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Wklv sdshu wkh RDVLV Surwrw|sh dw Gxeolq Flw| Xql0
yhuvlw| lq Luhodqg1 Zh ghvfuleh d pxowlgdwdedvh dufkl0
whfwxuh zklfk xvhv wkh RGPJ prgho dv d fdqrqlfdo
prgho dqg ghvfuleh dq h{whqvlrq wr frqvwuxfw yluwxdo
vfkhpdv zlwklq wkh pxowlgdwdedvh v|vwhp1 Wkh RPJ
prgho lv xvhg wr surylgh d vwdqgdug glvwulexwlrq od|hu
iru gdwd iurp orfdo gdwdedvhv1 Wklv wdnh wkh irup
ri FRUED remhfwv uhsuhvhqwlqj h{sruw vfkhpdv iurp
vhsdudwh gdwd vrxufhv1
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Wkh RDVLV Surmhfw +RGPJ Dufklwhfwxuhv iru
Vshfl�fdwlrq ri Lqwhurshudeoh V|vwhpv, lv irfxvhg
rq wkh frqvwuxfwlrq ri d pxowlgdwdedvh surwrw|sh
iru xvdjh lq d khdowkfduh hqylurqphqw1 Uhvhdufk
lv frqgxfwhg dw Gxeolq Flw| Xqlyhuvlw| zlwk dvvlv0
wdqfh surylghg e| Lrqd Whfkqrorjlhv zlwk wkhlu Frp0
prq Remhfw Uhtxhvw Eurnhu Dufklwhfwxuh +FRUED,
surgxfwv/ Yhuvdqw wkurxjk wkh xvdjh ri wkhlu remhfw0
rulhqwhg gdwdedvh/ dqg Vw1 Mdphv*v Krvslwdo wkurxjk
wkh xvh ri wkhlu h{whqvlyh khdowkfduh dssolfdwlrqv dv d
vxlwdeoh whvw hqylurqphqw iru wkh sodqqhg surwrw|sh1

Wklv grfxphqw ghvfulehv wkh dufklwhfwxuh dqg
wkh uhvhdufk zklfk lv rq0jrlqj dqg sodqqhg iru wkh
surmhfw1 Lv lv dvvxphg wkdw wkh uhdghu lv idploldu
zlwk pxowlgdwdedvh +ru ihghudwhg gdwdedvh, v|vwhpv1
D vxlwdeoh lqwurgxfwlrq wr wkhvh w|shv ri v|vwhpv lv
dydlodeoh lq ^VO<3/ EH<9`1 Wkh uhsruw lv vwuxfwxuhg dv
iroorzv= lq {5 wkh RDVLV dufklwhfwxuh lv ghvfulehg lq
jhqhudo whupv> lq {6 d pruh ghwdlohg ghvfulswlrq ri wkh
rshudwlrqv dw hdfk orfdo gdwdedvh vhuyhu lv surylghg>
lq {7 wkh pxowlgdwdedvh nhuqho lv ghvfulehg> lq {8 zh
ghvfuleh rxu h�ruwv rq fdvh wrro vxssruw iru vshfli|lqj
pxowlgdwdedvh v|vwhpv> dqg �qdoo| lq {9 zh ghvfuleh
wkh fxuuhqw vwdwxv ri wkh surmhfw dqg ixwxuh sodqv iru
wkh surwrw|sh1
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Lq wklv vhfwlrq wkh dufklwhfwxuh lv ghvfulehg iurp wkh
erwwrp xs1 Lw lv edvhg rq wkh zlgho| dffhswhg vwdq0
gdug= d �yh0ohyho vfkhpd dufklwhfwxuh ^VO<3` zkhuh
orfdo vfkhpdv uhsuhvhqw sduwlflsdwlqj vriwzduh v|v0
whpv frqwdlqlqj wkh sk|vlfdo gdwd/ dqg deryh wkhvh lq
wkh dufklwhfwxuh d surylvlrq h{lvwv iru wkh frqvwuxf0
wlrq ri frpsrqhqw/ h{sruw/ dqg ihghudwhg vfkhpdv1
Zkhq ghvfulelqj sduwlflsdwlqj vriwzduh v|vwhpv wkh|
zloo eh uhihuuhg wr dv orfdo gdwdedvhv hyhq wkrxjk
vrph ri wkhvh v|vwhpv duh qr pruh wkdq d �dw0�oh
ri uhfrugv1 Wklv lv ehfdxvh wkh pdmrulw| ri wkh sdu0
wlflsdqwv duh gdwdedvh v|vwhpv1 Lq wkh fxuuhqw yhu0
vlrq ri wkh surwrw|sh wkhuh duh wkuhh *gdwdedvhv* sdu0
wlflsdwlqj lq wkh pxowlgdwdedvh v|vwhp1 Wkh �uvw lv
dq remhfw0rulhqwhg gdwdedvhv/ wkh vhfrqg lv d �dw0�oh
ri uhfrugv zklfk kdv ehhq h{sruwhg +dv d vqdsvkrw,
iurp d ohjdf| v|vwhp/ dqg wkh wklug lv d uhodwlrqdo
gdwdedvh1 Sduwlflsdwlqj gdwdedvhv duh wudqvodwhg wr
d fdqrqlfdo prgho +FGP, uhsuhvhqwdwlrq ehiruh wkh|
fdq eh phujhg1 Lq wklv surmhfw wkh Remhfw Gdwd Pdq0
djhphqw Jurxs +RGPJ, prgho ^FE<:` lv xvhg iru
wklv wdvn1

Lq �jxuh 4 wkh ryhudoo dufklwhfwxuh lv looxvwudwhg
eulh�|1 Hdfk orfdo gdwdedvh lv suhvhqwhg wr wkh pxowl0
gdwdedvh nhuqho lq wkh irup ri d ylhz +h{sruw vfkhpd,
ri lwv fdqrqlfdo +RGPJ, uhsuhvhqwdwlrq1 Wklv lv
dfklhyhg wkurxjk wkh xvh ri d phgldwru zklfk pdq0
djhv gdwd wudqvodwlrq ehwzhhq wkh orfdo gdwd prgho
dqg RGPJ uhsuhvhqwdwlrq/ dqg vxevhtxhqwo| frq0
yhuwv RGPJ txhulhv +joedo txhulhv, wr orfdo gdwdedvh
irupdw/ dqg wkh uhvxow vhw iurp wkh orfdo gdwd prgho
irupdw edfn wr dq RGPJ uhsuhvhqwdwlrq1 D vhs0
dudwh phgldwru lv xvhg iru hdfk khwhurjhqrxv gdwd
prgho1 Diwhu dq lqwhjudwlrq surfhvv/ wkh phgldwru
zloo krog lqirupdwlrq rq pdsslqjv ehwzhhq wkh frp0
srqhqw dqg orfdo vfkhpdv1 Shuvlwhqfh iru phgldwruv lv
surylghg wkurxjk wkh Orfdo Phgldwlrq Vhuylfh xvlqj
dq RGPJ0frpsoldqw gdwdedvh/ zklfk lv wkh Yhuvdqw
RRGE ^Yhu<:` iru wkh RDVLV surmhfw1 Wkh FGP
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Iljxuh 4= Wkh RDVLV Dufklwhfwxuh ghprqvwudwhv krz
ihghudwhg vfkhpdv duh frqvwuxfwhg1 Orfdo v|vwhpv sur0
ylgh h{sruwv +vfkhpdv, ri gdwd zklfk duh phujhg wr
irup wkh ihghudwhg vfkhpd1 Wkh FRUED od|hu sur0
ylghv frqqhfwlylw| ehwzhhq wkh orfdo v|vwhpv dqg wkh
pxowlgdwdedvh nhuqho1

pxvw kdyh d idflolw| wr gh�qh ylhzv +h{sruw vfkhpdv,
zklfk duh vwruhg lq wkh vfkhpd uhsrvlwru| ri wkh frp0
srqhqw vfkhpd1 Frpsrqhqw vfkhpdv pd| eh yluwxdo
+frqwdlqlqj rqo| pdsslqjv wr orfdo gdwd, ru vkdsvkrwv
ri orfdo gdwdedvhv ghshqglqj rq lqwhjudwlrq uhtxluh0
phqwv1 H{sruw vfkhpdv duh ordghg dv FRUED re0
mhfwv dv wkh pxowlgdwdedvh nhuqho xvhv wkhp wr frq0
vwuxfw ihghudwhg vfkhpdv zklfk duh vwruhg lq wkh pxo0
wlgdwdedvh vfkhpd uhsrvlwru|1

2�� 5Lu|�@hi uLh #@|@M@ti 5ih�iht

Lw lv qhfhvvdu| iru vrph pxowlgdwdedvh vriwzduh prg0
xohv wr uhvlgh dw wkh orfdo gdwdedvh vhuyhu1 D frp0
sohwh ghvflswlrq ri doo RDVLV frpsrqhqwv lv surylghg
lq ^Urd<;d`1 Erwk wkh frpsrqhqw vfkhpd dqg lwv h{0
sruw vfkhpdv zloo uhvlgh dw wkh orfdo vhuyhu1 H{sruw
vfkhpdv duh wkh frqwdfw srlqw iru wkh pxowlgdwdedvh
nhuqho dw hdfk gdwdedvh vhuyhu1 Lq �jxuh 5 wkhuh duh
irxu phgldwru remhfwv +whuphg idflolwdwruv lq ^Jud<9`,/
dv wkhuh duh irxu gdwdedvhv uhvlghqw rq wklv vhuyhu1
Hdfk gdwdedvh kdv d qxpehu ri orfdo dssolfdwlrqv uxq0
qlqj/ dqg zkhq h{hfxwhg/ wkh phgldwru lv wuhdwhg dv
dqrwkhu orfdo dssolfdwlrq1

D Phgldwlrq Vhuylfh frqwdlqv d jhqhulf phgld0
wru/ d phfkdqlvp iru wkh uhjlvwudwlrq ri frpsrqhqw
vfkhpdv/ dqg d froohfwlrq ri phgldwruv zklfk duh vsh0
fl�f wr hdfk gdwdedvh uhvlglqj dw wkh orfdo gdwdedvh
vhuyhu1 Lq RDVLV/ wkh frpsrqhqw vfkhpd lv dq RGO
vshfl�fdwlrq zlwk qr gdwd remhfwv14 Lq wkh looxvwudwlrq
lq �jxuh 5/ wkh phgldwlrq vhuylfh lqyrnhv wkh dssur0
suldwh phgldwru iru wkh VTO Vhuyhu gdwdedvh zklfk
lqwhuidfhv zlwk wkh gdwdedvh lq wkh vdph idvklrq dv
wkh orfdo dssolfdwlrqv1

2�2 #@|@M@ti W?|i}h@|�L?

Wkh lqwhjudwlrq surfhvv lv frqwuroohg e| wkh Orfdo Ph0
gldwlrq Vhuylfh dqg lv eulh�| ghvfulehg khuh/ zlwk d
ixoohu ghvfulswlrq lq ^Urd<;e`1 Wkh �uvw vwhs lq wkh
lqwhjudwlrq surfhvv lv wkh frqvwuxfwlrq ri d phgldwru
remhfw zklfk zloo odwhu eh xvhg wr phgldwh ehwzhhq
wkh orfdo gdwdedvh dqg wkh RGPJ uhsuhvhqwdwlrq
+wkh fdqrqlfdo prgho uhsuhvhqwdwlrq,1 Wkh Wudqvod0
wlrq Nqrzohgjh Edvh +vhh �jxuh 5, frqwdlqv d vhw ri
edvlf uxohv iru wudqvodwlqj d vfkhpd wr dq RGPJ
vfkhpd1 1 Uhihu wr ^EOQ;9/ VO<3/ EH<9` iru ghwdlov
ri vfkhpd0vfkhpd wudqvirupdwlrqv/ dqg pruh sduwlfx0
oduo| wr ^IY<8` iru uhodwlrqdo wr RGPJ vfkhpd frq0
yhuvlrqv1 Dw suhvhqw/ wkh uhodwlrqdo uxohv duh vshfl0
�hg/ dqg lw lv sodqqhg wr lqfoxgh d vhw ri klhudufklfdo
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Iljxuh 5= Vriwzduh Dufklwhfwxuh dw Hdfk Gdwdedvh
Vhuyhu

uxohv wr frqyhuw d klhudufklfdo prgho wr dq RGPJ
prgho/ dqg d vhw ri remhfw0rulhqwhg uxohv wr frqyhuw
qrq0RGPJ vfkhpdv wr dq RGPJ yhuvlrq1 Wkh uh0
odwlrqdo uxohv dvvxph dq RGEF frpsoldqfh vr wkdw
wkh| fdq rshudwh zlwk dq| w|sh ri uhodwlrqdo gdwdedvh1
Wkh uxohvhw lv xvhg wr surylgh d �uvw sdvv ri wkh qhzo|
frqvwuxfwhg RGPJ uhsuhvhqwdwlrq ri wkh orfdo gdwd
prgho1 Wklv lv dxjphqwhg e| ghflvlrqv pdgh e| wkh
xvhu wr fxvwrplvh wkh �uvw sdvv vfkhpd/ dqg fuhdwh wkh
�qdo wudqvodwlrq ri wkh vfkhpd1 Wkhvh ghflvlrqv duh
vwruhg lq wkh Wudqvodwlrq Nqrzohgjh Edvh/ dqg duh
dffhvvleoh e| wkh phgldwru remhfw1 Wkxv/ wkh Wudqv0
odwlrq Nqrzohgjh Edvh frqvlvwv ri d vhw ri uxohv dqg
ghflvlrqv iru hdfk gdwd prgho wudqvodwhg1

Wkh �qdo vwhs lv lpsohphqwdwlrq vshfl�f= lw fdq
eh grqh lq rwkhu zd|v exw zh fkrrvh wr wdnh wklv ds0
surdfk dv lw phhwv wkh qhhgv ri wkh wdujhw khdowkfduh
hqylurqphqw1 D vhulhv ri pdsslqj remhfwv duh fuh0
dwhg zklfk pds wr vshfl�f gdwd hqwlwlhv lq wkh orfdo
gdwdedvh1 Dowkrxjk wkh frpsrqhqw vfkhpd frqwdlqv
qr gdwd remhfwv +rwkhu wkdq h{sruw vfkhpd gh�ql0
wlrqv,/ lw fdq lqgluhfwo| dffhvv lqglylgxdo gdwd hqwl0
wlhv lq wkh orfdo vfkhpd wkurxjk wkh pdsslqjv frq0
vwuxfwhg e| wkh Orfdo Phgldwlrq Vhuylfh/ dqg xvhg
e| wkh phgldwru remhfw1 Wkhvh pdsslqjv/ ghvfulehg
dv rpdsv dqg dpdsv duh ghvfulehg lq {7 zkhuh wkh
uroh ri wkh phgldwru lv ghvfulehg lq pruh ghwdlo1 Wkh
dffhvv wr orfdo gdwdedvh remhfwv lv lqgluhfw dv lw pxvw

eh pdgh yld wkh phgldwru remhfw= rqo| wkh phgldwru
xqghuvwdqgv wkh ehkdylrxu uhtxluhg wr sdvv d txhu|
iurp wkh frpsrqhqw vfkhpd wr wkh orfdo vfkhpd> uh0
wxuq txhu| uhvxowv iurp wkh orfdo vfkhpd wr wkh frp0
srqhqw vfkhpd> dqg lqirup wkh frpsrqhqw vfkhpd ri
fkdqjhv wr wkh orfdo vfkhpd1

Dw wklv srlqw zh kdyh d frpsrqhqw vfkhpd +lq
wkh irup ri dq RGO gh�qlwlrq, zklfk lv xvhg dv dq
lqwhuidfh wr wkh pxowlgdwdedvh v|vwhp +wkurxjk lwv
h{sruw vfkhpdv,/ dqg zklfk fdq eh xvhg wr txhu|
wkh orfdo gdwdedvh wkurxjk wkh phgldwru1 Lw rqo|
uhpdlqv wr gh�qh h{sruw vfkhpdv zklfk fdq vxevh0
txhqwo| eh xvhg e| wkh pxowlgdwdedvh nhuqho wr frq0
vwuxfw ihghudwhg vfkhpdv1 Rxu zrun dovr lqyroyhv wkh
lpsohphqwdwlrq ri d ylhz phfkdqlvp iru wkh RGPJ
gdwd prgho ^UNE<;` wr idflolwdwh wklv wdvn1 H{sruw
vfkhpdv duh dffhvvleoh wkurxjk FRUED remhfwv wr
surylgh d glvwulexwlrq od|hu1 Wkh FRUEDh{sruw re0
mhfw +vhh {6 , gh�qhg lq RDVLV lv jhqhulf/ surylglqj
rqo| d ghvfulswlrq ri wkh h{sruw vfkhpd +phwdgdwd,
wr wkh PGE nhuqho1
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Wkh pxowlgdwdedvh nhuqho fdq uhvlgh dw rqh ri wkh
sduwlflsdqw vhuyhuv ru rq d vhsdudwh vhuyhu1 D ixqgd0
phqwdo frqglwlrq ri wkh dufklwhfwxuh lv wkdw wkh PGE
nhuqho grhv qrw fkdqjh wr vxlw d qhz gdwdedvh zklfk
lv dgghg wr wkh v|vwhp1 Wklv lv dfklhyhg wkurxjk wkh
lqwhjudwlrq surfhvv zklfk jhqhudwhv h{sruw vfkhpdv
wr surylgh wkh lqwhuidfh wr wkh pxowlgdwdedvh nhuqho1
H{sruw vfkhpdv duh pdgh dydlodeoh wkurxjk d jhqhulf
FRUED remhfw zklfk lv fdoohg wkh FRUEDh{sruw re0
mhfw1 Dv wklv remhfw lv wkh vdph iru doo h{sruw vfkhpdv
wkh pxowlgdwdedvh nhuqho ghdov rqo| zlwk d xqlirup
remhfw1 Wklv remhfw lv qrw ghvfulehg khuh exw uhvlghv
lq wkh FRUED Od|hu vkrzq lq �jxuh 41

��� �L?t|h�U|�?} 6i_ih@|i_ 5U�i4@t

H{sruw vfkhpdv duh dydlodeoh dw hdfk gdwdedvh vhuyhu
dv looxvwudwhg lq �jxuh 51 Ihghudwhg vfkhpdv duh gh0
�qhg iurp h{sruw vfkhpdv xvlqj wkh vriwzduh ri wkh
Pxowlgdwdedvh Glfwlrqdu|1 Elqdu| rshudwruv zhuh gh0
�qhg wr uhvwuxfwxuh vfkhpdv vr wkdw wzr vfkhpdv uh0
vhpeoh hdfk rwkhu ehiruh wkh| duh phujhg1 Wkh vh0
txhqfh ri rshudwlrqv dqg wkh qhzo| gh�qhg ihghudwhg
vfkhpd duh vwruhg lq wkh PGE glfwlrqdu|1

PRTO/ d pxowlgdwdedvh yhuvlrq ri wkh RGPJ*v
Remhfw Txhu| Odqjxdjh +RTO, lv xvhg wr gh�qh h{0
sruw vfkhpdv1 Wkh ylhz phfkdqlvp dqg d vhulhv
ri lqwhjudwlrq rshudwruv iru PRTO duh ghvfulehg lq
^UNE<;`1 Wkh Txhu| Vhuylfh pxvw eh deoh wr xqgr
hdfk od|hu ri uhvwuxfwlqj ru phujlqj rshudwlrqv wr
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pds wkh ihghudwhg vfkhpd edfn wr sduwlfsdqw h{sruw
vfkhpdv1
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Iru wkh qh{w yhuvlrq ri wkh RDVLV surwrw|sh/ zh vwloo
lqwhqghg wr surylgh rqo| d uhdg0rqo| txhu| vhuylfh
zklfk surylghv d vqdsvkrw ri txhulhv dw wkh pxowl0
gdwdedvh vhuyhu +vwruhg lq wkh PGE glfwlrqdu|,1 Li
vxlwdeoh folhqw vriwzduh uhvlghv dw orfdo pdfklqhv/ wklv
gdwd fdq eh grzqordghg1 Wklv *fxw0grzq* txhu| vhu0
ylfh xvhv wkh frqfhsw ri d jhqhudwlyh frppxqlfdwlrq
vhuylfh wr sdvv gdwd remhfwv wr wkh PGE vhuyhu1 Wkh
PGE vhuyhu pxvw wudqvihu remhfwv ri xqnqrzq w|sh/
dqg wkh Txhu| Vhuylfh pxvw frpelqh wkhvh iruhljq
remhfwv wr surgxfh wkh vqdsvkrw uhvxow1 Ghwdlov ri
krz wklv rshudwhv lv ghvfulehg ixoo| lq ^KU<;` dqg lv
hqkdqfhg lq RDVLV dv lw xvhv wkh Joredo Phgldwlrq
Vhuylfh wr pdqdjh frrshudwlrq ehwzhhq glvwulexwhg
gdwd vrxufhv1

D Joredo Phgldwlrq Vhuylfh +JPV, h{lvwv dw wkh
pxowlgdwdedvh nhuqho zlwk vlplodu surshuwlhv dqg uh0
vsrqvlelolwhv wr wkh OPV ghvfulehg hduolhu1 Wkh
PGE nhuqho pxvw pdqdjh glvwulexwhg remhfwv +h{0
sruw vfkhpdv, dqg irufh wkhp wr frrshudwh wr frq0
vwuxfw d ihghudwhg vfkhpd1 Vlqfh h{sruw vfkhpdv
nqrz qrwklqj ri hdfk rwkhu/ dqg lw zrxog eh edg hq0
jlqhhulqj sudfwlfh wr irufh olqnv ehwzhhq wkhp/ d ph0
gldwru lv xvhg wr pdqdjh wkh frrshudwlqj ehkdylrxu
ri wkhvh remhfwv1 Wkxv/ wkh Pxowlgdwdedvh Txhu| Vhu0
ylfh pdnhv xvh ri wkh JPV wr pdqdjh frppxqlfd0
wlrq ehwzhhq gdwd vrxufhv zkhq frqvwuxfwlqj txhu|
uhvxowv1
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Wkh lqwhjudwlrq surfhvv ghvfulehg lq {5 surylghv gh0
wdlov ri krz wkh frpsrqhqw vfkhpd lqwhurshudwhv zlwk
d orfdo vfkhpd1 Lq wklv vhfwlrq zh zloo glvfxvv wkh
qhhg iru hdfk ri wkh frpsrqhqwv lqyroyhg lq wkh sur0
fhvv1

e�� A�i +L*i Lu �i_�@|Lh �M�iU|t

Lq ^JKMY<8` wkh| ghvfuleh phgldwruv dv uhvsrqvl0
eoh iru frqwuroolqj wkh lqwhudfwlrqv ehwzhhq remhfwv1
Zkhuh lw lv qhfhvvdu| iru remhfwv wr ryhuods/ lw lv lp0
sruwdqw wr hqvxuh wkdw wkh remhfwv gr qrw kdyh wr
nqrz derxw wkh lqwhuqdo rshudwlrqv ru vwuxfwxuhv ri
hdfk rwkhu +l1h1 vr dv qrw wr euhdn hqfdsvxodwlrq,1
Wkh uroh ri wkh phgldwru khosv lq wklv surfhvv1 Wkh
wzr frrshudwlqj remhfwv duh wkh frpsrqhqw dqg or0
fdo vfkhpd remhfwv1 Wkhlu vhsdudwh urohv duh fohdu1

Wkh orfdo gdwdedvh vfkhpd lv xvhg iru orfdo dssol0
fdwlrqv zklfk uxq rq d gdlo| edvlv15 Wkh frpsr0
qhqw gdwdedvh vfkhpd lv xvhg e| wkh pxowlgdwdedvh
wr surylgh ghwdlov ri lqirupdwlrq dydlodeoh dqg wr df0
fhsw pxowlgdwdedvh txhulhv1 Wkh wzr vfkhpdv pxvw
frrshudwh zkhq=

� txhulhv duh sdvvhg iurp wkh frpsrqhqw wr wkh
orfdo vfkhpd>

� uhvxowv duh sdvvhg iurp wkh orfdo wr wkh frpsr0
qhqw vfkhpd>

� wkh frpsrqhqw vfkhpd lv lqiruphg ri fkdqjhv
dw wkh orfdo gdwdedvh ohyho1

Wr dyrlg iruflqj erwk vhsdudwh remhfwv wr xqghu0
vwdqg hdfk rwkhu*v lqwhuqdo rshudwlrqv/ d phgldwru re0
mhfw lv xvhg wr prgho wkh frrshudwlqj ehkdylrxu ri wkh
remhfwv1 Wkh phgldwru fdq pdqdjh wkhvh rshudwlrqv li
lw kdv nqrzohgjh ri krz wkh frpsrqhqw vfkhpd pdsv
wr wkh orfdo vfkhpd1

Zkhq d frpsrqhqw vfkhpd lv frqvwuxfwhg/ lw lv
xvhg phuho| dv dq lqwhuidfh wr wkh pxowlgdwdedvh v|v0
whp dqg frqwdlqv qr sk|vlfdo remhfwv1 Lw lv wkhuhiruh
qhfhvvdu| wr frqvwuxfw vrph irup ri pdsslqj ehwzhhq
wkh frpsrqhqw dqg orfdo vfkhpdv1 Wkh phgldwru re0
mhfw lv xvhg wr frqvwuxfw dqg pdqdjh wkhvh pdsslqjv1
Wkhuh duh wzr w|shv ri vwuxfwxudo pdsslqjv= dq rpds
pdsv ehwzhhq dq remhfw lq wkh frpsrqhqw vfkhpd
dqg vrph hqwlw|/ remhfw/ wdeoh/ ru vwuxfwxuh lq d or0
fdov vfkhpd/ dqg dq dpds pdsv d frpsrqhqw vfkhpd
dwwulexwh wr d orfdo vfkhpd dwwulexwh1 D phgldwru re0
mhfw lv frpsrvhg ri lghqwl�huv iru wkh frpsrqhqw dqg
orfdo vfkhpdv/ dqg d vhw ri rpdsv dqg pdsv1 Lw pxvw
dovr pdnh xvh ri d Wudqvodwlrq Nqrzohgjh Edvh zklfk
frqwdlqv uxohv iru gdwd prgho wudqvodwlrq/ dqg txhu|
wudqvirupdwlrq nqrzohgjh +ghflvlrqv, ehwzhhq gdwd
prghov1 Wkh ixqfwlrq ri wklv nqrzohgjh edvh lv h{0
sodlqhg lq wkh iroorzlqj vhfwlrq1 D zrunhg h{dpsoh
ri wkh lqwhjudwlrq surfhvv iru d uhodwlrqdo vfkhpd dqg
wkh frqvwuxfwlrq ri rpdsv dqg dpdsv lv surylghg lq
^Urd<;e`1

e�2 A�i Ah@?t*@|�L? k?L�*i_}i �@ti

Wkh Wudqvodwlrq Nqrzohgjh Edvh +WNE, lv xvhg wr
khos wudqvodwh gl�huhqw gdwd prghov wr wkh RGPJ
gdwd prgho1 Suhgh�qhg uxohv duh exlow lqwr wkh WNE
iru gl�huhqw frqyhuvlrq w|shv dqg wkhvh fdq eh dxj0
phqwhg zlwk xvhu ghflvlrqv lq wkh irup ri suhgh�qhg
rshudwruv iru remhfw0rulhqwhg vfkhpd pdqlsxodwlrqv1
Iru h{dpsoh/ dq rshudwru h{lvwv zklfk fdq fuhdwh d

2A�i 4i_�@|Lh �t @*tL |hi@|i_ @t @ *LU@* @TT*�U@|�L? ��i? �|

?ii_t |L UL44�?�U@|i ��|� |�i *LU@* _@|@M@ti�
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jhqhudolvdwlrq ri wzr fodvvhv/ d surfhvv zklfk frxog eh
uhjdughg dv hqulfklqj wkh ruljlqdo vfkhpd1 Ghflvlrqv
duh uhfrughg dqg vwruhg e| wkh WNE1 Phgldwruv vxe0
vhtxhqwo| lqwhusuhw wklv lqirupdwlrq zkhq surylglqj
frppxqlfdwlrq ehwzhhq frpsrhqw dqg orfdo vfkhpdv1
Dowrxjk d pruh ghwdlohg ghvfulswlrq ri wkh WNE lv
surylghg Lq ^Urd<;d`/ wklv frpsrqhqw lv lq wkh hduo|
vwdjhv ri ghvljq/ dqg lv qrw xvhg lq wkh fxuuhqw yhu0
vlrq ri wkh surwrw|sh1 Dw suhvhqw d fxw0grzq yhuvlrq
ri wkh WNE lv xvhg iru RGEF +uhodwlrqdo prgho, wr
RGPJ gdwd prgho wudqvodwlrq1

e�� j�w��@ti_ #@|@ , U�@?}i

Wkh H{whqvleoh Pdunxs Odqjxdjh +[PO, lv vxevhw ri
VJPO wkdw lv ghvljqhg wr pdnh lw hdv| wr lqwhufkdqjh
vwuxfwxuhg grfxphqwv ryhu wkh Lqwhuqhw ^Kro<;`1 Wkh
pruh idploldu KWPO/ lv dq dssolfdwlrq ri VJPO1
[PO �ohv dozd|v fohduo| pdun zkhuh wkh vwduw dqg
hqg ri hdfk ri wkh orjlfdo sduwv +fdoohg hohphqwv, ri
dq lqwhufkdqjhg grfxphqw rffxuv1 [PO lv prvw riwhq
xvhg dv d gdwd0ghvfulswlrq odqjxdjh ^Kro<;`1 [PO
lv qrw olplwhg wr wh{wxdo dssolfdwlrqv/ lw lv xvhg lq
HGL +Hohfwurqlf Gdwd Lqwhufkdqjh, dqg rwkhu irupv
ri vwuxfwxuhg hohfwurqlf gdwd h{fkdqjh1

Wkh pdlq uroh ri [PO +dv rssrvhg wr KWPO, lq
lqwhurshudeoh v|vwhpv lv olnho| wr eh iru gh�qlqj wkh
vwuxfwxuh ri gdwd wr eh h{fkdqjhg ehwzhhq khwhurjh0
qhrxv lqirupdwlrq v|vwhpv1 Wkh �h{lelolw| ri [PO
gdwd w|sh gh�qlwlrqv doorz wkh vwuxfwxuh ri dq| grf0
xphqw ru uhfrug wr eh ghvfulehg1 [PO fdq surylgh
rqh zd| ri kdqgolqj ydulrxv fdwhjrulhv ri lqirupd0
wlrq vxfk dv dufklyhg gdwd iurp ohjdf| v|vwhpv dv
zhoo dv +vhpl0, vwuxfwxuhg lqirupdwlrq lq ydulrxv iru0
pdwv iurp rwkhu vrxufhv +h1j1/ uhsruwv iurp gldjqrvwlf
vhuylfh ghsduwphqwv,1

Vwulfwo| vshdnlqj/ [PO lv dphwd0odqjxdjh iru iru0
pdoo| ghvfulelqj d pdunxs odqjxdjh1 Pdunxs lv d
whup wkdw fryhuv dq| phdqv ri pdnlqj h{solflw dq
lqwhusuhwdwlrq ri d wh{w1 D pdunxs odqjxdjh vshf0
l�hv zkdw pdunxs lv doorzhg/ zkdw lv uhtxluhg dqg
krz pdunxs lv wr eh glvwlqjxlvkhg iurp wh{w1 Wklv
lv dfklhyhg lq [PO e| vshfli|lqj d Grfxphqw W|sh
Gh�qlwlrq +GWG,/ zklfk pd| eh wkrxjkw ri dv d
prgho ru whpsodwh ri wkh grfxphqw1 Lqvwdqfhv ri
[PO grfxphqwv fdq rqo| eh xqghuvwrrg lq uhodwlrq0
vkls wr wkhlu GWG1 Zkhq zh wdon derxw [PO grfx0
phqwv zh qhhg wr uhihu wr h{solflw GWGv1

Zlwklq wkh RDVLV surmhfw/ wkh xvh ri [PO
dv d gdwd0h{fkdqjh irupdw lv frqvlghuhg/ zkhuhe|
wkh Wudqvodwlrq Nqrzohgjh Edvh lv h{whqghg zlwk
RGPJ0[PO wudqvodwlrq uxohv1

Wkh [PO vwdqgdug lv qrw frqfhuqhg zlwk wkh vh0
pdqwlfv ri wh{wxdo hohphqwv1 Wkh ghyhorshuv ri [PO

wdjv kdyh wr fkrrvh lqwhooljleoh qdphv iru wkh hohphqwv
wkh| lghqwli| dqg grfxphqw wkhlu surshu xvh1 Wkh
GWG vhwv rxw wkh vwuxfwxuh xvlqj d vlpsoh v|qwd{
wr vshfli| wkh rughu dqg frqwhqwv ri hdfk hohphqw1
Ydulrxv ihdwxuhv fdq eh frpelqhg wr doorz frpsoh{
grfxphqw vwuxfwxuhv wr eh gh�qhg1

Wr dfklhyh vhpdqwlf lqwhurshudelolw|/ wkh gdwd h{0
fkdqjh zloo eh edvhg rq wkh Khdowk Ohyho : surwr0
fro/ zklfk kdv ehhq ghvljqhg wr vwdqgdugl}h wkh gdwd
wudqvihu zlwklq krvslwdov ^Kdp<6`1 KO: lv dq dssol0
fdwlrq ohyho surwrfro dqg vr uhodwhv wr ohyho vhyhq ri
wkh LVR2RVL0surwrfro klhudufk|1 KO: fryhuv ydul0
rxv dvshfwv ri gdwd h{fkdqjh lq KLVv/ h1j1/ dgplv0
vlrq/ glvfkdujh/ dqg wudqvihu ri sdwlhqwv/ dv zhoo dv
wkh h{fkdqjh ri dqdo|vlv dqg wuhdwphqw gdwd1 Wkh
KO: vwdqgdug uhsuhvhqwv krvslwdo uhodwhg wudqvdfwlrqv
dv vwdqgdugl}hg phvvdjhv dv KO: lv d gh0idfwr vwdq0
gdug iru gdwd h{fkdqjh ehwzhhq frpphufldo v|vwhpv
iru krvslwdov ^Grq<8`1 Wkh uhvhdufk rq lqwhjudwlqj
RGPJ zlwk [PO lv d frooderudwlrq zlwk uhvhdufkhuv
dw Wloexuj Xqlyhuvlw| dqg lv h{shfwhg wr lqfoxghg lq
wkh qh{w yhuvlrq ri wkh surwrw|sh1

D �@ti ALL* 5�TTLh|

Dv sduw ri rxu rqjrlqj uhvhdufk zh lqyhvwljdwh dg0
ydqfhg prghoolqj whfkqltxhv zklfk zloo khos xv wr
lpsuryh wkh vshfl�fdwlrq dqg lpsohphqwdwlrq ri Lq0
whurshudeoh V|vwhpv1

Zkloh lw lv wuxh wkdw pdq| lqwhurshudeoh v|vwhpv
frpsrqhqwv hyroyh lq d erwwrp xs pdqqhu/ lw lv yhu|
xvhixo wr kdyh dq devwudfw prgho ri wkh LV dqg lwv
frpsrqhqwv1 Pdq| qhz RR phwkrgv duh dydlodeoh
wr wkh v|vwhp prghoohu dqg wkhuh lv d zlgh fkrlfh ri
prghov/ qrwdwlrqv dqg phwkrgv zklfk fdq eh xvhg1
Rxu suholplqdu| uhvhdufk kdv vkrzq wkdw ihz li dq|
RR phwkrgv ru qrwdwlrqv vfdoh wr wkh sureohpv ri
lqwhurshudeoh dqg ihghudwhg v|vwhpv1 Wr wklv hqg zh
kdyh dgrswhg d k|eulg dssurdfk dqg frqvwuxfwhg rxu
rzq irupdolvp zklfk frpelqhv lqirupdo RR qrwd0
wlrqv zlwk pruh irupdo qrwdwlrqv lq d v|qwkhvlv zklfk
doorzv ghvfulswlrq ri lqwhurshudeoh v|vwhpv prghov1

Zh glg qrw ihho wkdw dq| ri wkh �uvw/ vhfrqg ru
wklug jhqhudwlrq prghov vxfk dv RPW/ Ixvlrq/ V|q0
wurs| ru hyhq wkh XPO kdg vx�flhqw prghoolqj srzhu
iru rxu dssolfdwlrq uhtxluhphqwv1 Zh kdyh h{whqghg
frqyhqwlrqdo RRprghoolqj qrwdwlrqv zlwk frqvwuxfwv
dqg rshudwlrqv iru prghoolqj lqwhurshudeoh v|vwhpv1
Dq dgglwlrqdo dxjphqwdwlrq ri rxu phwkrg +fdoohg
Plqhuyd ^PJ<;`, lv wkh dgrswlrq ri d irupdo phwkrg
zklfk doorzv xv wr vshfli| wkh vhpdqwlfv ri rxu phwd0
prgho vhdpohvvo| dqg zlwkrxw uhfrxuvh wr d gh�qlwlrq
lq whupv ri Plqhuyd lwvhoi +dv lv wkh fdvh zlwk XPO
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vhpdqwlfv,1 Zh duh dfwlyho| whvwlqj dqg hyroylqj rxu
phwkrg dqg duh frqvwuxfwlqj wrrov zklfk zloo vxssruw
h{shulphqwdwlrq dqg ixuwkhu hyroxwlrq ri Plqhuyd1

Lw lv fohdu iurp rxu zrun dqg iurp wkh zrun ri
pdq| uhvhdufkhuv lq wkh �hog wkdw wudglwlrqdo RR
phwkrgv gr qrw vfdoh zhoo zlwk uhjdug wr lqwhurshud0
eoh v|vwhpv1 Lw lv eh|rqg wkh vfrsh ri wklv duwlfoh wr
ghwdlo wkh frpsrqhqwv dqg frqvwuxfwv ri Plqhuyd dqg
zh lqwhqg wr hoxflgdwh rq lw lq ghwdlo lq d iruwkfrplqj
sdshu1 Frqfhswxdo prghoolqj ri lqirupdwlrq v|vwhpv
lv d fulwlfdo wdvn dqg lqwhurshudeoh v|vwhpv duh qr h{0
fhswlrq1 LVv surylgh d yhu| fkdoohqjlqj hqylurqphqw
iru wkh prgho dqg phwkrg ghyhorshu1

S �L?U*�t�L?t @?_ 6�|�hi +i�

ti@hU�

Lq wklv uhsruw wkh RDVLV dufklwhfwxuh dqg vhyhudo nh|
frpsrqhqwv kdyh ehhq ghvfulehg1 Dowkrxjk wkh du0
fklwhfwxuh lv vshfl�hg lq ghwdlo/ prvw ri wkh frpsr0
qhqwv uhtxluh ydu|lqj dprxqwv ri uhvhdufk dqg wkxv/
rqo| vrph frpsrqhqwv kdyh ehhq frqvwuxfwhg1 Dq
lqlwldo uhtxluhphqw zdv wr uhprgho vrph ri wkh ds0
solfdwlrqv dw Vw1 Mdphv* Krvslwdo xvlqj vhsdudwh
gdwdedvh v|vwhpv wr surylgh d edvlf hqylurqphqw lq
zklfk wr lpsohphqw dqg whvw lghdv iru v|vwhp frp0
srqhqwv1 Wklv vwhs kdv ehhq frpsohwhg lq dgglwlrq
wr wkh frqvwuxfwlrq ri vrph whvw frpsrqhqwv e| uh0
vhdufkhuv rq wkh RDVLV surmhfw1 Krzhyhu/ RDVLV
yhuvlrq 4 kdv ehhq frqvwuxfwhg xvlqj Plfurvriw Ylvxdo
F.. +yhuvlrq 813,/ Ruel{ ^Rue<:` iru QW +yhuvlrq
516f,/ dqg Yhuvdqw Remhfw Rulhqwhg Gdwdedvh +yhu0
vlrq 8131;,1 Lw frqwdlqv wkuhh sduwlflsdwlqj gdwdedvhv
dv ghvfulehg zlwk uhdo gdwd +zlwkrxw frq�ghqwldo lq0
irupdwlrq vxfk dv qdphv dqg dgguhvv, vxssolhg e|
wkh odujh Krvslwdo Lqirupdwlrq V|vwhp dw Vw1 Mdphv*
Krvslwdo lq Gxeolq1 Frpsohwhg frpsrqhqwv lqfoxgh=

� RGEF wr RGPJ Prgho Wudqvodwru1 Wklv lq0
yroyhv wkh uxoh vhw iru wkh WNE dqg wkh lpsoh0
phqwdwlrq ri rshudwruv dqg wkh shuvlvwhqw vwru0
djh ri rshudwlrqv1

� RGPJ h{whqvlrqv wr frqvwuxfw g|qdpfl froohf0
wlrqv1 Wkhvh g|qdplf froohfwlrqv duh h{sruwhg
dqg mrlqhg dw wkh pxowlgdwdedvh nhuqho ^VU<;`1
Lw dovr lqfoxghv d gdhprq wr frqvwdqwo| xs0
gdwh froohfwlrqv dv fkdqjhv rffxu lq wkh orfdo
gdwdedvh1

� Ihghudwhg Vfkhpd Exloghu1 Lw xvhv FRUED re0
mhfwv dv h{sruw vfkhpdv dqg surylghv d vhulhv ri
rshudwruv wr exlog wkh ihghudwhg vfkhpd1

� Frqvwuxfwlrq ri dq RGPJ0frpsdwdeoh Vfkhpd
Uhsrvlwru| iru Yhuvdqw gdwdedvhv1 Wklv lv dq
xqiruwxqdwh qhfhvvlw| dv qr RGPJ yhqgru kdv
|hw wr surylgh wkh RGPJ 513 dffhvv lqwhuidfh
iru wkh Vfkhpd Uhsrvlwru|1 Vlqfh zh xvh Yhu0
vdqw iru doo frpsrqhqw vfkhpdv lw zdv qhfhvvdu|
wr eh deoh wr txhu| wkh vfkhpd uhsrvlwru| dv lq0
glfdwhg lq wkh RGPJ 513 vshfl�fdwlrq ^FE<:`1

Uhvhdufk lv dw dq dgydqfhg vwdjh dqg2ru frqvwuxf0
wlrq ri qhz surwrw|sh frpsrqhqwv kdv vwduwhg lq wkh
iroorzlqj duhdv=

� Wkh RDVLV Ylhz Phfkdqlvp

~ Gh�qwlrq ri d ylhz phfkdqlvp iru RGPJ1
Wklv lv xvhg wr fuhdwh h{sruw vfkhpdv1

~ Gh�qlwlrq ri lqwhjudwlrq rshudwruv1 Wkh|
duh xvhg wr uhvwuxfwxuh h{sruw vfkhpdv wr
exlog wkh ihghudwhg vfkhpd1

~ Vshfl�fdwlrq ri dq Pxowlgdwdedvh RTO Lq0
whusuhwhu1 Zh duh exloglqj rxu rzq h{0
whqghg RGPJ lqwhusuhwhu xvlqj MDYD wr
frqyhuw joredo PRTO txhulhv wr vwdqgdug
RTO txhulhv iru hdfk frpsrqhqw vfkhpd1

� D Frppxqlfdwlrq Iudphzrun iru lqwhurshudw0
lqj zlwk vhsdudwh gdwdedvhv1 Wklv zrun frq0
fhqwudwhg rq wkh sureohp ri d joredo vhuylfh
zklfk pxvw pdqdjh remhfwv ri dq xqnqrzq w|sh
^KU<;`1

� Ghyhorsphqw ri d vxe0odqjxdjh iru txhu|lqj dq
RGPJ Vfkhpd Uhsrvlwru|1

Uhvhdufk lv hlwkhu rq0jrlqj ru gxh wr vwduw vkruwo|
rq wkh iroorzlqj RDVLV frpsrqhqwv=

� Frqvwuxfwlrq ri wkh Wudqvodwlrq Nqrzohgjh
Edvh1 Wklv lv d wzr0|hdu dvvljqphqw dqg lv lq0
whqghg wr surylgh d jhqhulf wudqvdowlrq phfk0
dqlvp iru vhohfwhg gdwd prghov wr dq RGPJ
irupdw1

� Vshfl�fdwlrq ri d Orfdo Phgldwlrq Vhuylfh1

� Wkh RDVLV Pxowlgdwdedvh Txhu| Vhuylfh1

� Xvlqj wkh FRUEDh{sruw remhfw wr ghvfuleh
PRTO h{sruw vfkhpdv +phwdgdwd gh�qlwlrq,1

� Ghohyrsphqw ri wkh Plqhuyd FDVH wrro1

Lw lv lqwhqghg wr frpsohwh doo frpsrqhqwv ri
wkh RDVLV poxwlgdwdedvh surwrw|sh zlwklq 57
prqwkv zkhuhxsrq lw zloo eh whvwhg xvlqj uhdo
dssolfdwlrqv dw Vw1 Mdphv* Krvslwdo lq Gxeolq1
Wkh RDVLV zhevlwh ^Rdv<;` frqwdlqv vwdwxv uh0
sruwv rq wkh fxuuhqw yhuvlrq ri wkh surwrw|sh
dqg d olvw ri lqwhuqdo whfkqlfdo uhsruwv1
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^EH<9` Exnkuhv R1 dqg Hopdjduplg D1 +hgv,1
Remhfw0Rulhqwhg Pxowlgdwdedvh V|vwhpv1
Suhqwlfh Kdoo/ 4<<91

^EOQ;9` Edwlql F1/ Ohq}hulql P1/ dqg Qdydwkh V1
D Frpsdudwlyh Dqdo|vlv ri Phwkrgrorjlhv
iru Gdwdedvh Vfkhpd Lqwhjudwlrq1 DFP
Frpsxwlqj Vxuyh|v/ 6=+7,/ 4<;91

^FE<:` Fdwhoo U1 dqg Eduu| G1+hgv,1 Wkh Remhfw
Gdwdedvh Vwdqgdug= RGPJ 5131 Prujdq
Ndxipdqq/ 4<<:1

^FKKV<:` Frqudg V1/ Kdvvhoeulqj Z1/ Khxhu D1/
Vddnh J1 Hqjlqhhulqj Ihghudwhg Gdwdedvh
V|vwhpv1 Surfhhglqjv ri wkh FDLVH <:
Zrunvkrs/ Suhsulqw 924<<:/ Xqlyhuvlw| ri
Pdjghexuj/ 4<<:1

^Grq<8` PfGrqdog F1M1 Qhzv rq X1V1 Khdowk
Lqirupdwlfv Vwdqgdugv1 P1G1 Frpsxwlqj
45=6/ 4<<81

^IY<8` Idkuqhu F1 dqg Yrvvhq J1 Wudqvirupdlqj
Uhodwlrqdo Gdwdedvh Vfkhpdv lqwr Remhfw
Rulhqwhg Vfkhpdv Dffruglqj wr RGPJ0
<61 7wk Lqwhuqdwlrqdo Frqihuhqfh rq Gh0
gxfwlyh dqg Remhfw0Rulhqwhg Gdwdedvhv/
OQFV 4346/ 4<<81

^JKMY<8` Jdppd H1/ Khop U1/ Mrkqvrq U1 dqg
Yolvvhghv M1Ghvljq Sdwwhuqv 0 Hohphqwv ri
Uhxvdeoh Vriwzduh1 Dgglvrq0Zhvoh|/ 4<<81

^Jud<9` Jud| S1P1G1 Odujh Gdwdedvhv dqg Nqrzo0
hgjh Uh0xvh1 Lq Frpsxwlqj Wrpruurz=
Ixwxuh Uhvhdufk Gluhfwlrqv lq frpsxwhu
Vflhqfh/ +Ldq Zdqg ) Urelq Ploqhu hgv,/
Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<91

^Kdp<6` Kdpprqg Z1H1 Khdowk Ohyho := D Surwr0
fro iru wkh Lqwhufkdqjh ri Khdowkfduh Gdwd1
Lq Surjuhvv lq Vwdqgdugl}dwlrq lq Khdowk
Fduh Lqirupdwlfv
+GhPrru2PfGrqdog2ydqJrru hgv,/ LRV
Suhvv/ Dpvwhugdp/ 4<<61

^Kro<;` Kro}qhu V1 [PO Frpsohwh1 PfJudz0Kloo/
4<<;1

^KU<;` Kdvvhoeulqj Z1 dqg Urdqwuhh P1 D Jhq0
hudwlyh Frppxqlfdwlrq Iudphzrun iru
Gdwdedvh Lqwhurshudelolw|1 Surfhhglqjv ri
6ug LIFLV Frqihuhqfh rq Frrshudwlyh Lq0
irupdwlrq V|vwhpv/ LHHH Frpsxwhu Vrfl0
hw| Suhvv/ 4<<;1

^Mru<;` Mrugdq G1 F.. Remhfw Gdwdedvhv= Sur0
judpplqj zlwk wkh RGPJ Vwdqgdug1 Dg0
glvrq Zhvoh|/ 4<<;1

^PJ<;` Pxusk| M1 dqg Julpvrq M1 Frrshudwlyh
Lqirupdwlrq V|vwhpv= Lqwhurshudelolw| lq
Khdowk Fduh Ohjdf| Dssolfdwlrqv/ Lqwhu0
qdwlrqdo Mrxuqdo ri Frrshudwlyh Lqirupd0
wlrq V|vwhpv/ :=+4,/ Zruog Vflhqwl�f Sxe0
olvklqj/ 4<<;1

^Rdv<;` Wkh RDVLV Surmhfw/ Gxeolq Flw| Xqlyhu0
vlw|/ zzz1frpsdss1gfx1lh2�pdun2WH[W
2RDVLV2ryhuylhz1kwpo/ 4<<;1

^RKH<9` Ruidol U1/ Kdunh| G1/ dqg Hgzdugv M1
Wkh Hvvhqwldo FRUED= V|vwhp Lqwhjud0
wlrq Xvlqj Glvwulexwhg Remhfwv/ Zloh|/
4<<91

^Rue<:` Ruel{ 516f Surjudpphu*v Jxlgh/ LRQD
Whfkqrorjlhv SOF/ 4<<:1

^SEH<8` H1 Slwrxud/ R1 Exnkuhv dqg D1 Hopd0
jduplg1 Remhfw Rulhqwdwlrq lq Pxowl0
gdwdedvh V|vwhpv1 DFP Frpsxwlqj Vxu0
yh|v 5:=5/ 4<<81

^UNE<;` Urdqwuhh P1/ Nhqqhg| M1 dqg Edufod| S1
D Pxowlgdwdedvh Od|hu iru wkh RGPJ
Remhfw Prgho/ Surfhhglqjv ri 8wk Lqwhuqd0
wlrqdo Frqihuhqfh rq Remhfw0Rulhqwhg Lq0
irupdwlrq V|vwhpv/ Vsulqjhu/ 4<<;1

^Urd<;d` Urdqwuhh P1 Wkh RDVLV Pxowlgdwdedvh
Dufklwhfwxuh1 Rdvlv Uhsruw Qr1 RDV034/
Gxeolq Flw| Xqlyhuvlw|/ Pd| 4<<;1

^Urd<;e` Urdqwuhh P1 Gdwdedvh Lqwhjudwlrq lq wkh
RDVLV Pxowlgdwdedvh V|vwhp1 Rdvlv Uh0
sruw Qr1 RDV035/ Gxeolq Flw| Xqlyhuvlw|/
Pd| 4<<;1

^VU<;` Vkhkloo D/ dqg Urdqwuhh P1 Frqvwuxfwhg
Pxowlgdwdedvh Froohfwlrqv Xvlqj dq H{0
whqghg RGPJ Remhfw Prgho1 Vxeplwwhg
iru sxeolfdwlrq1

^VO<3` D1 Vkhwk dqg M1 Oduvrq1 Ihghudwhg
Gdwdedvh V|vwhpv iru Pdqdjlqj Glv0
wulexwhg/ Khwhurjhqrxv dqg Dxwrqrprxv
Gdwdedvhv1 DFP Frpsxwlqj Vxuyh|v/
55=6/ 4<<31

^Yhu<:` Yhuvdqw V|vwhp Pdqxdo1 Yhuvdqw Remhfw
Whfkqrorj| Frusrudwlrq/ 4<<:1
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