh wkdw wkh FEU phdvxuh ri hpsor|phqw h{fhhgv wkdw ri wkh LFF

zlwk wkh gl�huhqfh lqfuhdvlqj zlwk wkh ohyho ri hpsor|phqw1 Zlwk wkh dgmxvwphqw

surylghg e| +:14, wkh wzr vhulhv duh uhdvrqdeo| frpsdudeoh1

Zh qrz wxuq wr wkh sureohp ri pdwfklqj FEU dqg LFF sur�w gdwd1 Lq Wdeoh

; zh suhvhqw vxppdu| vwdwlvwlfv iru wkh wzr sur�w vhulhv1 Ri wkh 576 �upv zlwk

uhsruwhg LFF sur�wv/ 4;4 �upv dovr uhsruw sur�w gdwd lq wkh FEU gdwdedvh> 95

�upv idlo wr uhsruw sur�w gdwd1 Dowkrxjk erwk wkh FEU dqg LFF sur�w glvwulex0

wlrqv lqfoxgh erwk qhjdwlyh dqg srvlwlyh sur�wv/ d vlpsoh ylvxdo lqvshfwlrq pljkw

vxjjhvw wkdw wkh plvvlqj gdwd surfhvv lv qrw udqgrp/ lq wkh vhqvh wkdw iru wkh

LFF sur�w gdwd zklfk h�hfwlyho| gh�qhv wkh srsxodwlrq ri lqwhuhvw/ wkh phdq lv

qhjdwlyh/ frpsduhg wr d srvlwlyh phdq iru wkh FEU vhulhv1 Wkxv/ zh pljkw frq0

foxgh wkdw wkh qrq0uhvsrqghqwv lq wkh FEU gdwdedvh duh wkrvh zlwk yhu| orz +dqg

qhjdwlyh, sur�wv1 Krzhyhu/ wklv frqfoxvlrq lv rqo| srvvleoh li wkh wzr sur�w vhulhv

duh gluhfwo| frpsdudeoh1 Lqvshfwlrq ri vxppdu| vwdwlvwlfv iru pdwfkhg �upv lq

Wdeoh ; ghprqvwudwhv wkdw wkh wzr vhulhv duh qrw frpsdudeoh/ zlwk/ iru h{dpsoh/

FEU +LFF, sur�wv h{klelwlqj srvlwlyh +qhjdwlyh, vnhzqhvv1 Edvhg xsrq wklv re0

vhuydwlrq lw lv wkhuhiruh gl!fxow wr uhfrqfloh wkh wzr vhulhv1 Lq Wdeoh < zh uhsruw

wkh uhvxowv iurp dq dwwhpsw wr gr wklv e| hvwlpdwlqj d slhfh0zlvh olqhdu uhjuhvvlrq

ri wkh irup

�Ko�� '
[

�'�

�Ek� 	 USS�� 	 � �� n w�USS�� n w2USS�
2

� n +:15,

w�USS�
�

� n 0�c

zkhuh �Ko�� dqg USS�� ghqrwh/ uhvshfwlyho|/ FEU dqg LFF sur�wv/ dqg k� '

i�4c�2ebc�bbc fc 2ffc effc4j/ � � ' i�2Dfc��ffc fc fc �c 2f�c ef�j duh phdq

dgmxvwphqwv1 Sdudphwhu hvwlpdwhv/ suhvhqwhg lq Wdeoh </ uhyhdo wkdw wkhuh duh

vrph vljql�fdqw gl�huhqfhv lq wkh zd| lq zklfk sur�wv duh uhfrughg lq wkh FEU

dqg LFF gdwdedvhv1 Dv dq h{dpsoh/ �upv zlwk 2ff 	 U�� sur�wv4; 	' eff

wkh uhtxluhg phdq dgmxvwphqw iru frpsdudelolw| lv �2eD� Ri sduwlfxodu qrwh lv wkh
wlrqv ri LFF dqg FEU hpsor|phqw gdwd1

4;Sur�wv duh phdvxuhg lq Â3331

55



wkuhvkrog frh!flhqw k�� � zklfk lqglfdwhv wkdw zkhq }hur LFF sur�wv duh uhfrughg

FEU sur�wv duh rq dyhudjh 4531 Uhodwlyh wr wkh hpsor|phqw gdwd zh revhuyh d

srru �w zlwk rqo| 93 shu fhqw ri wkh yduldwlrq lq wkh FEU hpsor|phqw gdwd

h{sodlqhg e| wkh LFF gdwd14< Dowkrxjk wklv reylrxvo| uhsuhvhqwv d sureohp iru

hydoxdwlqj wkh uhodwlyh shuirupdqfh ri lpsxwdwlrq phwkrgv xvlqj phwkrgv vxfk

dv phdq vtxduhg huuru/ wklv sureohp grhv qrw d�hfw wkh udqnlqj dfurvv phwkrgv1

Wklv iroorzv vlqfh lpsxwdwlrq huuru zloo eh frpsrvhg ri d phwkrg vshfl�f frpsr0

qhqw dqg d frqvwdqw uh hfwlqj wkh idfw wkdw wkh dgmxvwhg vhfrqgdu| gdwd vrxufh/

khuh LFF sur�wv/ lv qrw gluhfwo| frpsdudeoh zlwk wkh FEU sur�w vhulhv1

;1 Uhvxowv

Ehorz zh suhvhqw wkh uhvxowv iurp dsso|lqj d qxpehu ri lpsxwdwlrq phwkrgv wr

wkh sureohpv ri plvvlqj sur�w gdwd lq wkh FEU Vpdoo dqg Phglxp vl}hg hqwhu0

sulvh gdwdedvh1 Zh lqlwldoo| suhvhqw wkh uhvxowv ri hvwlpdwlqj d qxpehu ri prghov

zklfk zloo surylgh iruhfdvwv ri wkh plvvlqj gdwd1 Iroorzlqj wklv zh hydoxdwh wkh

gl�huhqwldo shuirupdqfh ri rxu lpsxwdwlrq whfkqltxhv xvlqj wkh LFF sur�w vhulhv

dv d ehqfkpdun1

Zh ehjlq zlwk dq h{dplqdwlrq ri wkh shuirupdqfh ri d vlpsoh frqglwlrqdo phdq

prgho ri lpsxwdwlrq zklfk dvvxphv wkdw wkh plvvlqj gdwd jhqhudwlqj surfhvv lv

pdu1 Lq Wdeoh 43 zh suhvhqw wkh uhvxowv ri hvwlpdwlqj d vlpsoh olqhdu prgho ri suri0

lwv/ xvlqj wkh uhjuhvvruv= wxuqryhu +wxuq,/ djh ri wkh fklhi h{hfxwlyh +fhdjh4,/

d elqdu| yduldeoh uh hfwlqj vnloo vkruwdjh +vnloo,/ d elqdu| yduldeoh lqglfdwlqj

zkhwkhu irupdo wudlqlqj lv surylghg +wudlq, dqg olpde434153 Zh ghqrwh wklv

vhw e|  1 Lw lv lpsruwdqw wr qrwh wkdw wklv surfhgxuh wdnhv qr dffrxqw ri wkh

srvvlelolw| wkdw wkh revhuyhg FEU sur�w gdwd uhsuhvhqwv d vhw ri qrq0udqgrp uh0

vsrqvhv/ lqvridu dv/ iru h{dpsoh/ wkdw wkh pgjs lv ghwhuplqhg lq sduw e| wkh ohyho

ri sur�wv1 Lq dgglwlrq/ wkh vhw ri sdudphwhuv lq Wdeoh 43/ vd| �c duh hvwlpdwhv

edvhg xsrq d vhw ri �upv zkhuh wkh lqwhuvhfwlrq ri qrq0plvvlqj gdwd ryhu  dqg

FEU sur�wv lv qrw hpsw|1

4<Vhh Dsshqgl{ 4 iru d ixoo glvfxvvlrq ri wkh uhdvrqv iru gl�huhqfhv ehwzhhq FEU dqg LFF

gdwd1
53Vhh Dsshqgl{ 6 iru d frpsohwh vhw ri gh�qlwlrqv1
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Dv glvfxvvhg lq Vhfwlrq 7/ d prgho wkdw dssur{lpdwhv wkh plvvlqj gdwd jhqhudw0

lqj surfhvv lv xvhg lq wzr lpsxwdwlrq whfkqltxhv xvhg lq wklv sdshu= d frqglwlrqdo

phdq uhjuhvvlrq zklfk fruuhfwv iru qrq0udqgrp qrq0uhvsrqvh> dqg wkh pxowlsoh

lpsxwdwlrq dssurdfk zklfk lv edvhg xsrq uhvdpsolqj iurp wkh suhglfwlyh srv0

whulru glvwulexwlrq ri wkh plvvlqj gdwd1 Lq dgglwlrq/ vlqfh zh kdyh dffhvv wr d

vhfrqgdu| gdwd vrxufh lq wkh irup ri wkh LFF sur�w gdwd/ zh pd| dovr whvw iru

zkhwkhu vxfk d fruuhfwlrq lv zduudqwhg1 Lq Wdeoh 44 zh suhvhqw wkh uhvxowv ri

hvwlpdwlqj wzr prghov1 Lq froxpqv 4 dqg 5 zh suhvhqw sdudphwhu hvwlpdwhv dqg

w0udwlrv edvhg xsrq hvwlpdwlqj d vlpsoh surelw plvvlqj gdwd prgho1 Zh qrwh wkdw

e| lqfoxglqj wkh LFF phdvxuh ri sur�wv dv d uhjuhvvru zh duh deoh wr whvw zkhwkhu

ru qrw wkh pdu dvvxpswlrq lv ydolg1 Zh uhmhfw wkh pdu qxoo dw wkh 9( ohyho dqg

revhuyh wkdw dv sur�wv ghfuhdvh wkhuh lv d vwdwlvwlfdoo| vljql�fdqw uhgxfwlrq lq wkh

olnholkrrg ri uhsruwlqj sur�w gdwd1 Zh dovr hpskdvlvh wkh vljql�fdqfh ri wkh ydul0

deoh wrwplvv<41 Wklv yduldeoh lv dq ruglqdo lqwhjhu yduldeoh zklfk uhfrugv/ iru

hdfk �up/ wkh qxpehu ri yduldeohv zklfk kdyh plvvlqj revhuydwlrqv dfurvv d uho0

dwlyho| odujh vhw ri �up fkdudfwhulvwlfv1 Dowkrxjk wkhuh lv wkh reylrxv lvvxh wkdw

wklv yduldeoh lv xqolnho| wr eh h{rjhqrxv/ wkh kljko| vljql�fdqw h�hfw lqglfdwhv wkdw

erwk ghvfulswlrq dqg lqihuhqfh zlwklq wkh frq�qhv ri plvvlqj gdwd prghov qhhgv

wr eh frqgxfwhg lq d pxowlyduldwh iudphzrun1

Jlyhq wkdw lq prvw lqvwdqfhv dqdo|vwv zloo qrw kdyh vhfrqgdu| gdwd vhulhv vxfk

dv wkh LFF sur�w vhulhv/ lq froxpqv 6 dqg 7 ri Wdeoh 44 zh suhvhqw wkh uhvxowv ri hv0

wlpdwlqj wkh vdph prgho ri plvvlqj gdwd exw sodflqj d }hur uhvwulfwlrq rq lffs<41

Wkh suhglfwhg suredelolwlhv EeR� zloo eh xvhg lq wkh frqvwuxfwlrq ri d frqglwlrqdo

phdq lpsxwdwlrq prgho zlwk d fruuhfwlrq iru wkh plvvlqj gdwd revhuydwlrqdo uxoh/

dqg dovr lq d Pxowlsoh Lpsxwdwlrq surfhgxuh zkhuh eR zloo eh sduwlwlrqhg xvlqj

txdqwloh wkuhvkrogv vxfk wkdw/ iru hdfk txdqwloh/ revhuyhg sur�w uhfrugv fdq eh

xvhg dv grqruv iru plvvlqj sur�wv1

Lq Wdeoh 45 zh suhvhqw hvwlpdwhv ri wkh vdph prgho dv lq Wdeoh 43 exw zlwk d

fruuhfwlrq iru qrq0udqgrp qrq0uhvsrqvh iru sur�wv1
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<1 Frpsdulqj Lpsxwdwlrq Shuirupdqfh

Lq Wdeohv 46 dqg 47 zh hydoxdwh wkh shuirupdqfh ri wkh frqglwlrqdo phdq +fp,/

Krw0Ghfn dqg Pxowlsoh Lpsxwdwlrq +pl, whfkqltxhv1 Zh vxppdulvh rxu uhvxowv

xvlqj wkuhh fulwhuld= PU��*P��7 lv wkh udwlr ri wkh vxpphg lpsxwhg wr revhuyhg

ydoxhv/ dqg phdvxuhv eldv dw wkh djjuhjdwh ohyho> PDEV lv wkh phdq devroxwh

huuru ehwzhhq revhuyhg dqg lpsxwhg gdwd dqg frpsxwhv d glvdjjuhjdwh phdvxuh

ri forvhqhvv ryhu �up ohyho gl�huhqfhv ehwzhhq lpsxwhg ydoxhv dqg wkh revhuyhg

vhfrqgdu| gdwd> dqgPhdq lv wkh vlpsoh phdq huuru/ djdlq frpsxwhg ryhu �up ohyho

gl�huhqfhv1 Iru hdfk fulwhulrq Dgm ghqrwhv suhglfwhg ydoxhv xvlqj wkh pdwfklqj

htxdwlrq +:15,/ dqg wkhuhiruh uhsuhvhqwv wkh dgmxvwhg LFF sur�w gdwd1

Wdeoh 46 suhvhqwv wkh uhvxow iru fp dqg kg1 Wkh Krw Ghfn surfhgxuh zdv

frqgxfwhg rq wkh edvlv ri vruwlqj uhvsrqghqwv dqg qrq0uhvsrqghqwv lqwr lpsxwd0

wlrq fodvvhv xvlqj rqh ru pruh yduldeohv1 Grqru ydoxhv iurp pdwfklqj uhvsrqghqwv

duh wkhq xvhg wr lpsxwh plvvlqj ydoxhv154 Jlyhq wkdw zh duh reylrxvo| xqdeoh wr

vruw �upv rq wkh edvlv ri d ixoo| revhuyhg vhw ri uhvsrqvh rq sur�wv/ KG dvvxphv

ljqrudeoh qrq0uhvsrqvh1 Uhvxowv L0LY duh edvhg xsrq wkh xvh ri gl�huhqw vhwv ri

�up fkdudfwhulvwlfv1 Lq L zh xvh d vlqjoh fkdudfwhulvwlf/ wudlq/ d elqdu| ydul0

deoh lqglfdwlqj zkhwkhu ru qrw irupdo wudlqlqj lv surylghg1 Lq suhylrxv zrun +vhh

Frvk/ Kxjkhv/ dqg Zhhnv +5333, lw kdv ehhq ghprqvwudwhg wkdw wkh surylvlrq ri

wudlqlqj lv/ dorqjvlgh rwkhu fkdudfwhulvwlfv/ d ghwhuplqdqw ri �up sur�wv dqg hp0

sor|phqw jurzwk1 Krzhyhu/ dqg dv h{shfwhg/ wkh xvh ri wkh elqdu| yduldeoh wudlq

lq lvrodwlrq surylghv yhu| olwwoh glvfulplqdwlrq lq whupv ri wkh delolw| wr lpsxwh

plvvlqj sur�w gdwd1 Lq LL zh shuirup d klhudufklfdo vruwlqj/ xvlqj erwk wudlq

dqg jurzwk/ d qrplqdo yduldeoh phdvxulqj d �upv* sodqqhg jurzwk remhfwlyhv551

Iru erwk wkh djjuhjdwh EPU��*P��7� dqg Phdq phdvxuh wkh lpsxwdwlrq shuiru0

pdqfh lqfuhdvhv frqvlghudeo|/ lpso|lqj wkdw wkh dgglwlrqdo ohyho ri glvfulplqdwlrq

surylghg e| jurzwk jhqhudwhv d ehwwhu vhw ri pdwfkhv1 Lq LLL zh uhyhuvh wkh

rughu/ vruwlqj �uvw xvlqj jurzwk dqg wkhq wudlq1 Khuh zh qrwh wkdw rughu ri

vruwlqj pdwwhuv/ lq wkdw wkh lpsxwdwlrq shuirupdqfh lpsuryhv frqvlghudeo| uhod0

54Zh qrwh wkdw li wkhuh lv pruh wkdq rqh pdwfklqj uhvsrqghqw iru dq| jlyhq qrq0uhvsrqghqw/

zh udqgrpo| vhohfw d ydoxh iurp wklv vxevhw1
55Vhh Dsshqgl{ 51

58



wlyh wr LLL1 D olnho| h{sodqdwlrq iru wklv gl�huhqfh iroorzv iurp wkh dujxphqw wkdw

jurzwk lv d ehwwhu suhglfwru ri sur�wv wkdq wudlq1 Lq dgglwlrq/ zkhuhdv wudlq

lv elqdu|/ jurzwk lv pxowlqrpldo dqg/ fhwhulv sdulexv/ zloo prvw olnho| jhqhudwh

ehwwhu pdwfkhv1 Qrwh wkdw li wkh wzr fkdudfwhulvwlfv surgxfh wkh vdph shufhqwdjh

ri h{sodlqhg yduldqfh/ wkhq wkh rughu ri vruwlqj zlwklq d KG lpsxwdwlrq zrxog

kdyh qr h�hfw1 Lq Uhvxowv LY zh h{shulphqw zlwk d 6 yduldeoh KG surfhgxuh xvlqj

h{sruwv/ ilqdqfh dqg wudlq/ qrwlqj wkdw wkh uhvxowv duh/ zlwk wkh h{fhswlrq ri

L/ wkh prvw glvdssrlqwlqj1

Xqghu wkh khdglqj Uhjuhvvlrq zh suhvhqw wkh uhvxowv iurp wzr dssolfdwlrqv ri

frqglwlrqdo phdq lpsxwdwlrqv1 Iluvw/ zh dvvxph wkdw wkh plvvlqj gdwd jhqhudwlqj

surfhvv +pgjs, lvpdu/ iroorzlqj wklv e| d fruuhfwlrq iru qrq0udqgrp qrq uhvsrqvh1

Zh dovr qrwh wkdw jlyhq zh kdyh dydlodeoh wkh vhfrqgdu| gdwd vrxufh lq wkh irup ri

LFF sur�wv/ zh zhuh deoh wr uhmhfw wkh qxoo wkdw wkh pgjs zdv pdu1 Dowkrxjk lw lv

zruwk hpskdvlvlqj wkdw uhodwlyh wr wkh pdu frqglwlrqdo phdq prgho/ zh revhuyh

d vxevwdqwldo idoo lq PDEV dqg d pxfk ehwwhu fruuhvsrqghqfh ehwzhhq wkh udwlr

ri wrwdo lpsxwhg wr revhuyhg sur�wv/ wkh devroxwh ohyho ri PDEV lv vwloo kljk1

Lq Wdeoh 47 zh suhvhqw uhvxowv iru 5 yduldqwv ri wkh Pxowlsoh Lpsxwdwlrq +PL,

surfhgxuh= �uvw/ xvlqj ghflohv wr sduwlwlrq wkh suhglfwhg suredelolwlhv/ dqg vhfrqg

xvlqj txlqtxduwlohv/ zklfk xvhv wkuhvkrog ydoxhv vxfk wkdw wkhuh duh 53 elqv iurp

zklfk wr uhvdpsoh1 Wkh uhdvrq iru fkrrvlqj wkhvh wzr ghvljqv iroorzv iurp wkh

pdlqwdlqhg dvvxpswlrq ri wkh PL phwkrg/ qdpho| wkdw iru wkh yduldeoh lq txhvwlrq

+lq wklv lqvwdqfh sur�wv,/ wkh glvwulexwlrq iru uhvsrqghqwv dqg qrq0uhvsrqghqwv lv

wkh vdph zlwklq dq| jlyhq txdqwloh1 Wkhuhiruh/ dqg dv dq h{dpsoh/ lw pd| eh

wkh fdvh wkdw iru d sduwlfxodu ghfloh wkhuh h{lvwv frqvlghudeoh gl�huhqfhv ehwzhhq

wkh wzr glvwulexwlrqv1 Lq wklv lqvwdqfh e| dyhudjlqj ryhu revhuyhg uhvdpsohg

sur�w gdwd wr lpsxwh plvvlqj ydoxhv zh duh reylrxvo| xvlqj dq lqdssursuldwh

glvwulexwlrq1 Lq frqwudvw/ dowkrxjk wkh yduldqw edvhg xsrq txlqtxduwloh xvhuv d

�qhu julg/ lw lv olnho| wkdw lq fhuwdlq lqvwdqfhv wkh yduldqfh durxqg wkh lpsxwhg

ydoxh pd| eh orz/ li wkhuh duh rqo| d ihz revhuyhg uhfrugv lq d sduwlfxodu txdqwloh1

Lq uhodwlyh whupv wkh uhvxowv fohduo| ghprqvwudwh wkdw Pxowlsoh Lpsxwdwlrq xv0

lqj wkh txlqtxduwlohv lv vxshulru ryhu wkh ghfloh yduldqw1 Krzhyhu/ lq devroxwh

whupv wkh surfhgxuh lv reylrxvo| sureohpdwlf ghshqghqw xsrq wkh orvv ixqfwlrq ri
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wkh dqdo|vw1 Iru h{dpsoh/ srvlwlyh dqg qhjdwlyh lpsxwdwlrq huuruv duh qhjoljleoh

xvlqj 4333 gudzv iurp wkh suhglfwlyh srvwhulru glvwulexwlrq ri plvvlqj gdwd1 Olnh0

zlvh wkh udwlr ri PU6RmP��7 frqyhujhv wr rqh1 Krzhyhu/ wkhuh duh vwloo vljql�fdqw

lpsxwdwlrq huuruv li zh xvh wkh PDEV phdvxuh ri shuirupdqfh1

431 Frqfoxvlrq

Wklv sdshu uhsuhvhqwv d suholplqdu| lqyhvwljdwlrq lqwr wkh shuirupdqfh ri d qxp0

ehu ri lpsxwdwlrq whfkqltxhv dssolhg wr plvvlqj sur�wv gdwd lq wkh FEU Vpdoo

dqg Phglxp Vl}hg Hqwhusulvh gdwdedvh1 Dowkrxjk/ wkh xvh ri d vhfrqgdu| gdwd

vrxufh surylglqj dq revhuyhg sur�w vhulhv iru d vxevhw ri �upv zlwk plvvlqj FEU

sur�w gdwd/ surylghv d qhfhvvdu| ehqfkpdun/ rqh revwdfoh wr gdwh kdv ehhq wkh

sureohp ri uhfrqflolqj wkh wzr vhulhv1 Vxevhtxhqwo| lq hydoxdwlqj shuirupdqfh

dfurvv whfkqltxhv/ lw lv shukdsv ehwwhu dw wklv mxqfwxuh wr irfxv xsrq wkh udqn0

lqj ri gl�huhqw whfkqltxhv/ jlyhq wkdw/ iru h{dpsoh/ wkh devroxwh ohyho ri phdq

devroxwh lpsxwdwlrq huuru frqwdlqv erwk uhdo huuru dqg d whup +frqvwdqw dfurvv

wkh gl�huhqw whfkqltxhv, uhsuhvhqwlqj wkh odfn ri frpsdudelolw| ehwzhhq wkh wzr

vhulhv1

Lq wklv uhjdug wkh Pxowlsoh Lpsxwdwlrq +PL, surfhgxuh uhsuhvhqwv wkh prvw

hqfrxudjlqj uhvxowv hvshfldoo| zkhq d odujh qxpehu ri uhvdpsohv duh xvhg1 E|

frpsdulqj wkh PL surfhgxuh xvlqj ghflohv dv rssrvhg wr txlqtxduwlohv wr sduwlwlrq

wkh srvwhulru glvwulexwlrq ri plvvlqj ydoxhv/ zh dovr kljkoljkwhg wkh lpsruwdqfh ri

d qxpehu ri rshudwlrqdo dvshfwv zklfk duh riwhq jorvvhg ryhu lq wkh olwhudwxuh1 Lq

ixwxuh zrun zh sodq wr h{dplqh wkhvh lvvxhv lq pruh ghwdlo1

Zh hpskdvlvh wkdw wklv sdshu kdv surylghg d iudphzrun iru rqjrlqj uhvhdufk1

Lq wklv uhvshfw zh qrwh wkh iroorzlqj nh| srlqwv1 Iluvw/ dowkrxjk zh eholhyh wkdw

wkh udqnlqjv ri lpsxwdwlrq phwkrgv uhyhdohg lq wklv uhvhdufk duh/ lq jhqhudo/ olnho|

wr eh suhvhuyhg lq vxevhtxhqw zrun/ zh krsh wr eh deoh wr uhgxfh wkh ohyho ri phdq

devroxwh huuru e|= d, d ehwwhu uhfrqfloldwlrq ri wkh revhuyhg dqg vhfrqgdu| gdwd

vrxufhv> dqg e, ehwwhu prghov ri wkh skhqrphqrq xqghu lqyhvwljdwlrq1 Lq wklv

uhsruw zh ylhz wkh fxuuhqw vhw ri uhvxowv dv ghprqvwudwlyh udwkhu wkdq gh�qlwlyh1

Dowkrxjk rxu lqwhuhvw lv lq plqlplvlqj lpsxwdwlrq huuru dqg wkhuhe| frqvwuxfwlqj

d frpsohwh gdwdvhw zlwk uholdeoh hvwlpdwhv ri plvvlqj ydoxhv/ zh reylrxvo| qhhg wr
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vshqg pruh wlph lq vhdufklqj iru ehwwhu prghov ri sur�wv dqg suredelolw| prghov

iru plvvlqj gdwd1 Vhfrqg/ wkh plvvlqj gdwd dqdo|vlv dqg lpsxwdwlrq kdv ehhq frq0

gxfwhg zlwklq d xqlyduldwh iudphzrun1 Wklv lv reylrxvo| d glvdgydqwdjh lqvridu

dv xqlyduldwh plvvlqj gdwd surfhvvhv duh fruuhodwhg561 Lq dgglwlrq dowkrxjk lw lv

hdv| wr mxvwli| rxu irfxv xsrq d vlqjoh �up dwwulexwh vxfk dv sur�wv/ zh kdyh hq0

frxqwhuhg sureohpv lq rxu dqdo|vlv jlyhq wkh lqflghqfh ri plvvlqj gdwd lq yduldeohv

xvhg wr hlwkhu pdwfk ru suhglfw sur�wv iru qrquhvsrqghqw �upv1 Lq ixwxuh uhvhdufk

zh lqwhqg wr h{soruh pxowlyduldwh prghov ri plvvlqj gdwd1

56Wklv zdv sduwldoo| uhyhdohg lq Vhfwlrq ; zkhq zh xvhg wkh ruglqdo yduldeoh WRWPLVV<4

dv d fryduldwh lq wkh plvvlqj gdwd prgho iru sur�wv1
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Dsshqgl{ 4

Uhdvrqv iru gl�huhqfhv ehwzhhq FEU dqg LFF gdwd rq sur�wv dqg

hpsor|phqw

Rqh vlpsoh uhdvrq iru gl�huhqfhv lq erwk wkh sur�w dqg hpsor|phqw gdwd

ehwzhhq LFF dqg FEU lv wkdw wkh uhsruwhg gdwd uhodwh wr gl�huhqw dffrxqwlqj

|hdu0hqgv1 Lw lv dovr srvvleoh wkdw LFF hpsor|phqw gdwd uhodwh wr dyhudjhv ryhu

�qdqfldo |hduv zklovw FEU hpsor|phqw gdwd uhodwh wr hvwlpdwhv dw d srlqw lq wlph1

Lq wkh 4<<4 FEU vxuyh| wkh gdwd rq sur�wv dqg hpsor|phqw zhuh uhtxhvwhg

zlwkrxw uhtxlulqj wkh frpsdqlhv wr vwdwh wkh dffrxqwlqj |hdu0hqg wr zklfk wkh|

uhodwhg1 Lq wklv vwxg| zh frpsduh LFF gdwd iru dffrxqwv hqglqj lq wkh �qdqfldo

|hdu Dsulo 4<<3 wr Pdufk 4<<4 zlwk gdwd iurp wkh 4<<4 FEU vxuyh|1 Wklv vkrxog

fruuhvsrqg wr wkh shulrg wkh vxuyh| �upv uhsruw rq vlqfh wkh FEU vxuyh| wrrn

sodfh ehwzhhq Dsulo dqg Vhswhpehu 4<<41 Lw lv srvvleoh/ krzhyhu/ wkdw wkh FEU

gdwd uhodwhv wr hduolhu dffrxqwlqj |hduv1 Wklv frxog eldv wkh FEU hpsor|phqw

gdwd grzqzdugv uhodwlyh wr wkh LFF gdwd lq vr idu dv wkh dyhudjh frpsdq| juhz

ryhu wkh shulrg 4<<304<<41Rq wkh rwkhu kdqg/ lq wkhvh flufxpvwdqfhv/ wkh FEU

hpsor|phqw gdwd frxog htxdoo| eh eldvvhg xszdug1 Wklv frxog kdsshq li uhvsrq0

ghqwv uhsruwhg hpsor|phqw dw wkh wlph ri wkh vxuyh|/ lqvwhdg ri uhsruwlqj wkhlu

dyhudjh hpsor|phqw ryhu wkh odvw �qdqfldo |hdu/ +dv uhtxluhg lq wkh qrwh wr wkh

sur�w dqg orvv dffrxqwv ri frpsdqlhv vxeplwwlqj ixoo uhwxuqv wr frpsdqlhv Krxvh,1

Sur�wv frxog eh grzqzdug ru xszdug eldvvhg e| gl�huhqfhv lq dffrxqwlqj |hdu

hqgv ghshqglqj xsrq sdwwhuqv ri sur�w pryhphqw ryhu wlph lq wkh d�hfwhg �upv1

Dq| xszdug eldv zrxog eh frpsrxqghg jlyhq lq dwlrq ryhu wkh shulrg dqdo|vhg1

Wkhuh duh d qxpehu ri rwkhu uhdvrqv zk| wkh gdwd lq wkh FEU vxuyh| pd|

gl�hu iurp wkrvh uhsruwhg lq wkh frpsdq| dffrxqwv gdwdedvh1 Rqh srvvlelolw| lv

fohulfdo ru wudqvfulelqj huuru1 Wkhuh lv d kljk suhplxp dwwdfkhg wr dffxudf| lq

wkh suhsdudwlrq ri d frpphufldo gdwdedvh vxfk dv LFF/ zklfk lv xvhg/ iru fuhglw

fkhfnv dqg fuhglw vfrulqj1 Wklv phdqv wkh olnholkrrg ri huuru vkrxog eh vpdoo

exw zh kdyh qr h{whuqdo fkhfnv rq wklv1 Wkh FEU gdwd lv vxemhfw wr d qxpehu

ri uljrurxv lqwhuqdo frqvlvwhqf| dqg vfuhhqlqj whvwv1 Lw kdv/ pruhryhu/ ehhq xvhg

h{whqvlyho| lq hfrqrphwulf dqdo|vlv ri shuirupdqfh dqg rwkhu VPH fkdudfwhulvwlfv

zkhuh vxevwdqwldo gdwd fkhfnlqj kdv dovr ehhq fduulhg rxw1 Huuruv pd| qrqhwkhohvv
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uhpdlq exw zh kdyh qr uhdvrq iru h{shfwlqj dq| v|vwhpdwlf gl�huhqfhv ehwzhhq

wkh FEU dqg LFF gdwdvhwv1

Dqrwkhu srvvlelolw| d�hfwlqj sur�wv lv wkdw wkhuh pd| eh dq xszdug eldv lq

wkh FEU gdwdvhw1 Sur�wv pd| eh lq dwhg iru uhdvrqv ri uhsxwdwlrq lq wkh FEU

uhwxuqv dqg orvvhv pd| eh frqfhdohg lq d zd| wkdw vkrxog qrw eh srvvleoh lq

dxglwhg uhwxuqv wr Frpsdqlhv Krxvh1 Ixuwkhu/ wkh FEU sur�wv txhvwlrq uhtxhvwv

gdwd rq suh0wd{ sur�wv sulru wr wkh ghgxfwlrq ri lqwhuhvw sd|phqwv dqg sulru wr

wkh ghgxfwlrq ri gluhfwruv* hproxphqwv1 Lw lv qrw srvvleoh wr ghulyh wklv phdvxuh

h{dfwo| iurp wkh LFF gdwdedvh vlqfh Gluhfwruv* hproxphqwv duh qrw dydlodeoh lq

d irup/ zklfk fdq eh dgghg edfn wr suh0wd{/ suh0lqwhuhvw sur�w1 Wkh LFF vhulhv

vkrxog wkhuhiruh eh grzqzdug eldvvhg1
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Dsshqgl{ 5
Doo ri wkh frpsxwdwlrqv zhuh fduulhg rxw xvlqj wkh R{ surjudpplqj odq0

jxdjh571 Zlwk wkh h{fhswlrq ri wkh pxowlsoh lpsxwdwlrq surfhgxuh rxwolqhg lq

Vhfwlrq 8/ wkh frpsxwdwlrqv lqyroyhg zhuh vwudljkwiruzdug1 Ehorz zh suhvhqw wkh

frgh iru wkh PxowlLPSXWH ixqfwlrq1

PxowlLPSXWH +RuYduLPS/ SrvwSurePlvv/ SueTxdqw/ Plvv/ qLPSXW

Remhfwlyh=

Fdofxodwh Srvwhulru Glvwulexwlrq ri Plvvlqj Gdwd dqg xvh wkh fdofxodwhg txdq0

wlohv wr sduwlwlrq wkh suhglfwhg suredelolwlhv idflolwdwlqj wkh +pxowlsoh, lpsxwdwlrq

ri plvvlqj gdwd1

Dujxphqwv=

RuYduLPS @ Ruljlqdo Yduldeoh wr lpsxwh plvvlqj ydoxhv

SrvwSurePlvv @ Srvwhulru Suhglfwlyh Ghqvlw| ri Plvvlqj Gdwd

SueTxdqw @ Txdqwlohv

Plvv @ 3/4 yduldeoh> 4 li Plvvlqj

qLPSXW @ qxpehu ri lpsxwdwlrqv

Qrwdwlrq

t @ Revhuyhg dqg Plvvlqj Gdwd lq nwk Txdqwloh +n { 4,

tR @ Revhuyhg FEU Gdwd lq nwk Txdqwloh +n { 4,

tP @ Plvvlqj FEU Gdwd lq nwk Txdqwloh +n { 4,

fqwRt @ qxpehu ri rev lq nwk Txdqwloh +n { 4,

fqwPt @ qxpehu ri plvv lq nwk Txdqwloh +n { 4,

tulqgh{ @ revhuydwlrq qxpehu ri Plvvlqj ydoxh

Uhwxuq = LPSYdu

57vhh Grruqln +4<<<,1
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PxowLPSXWH+RuYduLPS/SrvwSUREPlvv/SueTxdqw/Plvv/qLPSXW,

~

ghfo l/m/n/fqwPt{/fqwPt/fqwRt/fqwRt}/t/tR/tR{>

ghfo revQXP/udqLQW/tulqgh{/PxowLPS/PxowLPS{/phdqv/vwghyv>

ghfo LPSYdu @ RuYduLPS>

revQXP @ udqjh+4/urzv+RuYduLPS,/4,*>

22 RXWHU ORRS= lqglylgxdo txdqwlohv

iru+n@3/PxowLPS{@	:/fqwPt{@	:/fqwRt}@	:/tulqgh{@	:/phdqv@	:/

vwghyv@	:>n	urzv+SueTxdqw,04>..n,

~

t @ vhohfwliu+RuYduLPS/SrvwSUREPlvv 1: SueTxdqw^n` 1)) SrvwSUREPlvv

1	@ SueTxdqw^n.4` ,>

tR @ vhohfwliu+RuYduLPS/SrvwSUREPlvv 1: SueTxdqw^n` 1)) SrvwSUREPlvv

1	@ SueTxdqw^n.4` 1)) Plvv 1@@ 3,>

tulqgh{ m@ vhohfwliu+revQXP/SrvwSUREPlvv 1: SueTxdqw^n` 1)) SrvwSUREPlvv

1	@ SueTxlqw^n.4` 1)) Plvv 1@@ 4,>

fqwPt @ urzv+t, 0 urzv+tR,>

PxowLPS @ }hurv+qLPSXW-fqwPt/4,>

fqwRt @ urzv+tR,>

tR{ @ tR�+udqjh+4/urzv+tR,/4,,*>

22 Iru hdfk txdqwloh lqlwldolvh d pdwul{ zlwk P urzv dqg fqwPt froxpqv

22 P urzv iru P lpsxwdwlrqv> fqwPt @ qxpehu ri plvvlqj shu txdqwloh

iru+l@3>l	urzv+tR,>..l,

iru+m@3>m	qLPSXW-fqwPt>..m,

~

udqvhhg+456-l-m-n,>

udqLQW @ fhlo+udqx+4/43,1-urzv+tR,,> 22vdpsolqj zlwk uhsodfhphqw

li +tR{^l`^4` 0 udqLQW^3` @@ 3 )) fqwPt : 3,

~

PxowLPS^m` @ tR{^l`^3`>
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�

�

li +fqwPt : 3,

~

PxowLPS @ vkdsh+PxowLPS/qLPSXW/fqwPt,>

phdqv m@ phdqf+PxowLPS,*>

vwghyv m@vtuw+yduf+PxowLPS,,*>
PxowLPS{�@ PxowLPS>

�

fqwPt{�@fqwPt> fqwRt}�@fqwRt>

� 22 HQG ri PDLQ ORRS22

sulqw+��qq��/ �� Pxowlsoh Lpsxwdwlrqv Vxppdu| Vwdwlvwlfv qq��,>

sulqw+��(f��/~��Rev & ��/�� Phdq ��/ ��Vwg1 Ghyldw ���/

tulqgh{�phdqv�vwghyv/��qq��,>

iru+l@3>l	urzv+RuYduLPS,>..l, iru+m@3>m	urzv+phdqv,>..m,

~

li +revQXP^l` 0 tulqgh{^m` @@ 3, LPSYdu^l` @ phdqv^m`>

�

uhwxuq LPSYdu>

�
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Dsshqgl{ 6

FDJH= fklhi h{hfxwlyh djh lq |hduv +4<<4 vxuyh|,

FRPSV= qxpehu ri vhulrxv frpshwlwruv

WXUQ= wxuqryhu +Â333,

H[S= h{sruwv +Â333,

ODUJHVW= ( ri vdohv wr odujhvw fxvwrphu +4<<4 vxuyh|,

SURI= suh0wd{ sur�wv +orvvhv, ehiruh ghgxfwlrq ri lqwhuhvw/ wd{/ dqg
Gluhfwruv*/ Sduwqhuv* ru Sursulhwruv* hproxphqwv1

ILQDQFH= dwwhpswv wr rewdlq dgglwlrqdo �qdqfh +l1h1 lq dgglwlrq wr lqwhuqdo
fdvk  rz,1 \hv2Qr

OLPDE434= wkhuh lv d �qdqfh olplwdwlrq lq sodqv iru h{sdqvlrq1 \hv2Qr

VNLOO= elqdu| yduldeoh htxdov 4 li wkh �up lv �qglqj lw gl!fxow wr uhfuxlw
lq fhuwdlq vnloo fdwhjrulhv/ dqg }hur rwkhu +4<<4 Vxuyh|,

WUDLQ= elqdu| yduldeoh htxdo 4 li �up surylghv irupdo wudlqlqj

JURZWK= jurzwk remhfwlyhv ryhu wkh qh{w 6 |hduv
4 @ ehfrph vpdoohu> 5 @ vwd| vdph vl}h> 6 @ jurz prghudwho|
7 @ jurz vxevwdqwldoo|1
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DGGILQ45 Dgglwlrqdo �qdqfh iurp= Yhqwxuh fdslwdo �upv
+4 @ \hv> 3 @ Qr,

DGGILQ46 Dgglwlrqdo �qdqfh iurp= Kluh sxufkdvh ru ohdvlqj �upv
+4 @ \hv> 3 @ Qr,

DGGILQ47 Dgglwlrqdo �qdqfh iurp= Idfwrulqj2lqyrlfh glvfrxqwlqj �upv
+4 @ \hv> 3 @ Qr,

DGGILQ48 Dgglwlrqdo �qdqfh iurp= Wudgh fxvwrphuv2vxssolhuv
+4 @ \hv> 3 @ Qr,

DGGILQ4: Dgglwlrqdo �qdqfh iurp= Rwkhu sulydwh lqglylgxdov
+4 @ \hv> 3 @ Qr,

DGYLFH44 Dgylfh iurp wkh Vpdoo Ilupv Vhuylfh +4 @ \hv> 3 @ Qr,
DGYLFH46 Dgylfh iurp GWL*v hqwhusulvh lqlwldwlyh +4 @ \hv> 3 @ Qr,
DYHPS4 Hpsor|phqw lq 4<<3
FH44 \hduv zlwk Frpsdq| ri Fklhi H{hfxwlyh
FH47 Lv Fklhi H{hfxwlyh wkh irxqghu ri wkh Frpsdq|B

4 @ \hv> 3 @ Qr
FHDJH4 Djh ri Fklhi H{hfxwlyh
FRDG434 Frpshwlwlyh dgydqwdjh= Sulfh1 Phdvxuhphqw vfdoh 30<

+3 0 frpsohwho| lqvljql�fdqw dqg < @ kljko| vljql�fdqw,
FRDG435 Frpshwlwlyh dgydqwdjh= Pdunhwlqj dqg surprwlrq vnloov1

+Phdvxuhphqw vfdoh dv FRDG434,1
FRDG436 Frpshwlwlyh dgydqwdjh= vshhg ri vhuylfh1

+Phdvxuhphqw vfdoh dv FRDG434,
FRDG437 Frpshwlwlyh dgydqwdjh= Hvwdeolvkhg uhsxwdwlrq1

+Phdvxuhphqw vfdoh dv FRDG434,
FRDG43: Frpshwlwlyh dgydqwdjh= Surgxfw txdolw|1

+Phdvxuhphqw vfdoh dv FRDG434,
FXV45 Fxvwrphu frooderudwlrq wr= h{sdqg h{shuwlvh2surgxfwv
FXV47 Fxvwrphu frooderudwlrq wr= lpsuryh �qdqfh dqg pdunhw fuhglelolw|
FXV49 Fxvwrphu frooderudwlrq wr= jdlq dffhvv wr qhz

htxlsphqw2lqirupdwlrq1
H[S4 H{sruwv +Â333v, lq 4<<3
ILQDQFH4 Dwwhpswhg wr rewdlq h{whuqdo �qdqfh +4 @ \hv> 3 @ Qr,
JURZWK4 \rxu jurzwk remhfwlyhv= +4 @ jurz vpdoohu> 5 @ vwd| vdph vl}h>

6 @ jurz prghudwho|> 7 @ jurz vxevwdqwldoo|,
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LQQRY48 Lqwurgxfh dq| lqqrydwlrqv lq dgplqlvwudwlrq dqg r!fh v|vwhpv
+4 @ \hv> 5 @ Qr,

OLP444 Vrxufh ri olplwdwlrq rq phhwlqj exvlqhvv remhfwlyhv=
Lqfuhdvlqj frpshwlwlrq +4 @ \hv> 3 @ Qr,

OLP437 �� �� = Pdqdjhphqw vnloov +4 @ \hv> 3 @ Qr,
OLP438 �� �� = Pdunhwlqj dqg vdohv vnloov +4 @ \hv> 3 @ Qr,
OLP439 �� �� = Dftxlvlwlrq ri whfkqrorj| +4 @ \hv> 3 @ Qr,
PLVHPS4 Elqdu| Yduldeoh= 4 li hpsor|phqw gdwd
PLVSURI4 Elqdu| yduldeoh= 4 li sur�w gdwd lv plvvlqj1
RYUGIW44 Gr |rx kdyh ryhu idflolwlhvB +4 @ \hv> 3 @ Qr,
SDUWDUU4 Hqwhuhg lqwr sduwqhuvkls duudqjhphqwvB

+4 @ \hv> 5 @ Qr,
SURF4D Kdyh |rx uhfhqwo| lqwurgxfhg dq| surfhvv lqqrydwlrqB

+4 @ \hv> 3 @ Qr,
SDUWQ44 Sduwqhuvkls duudqjhphqwv zlwk vxssolhuvB +4 @ \hv> 3 @ Qr,
SDUWQ45 Sduwqhuvkls duudqjhphqwv zlwk fxvwrphuvB +4 @ \hv> 3 @ Qr,
SURG4D Pdmru lqqrydwlrqv lq surgxfwv dqg vhuylfhvB +4 @ \hv> 3 @ Qr,
UG47 Qr1 ri ixoo0wlph vwd� lq Uhvhdufk dqg Ghyhorsphqw
VDOHV44 Shufhqw ri vdohv gluhfw wr uhwdlo2zkrohvdohuv
VDOHV46 Shufhqw ri vdohv gluhfw wr rwkhu �upv
VDOHV47 Shufhqw ri vdohv gluhfw wr orfdo2fhqwudo jryhuqphqw
V\VVWUG46 V|vwhpdwlf Uhvhdufk dqg Ghyhorsphqw lqwr qhz vhuylfhv

+4 @ \hv> 3 @ Qr,
WRS48 ( ri vdohv wr odujhvw 8 fxvwrphuv
WRWIS4 Wrwdo qxpehu ri hpsor|hhv
WXUQ4 Wxuqryhu Â+333v, lq 4<<3
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Uhihuhqfhv

Dkq/ K1/ dqg M1 Srzhoo +4<<6,= �Vhplsdudphwulf Hvwlpdwlrq ri Fhqvruhg Vh0

ohfwlrq Prghov zlwk d Qrqsdudphwulf Vhohfwlrq Phfkdqlvp/� Mrxuqdo ri Hfrqr0

phwulfv/ +8;,1

Exoorfn/ D1/ M1 Gxqfdq/ dqg H1 Zrrg +4<<9,= �Wkh Vxuyh| Phwkrg/ Vdpsoh

Dwwulwlrq dqg wkh VPH Sdqho Gdwdedvh/� lq Wkh Fkdqjlqj Vwdwh ri Eulwlvk Hq0

whusulvh= Jurzwk Lqqrydwlrq dqg Frpshwlwlyh Dgydqwdjh lq Vpdoo dqg Phglxp

Vl}hg Ilupv 4<;90<8/ hg1 e| D1 G1 Frvk/ dqg D1 Kxjkhv/ HVUF Fhqwuh iru

Exvlqhvv Uhvhdufk1 Xqlyhuvlw| ri Fdpeulgjh1

Frvk/ D1/ D1 Kxjkhv/ dqg P1 Zhhnv +5333,= �Wkh Lpsdfw ri Wudlqlqj rq

Exvlqhvv Hpsor|phqw Jurzwk1/� Uhvhdufk Uhsruw UU 5781 Ghsduwphqw iru

Hgxfdwlrq dqg Hpsor|phqw/ Vkh!hog/ Ghfhpehu1

Frvk/ D1 G1/ M1 Gxqfdq/ dqg D1 Kxjkhv +4<<9,= �Vl}h/ Djh Vxuylydo dqg

Hpsor|phqw Jurzwk/� lq Wkh Fkdqjlqj Vwdwh ri Eulwlvk Hqwhusulvh= Jurzwk

Lqqrydwlrq dqg Frpshwlwlyh Dgydqwdjh lq Vpdoo dqg Phglxp Vl}hg Ilupv/ hg1

e| D1 G1 Frvk/ dqg D1 Kxjkhv/ HVUF Fhqwuh iru Exvlqhvv Uhvhdufk1 Xqlyhuvlw|

ri Fdpeulgjh1

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

Gdylg/ P1/ U1 M1 Olwwoh/ P1 Vdpxkho/ dqg U1 Wulhvw +4<;9,= �Dowhuqd0

wlyh Phwkrgv iru FSV Lqfrph Lpsxwdwlrq/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq/ ;4+6<6,/ 5<�741

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

jxdjh1 Wlpehuodnh Frqvxowdqwv Owg/ Orqgrq1

Jrodq/ D1/ J1 Mxgjh/ dqg G1 Ploohu +4<<9,= Pd{lpxp Hqwurs| Hfrqrphw0

ulfv= Urexvw Hvwlpdwlrq zlwk Olplwhg Gdwd1 Mrkq Zloh| dqg Vrqv1

6:



Juhhqohhv/ M1/ Z1 Uhhfh/ dqg N1 ]lhvfkdqj +4<;5,= �Lpsxwdwlrq ri Plvv0

lqj Ydoxhv Zkhq wkh Suredelolw| ri Uhvsrqvh Ghshqgv rq wkh Yduldeoh Ehlqj

Lpsxwhg/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ::+6:;,1

Khfnpdq/ M1 +4<:9,= �Wkh Frpprq Vwuxfwxuh ri Vwdwlvwlfdo Prghov ri Wuxqfd0

wlrq/ Vdpsoh Vhohfwlrq dqg Olplwhg Ghshqghqw Yduldeohv/ dqg d Vlpsoh Hvwl0

pdwru iru Vxfk Prghov/� Dqq1 Hfrq1 Vrf1 Phdv1/ 8/ 7:6�7<51

+4<:<,= �Vdpsoh Vhohfwlrq Eldv dv d Vshfl�fdwlrq Huuru/� Hfrqrphwulfd/

7:/ 486�4941

Khfnpdq/ M1/ dqg Y1 Krw} +4<;<,= �Fkrrvlqj Dprqj Dowhuqdwlyh Qrqh{shu0

lphqwdo Phwkrgv iru Hvwlpdwlqj wkh Lpsdfw ri Vrfldo Surjudpv= Wkh Fdvh ri

Pdqsrzhu Wudlqlqj/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;7/ ;95�

;:71

Khfnpdq/ M1/ dqg M1 Vplwk +4<<8,= �Dvvhvvlqj wkh Fdvh iru Vrfldo H{shul0

phqwv/� Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ <+5,/ ;8�4431

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

Kxug/ P1/ G1 PfIdgghq/ K1 Fkdqg/ O1 Jdq/ D1 Phuuloo/ dqg

P1 Urehuwv +4<<:,= �Frqvxpswlrq dqg Vdylqjv Edodqfhv ri wkh Hoghuo|= H{0

shulphqwdo Hylghqfh rq Vxuyh| Uhvsrqvh Eldv/� Zrunlqj Sdshu/ Ghsduwphqw

ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Ehunho|1

Nlqj/ J1/ M1 Krqdnhu/ D1 Mrvhsk/ dqg N1 Vfkhyh +4<<;,= �Olvwzlvh Ghohwlrq

lv Hylo= Zkdw wr Gr Derxw Plvvlqj Gdwd lq Srolwlfdo Vflhqfh/� Ghsduwphqw ri

Jryhuqphqw/ Kduydug Xqlyhuvlw|1

OdOrqgh/ U1 +4<;9,= �Hydoxdwlqj wkh Hfrqrphwulf Hydoxdwlrqv ri Wudlqlqj Sur0

judpv zlwk H{shulphqwdo Gdwd/� Dphulfdq Hfrqrplf Uhylhz/ :9/ 937�9531
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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

Olwwoh/ U1 +4<;5,= �Prghov iru Qrquhvsrqvh lq Vdpsoh Vxuyh|v/� Mrxuqdo ri wkh

Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ +:;,/ 6:;1

Olwwoh/ U1/ dqg G1 Uxelq +4<;:,= Vwdwlvwlfdo Dqdo|vlv zlwk Plvvlqj Gdwd1 Mrkq

Zloh|/ Qhz \run1

Olwwoh/ U1 M1 D1 +4<<;,= �Plvvlqj Gdwd Dgmxvwphqwv lq Odujh Vxuyh|v/� Mrxuqdo

ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 9/ 5;:�6341

Urghulfn/ M1/ D1 Olwwoh/ dqg Q1 Vfkhqnhu +4<<8,= �Plvvlqj Gdwd/� lq Kdqg0

errn ri Vwdwlvwlfdo Prgholqj iru wkh Vrfldo dqg Ehkdylrxudo Vflhqfhv/ hg1 e|

J1 Duplqjhu/ F1 Forjj/ dqg P1 H1 Vreho/ ss1 6<�:81 Sohqxp Suhvv/ Qhz \run1

Uxelq/ G1/ dqg Q1 Vfkhqnhu +4<;9,= �Pxowlsoh Lpsxwdwlrq iru Lqwhuydo Hvwl0

pdwlrq Iurp Vlpsoh Udqgrp Vdpsohv Zlwk Ljqrudeoh Qrquhvsrqvh/� Mrxuqdo

ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;4+6<7,/ 699�1

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

Zhhnv/ P1 +5334,= �Phwkrgv ri Lpsxwdwlrq iru Plvvlqj Gdwd/� Plphr/ Idfxow|

ri Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdpeulgjh1

Zhoqldn/ H1 M1/ dqg M1 I1 Frghu +4<;3,= �D Phdvxuh ri wkh Eldv lq wkh

Pdufk FSV Hduqlqjv Lpsxwdwlrq Vfkhph/� Surfhhglqjv ri wkh Vxuyh| Uhvhdufk

Phwkrgv Vhfwlrq/ Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ss1 754�7581
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Wdeoh 41 Mrlqw Suredelolw| ri Orz2Kljk Sur�wv dqg Orz2Kljk Suredelolw| ri
Plvvlqj Gdwd1

�+a�,

Orz Kljk

Orz dl el
Sl

Kljk fl gl

hl il
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Wdeoh 51 Fryhudjh ri wkh 4<<4 dqg 4<<6 FEU vxuyh|v

Qr1 txhvwlrqv +Qr1 yduldeohv,

4<<4 4<<6 4<<8

Wrslfv

Jhqhudo exvlqhvv fkdudfwhulvwlfv 9 +4:, 8 +<, 8 +44,
Zrunirufh dqg wudlqlqj 8 +88, 4 +5, 4 +48,

Lqqrydwlyh dfwlylw| 7 +6;, 3 +3, 44 +;<,
U)G dqg rwkhu lqqrydwlrq h{shqglwxuh 5 +8, 3 +3, 6 +4;,

Frpphufldo dfwlylw| dqg frpshwlwlyh vlwxdwlrq 53 +44:, 3 +3, : +78,

Ilqdqfh 9 +4<, 7 +4;, 5 +53,
H{hfxwlyh vwuxfwxuh 45 +76, 3 +3, 3 +3,

Dftxlvlwlrq dfwlylw| 9 +55, 4 +4, 3 +3,

Wrwdo 94 +649, 44 +63, 5< +4<;,
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Wdeoh 61 D frpsdulvrq ri FEU vxuyh| yduldeohv iru frpsdqlhv jurxshg e|
plvvlqj2qrq plvvlqj FEU hpsor|phqw gdwd1

Qxpehuv Phdq Vljql�fdqfh Ohyho

FEU Yduldeoh Plvvlqj Qrq Plvvlqj Qrq Pdqq Vwxghqwv

Plvvlqj Plvvlqj Zklwqh| cw*�

cx*

DGGILQ46 73 84; 56196 4:168 313<9 31568
DGGILQ4: 73 84; 3133 415: 31465 31333

FH47 93 ;7< 318; 31:9 31336 31344

FRDG434 8< ;87 9184 817; 3134< 3134:

FRDG436 94 ;:8 :15; 9185 3155; 31349
FRDG437 94 ;:4 :179 91;9 3164; 31363

FXV49 47 59: 3154 314: 313:; 3164:
ILQDQFH4 8: ;:; 31:7 3195 313;; 313:3

OLP439 85 :97 51;6 514: 31387 31563

PLVSURI4 96 <35 318: 31;3 31333 31334
SURF4D 6< 86< 315; 3178 3137: 3136:

SURG4D 77 96; 3174 318; 31357 3135<
VDOHV44 8; ;:7 59164 641:5 3137: 3156:

VDOHV47 8; ;:7 <186 :13< 31344 31688

WRS48 87 ;75 6153 6183 3139< 313;4
UG47 67 865 3159 3193 31<;< 3136:

WXUQ4 55 ;84 ::5188 44:<1;6 3179; 31343

- Htxdo yduldqfhv qrw dvvxphg1
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Wdeoh 71 D frpsdulvrq ri Ydoxhv ri FEU Vxuyh| Yduldeohv iru Frpsdqlhv
jurxshg e| plvvlqj2qrq plvvlqj FEU sur�wv gdwd1

Qxpehuv Phdq Vljql�fdqfh Ohyho

FEU Yduldeoh Plvvlqj Qrq Plvvlqj Qrq Pdqq Vwxghqwv

Plvvlqj Plvvlqj Zklwqh| cw*�

cx*

DGGILQ47 438 786 41;; 715< 31473 313:<
DGGILQ4: 438 786 3157 4173 31577 31334

DGYLFH46 53; :8: 3154 316: 31333 31333

DYHPS4 4;4 :54 5:16: 5<194 3133: 319<7
FH44 4;; :49 451:< 44184 3135< 313<9

FRDG434 4;< :57 913; 8174 31366 31349
FRDG43: 4;8 :57 91<5 91:8 3134; 31963

OLP444 4<5 :84 :1<: :1:7 31359 315<<

FXV45 83 564 3143 3154 3139< 3135<
FXV47 83 564 3133 3147 31379 31338

H[S4 4:5 :5; 44314: 435187 31378 31;:9

JURZWK4 537 :83 51<9 6138 31364 3137<
LQQRY48 448 854 3178 318; 31347 31349

OLP437 493 9:; 614< 61;3 31378 313:5
OLP439 489 993 51:9 513; 31375 31359

PLVHPS4 53; :8: 31;: 31<8 31333 31334

RYUGIW44 4<6 :86 31;3 31;8 31397 313;9
SDUWDUU4 539 :89 3158 3164 313:; 3139;

SDUWQ45 54 567 316: 3198 3136< 31345

VDOHV46 4;: :78 5:159 64146 313<9 314;5
V\VWUG46 477 8<8 3168 3176 313:3 31398

WRWIS4 4<5 :47 531<7 631<5 31347 31338

WXUQ4 496 :43 ;<31;8 4566189 31457 31374

- Htxdo yduldqfhv qrw dvvxphg1
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Wdeoh 81 D frpsdulvrq iru fdvhv zkhuh LFF hpsor|phqw gdwd lv suhvhqw ri FEU
vxuyh| yduldeohv iru frpsdqlhv jurxshg e| plvvlqj2qrq plvvlqj FEU

hpsor|phqw gdwd1

Qxpehuv Phdq Vljql�fdqfh Ohyho

FEU Yduldeoh Plvvlqj Qrq Plvvlqj Qrq Pdqq Vwxghqwv
Plvvlqj Plvvlqj Zklwqh| cw*�

cx*

DGGILQ45 : 444 3133 5158 31994 313<9
DGGILQ47 : 444 3133 61;3 31863 3134:

DGGILQ4: : 444 3133 514< 31366 3133:
FH47 43 4;; 75133 79176 31359 31443

DGYLFH44 43 4<8 3133 3133 3167: 31333

FRDG437 43 4;9 ;153 91:6 3139< 31355
FRDG436 43 4;; :1:3 9184 31578 313;5

FXV49 5 :4 3183 3133 31338 3185;

H[S4 6 4<4 3133 <31:3 315<7 31344
PLVSURI4 43 4<6 31;< 31:9 313:7 31537

SDUWQ44 5 :6 3183 3148 31376 316;8
SDUWQ45 5 :6 3183 317: 313<6 3174<

SURF4d 9 474 3153 3188 31394 31333

UG47 9 443 3133 3185 315:3 31333
VDOHV46 ; 4;9 3133 3163 31553 31333

VDOHV47 ; 4;9 4;158 66195 31336 316;3

V\VWUG46 : 48: 31:4 316; 313:6 3144<

- Htxdo yduldqfhv qrw dvvxphg1
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Wdeoh 91 D frpsdulvrq iru fdvhv zkhuh LFF sur�wv gdwd lv suhvhqw ri FEU vxuyh|
yduldeohv iru frpsdqlhv jurxshg e| plvvlqj2qrq plvvlqj FEU sur�wv gdwd1

Qxpehuv Phdq Vljql�fdqfh Ohyho

FEU Yduldeoh Plvvlqj Qrq Plvvlqj Qrq Pdqq Vwxghqwv

Plvvlqj Plvvlqj Zklwqh| cw*�

cx*

DGGILQ48 66 446 3163 613; 31585 31375
DGGILQ4: 66 446 3163 51<8 3149: 31339

DGYLFH46 83 4<8 3147 315; 3173 3134;

FHDJH4 79 4;7 7<159 79148 31383 313:4
FRDG434 77 4;7 9158 71<9 315:3 3133;

FRDG436 79 4<4 :133 9168 31<46 313;:
FXV49 48 :4 3146 3158 3167< 31378

ILQDQFH4 79 4<7 31:7 3194 31444 313<8

OLP438 6; 4:6 6133 7199 31355 31345
LQQRY48 5; 465 3165 317< 31433 313<8

PLVHPS4 83 4<8 31;9 31<9 31338 3137:

UG47 5; 448 41<9 41;9 31375 31543
VDOHV46 74 4<3 53199 68164 31355 31345

- Htxdo yduldqfhv qrw dvvxphg1
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Wdeoh :1 Pdwfklqj FEU dqg LFF Hpsor|phqw Gdwd1

Sdudphwhu Hvwlpdwh Vwg1 Huuru

�4 615:: +41536,

�5 431;56 +41546,

�6 631486 +51779,

�7 :61:88 +6194<,

LffHps 31336 +313:9,

LffHps5 31337 +313337,

Q @ 4<8

U5 @ 3=;9:
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Wdeoh ;1 Ghvfulswlyh Vwdwlvwlfv iru Lff<4 Sur�w Gdwd1

Yduldeoh phdq vwg1 vnhz nxuw plq pd{ Q

FEU Sur�wv 9;18 4;817 813 731: 07;513 4:6;13 4;4

Doo Ilupv

0919 49<14 0916 9513 04:;613 97<13 576

LFF Sur�wv
Pdwfklqj LFF FEU Ilupv

0614 4:818 0919 9914 04:;613 97<13 4;4

Wdeoh <1 Pdwfklqj FEU dqg Sur�w Gdwd1

Sdudphwhu Hvwlpdwh Vwg1 Huuru

�4 +q @ 4, �8:5=4< 75;=79

�5 +q @ 7, �578=79 453=78

�6 +q @ 458, 58=487 48=4;;

�7 +q @ 4;, 453=4: 67=;8

�8 +q @ <3, 88=5;< 49=<3<

�9 +q @ 4, 7<=454 46;=:8

�: +q @ ;, �8:9=75 668=6:

LffSur�w 4=365 3=59;

LffSur�w5 3=336 3=334

LffSur�w6 4=6h� 339 6=8h� 3:

Q @ 4;3

U5 @ 3=933

7:



Wdeoh 431 Uhjuhvvlrq0Edvhg Lpsxwdwlrq Iru Sur�w Gdwd=
PDU Dvvxphg

Sdudphwhu Hvwlpdwh Vwg1 Huuru

Frqvwdqw 488=3< 44<=55

Wxuq �3=346; 3=347

Fhdjh �57=57; 3=396

Odujh 4=4;68 3=;6:

Frpsv4 9=763 6<=<99

Vnloo 86=46; 6<=;9:

Wudlq �49=736 8=74:

Olpde434 3=3;; 5=544

W @ 438

U5 @ 3=679

7;



Wdeoh 441 Suredelolw| ri Plvvlqj Gdwd Prgho= Sur�wv

Sdudphwhu w0udwlr Sdudphwhu w0udwlr

Frqvwdqw �7=479 �7=45< �7=34< �7=456

wxuq4 �6=869h� 338 �3=64< �7=<5h� 338 �3=776

h{s4 3=333 4=5<7 3=333 4=574

odujh4 3=495 4=7<< 3=469 4=5<6

frpsv44 3=333 3=3;9 3=335 3=374

vnloo4 3=698 4=544 3=667 4=4;5

wudlq4 3=38; 3=4;7 3=358 3=3;7

fhdjh4 3=359 4=;4; 3=3;8 4=;53

WrwPlvv<4 3=694 6=6;7 3=68: 6=687

Ilqdqfh4 3=<8< 5=757 4=364 5=9:4

LFFS<4 �3=3354 �4=<77 � �

W @ 438

OrjO @ �876=9<

7<



Wdeoh 451 Uhjuhvvlrq0Edvhg Lpsxwdwlrq iru Sur�wv Gdwd=
PDU Qrw Dvvxphg

Sdudphwhu Hvwlpdwh Vwg1 Huuru

Frqvwdqw �6<;=84 5:<=48

Wxuq �3=354 3=348

H{s 3=6;< 3=399

Fhdjh �<=844 48=:6:

Odujh 4=6:6 3=;63

Frpsv4 ::=:69 84=78:

Vnloo 89=<93 6<=87;

Wudlq 6=:49< 5=:6;

Olpde434 �47=8;; 8=73:8

fruuI 4::=45 ;3=<:<

W @ 438

U5 @ 3=6::

83



Wdeoh 461 D Frpsdulvrq ri Lpsxwdwlrq Phwkrgv= Sur�w Gdwd

Frpsdulvrqv

Krw Ghfn 	LPS @	REV PDEV Phdq

L Wudlq

Dgm 31556 ;7155 055159

LL Wudlq dqg Jurzwk

Dgm 41698 ;9174 43179

LLL Jurzwk dqg Wudlq

Dgm 41359 ;:186 31:83

LY H{sruwv/ Ilqdqfh dqg Wudlq

Dgm 419;< <:138 4<1:99

Uhjuhvvlrq

Dvvxplqj Plvvlqj dw Udqgrp

Dgm �83=63 573=77

Gr Qrw Dvvxph Plvvlqj dw Udqgrp

Dgm �3=89; ;4=;6;

84



Wdeoh 471 Pxowlsoh Lpsxwdwlrq +Phdq,= Sur�w Gdwd

	Lps@	REV
Ghflohv txlqtxduwlohv

43 433 4333 43 433 4333

Dgm 31:<6 31:66 31::6 31:33 31<<5 31<<;

PDEV

Ghflohv txlqtxduwlohv

43 433 4333 43 433 4333

Dgm 5;1;4 54155 55189 ;;1: 434145 6:13<

Phdq

Ghflohv txlqtxduwlohv

43 433 4333 43 433 433

Dgm 0<194 045174 043187 0461<6 03169; 031399

85



Iljxuh 4= Sdwwhuqv ri Plvvlqj Gdwd= Xqlyduldwh Qrq0Uhvsrqvh
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Iljxuh 5= Sdwwhuqv ri Plvvlqj Gdwd= Pxowlyduldwh Qrq0Uhvsrqvh
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Iljxuh 6= Sdwwhuq ri Plvvlqj Gdwd= Prqrwrqh Qrq0Uhvsrqvh
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