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7 Xvlqj JDXVV* PD[OLN :
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8 Dq H{dpsoh dqg Prgho Lqwhusuhwdwlrq <

9 Whfkqlfdo Ghvfulswlrqv dqg V|qwd{ ri wkh Surfhgxuhv 47
914 DLFOOI= Frpsxwlqj orj0olnholkrrg dqg DLF ydoxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
915 EHWDUQJ= Ehwd udqgrp qxpehu jhqhudwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
916 FXVXP= Frpsxwhv wkh FXVXP iru d vhulhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
917 FXVXPVT= Frpsxwhv wkh FXVXP ri vtxduhv iru d vhulhv 1 1 1 1 1 1 1 1 1 1 49
918 HZPD= HZPD iruhfdvw ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
919 HZPDHVW= HZPD hvwlpdwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
91: HZPDY= Vprrwkhu iru H{srqhqwldo Zhljkwhg Prylqj Dyhudjhv 1 1 1 1 1 1 1 4:
91; KLOOX= Hvwlpdwh dq DULPD+3/3/4, prgho xvlqj d julg vhdufk 1 1 1 1 1 1 1 1 4:
91< OQE= Orj0olnholkrrg ixqfwlrq iru d qhjdwlyh elqrpldo uhjuhvvlrq prgho 1 1 1 1 4;
9143 OQJP= orj jdppd ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;
9144 OSDUS= orj0olnholkrrg ri wkh SDU+s, prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;
9145 OSJ= orj0olnholkrrg ri wkh SHZPD prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
9146 OSVQ= orj0olnholkrrg ri wkh Srlvvrq prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
9147 SDUS= hvwlpdwh d SDU+s, e| pd{lpxp olnholkrrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
9148 SDUSGJS= jhqhudwlqj SDU+s, vlpxodwhg gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
9149 SDUSILOW= surfhgxuh iru �owhulqj SDU+s, prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
914: SHZPD= hvwlpdwh d SHZPD e| pd{lpxp olnholkrrg 1 1 1 1 1 1 1 1 1 1 1 1 54
914; SHZPDGJS= jhqhudwlqj SHZPD vlpxodwhg gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
914< SHZPDbILOWHU= Ilowhu iru wkh SHZPD prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
9153 SRLVVRQ= Srlvvrq uhjuhvvlrq hvwlpdwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
9154 SVL= frpsxwh [/ wkh �uvw ghulydwlyh ri orj jdppd ixqfwlrq 1 1 1 1 1 1 1 1 1 1 56
9155 UQGS= Srlvvrq udqgrp qxpehu jhqhudwru +Edlug, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

: Nqrzq exjv dqg sureohpv 58

; Uhihuhqfhv 58

4 Lqwurgxfwlrq
Wklv sdshu frqwdlqv d ghvfulswlrq ri wkh lpsohphqwdwlrq ri wkh vwdwh0vsdfh dssurdfk wr
hyhqw frxqw dqg qrq0qrupdo gdwd +Eudqgw dqg Zlooldpv 4<<;d/ Eudqgw dqg Zlooldpv 4<<;e
dqg Eudqgw/ Zlooldpv dqg Irugkdp 4<<;,1 Wkhvh prghov fdq eh xvhg wr hvwlpdwh wlph
vhulhv prghov iru frxqw gdwd edvhg rq dq h{whqghg Ndopdq �owhu1 Wkhvh prghov surylgh d
jhqhudol}dwlrq ri wkh edvlf Srlvvrq ru hyhqw frxqw surfhvvhv/ vlqfh wkh| doorz rqh wr hvwlpdwh
dqg whvw wkh suhvhqfh ri wlph vhulhv g|qdplfv lq hyhqw frxqw gdwd1 Wkh frgh frqwdlqhg lq wklv
sdfndjh doorzv |rx wr hvwlpdwh erwk Srlvvrq h{srqhqwldoo| zhljkwhg prylqj dyhudjh prghov
+SHZPD, dqg wkh Srlvvrq DU+s, +SDU+s,, prghov1

Lqfoxghg zlwk wklv sdshu vkrxog eh �ohv ri frgh wr lpsohphqw wkh prghov=
-1j Jdxvv frgh iru hdfk surfhgxuh1
shvwv1ofj Jdxvv oleudu| �oh wr ordg wkh SHVWV surjudpv
uhdgph1w{w D eulhi uhihuhqfh �oh1
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D ghvfulswlrq ri wkh edvlf surjudpv dqg v|qwd{ lv lqfoxghg ehorz1 Lw lv dgylvhg wkdw
|rx kdyh d frs| ri wkh ruljlqdo sdshuv/ Eudqgw dqg Zlooldpv +4<<;d,/ Eudqgw dqg Zlooldpv
+4<<;e,/ dqg Eudqgw/ Zlooldpv dqg Irugkdp +4<<;, iru uhihuhqfh1 Dovr/ uhdghuv vkrxog eh
idploldu zlwk vwdwh0vsdfh prghov ru kdyh dffhvv wr d jrrg uhihuhqfh vxfk dv Kduyh| +4<<4,1

Ghwdlohg ghvfulswlrqv ri wkh vwdwlvwlfdo hvwlpdwlrq shuiruphg e| wkhvh surjudpv duh frq0
wdlqhg lq wkh sdshuv=

Eudqgw/ Sdwulfn/ Mrkq W1 Zlooldpv dqg Ehqmdplq Irugkdp1 4<<;1 �Prgholqj Wlph Vhulhv
Frxqw Gdwd= D Vwdwh0Vsdfh Dssurdfk wr Hyhqw Frxqwv1� suhvhqwhg dw wkh 4<<; Vrflhw| iru
Srolwlfdo Phwkrgrorj| Vxpphu Phhwlqj/ Vdq Glhjr/ Fdoliruqld/ Mxo| 55059/ 4<<;1

Eudqgw/ Sdwulfn W1 dqg Mrkq W1 Zlooldpv1 4<<;d1 �G|qdplf Prgholqj iru Shuvlvwhqw
Wlph Vhulhv ri Hyhqw Frxqwv1�

Eudqgw/ Sdwulfn W1 dqg Mrkq W1 Zlooldpv1 4<<;e1 �D Olqhdu Srlvvrq Dxwruhjuhvvlyh
Prgho= wkh Srlvvrq DU+s, Prgho�

LI \RX XVH WKHVH SURJUDPV/ SOHDVH FLWH WKHVH SDSHUV$$
Wklv sdshu dqg wkh frgh lw ghvfulehv dgrsw wkh iroorzlqj frqyhqwlrqv=

41 Frgh/ surjudpphg surfhgxuhv/ dqg ixqfwlrqv duh zulwwhq lq wkh w|shzulwhu irqw1

51 Wkh JDXVV frgh surylghg lv frpsohwho| vhoi0frqwdlqhg1 Wkdw phdqv wkdw
doo |rx qhhg lv d frs| ri JDXVV dqg wkh JDXVV pd{lpxp0olnholkrrg
prgxoh PD[OLN +yhuvlrq 6 ru 7, wr hvwlpdwh wkh prghov1

Wklv frgh lv surylghg zlwk qr jxdudqwhhv dqg qr fodlpv dv wr lwv dffxudf|1 Lw lv lq0
whqghg iru qrq0frpphufldo/ dfdghplf xvh rqo|1 Li |rx �qg dq| huuruv ru kdyh txhvwlrqv
derxw wkh frgh/ sohdvh vhqg ph dq h0pdlo dw seudqgwClqgldqd1hgx/ ru fkhfn p| zhe sdjh/
kwws=22sks1lqgldqd1hgx2�seudqgw iru xsgdwhv1

5 Lqvwdoodwlrq
Wkhvh �ohv vkrxog eh lqvwdoohg lq wkh JDXVV sdwk1 Qrupdoo|/ wklv lv wkh gluhfwru| �qJdxvvqvuf�1
Dowhuqdwlyho|/ |rx pd| lqvwdoo wkh surjudpv lq dqrwkhu gluhfwru|1 Dv zulwwhq krzhyhu/ doo
wkh surjudpv vkrxog eh lqvwdoohg lq wkh vdph gluhfwru|1

Wkhvh duh wkh �ohv wr eh lqvwdoohg=

41 DLFOOI1J � surfhgxuh iru frpsxwlqj orj0olnholkrrg dqg DLF ydoxhv

51 EHWDUQJ1J 0 surfhgxuh iru Ehwd glvwulexwhg udqgrp qxpehuv

61 HZPD1J 0 surfhgxuh iru frpsxwlqj HZPD iruhfdvw dw wlph w1

71 H[DPSOH41J 0 dq h{dpsoh ri wkh SHZPD prgho

81 OQE1J 0 surfhgxuh iru wkh orj0olnholkrrg ri wkh qhjdwlyh elqrpldo uhjuhvvlrq prgho1

91 OQJP1J � surfhgxuh iru frpsxwlqj wkh orj jdppd ixqfwlrq
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:1 OSDUS1J � surfhgxuh iru wkh orj0olnholkrrg ri wkh SDUS prgho

;1 OSJ1J � surfhgxuh iru wkh orj0olnholkrrg ri wkh SHZPD prgho

<1 OSVQ1J � surfhgxuh iru wkh orj0olnholkrrg ri wkh Srlvvrq prgho

431 SDUS1J � surfhgxuh wr hvwlpdwh wkh SDUS e| pd{lpxp olnholkrrg

441 SDUSGJS1J � surfhgxuh iru jhqhudwlqj SDUS vlpxodwhg gdwd

451 SDUSILOW1J � surfhgxuh iru �owhulqj SDU+s, prgho

461 SHZPD1J � surfhgxuh wr hvwlpdwh SHZPD e| pd{lpxp olnholkrrg

471 SHZPDGJS1J 0 surfhgxuh iru jhqhudwlqj SHZPD vlpxodwhg gdwd

481 SPDILOW1J � surfhgxuh iru �owhulqj SHZPD prgho

491 SRLVVRQ1J 0 surfhgxuh wr hvwlpdwh d Srlvvrq uhjuhvvlrq

4:1 SVL1J � surfhgxuh wr frpsxwh svl2ghulydwlyh ri orj jdppd ixqfwlrq

4;1 UQGS1J � dq lpsuryhg Srlvvrq udqgrp qxpehu jhqhudwru +Edlug,

Li |rx lqvwdoo wkh surjudpv lq dqrwkhu gluhfwru|/ eh vxuh wr lqfoxgh wkdw gluhfwru| lq |rxu
Jdxvv sdwk lq wkh jdxvv1fij �oh1

Lqvwdoodwlrq Vwhsv=

41 Frs| doo wkh -1j dqg -1w{w �ohv wr wkh jdxvvqvuf gluhfwru| rq |rxu pdfklqh1

51 Sodfh wkh oleudu| shvwv1ofj �oh lq jdxvvqole
61 Lqfoxgh wkh iroorzlqj olqh lq dq| frgh wkdw zloo eh xvlqj SHVWV urxwlqhv=

oleudu| shvwv/pd{oln/sjudsk>

\rx duh qrz uhdg wr uxq SHVWV1

6 Ghvfulswlrq ri wkh surfhgxuhv
Wkh JDXVV frgh lq wkhvh �ohv lv lqwhqghg wr hvwlpdwh wzr gl�huhqw wlph vhulhv prghov iru
frxqw gdwd1 Wkh wzr prghov duh wkh Srlvvrq h{srqhqwldoo| zhljkwhg prylqj dyhudjh prgho
+SHZPD, dqg wkh Srlvvrq DU+s, +SDU+s,,1 Wkhvh duh vwuxfwxudo wlph vhulhv prghov edvhg
rq dq h{whqghg Ndopdq �owhu1 Wkh frgh lq wkh �ohv shzpd1j dqg sdus1j frqwdlq wkh pdlq
hvwlpdwlrq urxwlqhv1 Wkhvh hvwlpdwh wkh SHZPD dqg SDUS uhvshfwlyho|1 Wkh rwkhu �ohv
duh xvhg e| wkhvh wzr surfhgxuhv wr hlwkhu 4, �owhu wkh gdwd sulru wr hvwlpdwlrq/ 5, fdofxodwh
qxphulfdo ixqfwlrqv/ ru 6, jhqhudwh vlpxodwhg vhulhv ri SHZPD ru SDUS gdwd1
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614 Ilowhulqj surfhgxuhv

Wzr �owhulqj surfhgxuhv duh surylghg1 Wkh �uvw lv SPDILOW1J1 Wklv lv d �owhu iru wkh SHZPD
prgho1 Lw frpsxwhv �owhuhg hvwlpdwhv ri wkh vwdwh yhfwru sdudphwhuv iru dq HZPD surfhvv1
Lw jhqhudwhv wkh ydoxhv ri wkh sulru iru hdfk shulrg/ |1 Wklv surfhgxuh lv fdoohg iru hdfk
lwhudwlrq ri wkh pd{lpxp0olnholkrrg hvwlpdwlrq ri wkh SHZPD prgho1

Wkh vhfrqg �owhu lv SDUILOW1J1 Wklv lv d �owhu iru wkh SDU+s, prgho1 Lw frpsxwhv �owhuhg
hvwlpdwhv ri wkh vwdwh yhfwru sdudphwhuv iru dq DU+s, surfhvv1 Lw jhqhudwhv wkh ydoxhv ri wkh
sulru iru hdfk shulrg/ |1 Wklv surfhgxuh lv fdoohg iru hdfk lwhudwlrq ri wkh pd{lpxp0olnholkrrg
hvwlpdwlrq ri wkh SDU+s, prgho1

615 Hvwlpdwlrq surfhgxuhv

Wkhuh duh wzr pdlq hvwlpdwlrq surfhgxuhv1 Wkh �uvw lv SHZPD1J1 Wklv surfhgxuh lv xvhg wr
hvwlpdwh SHZPDprghov1 Wkh vhfrqg lv SDUS1J1 Wklv surfhgxuh lv xvhg wr hvwlpdwh SDU+s,
prghov1 Wkh surfhgxuhv duh lqwhqghg wr eh yhu| hdv| wr xvh dqg zrun olnh vlpsoh uhjuhvvlrq
surfhgxuh/ ghvslwh wkh frpsoh{lw| ri wkh SHZPD dqg SDU+s, hvwlpdwlrq urxwlqhv1

Hdfk surjudp kdv wkh iroorzlqj edvlf v|qwd{=

+frhiilflhqwv/ fryduldqfh pdwul{/ orj0olnholkrrg ixqfwlrq/ DLF, @
prgho+|/ {/ s/ vwduwlqj ydoxh phwkrg,

zkhuh wkh lqsxwv duh

41 | @ A � � yhfwru/ wkh ghshqghqw yduldeoh ri frxqwv

51 { @ A �g yhfwru/ wkh uhjuhvvruv

61 s @ rughu ri wkh dxwruhjuhvvlrq/ iru wkh SDU+s, prgho

71 vy @ vfdodu/ vwduwlqj ydoxh frgh1 Vhw wklv wr �S� iru Srlvvrq uhjuhvvlrq vwduwlqj ydoxhv
dqg �ROV� iru orjjhg ROV1 Xvhu vxssolhg vwduwlqj ydoxhv pd| dovr eh lqfoxghg e| wkh
vshfl�fdwlrq ri d frqirupdeoh yhfwru ri vwduwlqj ydoxhv1

Wkh rxwsxwv duh

41 frh!flhqwv @ wlph vhulhv sdudphwhuv dqg uhjuhvvlrq frh!flhqwv

51 fryduldqfh pdwul{ @ hvwlpdwhg fryduldqfh pdwul{

61 orj0olnholkrrg ixqfwlrq @ �qdo hvwlpdwh ri orj0olnholkrrg ixqfwlrq dw wkh rswlpxp

71 DLF @ Dndlnh*v Lqirupdwlrq Fulwhulrq

Lq dgglwlrq/ hdfk surfhgxuh jhqhudwhv d sulqw rxw e| ghidxow1 Lw lqfoxghv/

41 Uhjuhvvlrq hvwlpdwhv/ vwdqgdug huuruv dqg w0vwdwlvwlfv1
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51 Ilqdo olnholkrrg dqg DLF ydoxhv1

Wkh surfhgxuhv wkhpvhoyhv frqwdlq dgglwlrqdo ghwdlov derxw wkhlu frqvwuxfwlrq dqg wkh
lqsxw ri gdwd1 Wkh edvlf v|qwd{ lv looxvwudwhg lq wkh iroorzlqj wzr h{dpsohv1 Hdfk dvvxphv
wkdw + lv d yhfwru ri frxqwv dqg % lv d yhfwru ri uhjuhvvruv wkdw kdyh douhdg| ehhq ghfoduhg
ru uhdg lqwr phpru|1 Wklv fdq eh grqh ehiruh wkh fdoo wr wkh hvwlpdwru lq hdfk h{dpsoh1

61514 H{dpsoh 4= D SHZPD prgho

Khuh lv d vdpsoh SHZPD surjudp1

oleudu| pd{oln/shvwv/sjudsk> 2- ordgv oleudulhv -2
2- gdwd ordglqj vwhsv frxog eh khuh -2

rxwsxw iloh @ shzpd1rxw> 2- ghfoduh dqg rshq dq rxwsxw iloh -2
rxwsxw rq uhvhw>
~rphjd/g/fry/ooi/dlf� @ shzpd+|/{/ccS**,>2- hvwlpdwhv d SHZPD uhjuhvvlrq zlwk -2

2- Srlvvrq uhjuhvvlrq vwduwlqj ydoxhv -2
rxwsxw rii>
hqg>

61515 H{dpsoh 5= D SDU+s, prgho

Khuh lv d vdpsoh SDU+s, surjudp1

oleudu| pd{oln/shvwv/sjudsk> 2- ordgv oleudulhv -2
2- gdwd ordglqj vwhsv frxog eh khuh -2

rxwsxw iloh @ sdus1rxw> 2- ghfoduh dqg rshq dq rxwsxw iloh -2
rxwsxw rq uhvhw>
~ukr/g/fry/ooi/dlf� @ sdus+|/{/5/ccS**,> 2- hvwlpdwhv d SDU+5, uhjuhvvlrq zlwk -2

2- Srlvvrq uhjuhvvlrq vwduwlqj ydoxhv -2
rxwsxw rii>
hqg>

616 Rwkhu xvhixo surfhgxuhv

Lqfoxghg zlwk wklv frgh duh vhyhudo dgglwlrqdo surfhgxuhv1 Wkhvh lqfoxgh wzr �jhqhudwruv�
iru wlph vhulhv ri frxqwv1 Dovr lqfoxghg duh d vhulhv ri qxphulfdo surfhgxuhv xvhg e| wkh
olnholkrrg ixqfwlrqv dqg wkh udqgrp qxpehu jhqhudwruv1

Wkh wzr �jhqhudwruv� surgxfh SHZPD dqg SDU+s, vhulhv1 Vlpxodwhg SHZPD vhulhv
fdq eh jhqhudwhg xvlqj wkh surfhgxuh shzpdgjs1 Vlpxodwhg SDU+s, vhulhv fdq eh jhqhudwhg
xvlqj sdusgjs1 Wkh ghwdlov ri wkhvh surfhgxuhv fdq eh irxqg e| orrnlqj dw wkh khdghu iru
hdfk �oh1

Wkh dgglwlrqdo surfhgxuhv duh qxphulfdo1 Wkhvh lqfoxgh udqgrp qxpehu jhqhudwruv iru
wkh Ehwd dqg Srlvvrq glvwulexwlrqv/ d surfhgxuh wr frpsxwh dq dffxudwh dssur{lpdwlrq ri wkh
orjdulwkp ri wkh jdppd ixqfwlrq/ d surfhgxuh wr frpsxwh dq dffxudwh dssur{lpdwlrq ri wkh
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�uvw ghulydwlyh ri wkh orjdulwkp ri wkh jdppd ixqfwlrq/ dqg d surfhgxuh wr frpsxwh HZPD*v
iru wkh SHZPD �owhu1 Wkhvh surfhgxuhv duh xvhg lq wkh �owhuv dqg wkh �jhqhudwruv1�

Wkhvh qxphulfdo dqg udqgrp qxpehu surfhgxuhv duh wkh ehvw zh kdyh ehhq deoh wr �qg
ru frqvwuxfw1 Zh kdyh wulhg wr pdnh wkhp dv uholdeoh dv srvvleoh/ vlqfh vrph ri wkhp duh
gh�qhg rqo| ryhu olplwhg grpdlqv1 Wklv lv hvshfldoo| wuxh iru wkh wzr surfhgxuhv edvhg rq
wkh orj0jdppd ixqfwlrq1 Wkh orj0jdppd surfhgxuh oqjp1j lv edvhg rq dq dssur{lpdwlrq
irxqg lq Suhvv hw 1do +4<;9,1 Lw vhhpv vxemhfw wr ihzhu xqghu rz dqg pdwk fr0surfhvvru
huuruv wkdq wkh oqidfw surfhgxuh lq JDXVV1

Wkh Ehwd udqgrp qxpehu jhqhudwru lv wkh rqh zulwwhq e| Prrqh| +4<<:,1
Wkh Srlvvrq udqgrp qxpehu jhqhudwru lv gl�huhqw iurp wkdw vklsshg zlwk JDXVV1 Wkh

surfhgxuh lv iurp d froohfwlrq ri udqgrp qxpehu jhqhudwruv e| Gu1 Gdylg Edlug1 Lw xvhv
d pxfk idvwhu dffhswdqfh0uhmhfwlrq phwkrg wkdq wkdw xvhg lq wkh JDXVV surfhgxuh1 Wkh
lqfuhdvhg vshhg lv edvhg wkh idfw wkdw wkh prgh ri wkh Srlvvrq glvwulexwlrq fdq eh hdvlo|
irxqg iurp wkh phdq1 Vlqfh Srlvvrq udqgrp qxpehuv duh fkdudfwhul}hg e| wklv ydoxh/ lw
xvhv wkh prgh wr �qg wkh vwduwlqj srlqw zkhq vhdufklqj iru d udqgrp qxpehu iru d jlyhq
suredelolw|1

617 D qrwh rq wkh SHZPD prgho rxwsxw

Wkh �uvw frh!flhqw uhsruwhg lq wkh SHZPD surfhgxuh lv iru wkh k|shusdudphwhu /1 Wkh
SHZPD qhvwv wkh Srlvvrq uhjuhvvlrq dqg lv h{dfwo| wkh Srlvvrq prgho zkhq / ' �1 Vr wkh
w0whvw uhsruwhg/ edvhg rq wkh qxoo wkdw rphjd lv }hur lv lqfruuhfw1 Zh kdyh lqfoxghg d qhz
w0whvw dw wkh erwwrp ri wkh sulqw rxw iru wkh SHZPD frgh wr jhqhudwh d whvw iru / 	 �1

7 Xvlqj JDXVV* PD[OLN
Wklv vhfwlrq lv pdlqo| surylghg iru shrsoh zkr duh rqo| rffdvlrqdo xvhuv ri JDXVV/ ru kdyh
qhyhu xvhg wkh PD[OLN prgxoh1 Wkdw vdlg/ hyhq h{shulhqfhg xvhuv pd| ohduq iurp zkdw
lv lq wkh qh{w ihz vhfwlrqv1

714 Rswlpl}dwlrq Dojrulwkpv

Wkh SHZPD dqg SDU+s, hvwlpdwlrq urxwlqhv gr QRW xvh dqdo|wlfdo ghulydwlyhv1 Lq sduw/
wklv lv ehfdxvh wkh rswlpl}dwlrq ri wkh olnholkrrg wdnhv d yhu| orqj wlph li dqdo|wlfdo ghuly0
dwlyh urxwlqhv duh xvhg1 Zkloh suhihudeoh rq wkhruhwlfdo jurxqgv/ wkh| pdnh wkh suhvhqw
rswlpl}dwlrq urxwlqhv yhu| vorz1 Wkh uhdvrq iru wkh orvv ri vshhg lv wkdw wkh gdwd pxvw eh
�owhuhg wzlfh iru hdfk revhuydwlrq= rqfh wr frpsxwh wkh ydoxh ri wkh remhfwlyh ixqfwlrq dqg
d vhfrqg wlph wr frpsxwh wkh rswlpdo vwhs gluhfwlrq xvlqj dq dqdo|wlfdo ghulydwlyh1 Wkh
qxphulfdo ghulydwlyh urxwlqhv vxssolhg zlwk JDXVV dsshdu wr gr d jrrg mre lq prvw fdvhv/
edvhg rq Prqwh Fduor hylghqfh +Eudqgw/ Zlooldpv dqg Irugkdp 4<<;,1

Wkdw vdlg/ qrw hyhu| rswlpl}dwlrq dojrulwkp zrunv htxdoo| zhoo iru wkh SHZPD ru
SDU+s,1 Edvhg rq pdq| uxqv +derxw 43/333 hvwlpdwhg prghov,/ lw dsshduv wkdw urexvw txdvl0
Qhzwrq phwkrg vxfk dv wkh Eur|ghq0Iohwfkhu0Jrogidue0Vkdqqr +EIJV, ru wkh judglhqw
phwkrg vxjjhvwhg e| Ehuqgw/ Kdoo/ Kdoo/ dqg Kdxvpdq +EKKK, shuirup zhoo1 Iru vshhg/
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zh uhfrpphqg wkh EIJV phwkrg1 Krzhyhu/ lq vrph fdvhv wkh qxphulfdo Khvvldq xvhg e|
wklv phwkrg zloo eh loo0frqglwlrqhg1 Lq wklv fdvh/ wkh EKKK phwkrg lv udwkhu urexvw vlqfh lw
grhv qrw xvh qxphulfdo vhfrqg ghulydwlyhv1

Li fkdqjlqj wkh dojrulwkp grhv qrw lpsuryh wkh shuirupdqfh ri wkh rswlpl}dwlrq/ wkhq
gl�huhqw vwduwlqj ydoxhv pd| eh qhhghg1 Wkh SHZPD dqg SDU+s, urxwlqhv doorz iru wkuhh
gl�huhqw vhwv ri vwduwlqj ydoxhv/ vr wu| wkhp doo= Srlvvrq uhjuhvvlrq/ orjjhg0ROV/ dqg d
Jdxvvldq HZPD +iru wkh SHZPD,1 Li wkdw grhv qrw zrun/ wu| uhsodflqj wkh vwduwlqj ydoxh
ri wkh g|qdplf sdudphwhu lq wkh olnholkrrg fdoo iru wkh SHZPD ru SDU+s, rswlpl}dwlrq1

Li wkh edvlf hvwlpdwlrq surfhgxuhv/ shzpd+, dqg sdus+,erj grzq ru fdqqrw hvwlpdwh wkh
olnholkrrg/ wkhq |rx pd| qhhg wr surjudp wkh rswlpl}dwlrq gluhfwo| xvlqj dowhuqdwlyh vwduwlqj
ydoxhv iru wkh sdudphwhuv1 Wklv fdq eh grqh xvlqj wkh osj1j dqg osdus1j ixqfwlrqv1 Wkhvh
frpsxwh wkh SHZPD dqg SDU+s, olnholkrrg ixqfwlrqv uhvshfwlyho|1 Wkh v|qwd{ iru grlqj
wklv lv

~e/i/j/fry/uhw� @ pd{oln+|�{/3/)osj/vy,>
~e/i/j/fry/uhw� @ pd{oln+|�{/3/)osdus/vy,>

zkhuh wkh ohiw kdqg vlgh ri wkh vwdwhphqw duh wkh vwdqgdug Pd{oln rxwsxwv dqg wkh
olnholkrrg ixqfwlrqv duh lqfoxghg lq wkh uljkw kdqg vlgh pd{oln vwdwhphqw1

715 Dgglqj rswlrqv wr wkh surfhgxuhv

Doo PD[OLN rswlrqv duh dydlodeoh zlwk wklv frgh1 Wklv lqfoxghv vhwwlqj rswlpl}dwlrq dojr0
ulwkpv/ vwhs phwkrgv dqg urxwlqhv iru frpsxwlqj fryduldqfh pdwulfhv +vhh JDXVV grfxphq0
wdwlrq,/

Suredeo| wkh prvw xvhixo wrro qrw lqfoxghg lq wklv frgh lv dgglqj yduldeoh qdphv wr wkh
SHZPD dqg SDU+s, rxwsxw1 Wklv fdq eh grqh dv iroorzv1 Vxssrvh |rx kdyh d pdwul{
ri uhjuhvvruv f wkdw lv A �g1 Wkhq/ |rx fdq gh�qh yduldeoh qdphv iru wkh SHZPD dqg
SDU+s, dv iroorzv=

Iru wkh SHZPD lqfoxgh wkh yduldeoh gh�qlwlrq olqh=

bbdowqdp @ ~**Rphjd**/ **[4**/ **[5**/111/ **[N**�>

Iru wkh SDU+s, lqfoxgh wkh yduldeoh gh�qlwlrq olqh=

bbdowqdp @ ~**[4**/ **[5**/111/ **[N**/**Ukr4**/ **Ukr5**/111/ **UkrS**�>

Wkhvh yduldeoh qdphv vkrxog eh ghfoduhg ehiruh wkh surfhgxuh lv uxq1
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8 Dq H{dpsoh dqg Prgho Lqwhusuhwdwlrq
Wklv vhfwlrq eulh | rxwolqhv dq h{dpsoh ri krz wkh SHZPD prgho fdq eh hvwlpdwhg1 Wkh
h{dpsoh zh kdyh lqfoxghg lq wkh SHVWV sdfndjh lv wkh gdwd dqg prghov suhvhqwhg lq Eudqgw
dqg Zlooldpv +4<<;d,1 Lq wklv sdshu/ zh frqgxfwhg dq lqwhuyhqwlrq dqdo|vlv wr ghwhuplqh
wkh h�hfw ri wkh 4<86 Vxsuhph Frxuw whup rq wkh qxpehu ri fdvhv wkh Frxuw khdug rq flylo
uljkwv dqg hfrqrplf uhjxodwlrq lvvxhv/ xvlqj gdwd iurp Sdfhooh +4<<4/ 4<<8,1

Wkh h{dpsoh lv frqwdlqhg lq wkh �oh h{dpsoh41j1 Wklv �oh uhdgv lq wkh Vxsuhph Frxuw
Fdvh djhqgd vhulhv dqg hvwlpdwhv d vhulhv ri prghov1 Wkh uhvxowv ri wkhvh prghov duh wkhq
frpsduhg e| frpsxwlqj wkh suhglfwhg vhulhv dqg wkh suhglfwlrq huuruv1 Lq wklv h{dpsoh/ zh
vkrz krz wkh SHZPD prghov duh frqvwuxfwhg iru wkh ydulrxv gl�huhqw lqwhuyhqwlrq shulrgv1
Zh k|srwkhvl}h wkdw wkh h�hfwv ri wkh 4<86 whup +l1h1 wkh dvfhqgdqfh ri Hduo Zduuhq wr Fklhi
Mxvwlfh> Eurzq y1 Erdug/ hwf1, pd| kdyh d ghod|hg h�hfw rq fkdqjhv lq wkh Frxuw*v djhqgd1
Wr dvvhvv wklv/ zh vshfli| rqh wr whq shulrg ohdgv iru wkh h�hfw ri wkh 4<86 whup1 Zh wkhq
fkrrvh wkh prgho zlwk wkh kljkhvw orj0olnholkrrg 2 vpdoohvw DLF ydoxh1 Wkhvh prghov duh
hvwlpdwhg lq wkh surjudp dqg wkh uhvxowv glvsod|hg lq d vhw ri wdeohv1

Wkh edvlf surjudp kdv ehhq zulwwhq wr uxq xqghu PD[OLN 6131 Li |rx xvh PD[OLN 713/
|rx zloo qhhg wr prgli| wkh joredov lq wkh �oh dffruglqjo|1 Wkh h{dpsoh �oh +zlwk frpphqwv,
lv dq iroorzv=

2- H[DPSOH 4= Hyhqw Frxqw Wlph Vhulhv Dqdo|vlv ri Sdfhooh*v Vxsuhph Frxuw
-- Djhqgd Gdwd
--
-- Wklv iloh lv dq h{dpsoh ri krz wr hvwlpdwh SHZPD
-- frxqw prghov xvlqj wkh SHVWV frgh1
--
-- Dsulo 53/ 4<<;
--
-2

2- Ordg wkh uhtxluhg oleudulhv dqg lqlwldol}h wkh zrunvsdfh -2
qhz>
oleudu| pd{oln/ sjudsk/ shvwv>
irupdw ;/9>

2- Uhdg wkh gdwd iurp wkh DVFLL gdwd iloh -2
ordg gwd^94/6` @ vfwgwd1w{w>
whup @ gwd^1/4`> C Frxuw Whup Yduldeoh C
htxdo @ gwd^1/5`> C Qxpehu ri htxdolw| fdvhv C
uhj @ gwd^1/6`> C Qxpehu ri uhjxodwlrq fdvhv C

2- Fuhdwh Eurzq y1 Erdug ohdgv lqwhuyhqwlrqv -2
eurzq @ }hurv+53/4,�4�}hurv+73/4,>
eurzq4 @ }hurv+54/4,�4�}hurv+6</4,>
eurzq5 @ }hurv+55/4,�4�}hurv+6;/4,>
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eurzq6 @ }hurv+56/4,�4�}hurv+6:/4,>
eurzq7 @ }hurv+57/4,�4�}hurv+69/4,>
eurzq8 @ }hurv+58/4,�4�}hurv+68/4,>
eurzq9 @ }hurv+59/4,�4�}hurv+67/4,>
eurzq: @ }hurv+5:/4,�4�}hurv+66/4,>
eurzq; @ }hurv+5;/4,�4�}hurv+65/4,>
eurzq< @ }hurv+5</4,�4�}hurv+64/4,>
eurzq43 @ }hurv+63/4,�4�}hurv+63/4,>
eurzq44 @ }hurv+64/4,�4�}hurv+5</4,>

2- Wxuq rq rxwsxw iloh -2
rxwsxw iloh @ frxuw1rxw>
rxwsxw rq uhvhw>

2- Ilw prghov iru Htxdolw| vhulhv=
-- 4, Ilw Prghov wr ghwhuplqh rswlpdo odj iru lqwhuyhqwlrq
-- 5, Jhqhudwh wkh suhglfwlrqv iru ehvw prgho
--
-- Qrwh wkdw wkh suhylrxv prghov ydoxhv duh xvhg dv vwduwlqj ydoxhv
-- lq wkh qh{w prgho wr vshhg wklqjv xs1
-2

2- SHZPD prgho iru Htxdolw| vhulhv -2
bpodoju @ 9> C Vhwv PO rswlpl}dwlrq dojrulwkp C
C wr EKKK lq PD[OLN 613 C

bposduqp @ ~**Rphjd**/**EyEs**�> C Vhwv sdudphwhu qdphv C
~r3/g3/fry3/ooi3/dlf3� @ shzpd+htxdo/eurzq/**S**,>
bposduqp @ ~**Rphjd**/**EyEs04**�>
~r4/g4/fry4/ooi4/dlf4� @ shzpd+htxdo/eurzq4/r3�g3,>
bposduqp @ ~**Rphjd**/**EyEs05**�>
~r5/g5/fry5/ooi5/dlf5� @ shzpd+htxdo/eurzq5/r4�g4,>
bposduqp @ ~**Rphjd**/**EyEs06**�>
~r6/g6/fry6/ooi6/dlf6� @ shzpd+htxdo/eurzq6/r5�g5,>
bposduqp @ ~**Rphjd**/**EyEs07**�>
~r7/g7/fry7/ooi7/dlf7� @ shzpd+htxdo/eurzq7/r6�g6,>
bposduqp @ ~**Rphjd**/**EyEs08**�>
~r8/g8/fry8/ooi8/dlf8� @ shzpd+htxdo/eurzq8/r7�g7,>
bposduqp @ ~**Rphjd**/**EyEs09**�>
~r9/g9/fry9/ooi9/dlf9� @ shzpd+htxdo/eurzq9/r8�g8,>
bposduqp @ ~**Rphjd**/**EyEs0:**�>
~r:/g:/fry:/ooi:/dlf:� @ shzpd+htxdo/eurzq:/r9�g9,>
bposduqp @ ~**Rphjd**/**EyEs0;**�>
~r;/g;/fry;/ooi;/dlf;� @ shzpd+htxdo/eurzq;/r:�g:,>
bposduqp @ ~**Rphjd**/**EyEs0<**�>
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~r</g</fry</ooi</dlf<� @ shzpd+htxdo/eurzq</r;�g;,>
bposduqp @ ~**Rphjd**/**EyEs043**�>
~r43/g43/fry43/ooi43/dlf43� @ shzpd+htxdo/eurzq43/r<�g<,>
bposduqp @ ~**Rphjd**/**EyEs044**�>
~r44/g44/fry44/ooi44/dlf44� @ shzpd+htxdo/eurzq44/r43�g43,>
sulqw>
sulqw **00000000000000000000000000000000000000000000000000000000000000000**>
sulqw **SHZPD hvwlpdwhv iru htxdolw| vhulhv zlwk lqwhuyhqwlrqv**>
sulqw **00000000000000000000000000000000000000000000000000000000000000000**>
sulqw **Lqwhuyhqwlrq shulrg Rphjd L+w, Orj0oln DLF**>
sulqw ** 4<86 **>>r3�g3�ooi3�dlf3>
sulqw ** 4<87 **>>r4�g4�ooi4�dlf4>
sulqw ** 4<88 **>>r5�g5�ooi5�dlf5>
sulqw ** 4<89 **>>r6�g6�ooi6�dlf6>
sulqw ** 4<8: **>>r7�g7�ooi7�dlf7>
sulqw ** 4<8; **>>r8�g8�ooi8�dlf8>
sulqw ** 4<8< **>>r9�g9�ooi9�dlf9>
sulqw ** 4<93 **>>r:�g:�ooi:�dlf:>
sulqw ** 4<94 **>>r;�g;�ooi;�dlf;>
sulqw ** 4<95 **>>r<�g<�ooi<�dlf<>
sulqw ** 4<96 **>>r43�g43�ooi43�dlf43>
sulqw ** 4<97 **>>r44�g44�ooi44�dlf44>
sulqw **00000000000000000000000000000000000000000000000000000000000000000**>
sulqw>
sulqw>

2- Qrz jhqhudwh wkh ilwwhg vhulhv iru wkh ehvw prgho -2
~d/dd/ddd/e/ee/eee/px/u� @ shzpdbilowhu+htxdo/eurzq43/r43/g43,>
htspd @ wulpu+dd/4/3,12wulpu+ee/4/3,>

2-000000000000000000000000000000000000000000000000000000000000000000000-2
2- Ilw prghov iru Uhjxodwlrq vhulhv=
-- 4, Ilw Prghov wr ghwhuplqh rswlpdo odj iru lqwhuyhqwlrq
-- 5, Jhqhudwh wkh suhglfwlrqv iru ehvw prgho
-2

sulqw **Hfrq uhj/ SHZPD dqg whps1 lqwhuyhqwlrq**>
sulqw>
bposduqp @ ~**Rphjd**/**EyEs**�>
~r3/g3/fry3/ooi3/dlf3� @ shzpd+uhj/eurzq/**S**,>
bposduqp @ ~**Rphjd**/**EyEs04**�>
~r4/g4/fry4/ooi4/dlf4� @ shzpd+uhj/eurzq4/r3�g3,>
bposduqp @ ~**Rphjd**/**EyEs05**�>
~r5/g5/fry5/ooi5/dlf5� @ shzpd+uhj/eurzq5/r4�g4,>
bposduqp @ ~**Rphjd**/**EyEs06**�>
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~r6/g6/fry6/ooi6/dlf6� @ shzpd+uhj/eurzq6/r5�g5,>
bposduqp @ ~**Rphjd**/**EyEs07**�>
~r7/g7/fry7/ooi7/dlf7� @ shzpd+uhj/eurzq7/r6�g6,>
bposduqp @ ~**Rphjd**/**EyEs08**�>
~r8/g8/fry8/ooi8/dlf8� @ shzpd+uhj/eurzq8/r7�g7,>
sulqw>
sulqw **00000000000000000000000000000000000000000000000000000000000000000**>
sulqw **SHZPD hvwlpdwhv iru hfrqrplf uhjxodwlrq vhulhv zlwk lqwhuyhqwlrqv**>
sulqw **00000000000000000000000000000000000000000000000000000000000000000**>
sulqw **Lqwhuyhqwlrq shulrg Rphjd L+w, Orj0oln DLF**>
sulqw ** 4<86 **>>r3�g3�ooi3�dlf3>
sulqw ** 4<87 **>>r4�g4�ooi4�dlf4>
sulqw ** 4<88 **>>r5�g5�ooi5�dlf5>
sulqw ** 4<89 **>>r6�g6�ooi6�dlf6>
sulqw ** 4<8: **>>r7�g7�ooi7�dlf7>
sulqw ** 4<8; **>>r8�g8�ooi8�dlf8>
sulqw **00000000000000000000000000000000000000000000000000000000000000000**>
sulqw>
sulqw>

2- Qrz jhqhudwh wkh ilwwhg vhulhv iru wkh ehvw prgho -2
~d/dd/ddd/e/ee/eee/px/u� @ shzpdbilowhu+uhj/eurzq4/r4/g4,>
uhjspd @ wulpu+dd/4/3,12wulpu+ee/4/3,>

2- Wxuq rii rxwsxw iloh -2

rxwsxw rii>

2-000000000000000000000000000000000000000000000000000000000000000000000-2
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Wkh rxwsxw �oh +frxuw1rxw, frqwdlqv hvwlpdwhv ri wkh doo wkh prgho vshfl�fdwlrqv/ dv
zhoo dv d vxppdu| wdeoh ri wkh orj0olnholkrrgv dqg Dndlnh Lqirupdwlrq Fulwhulrq ydoxhv iru
wkh prghov1 Wkh vxppdu| wdeohv duh dv iroorzv=

SHZPD hvwlpdwhv iru htxdolw| vhulhv zlwk lqwhuyhqwlrqv

Lqwhuyhqwlrq
shulrg Rphjd L+w, Orj0oln DLF
4<86 3189;778 031564395 049;13:3 66;1473
4<87 3189<86; 0315676<: 049;1399 66;1466
4<88 3189<::4 031636375 049;1335 66;1336
4<89 318976<: 3163598: 049:1<7: 66:1;<7
4<8: 3189946; 3138:339: 049;147; 66;15<9
4<8; 318:5<47 03153779: 049;13:5 66;1477
4<8< 318;94:7 031888:8< 049:18:: 66:1488
4<93 318<75:; 0413865: 0499148; 6671649
4<94 3189:;;: 0314464;9 049;143; 66;1549
4<95 3188;;77 0315;4699 049:1;58 66:197<
4<96 3195;766 31<35779 04951474 65915;5
4<97 318:8769 3149343; 049;1346 66;1358

SHZPD hvwlpdwhv iru hfrqrplf uhjxodwlrq vhulhv zlwk lqwhuyhqwlrqv

Lqwhuyhqwlrq
shulrg Rphjd L+w, Orj0oln DLF
4<86 318;3958 0313663589 05381<5; 7461;88
4<87 3193:::5 031:49857 0534187: 73813<7
4<88 318::845 3138<9<5< 05381;<7 7461:;;
4<89 318:<<3: 313<87876 05381;45 7461957
4<8: 318;4963 313;<8;5; 05381;56 7461978
4<8; 318;7:96 314:89<5 05381798 7451<63

Lq rxu hduolhu dqdo|vhv/ zh xvhg wklv rxwsxw wr vhohfw rxu prgho vshfl�fdwlrq iru suhglfwlrq1
Xvlqj wkh DLF fulwhuld/ zh fkrvh wkh prgho zlwk d 43 shulrg ohdg iru wkh htxdolw| vhulhv/ dqg d
rqh shulrg ohdg iru wkh hfrqrplf uhjxodwlrq vhulhv1 Lw wkhuhiruh dsshduv wkdw wkh fkdqjh lq wkh
Vxsuhph Frxuw fdvh djhqgd iru flylo uljkwv zdv ghod|hg/ zkloh wkh fkdqjh lq wkh uhjxodwlrq
fdvh djhqgd zdv udwkhu sur{lpdwh wr wkh 4<86 Vxsuhph Frxuw whup1
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9 Whfkqlfdo Ghvfulswlrqv dqg V|qwd{ ri wkh Surfhgxuhv
Wklv vhfwlrq ghvfulehv wkh surfhgxuhv frqwdlqhg lq wkh }ls dufklyh1 Wklv vhfwlrq/ dv zhoo dv
wkh frgh iru hdfk �oh vhuyhv dv wkh pdlq whfkqlfdo grfxphqwdwlrq iru hdfk ri wkh surfhgxuhv1
Wkh surfhgxuhv duh suhvhqwhg doskdehwlfdoo|1 Iru hdfk surfhgxuh/ wkh iroorzlqj duh qrwhg=

� Sxusrvh= zkdw wkh surfhgxuh grhv

� Irupdw= wkh v|qwd{ ri wkh surfhgxuh

� Lqsxwv= wkh ydolg lqsxw dujxphqwv iru wkh surfhgxuh

� Rxwsxw= wkh rxwsxw iurp wkh surfhgxuh

� Uhpdunv= dq| rwkhu lqirupdwlrq ru whfkqlfdo ghwdlov ri wkh surfhgxuh1 Wklv lqfoxghv
dq| ghshqghqflhv rq rwkhu surfhgxuhv lq wklv oleudu| ri surjudpv1
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914 DLFOOI= Frpsxwlqj orj0olnholkrrg dqg DLF ydoxhv

Sxusrvh= Frpsxwhv wkh orj0olnholkrrg dqg DLF ydoxhv iru dq| jlyhq olnholkrrg ixqfwlrq dqg
vhw ri gdwd1

Irupdw= ~dlf/ooi� @ dlfooi+gdwd/sdudp/)ifw,

Lqsxwv=
gdwd @ W{N pdwul{ ri gdwd iru orj0olnholkrrg ixqfwlrq
sdudp @ N{4 pdwul{ ri sdudphwhuv
)ifw @ olnholkrrg ixqfwlrq wr eh hydoxdwhg

Rxwsxw=
DLF @ Dndlnh*v Lqirupdwlrq Fulwhulrq ydoxh
OOI @ Orj0olnholkrrg ixqfwlrq hydoxdwhg wkh sdudphwhuv lq sdudp1

Uhpdunv= Wklv surfhgxuh lv xvhg wr frpsxwh wkh orj0olnholkrrg dqg DLF ydoxhv iru wkh
pd{lpxp olnholkrrg hvwlpdwlrq urxwlqhv1 Wklv lv d jhqhudo surfhgxuh wkdw fdq eh xvhg zlwk
dq| POH hvwlpdwru1

915 EHWDUQJ= Ehwd udqgrp qxpehu jhqhudwru

Sxusrvh= Svhxgr0udqgrp qxpehu jhqhudwru iru ehwd glvwulexwhg udqgrp yduldeohv

Irupdw= { @ ehwduqj+d/e,

Lqsxwv=
d @ vkdsh sdudphwhu iru ehwd glvwulexwlrq
e @ vfdoh sdudphwhu iru ehwd glvwulexwlrq
q @ qxpehu ri ehwd udqgrp yduldwhv wr jhqhudwh

Rxwsxw=
{ @ Q{4 yhfwru ri ehwd+d/e, glvwulexwhg udqgrp yduldeohv

Uhpdunv= Wklv surfhgxuh lv xvhg wr jhqhudwh wkh vwrfkdvwlf surfhvv iru svhxgr SHZPD
gdwd lq SHZPDGJS1

916 FXVXP= Frpsxwhv wkh FXVXP iru d vhulhv

Sxusrvh= Frpsxwhv dqg judskv wkh FXVXP iru d vhulhv1 Lw dvvxphv wkdw wkh vhulhv lv
douhdg| d yhfwru lq phpru|

Irupdw= v @ FXVXP+uhvlgv/ju/d,

Lqsxwv=
uhvlgv @ W{N yhfwru ri uhvlgxdov
ju @ judsklqj frgh> 3 @ qr judsk/ 4 @ judsk
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d @ vljql�fdqfh ohyho iru judsk> 3138 ru 314

Rxwsxw=
v @ W{N yhfwru ri vwdqgdugl}hg FXVXP ydoxhv
D judsk/ li ju@4

Uhpdunv= Wkh fulwlfdo ydoxhv iru wkh FXVXP vkrxog eh ylhzhg dv d urxjk hvwlpdwh
ri wkh frq�ghqfh lqwhuydo/ qrw dv dq h{dfw lqwhuydo1 Wklv frgh lv surjudpphg edvhg rq wkh
ghvfulswlrq ri wkh FXVXP lq Kduyh| +4<;4,1

917 FXVXPVT= Frpsxwhv wkh FXVXP ri vtxduhv iru d vhulhv

Sxusrvh= Frpsxwhv wkh FXVXP ri vtxduhv iru d vhulhv1 Lw dvvxphv wkdw wkh vhulhv lv douhdg|
d yhfwru lq phpru|

Irupdw= v @ FXVXPVT+uhvlgv,

Lqsxwv=uhvlgv @ W{N yhfwru ri uhvlgxdov

Rxwsxw= v @ W{N yhfwru ri vwdqgdugl}hg FXVXPVT ydoxhv

Uhpdunv= Wkh frq�ghqfh lqwhuydov iru wkh FXVXPVT whvw ghshqg rq wkh ghjuhhv ri
iuhhgrp dqg kdyh d qrq0vwdqgdug glvwulexwlrq1 Vhh Kduyh| +4<;4= Wdeoh F/ ss1669069:, iru
d wdeoh ri fulwlfdo ydoxhv1

918 HZPD= HZPD iruhfdvw ixqfwlrq

Sxusrvh= Frpsxwh dq HZPD ri wkh gdwd1

Irupdw= } @ HZPD+{/rphjd,

Lqsxwv=
{ @ Q{4 yhfwru
rphjd @ vfdodu/ wkh zhljkw +3	z	@4,

Rxwsxw= } @ vfdodu/ h{srqhqwldoo| zhljkwhg prylqj dyhudjh ri {

Uhpdunv= Wklv surfhgxuh frpsxwhv wkh h{dfw HZPD zhljkw1 Lw grhv qrw dssur{lpdwh
wkh iruhfdvw ixqfwlrq/ vr lw lv d elw vorz1 Wkh surfhgxuh frpsxwhv

5| '

S|3�
�'f /

�%|3�S|3�
�'f /

�

Lq vpdoo vdpsohv/ lw lv h{dfw/ zklfk pdnhv lw suhihudeoh wr wkh odujh vdpsoh qxphulfdo ds0
sur{lpdwlrq=

5| ' /5|3��|32 n E�� /� %|
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919 HZPDHVW= HZPD hvwlpdwru

Sxusrvh= Frpsxwhv wkh rswlpdo HZPD e| plqlpl}lqj wkh vxp ri vtxduhv1

Irupdw= z @ hzpdhvw+{,

Lqsxw= [ @ W{4 yhfwru wr eh vprrwkhg

Rxwsxw= z @ rswlpdo zhljkwlqj

Uhpdunv= Wklv surfhgxuh plqlpl}hv wkh vxp ri iruhfdvw uhvlgxdov iru wkh ydulrxv ydoxhv
ri z1 Lw xvhv d vlpsoh julg vhdufk wr �qg wkh rswlpdo zhljkw1 Wkh julg lv iurp 3134 wr 41
Li z @ 4/ wkhq wkh rswlpdo zhljkw lv wkh vdpsoh phdq1 Wkh ydoxh ri z lv h{dfw/ vlqfh wkh
HZPD*v duh frpsxwhg zlwkrxw dq| dssur{lpdwlrqv1 Dv d frqvhtxhqfh/ wklv surfhgxuh zloo
eh yhu| vorz iru odujh vdpsohv +l1h1 W:433,1 Wkh vprrwkhg yhfwru fdq eh irxqg e| xvlqj
HZPDY+{/z,1

91: HZPDY= Vprrwkhu iru H{srqhqwldo Zhljkwhg Prylqj Dyhu0
djhv

Sxusrvh= Jhqhudwlqj d yhfwru h{srqhqwldoo| zhljkwhg prylqj dyhudjh

Irupdw= } @ HZPDY+{/rphjd,>

Lqsxw =
{ @ Q{4 yhfwru
rphjd @ vfdodu/ wkh zhljkw +3	z	@4,

Rxwsxw= } @ Q{4 yhfwru ri h{srqhqwldoo| zhljkwhg prylqj dyhudjh

Uhpdunv= HZPD*v fdq eh hvwlpdwhg xvlqj HZPDHVW1 Li rphjd@@4/ wkhq wkh sur0
fhgxuh zloo uhwxuq wkh vdpsoh phdq1 Vhh dovr= HZPD/ HZPDHVW

91; KLOOX= Hvwlpdwh dq DULPD+3/3/4, prgho xvlqj d julg vhdufk

Sxusrvh= Hvwlpdwhv dq DULPD+3/3/4, prgho yld wkh Kloguhwk0Ox surfhgxuh

Irupdw= ~e/ukr/fry� @ kloox+|/{,

Lqsxwv=
\ @ W{4 yhfwru ghshqghqw yduldeoh
[ @ W{N pdwul{ ri uhjuhvvruv

Rxwsxw=
e @ hvwlpdwhg frh!flhqwv iru phdq
ukr @ hvwlpdwhg DU+4, frh!flhqw
fry @ fryduldqfh pdwul{ frpsxwhg iurp e dqg ukr1 Wkh odvw urz2froxpq ri fry duh wkh

fryduldqfhv iru ukr1
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Uhpdunv=Wklv frgh lpsohphqwv wkh Kloguhwk0Ox hvwlpdwru iru d uhjuhvvlrq prgho zlwk
DU+4, huuruv1 Wkh ghvfulswlrq ri wklv surfhgxuh fdq eh irxqg lq Gdylgvrq dqg PdfNlqqrq
+4<<6,1

91< OQE= Orj0olnholkrrg ixqfwlrq iru d qhjdwlyh elqrpldo uhjuhv0
vlrq prgho

Sxusrvh= Frpsxwhv wkh orj0olnholkrrg ixqfwlrq iru d qhjdwlyh elqrpldo uhjuhvvlrq

Irupdw= oqe+e/g,

Lqsxwv=
e @ yhfwru ri sdudphwhuv1 Iluvw hohphqw lv wkh glvshuvlrq sdudphwhu
g @ W{N gdwd pdwul{/ zlwk wkh | yduldeoh lq wkh �uvw froxpq1

Rxwsxw= Orj0olnholkrrg yhfwru iru qhjdwlyh elqrpldo uhjuhvvlrq prgho1

Uhpdunv= Edvhg rq Nlqj +4<;<,1

9143 OQJP= orj jdppd ixqfwlrq

Sxusrvh= Frpsxwhv wkh qdwxudo orjdulwkp ri wkh jdppd ixqfwlrq

Irupdw= | @ oqjp+{,

Lqsxwv= Q{4 yhfwru/ {:3

Rxwsxw= |/ Q{4 yhfwru ri orj jdppd ydoxhv

Uhpdunv= Frpsxwhv orj jdppd ixqfwlrq edvhg rq wkh dojrulwkp lq Suhvv hw do/ 4<;91

9144 OSDUS= orj0olnholkrrg ri wkh SDU+s, prgho

Sxusrvh= Frpsxwhv wkh orj0olnholkrrg ri wkh SDU+s, prgho

Irupdw= osdus+s/|lq,

Lqsxwv= s @ +S.N,{4 yhfwru ri uhjuhvvlrq dqg DU frh!flhqwv

Rxwsxw= SDU+s, orj0olnholkrrg ydoxhv

Uhpdunv=
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9145 OSJ= orj0olnholkrrg ri wkh SHZPD prgho

Sxusrvh= Frpsxwhv wkh orj0olnholkrrg ri wkh SHZPD prgho

Irupdw= osj+s/|lq,

Lqsxwv= +4.N,{4 @ yhfwru ri frh!flhqwv1 Wkh �uvw hohphqw lv /
|lq @ gdwd pdwul{

Rxwsxw= SHZPD orj0olnholkrrg ydoxhv

Uhpdunv=

9146 OSVQ= orj0olnholkrrg ri wkh Srlvvrq prgho

Sxusrvh= Frpsxwhv wkh orj0olnholkrrg ydoxh iru wkh Srlvvrq uhjuhvvlrq prgho

Irupdw= osvq+s/|lq,

Lqsxwv= s @ N{4 yhfwru ri sdudphwhuv
|lq @ W{+N.4, gdwd pdwul{

Rxwsxw= Srlvvrq orj0olnholkrrg ydoxhv

Uhpdunv=

9147 SDUS= hvwlpdwh d SDU+s, e| pd{lpxp olnholkrrg

Sxusrvh= Sxusrvh= Hvwlpdwhv d wlph vhulhv prgho iru frxqw gdwd1 Wkh prgho lv edvhg rq
dq h{whqghg Ndopdq �owhu zkhuh wkh vwdwh yduldeoh iroorzv dq DU+s,1

Irupdw= ~ukr/g/fry/ooi/dlf� @ sdus+|/{/s/vy,

Lqsxwv=
| @ W{4 yhfwru ri frxqwv
{ @ W{N pdwul{ ri fryduldwhv
s @ rughu ri dxwruhjuhvvlrq
vy @ vwduwlqj ydoxh frgh ru vwduwlqj ydoxhv

Li wkh xvhu surylghv wkh vwduwlqj ydoxhv/ wkh| pxvw eh lq d ++N.S,{4, yhfwru
lq wkh irup/
e4me5m111menmu4mu5m111mus/
zkhuh
em lv wkh m*wk uhjuhvvlrq frh!flhqw
un lv wkh n*wk DU frh!flhqw

Wkh vwduwlqj ydoxh frghv duh
vy @ �S�> Odjjhg Srlvvrq uhjuhvvlrq
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vy @ �ROV�> ROV rq wkh qdwxudo orjdulwkp ri |
vy @ yhfwru> d yhfwru ri vwduwlqj ydoxhv

Rxwsxw=
ukr @ S{4 yhfwru ri DU frh!flhqwv
g @ N{4 pdwul{ ri uhjuhvvlrq sdudphwhuv
fry @ +N.S,{+N.S, fryduldqfh pdwul{
ooi @ �qdo orj0olnholkrrg ydoxh
dlf @ Dndlnh Lqirupdwlrq Fulwhulrq ydoxh

Uhpdunv=

9148 SDUSGJS= jhqhudwlqj SDU+s, vlpxodwhg gdwd

Sxusrvh= Jhqhudwhv Srlvvrq glvwulexwhg udqgrp yduldeohv wkdw kdyh d jdppd glvwulexwhg
DU+s, sulru1 Gdwd iroorzv d vwdwh0vsdfh prgho zlwk=
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Irupdw= ~|� @ sdusgjs+q/{/u/g,>

Lqsxwv=
q @ ohqjwk ri vdpsoh sdwk
{ @ yhfwru ri fryduldwhv +q{n�zlwk d frqvwdqw,
u @ S{4 zhljkwlqj sdudphwhu iru DU+s,
g @ n{4 yhfwru ri sdudphwhuv iru olqn ixqfwlrq

Rxwsxw= | @ SDU+s, glvwulexwhg yhfwru

Uhpdunv=

9149 SDUSILOW= surfhgxuh iru �owhulqj SDU+s, prgho

Sxusrvh= Frpsxwhv �owhuhg hvwlpdwhv iru SDU+s, prgho1

Irupdw= ~p/v� @ sdus�ow+|/{/u/g,

Lqsxwv=
| @ W{4 yhfwru ri frxqwv
{ @ W{N pdwul{ ri fryduldwhv
s @ DU+s, frh!flhqwv
g @ N{4 pdwul{ ri sdudphwhu iru fryduldwhv

Rxwsxw=
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p @ yhfwru ri frqglwlrqdo phdq +wmw04, lq shulrg w
v @ yhfwru ri frqglwlrqdo yduldqfh +wmw04, lq shulrg w

Uhpdunv=

914: SHZPD= hvwlpdwh d SHZPD e| pd{lpxp olnholkrrg

Sxusrvh= Hvwlpdwhv d orfdo ohyho wlph vhulhv prgho iru frxqw gdwd1 Wkh prgho lv edvhg rq
dq h{whqghg Ndopdq �owhu zkhuh wkh vwdwh yduldeoh iroorzv dq HZPD1

Irupdw= ~rphjd/g/fry/ooi/dlf� @ shzpd+|/{/vy,

Lqsxwv=
| @ W{4 yhfwru ri frxqwv
{ @ W{N pdwul{ ri fryduldwhv +qr frqvwdqw$,
vy @ vwduwlqj ydoxh frgh ru vwduwlqj ydoxhv

Li wkh xvhu surylghv wkh vwduwlqj ydoxhv/ wkh| pxvw eh lq d ++N.4,{4, yhfwru lq wkh irup/
rphjdme5m111men/
zkhuh
rphjd lv HZPD sdudphwhu
em lv wkh m*wk uhjuhvvlrq frh!flhqw

Vwduwlqj ydoxh frghv=
vy @ �S�> Srlvvrq uhjuhvvlrq +ghidxow,> lqlwldo ydoxh ri z @ 318>
vy @ �ROV�> ROV rq wkh qdwxudo orjdulwkp ri |> lqlwdo ydoxh ri z @ 318>
vy @ �HZPD�> Jdxvvldq HZPD> lqlwdo ydoxh ri z hvwlpdwhg e| HZPD>
vy @ yhfwru> d yhfwru ri vwduwlqj ydoxhv1

Rxwsxw=
rphjd @ vfdodu hvwlpdwh ri k|shusdudphwhu iru HZPD
g @ N{4 pdwul{ ri uhjuhvvlrq sdudphwhuv
fry @ +N.4,{+N.4, fryduldqfh pdwul{
ooi @ �qdo orj0olnholkrrg ydoxh
dlf @ Dndlnh Lqirupdwlrq Fulwhulrq ydoxh

Uhpdunv=

914; SHZPDGJS= jhqhudwlqj SHZPD vlpxodwhg gdwd

Sxusrvh= Jhqhudwh gdwd dffruglqj wr d vshfl�hg SHZPD prgho1

Irupdw= ~|/px� @ shzpdgjs+q/d3/e3/{/z/g,

Lqsxwv=
q @ ohqjwk ri vdpsoh sdwk
d3 @ sulru iru d
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e3 @ sulru iru e
{ @ yhfwru ri fryduldwhv +q{n�zlwkrxw d frqvwdqw,
z @ zhljkwlqj sdudphwhu iru HZPD ri px
g @ n{4 yhfwru ri sdudphwhuv iru olqn ixqfwlrq

Rxwsxw=
| @ SHZPD glvwulexwhg yhfwru
px @ frqglwlrqdo phdq xvhg wr jhqhudwh hdfk frxqw

Uhpdunv=

914< SHZPDbILOWHU= Ilowhu iru wkh SHZPD prgho

Sxusrvh= Ilowhuv hyhqw frxqw gdwd dffruglqj wr d SHZPD prgho1

Irupdw= ~d/dd/ddd/e/ee/eee/px/u� @ shzpdb�owhu+|/{/z/g,

Lqsxwv=
| @ W{4 yhfwru ri frxqw vhulhv wr eh �owhuhg
{ @ W{N pdwul{ ri fryduldwhv
z @ HZPD sdudphwhu
g @ N{4 yhfwru ri fryduldwh sdudphwhuv

Rxwsxw=
d @ yhfwru ri d+w04, sdudphwhuv
dd @ yhfwru ri d+wmw04, sdudphwhuv
ddd @ yhfwru ri d+w, sdudphwhuv
e @ yhfwru ri e+w04, sdudphwhuv
ee @ yhfwru ri e+wmw04, sdudphwhuv
eee @ yhfwru ri e+w, sdudphwhuv
px @ ohyho frpsrqhqw ri prgho
u @ jurzwk udwh sdudphwhu

Uhpdunv= Wklv surfhgxuh fdq eh xvhg wr frpsxwh iruhfdvwv iurp wkh SHZPD prgho1
Vlqfh wkh rxwsxw sdudphwhuv duh wkh sdudphwhuv iru wkh iruhfdvw ixqfwlrqv/ suhglfwlrqv dqg
suhglfwlrq huuruv fdq eh frpsxwhg edvhg rq wkh irupxodv lq Eudqgw dqg Zlooldpv +4<<;d,1

9153 SRLVVRQ= Srlvvrq uhjuhvvlrq hvwlpdwru

Sxusrvh= Hvwlpdwhv d Srlvvrq uhjuhvvlrq prgho

Irupdw= ~g/fry/ooi/dlf� @ srlvvrq+|/{/vy,

Lqsxwv=
| @ W{4 yhfwru ri frxqwv
{ @ W{N pdwul{ ri fryduldwhv
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vy @ vfdodu/ vwduwlqj ydoxh frgh

Vwduwlqj ydoxh frghv=

vy @ 3> ROV rq wkh qdwxudo orjdulwkp ri |>
vy @ 4> ]hurv>

Rxwsxw=
g @ N{4 pdwul{ ri uhjuhvvlrq sdudphwhuv
fry @ +N,{+N, fryduldqfh pdwul{
ooi @ �qdo orj0olnholkrrg ydoxh
dlf @ Dndlnh Lqirupdwlrq Fulwhulrq ydoxh
Uhpdunv=

9154 SVL= frpsxwh [/ wkh �uvw ghulydwlyh ri orj jdppd ixqfwlrq

Sxusrvh= Frpsxwhv wkh �uvw ghulydwlyh ri wkh orj0jdppd ixqfwlrq1

Irupdw= |@svl+{,

Lqsxwv= { @ yhfwru ri srvlwlyh qxpehuv

Rxwsxw= | @ yhfwru ri �uvw ghulydwlyh ri wkh orj0jdppd ri {

Uhpdunv= Edvhg rq dq dssur{lpdwlrq lq Deudprzlw} dqg Vwhjxq +4<:5,

9155 UQGS= Srlvvrq udqgrp qxpehu jhqhudwru +Edlug,

Sxusrvh=Uhwxuqv pdwul{ ri svhxgr udqgrp qxpehuv iurp Srlvvrq glvwulexwlrqv zlwk phdqv
jlyhq lq lqsxw pdwul{1

Irupdw= | @ uqgs+u/f/p,

Lqsxwv=
U 0 vfdodu 0 qxpehu ri urzv lq uhwxuqhg pdwul{
F 0 vfdodu 0 qxpehu ri froxpqv lq uhwxuqhg pdwul{
P 0 H{H pdwul{ ri phdqv iru Srlvvrq glvwulexwlrq +Frqirupdeoh zlwk U{F pdwul{,

Rxwsxw=
\ 0 U{F pdwul{ frqwdlqlqj vdpsohv iurp d srlvvrq glvwulexwlrq zlwk wkh phdq jlyhq lq

wkh fruuhvsrqglqj hohphqw ri wkh lqsxw pdwul{1

Uhpdunv= Wkh pd{lpxp vl}h ri lqsxw pdwul{ iru zklfk wklv surfhgxuh lv jxdudqwhhg
wr zrun iru lv pd{yhf+,129 hohphqwv +4953 iru Jdxvv 5,1 Odujhu lqsxw pdwulfhv fdq eh xvhg
surylghg wkh phdq ydoxhv duh qrw doo lq wkh udqjh euhdn4 	 phdq 	 euhdn51 Wkh vhhg lv
wdnhq iurp wkh v|vwhp forfn dw vwduwxs exw pd| eh vhw xvlqj wkh UQGVHHG frppdqg +vhh
JDXVV frppdqg uhihuhqfh,1
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H{dpsoh= | @ uqgs+43/5/5�7, > wklv jlyhv d 43{5 pdwul{ zlwk froxpq = 4 ehlqj 43 vdpsohv
iurp d srlvvrq glvw1 zlwk phdq 5> 5 ehlqj 43 vdpsohv iurp d srlvvrq glvw1 zlwk phdq 7

Wklv frgh lv e| Gu1 Gdylg Edlug1 Lw lv vljql�fdqwo| idvwhu wkdq rwkhu udqgrp Srlvvrq
jhqhudwruv1 Wkh prgdo dqg qrupdo dssur{lpdwlrqv xvhg lq wkh frgh duh vlplodu wr wkrvh
ghvfulehg e| Suhvv hw do1 +4<;9,1
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: Nqrzq exjv dqg sureohpv
Wkhuh lv plqlpdo huuru fkhfnlqj lq wkhvh surfhgxuhv1 Lq sduw/ wklv lv ehfdxvh zh kdyh qrw
irxqg hyhu| srvvleoh exj$ Krzhyhu/ wkh surfhgxuhv gr fkhfn wr eh vxuh wkdw wkh yhfwruv ri
frxqwv duh uhdoo| frxqwv +l1h1 wkh| duh juhdwhu wkdq }hur,1 Dovr/ wkh surfhgxuhv fkhfn zkhwkhu
wkh �uvw revhuydwlrq lv qrq0}hur1 Wkh glvwulexwlrq ri wkh frxqwv lv xqgh�qhg zkhq wkh �uvw
frxqw lv }hur iru wkh SHZPD dqg SDU+s,1 Li |rxu �uvw ihz frxqwv duh }hur/ |rx zloo kdyh
wr wuxqfdwh wkh gdwd lq rughu wr hvwlpdwh wkh prgho+v,1

Wkh rwkhu pdmru lvvxh lv wkh rswlpl}dwlrq urxwlqhv11 Wkhvh surfhgxuhv duh lpsohphqwhg
iru xqfrqvwudlqhg rswlpl}dwlrq urxwlqh1 D fdvh fdq eh pdgh wkdw vlqfh wkh dgplvvleoh ydoxhv
ri wkh k|shusdudphwhu/ / iru wkh SHZPD duh erxqghg/ wkdw d frqvwudlqhg surfhgxuh vkrxog
eh xvh1 Lq sudfwlfh/ krzhyhu/ zh kdyh qrw irxqg wklv wr eh qhfhvvdu|1 Zkhq wkh wuxh prgho lv
wkh Srlvvrq uhjuhvvlrq dqg qrw wkh SHZPD ru SDU+s,/ hvwlpdwlqj d wlph vhulhv frxqw prgho
|lhogv g|qdplf sdudphwhuv +hlwkhu wkh SHZPD sdudphwhu // ru wkh SDU+s, frh!flhqwv,
wkdw duh lqvljql�fdqw

; Uhihuhqfhv
� Eudqgw/ Sdwulfn/ Mrkq W1 Zlooldpv dqg Ehqmdplq Irugkdp1 4<<;1 �Prgholqj Wlph
Vhulhv Frxqw Gdwd= D Vwdwh0Vsdfh Dssurdfk wr Hyhqw Frxqwv1� suhvhqwhg dw wkh 4<<;
Vrflhw| iru Srolwlfdo Phwkrgrorj| Vxpphu Phhwlqj/ Vdq Glhjr/ Fdoliruqld/ Mxo| 55059/
4<<;1

� Eudqgw/ Sdwulfn W1 dqg Mrkq W1 Zlooldpv1 4<<;d1 �G|qdplf Prgholqj iru Shuvlvwhqw
Wlph Vhulhv ri Hyhqw Frxqwv1�

� Eudqgw/ Sdwulfn W1 dqg Mrkq W1 Zlooldpv1 4<<;e1 �D Olqhdu Srlvvrq Dxwruhjuhvvlyh
Prgho= wkh Srlvvrq DU+s, Prgho�

� Kduyh|/ D1F1 4<<41 Iruhfdvwlqj/ vwuxfwxudo wlph vhulhv prghov dqg wkh Ndopdq �owhu1
Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

� Prrqh|/ Fkulvwrskhu ]1 4<<: Prqwh Fduor Vlpxodwlrq1 Ehyhuo| Kloov= Vdjh1

� Suhvv/ hw1do1 4<;91 Qxphulfdo Uhflslhv lq Iruwudq= Wkh Duw ri Vflhqwl�f Frpsxwlqj1
Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1


