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Ydv1 Shwulglv

Gly1 ri Hohfwurqlfv dqg Frps1 Hqj1/ Ghsw1 ri Hohfwulfdo Hqj1/Dulvwrwoh Xqlyhuvlw| ri Wkhvvdorqlnl

Wkhvvdorqlnl 873 39/ Juhhfh

dqg

Dwk1 Nhkdjldv

Gly1 ri Hohfwurqlfv dqg Frps1 Hqj1/ Ghsw1 ri Hohfwulfdo Hqj1/Dulvwrwoh Xqlyhuvlw| ri Wkhvvdorqlnl

Wkhvvdorqlnl 873 39/ Juhhfh

dqg

Ghsw1 ri Pdwkhpdwlfv/ Dphulfdq Froohjh ri Kljkhu Vwxglhv

S|ohd 873 39/ Juhhfh

h0pdlo= nhkdjldvChjqdwld1hh1dxwk1ju

Devwudfw

Zh dsso| wkh Sduwlwlrq Dojrulwkp wr wkh sureohp ri wlph vhulhv fodvvl�fdwlrq1 Zh dvvxph wkdw wkh vrxufh wkdw

jhqhudwhv wkh wlph vhulhv ehorqjv wr d �qlwh vhw ri fdqglgdwh vrxufhv1 Fodvvl�fdwlrq lv edvhg rq wkh frpsxwdwlrq

ri srvwhulru suredelolwlhv1 Suhglfwlrq huuru lv xvhg wr dgdswlyho| xsgdwh wkh srvwhulru suredelolw| ri hdfk vrxufh1

Wkh dojrulwkp lv lpsohphqwhg e| d klhudufklfdo/ prgxodu/ uhfxuuhqw qhwzrun1 Wkh erwwrp +sduwlwlrq, ohyho ri

wkh qhwzrun frqvlvwv ri qhxudo prgxohv/ hdfk rqh wudlqhg wr suhglfw wkh rxwsxw ri rqh fdqglgdwh vrxufh1 Wkh wrs

+ghflvlrq, ohyho frqvlvwv ri d ghflvlrq prgxoh/ zklfk frpsxwhv srvwhulru suredelolwlhv dqg fodvvl�hv wkh wlph vhulhv

wr wkh vrxufh ri pd{lpxp srvwhulru suredelolw|1 Wkh fodvvl�hu qhwzrun lv iruphg iurp wkh frpsrvlwlrq ri wkh

sduwlwlrq dqg ghflvlrq ohyhov1 Wklv phwkrg dssolhv wr ghwhuplqlvwlf dv zhoo dv suredelolvwlf wlph vhulhv1 Vrxufh

vzlwfklqj fdq dovr eh dffrpprgdwhg1 Zh jlyh vrph h{dpsohv ri dssolfdwlrq wr sureohpv ri vljqdo ghwhfwlrq/

skrqhph dqg hq}|ph fodvvl�fdwlrq1 Lq frqfoxvlrq/ wkh dojrulwkp suhvhqwhg khuh jlyhv d v|vwhpdwlf phwkrg iru

wkh ghvljq ri prgxodu fodvvl�fdwlrq qhwzrunv1 Wkh phwkrg fdq eh h{whqghg e| ydulrxv fkrlfhv ri wkh sduwlwlrq

dqg ghflvlrq frpsrqhqwv1
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Wklv sdshu dsshduhg lq LHHH Wudqv1 rq Qhxudo Qhwzrunv/ Yro1:/ Qr14/ ss1:60;9/ 4<<91

Frs|uljkw f� 4<<9 Lqvwlwxwh ri Hohfwulfdo dqg Hohfwurqlfv Hqjlqhhuv1

Uhsulqwhg/ zlwk shuplvvlrq/ iurp LHHH Wudqv1 rq Qhxudo Qhwzrunv1

Wklv pdwhuldo lv srvwhg khuh zlwk shuplvvlrq ri wkh LHHH1 Vxfk shuplvvlrq ri wkh LHHH grhv qrw lq

dq| zd| lpso| LHHH hqgruvhphqw ri dq| surgxfwv ru vhuylfhv1 Lqwhuqdo ru shuvrqdo xvh ri wklv pdwhuldo

lv shuplwwhg1 Krzhyhu/ shuplvvlrq wr uhsulqw2uhsxeolvk wklv pdwhuldo iru dgyhuwlvlqj ru surprwlrqdo

sxusrvhv ru iru fuhdwlqj qhz froohfwlyh zrunv iru uhvdoh ru uhglvwulexwlrq pxvw eh rewdlqhg iurp wkh

LHHH e| vhqglqj d eodqn hpdlo phvvdjh wr lqir1sxe1shuplvvlrqClhhh1ruj1 E| fkrrvlqj wr ylhz wklv

grfxphqw/ |rx djuhh wr doo surylvlrqv ri wkh frs|uljkw odzv surwhfwlqj lw1
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Zh lqyhvwljdwh wkh iroorzlqj wlph vhulhv fodvvl�fdwlrq sureohp1 D wlph vhulhv [|/ w @ 4> 5> === lv surgxfhg

e| d vrxufh V+�&,/ zkhuh �& lv d sdudphwhu wdnlqj ydoxhv lq d �qlwh vhw � @ i��> ===> �gj1 Zh zdqw wr

lghqwli| wkh vrxufh wkdw surgxfhv wkh wlph vhulhv> lq rwkhu zrugv wr �qg wkh _wuxh% ru _ehvw% ydoxh ri �&1

Iru h{dpsoh/ wkh wlph vhulhv [�/ [2/ 111 pd| eh d vshhfk vljqdo/ dqg wkh sdudphwhu �& d skrqhph odeho

wdnlqj ydoxhv lq wkh vhw �@ i ^dk`/ ^rr`/ 111 j1 Zkhq wkh vshhfk vljqdo/ iru lqvwdqfh/ fruuhvsrqgv wr wkh

skrqhph ^dk`/ [�/ [2/ 111 lv surgxfhg e| V+^dk`,1 Wklv w|sh ri sureohp dulvhv lq skrqhph uhfrjqlwlrq

^5;/ 5<`/ udgdu vljqdo fodvvl�fdwlrq ^5`/ vhlvplf vljqdov surfhvvlqj ^47`/ HHJ2HFJ dqdo|vlv ^64/ 65` hwf1

Lq wklv sdshu zh zdqw wr frpelqh wzr dssurdfkhv wr fodvvl�fdwlrq/ zklfk zh �qg sduwlfxoduo|

surplvlqj1 Wkh �uvw lv prgxodu ghvljq phwkrgv +iru lqvwdqfh/ fi1 ^9/ :/ 53/ 54/ 55`,> wkh vhfrqg lv

Ed|hvldq vwdwlvwlfv +iru lqvwdqfh/ fi1^5/ 4/ 44/ 45/ 5:`, dqg lq sduwlfxodu wkh Pd{lpxp D Srvwhulrul

+PDS, fodvvl�fdwlrq uxoh +vhh ^58`,1 Wr wklv hqg zh xvh wkh Sduwlwlrq Dojrulwkp +khqfhiruwk SD,

^7/ 8/ 46/ 59/ 48`1 Wklv lv d uhfxuvlyh dojrulwkp/ zklfk fdq eh lpsohphqwhg e| d prgxodu/ klhudufklfdo

qhxudo qhwzrun zlwk sduwlwlrq dqg ghflvlrq frpsrqhqwv1 Wkh �uvw frpsrqhqw sduwlwlrqv wkh vrxufh

vsdfh wr vxevhwv zklfk fdq eh prghoohg pruh h�flhqwo| wkdq wkh zkroh vsdfh dw rqfh1 Wkh vhfrqg

frpsrqhqw frpelqhv wkh prghov ri vxevhwv lqwr d prgxodu vwuxfwxuh xvlqj wkh qrwlrq ri srvwhulru

suredelolw|1 Lq wklv vhqvh/ SD surylghv d iudphzrun iru wkh v|vwhpdwlf ghvljq ri prgxodu uhfxuvlyh

fodvvl�huv1 Wkh rshudwlrq ri wkh sduwlwlrq prgxohv fdq eh sdudoohol}hg1 Wkh dojrulwkp frqvlvwv ri wkh

iroorzlqj vwhsv1

41 Iru hyhu| vrxufh exlog d suhglfwru prgxoh/ dqg wudlq lw rq wlph vhulhv gdwd iurp wkdw vrxufh1 Wklv

lv wkh r�0olqh ohduqlqj skdvh1

51 Iru w@ 4/5/ 111 uxq +lq sdudooho, doo prgxohv dqg frpsduh wkhlu suhglfwlrqv zlwk wkh dfwxdo

revhuydwlrq1 Lq wklv zd| frpsxwh wkh suhglfwlrq huuru ri hyhu| prgxoh1

61 Xvh wkh suhglfwlrq huuru ri hdfk suhglfwru prgxoh wr xsgdwh wkh srvwhulru suredelolw| ri wkh

uhvshfwlyh vrxufh jhqhudwlqj wkh wlph vhulhv1 Wklv lv wkh uhfxuvlyh/ rq0olqh ohduqlqj skdvh1

71 Fodvvli| +iru fxuuhqw wlph w, wkh wlph vhulhv wr wkh vrxufh ri kljkhvw srvwhulru suredelolw|1 Fodvvl0

�fdwlrq pd| fkdqjh dw ixwxuh wlph vwhsv/ dv pruh revhuydwlrqv ehfrph dydlodeoh1

Wkh dojrulwkp kdv d qdwxudo wzr0ohyho klhudufklfdo qhwzrun lpsohphqwdwlrq1 Wkh erwwrp ohyho lv

wkh sduwlwlrq frpsrqhqw zklfk frqvlvwv ri wkh suhglfwru prgxohv lpsohphqwhg dv qhxudo qhwzrunv1

Wkhvh fdq eh olqhdu ru qrqolqhdu +zlwk vljprlg/ Jdxvvldq/ sro|qrpldo hwf1 qhxurqv,1 Wkh| fdq dovr

eh ihhgiruzdug ru uhfxuuhqw1 Lq idfw dq| w|sh ri sdudphwulf suhglfwru zloo gr1 Wkh wrs ohyho lv wkh

ghflvlrq prgxoh +frpsrqhqw,/ zklfk dvvljqv fuhglw wr hdfk suhglfwru prgxoh1 Wkh klhudufk| ri +d,

wkh sduwlwlrqhg suhglfwruv dqg +e, wkh ghflvlrq prgxoh/ frqvwlwxwhv wkh prgxodu/ uhfxuuhqw fodvvl�hu

qhwzrun1 Iru reylrxv uhdvrqv/ zh fdoo wklv d sduwlwlrq qhwzrun/ dv rssrvhg wr w|slfdo/ qrqsduwlwlrqhg

fodvvl�hu qhwzrunv1

Zh dvvxph d suredelolvwlf phfkdqlvp ri wlph vhulhv jhqhudwlrq/ exw lw zloo vrrq ehfrph hylghqw

wkdw wkh SD dssolhv wr ghwhuplqlvwlf wlph vhulhv dv zhoo1 Dovr/ li rqh zlvkhv/ wkh hqwluh suredelolvwlf
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iudphzrun fdq eh glvfdughg dqg wkh dojrulwkp fdq eh frqvlghuhg dv d phwkrg ri g|qdplfdoo| dvvljqlqj

fuhglw wr d vhw ri prghov1 Lq idfw/ wkhuh lv d qxpehu ri dowhuqdwlyh fuhglw dvvljqphqw phwkrgv/ wkdw

fdq eh xvhg1 Vrph ri wkhvh duh phqwlrqhg lq vhfwlrq 81 Fuhglw dvvljqphqw d�hfwv wkh ghflvlrq ohyho ri

wkh prgxodu qhwzrun/ exw qrw wkh suhglfwru +sduwlwlrq, ohyho1 H{shulphqwv lqglfdwh wkdw wkh fkrlfh ri

d sduwlfxodu w|sh ru rughu ri suhglfwru lv qrw fuxfldo wr wkh shuirupdqfh ri SD1 Prgxohv duh frpelqhg

lq d jhqhudo/ vwdqgdug pdqqhu1

Wkh SD kdv d wkhruhwlfdo irxqgdwlrq lq vwdwlvwlfv1 Wkh edvlf irxqgdwlrq lv suhvhqwhg lq Vhfwlrq

5> vhh dovr ^7/ 46`1 Wkhruhwlfdo uhvxowv/ uhjduglqj wkh frqyhujhqfh surshuwlhv ri wkh srvwhulruv/ zloo eh

suhvhqwhg hovhzkhuh1 Wkh edvlf uhvxow lv wkdw/ li fhuwdlq plog lghqwl�delolw| frqglwlrqv duh vdwlv�hg/ zh

fdq suryh frqyhujhqfh wr wkh _wuxh% ru _ehvw% prgho zlwk suredelolw| rqh1

Rxu zrun kdv pxfk lq frpprq zlwk/ iru h{dpsoh/ ^9/ :/ </ 43/ 54`1 Lq ^54` dq klhudufklfdo dufklwhfwxuh

lv suhvhqwhg zklfk lv yhu| vlplodu wr rxu Sduwlwlrq Qhwzrun/ zlwk d jdwlqj qhwzrun +vlplodu wr rxu

ghflvlrq prgxoh,/ frpelqlqj wkh rxwfrphv ri orfdo h{shuw qhwzrunv +fruuhvsrqglqj wr rxu suhglfwru

prgxohv,1 Wkh vdph lghd lv xvhg e| Mrugdq hw do1 lq ^9/ :/ <`1 Lq dgglwlrq/ wkhvh sdshuv hpskdvl}h

wkh frpshwlwlrq ehwzhhq h{shuwv/ zklfk/ lq wkh SD lv pdqlihvwhg lq wkh frpsxwdwlrq ri srvwhulru

suredelolwlhv xvlqj Ed|hv* uxoh1 Krzhyhu/ wkhuh duh lpsruwdqw gl�huhqfhv ehwzhhq rxu zrun dqg wkh

suhylrxvo| flwhg sdshuv1 Iluvwo|/ zh frqvlghu g|qdplf/ wlph hyroylqj/ udwkhu wkdq vwdwlf sureohpv1 Vxfk

sureohpv uhtxluh frqwlqxrxv/ rqolqh frpsxwdwlrq ri wkh srvwhulru suredelolwlhv/ dqg �qdo fodvvl�fdwlrq

ghshqgv lq dq hvvhqwldo zd| rq wkh g|qdplf ehkdylru ri erwk wkh gdwd dqg wkh srvwhulru suredelolwlhv1

Wklv lv sduwlfxoduo| reylrxv lq fodvvl�fdwlrq wdvnv zlwk vrxufh vzlwfklqj/ dv zloo eh h{sodlqhg lq odwhu

vhfwlrqv1 Vhfrqgo|/ SD ohduqv e| h{solflw dssolfdwlrq ri Ed|hv* uxoh/ zkhuhdv lq ^9/ :/ </ 43/ 54` ohduqlqj lv

irupxodwhg dv d Pd{lpxp Olnholkrrg sureohp zklfk uhtxluhv wkh xvh ri vrph dssur{lpdwh rswlpl}dwlrq

dojrulwkp1 Wklugo|/ zh shuirup fodvvl�fdwlrq xvlqj wkh fulwhulrq ri suhglfwlyh srzhu1 D irxuwk gl�huhqfh

lv wkdw/ lq ^9/ :/ </ 43/ 54` wkh hpskdvlv lv rq dfwxdoo| ohduqlqj wkh sduwlwlrq ri wkh vrxufh vsdfh/ dqg

fodvvl�fdwlrq lv d �qdo vwhs ri wklv ohduqlqj surfhvv1 Lq rxu fdvh/ rq wkh rwkhu kdqg/ lw lv dvvxphg wkdw

wkh sduwlwlrq lv douhdg| nqrzq/ dqg wkh kdug sduw ri wkh sureohp lv rqolqh fodvvl�fdwlrq +ehfdxvh ri wkh

suhvhqfh ri qrlvh lq wkh gdwd/ vrxufh vzlwfklqj dqg vr rq,1

Dovr/ wkh fodvvl�fdwlrq dssurdfk suhvhqwhg lq ^49`/ irfxvvhv lq fodvvl�fdwlrq ri g|qdplf +wlph hyroy0

lqj, sdwwhuqv1 Krzhyhu/ lq ^49` ohduqlqj uhtxluhv wkh xvh ri dssur{lpdwh rswlpl}dwlrq dojrulwkpv lq

wkh wudlqlqj skdvh1 Pruhryhu wkh fodvvl�hu sursrvhg lv qrw prgxodu1 Ilqdoo|/ fodvvl�fdwlrq lv mxvw rqh

dvshfw ri wkh sureohp h{dplqhg lq ^49`/ ehvlghv vhjphqwdwlrq1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh irupxodwh wlph vhulhv fodvvl�fdwlrq dv d

PDS sureohp dqg ghyhors wkh SD1 Lq Vhfwlrq 6 vlpxodwlrq uhvxowv duh suhvhqwhg frqfhuqlqj fodvvl�fdwlrq

ri wzr vlqxvrlgv ri gl�huhqw iuhtxhqflhv/ ghwhfwlrq ri d orjlvwlf wlph vhulhv iurp zklwh qrlvh/ fodvvl�fdwlrq

ri irxu vhtxhqwldo orjlf flufxlwv gulyhq e| vwrfkdvwlf lqsxw/ dqg skrqhph dqg hq}|ph uhfrjqlwlrq1 Wkh

uhvxowv ri wkh SD dqg rwkhu fodvvl�huv duh frpsduhg1 Lq Vhfwlrq 7 zh glvfxvv wkh jhqhudo slfwxuh ri SD

wkdw hphujhv iurp rxu h{shulphqwv1 Ilqdoo|/ lq Vhfwlrq 8 zh jlyh dq ryhuylhz ri rxu uhvxowv/ frqvlghu

dgydqwdjhv dqg glvdgydqwdjhv ri wkh SD dqg glvfxvv srvvleoh ixwxuh zrun1
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D wlph vhulhv [|/ w @ 4> 5> === lv surgxfhg e| d vrxufh V+�&,/ zkhuh �& lv d sdudphwhu wdnlqj ydoxhv lq

d �qlwh vhw � @ i��> ===> �gj1 Zh zdqw wr lghqwli| wkh vrxufh wkdw surgxfhv wkh wlph vhulhv> lq rwkhu

zrugv wr �qg wkh _wuxh% ru _ehvw% ydoxh ri �&1 Lqwurgxfh d udqgrp yduldeoh ] zklfk wdnhv ydoxhv lq �

@ i��> ===> �gj1 � zloo eh khqfhiruwk fdoohg wkh vrxufh vhw1 Wkh wlph vhulhv [�/ [2/ 111 lv surgxfhg e|

vrxufh V+],1 Iru lqvwdqfh/ li ] @ ��/ wkhq [�/ [2/ 111 lv surgxfhg e| V+��,1
�

Dw hyhu| wlph w d ghflvlrq uxoh surgxfhv dq hvwlpdwh ri ]1 Fdoo wkh hvwlpdwh a]|> lw wdnhv ydoxhv lq

�1 Iru lqvwdqfh/ li dw wlph w zh jxhvv wkdw wkh [�/ 111 [| kdyh ehhq surgxfhg e| ��/ wkhq a]| @ ��1

Fohduo|/ wklv hvwlpdwh pd| fkdqjh zlwk wlph/ dv pruh revhuydwlrqv ehfrph dydlodeoh1 Wkh ghflvlrq uxoh

iru vhohfwlqj a]| iru hyhu| w/ pdnhv xvh ri wkh frqglwlrqdo srvwhulru suredelolw| s
&
| +[�> ===>[|,/ ru vlpso|

s&| 1 Wklv lv gh�qhg dv

s&| +[�> ===>[|,
=
@ Sure+] @ �& m [�> ===> [|, n @ 4> 5> ===>N> w @ 4> 5> === = +4,

Dovr/ rxu sulru nqrzohgjh ri ] lv ghvfulehg e| d sulru suredelolw| s&f 1 Wklv lv gh�qhg dv

s&f
=
@ Sure+] @ �& m dw w @ 3, n @ 4> 5> ===>N= +5,

Lq wkh devhqfh ri dq| sulru lqirupdwlrq zh fdq mxvw dvvxph doo prghov wr eh htxlsuredeoh= s&f @ 4@N

iru n @ 4> 5> ===>N1

Wkh ydoxh s&| uh�hfwv rxu eholhi +dw wlph w, wkdw wkh wlph vhulhv lv surgxfhg e| V+�&,1 Lw lv qdwxudo

wkhq wr fkrrvh a]| dv iroorzv

a]|
=
@ dujpd{

w&MX
s&| =

Lq rwkhu zrugv/ dw wlph w zh fodlp wkdw [�> ===>[| zdv surgxfhg e| vrxufh V+ a]|,/ zkhuh a]| pd{lpl}hv

wkh srvwhulru suredelolw|1 Wklv lv fdoohg wkh Pd{lpxp D Srvwhulrul +PDS, hvwlpdwh1

Wkh fodvvl�fdwlrq sureohp kdv qrz ehhq uhgxfhg wr frpsxwlqj s&| / w @ 4> 5> ====/ n @ 4> 5> ===>N1 Wklv

lv shuiruphg uhfxuvlyho| e| wkh Sduwlwlrq Dojrulwkp/ ghvfulehg lq wkh qh{w vxevhfwlrq1

2�2 A�i �@h|�|�L? �*}Lh�|�4

Zh suhvhqw d uhfxuvlyh dojrulwkp iru wkh frpsxwdwlrq ri s&|n�/ jlyhq s&| / iru n @ 4> 5> ===> N dqg w @

3> 4> 5> === 1 Wklv dojrulwkp zdv �uvw ghyhorshg e| Kloeruq dqg Odlqlrwlv ^7` lq d jhqhudo irup> lw zdv

dssolhg wr frqwuro dqg hvwlpdwlrq sureohpv lq ^59/ 46/ 57`/ vhh dovr ^48`1 Khuh zh suhvhqw d yhuvlrq

zlwklq wkh frqwh{w ri qhxudo qhwzrunv1 Vwduw zlwk

s&|n� @ Sure+] @ �& m [�> ===>[|n�, @

� ì 4@) @*tL �@�i tL�hUi t��|U��?}� 6Lh �?t|@?Ui tL�hUi 7Ew�� ThL_�Uit f�c ��� c f�fc @?_ tL�hUi 7Ew2� ThL_�Uit f��c
f�2c ��� � A��t U@ti �t UL?t�_ihi_ �? t�MtiU|�L? 2�D�
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Sure+[|n�> ] @ �& m [�> ===> [|,

Sure+[|n� m [�> ===>[|,
@

Sure+[|n�> ] @ �& m [�> ===>[|,Sg
�'� Sure+[|n�> ] @ �� m [�> ===>[|,

= +6,

Dovr qrwh wkdw

Sure+[|n�> ] @ �& m [�> ===> [|, @

Sure+[|n� m [�> ===> [|> ] @ �&, � Sure+] @ �& m [�> ===>[|, @

Sure+[|n� m [�===[|> ] @ �&, � s&| = +7,

Qrz +6,/ +7, lpso| wkh uhfxuvlrq=

s&|n� @
Sure+[|n� m [�> ===>[|> ] @ �&, � s&|Sg
�'� Sure+[|n� m [�> ===>[|> ] @ ��, � s�|

= n @ 4> 5> ===> N> w @ 3> 4> 5> === = +8,

Wr frpsohwh wkh uhfxuvlrq iru s&| / zh qhhg wr frpsxwh wkh txdqwlw|

Sure+[|n� m [�> ===>[|>] @ �&, +9,

Iru hyhu| ydoxh �& 5 � zh exlog d suhglfwru

a[&
|n� @ i+[�> ===>[|>] @ �&,= +:,

Wklv suhglfwru dssur{lpdwhv [|n� zkhq wkh wlph vhulhv lv surgxfhg e| V+�&,> khqfh wkh ghshqghqfh rq

�&1 Zh zulwh i+[�> ===> [|>] @ �&, iru vlpsolflw|> lq prvw fdvhv wkh suhglfwru pdnhv xvh rqo| ri wkh

�qlwh sdvw/ h1j1 [|3� / 111 [|3�/ [|/ iru vrph �qlwh P 1

Qrz/ iru n @ 4> 5> ===>N gh�qh wkh suhglfwlrq huuru

h&|n�
=
@ [|n� � a[&

|n�= +;,

Zh dvvxph wkdw +iru n @ 4> 5> ==> N / w @ 3> 4> 5> ===1, h&|n� kdv d frqglwlrqdo suredelolw| ri wkh irup

Sure+h&|n� m [�> ====>[|> �&, @ F+�&, � h{s+� m h
&
|n�

�&
m?,= +<,

Vxevwlwxwlqj h&|n� @ [|n� � a[&
|n� lq +<, zh jhw

Sure+[|n� � a[&
|n� m [�> ====>[|> �&, @ F+�&, � h{s+� m [|n� � a[&

|n�

�&
m?,= +43,

Exw/ iurp +:, lw iroorzv wkdw a[&
|n� lv d ixqfwlrq ri [�> ===>[|> �& / zklfk duh jlyhq lq wkh frqglwlrqlqj

9



sduw ri +43,1 Khqfh zh kdyh 2

Sure+[|n� � a[&
|n� m [�> ====>[|> �&, @ Sure+[|n� m [�> ====>[|> �&,= +44,

Lw wkhq iroorzv lpphgldwho| iurp +43, dqg +44, wkdw

Sure+[|n� m [�> ====>[|> �&, @ F+�&, � h{s+� m [|n� � a[&
|n�

�&
m?,= +45,

Wkh suredelolw| dvvxpswlrq ri +<, lv hqwluho| duelwudu|/ exw zrunv zhoo lq sudfwlfh1 Zkhq wkh h{srqhqw

q lv wdnhq wr eh 5/ zh kdyh d Jdxvvldq suredelolw|> wklv lv dg krf/ exw uhdvrqdeoh1 Wkh sdudphwhu �&

lv wkh yduldqfh dqg F+�&, lv d qrupdol}lqj frqvwdqw1 Erwk �& dqg F+�&, duh fkrvhq lq d vwdqgdug/

qrq0duelwudu| zd|= �& lv vhw htxdo wr wkh UPV huuru ri suhglfwru n/ dv frpsxwhg lq wkh wudlqlqj skdvh/

dqg F+�&, lv fkrvhq vr wkdw wkh lqwhjudo ri wkh suredelolw| lq +45, +ryhu doo srvvleoh ydoxhv ri [|n�,

htxdov rqh1 Iru h{dpsoh/ iru wkh fdvh q @ 5/ F+�&, @ 4@
s
5� ��& 1 H{whqvlrqv iru yhfwru ydoxhg [| dqg

h&| duh reylrxv1

Xvlqj wkh deryh htxdwlrqv zh fdq frpsxwh wkh srvwhulru suredelolw| ri hyhu| vrxufh V+�&,/ n @

4> 5> ===>N dqg iru wlph w @ 4> 5> ==1 Dw wlph w zh fodvvli| wkh wlph vhulhv wr wkh vrxufh wkdw pd{lpl}hv

srvwhulru suredelolw|=

a]|
=
@ dujpd{

w&MX
s&| = +46,

Frpelqlqj +5,/ +8,/ +:,/ +45, dqg +46, zh jhw wkh ghvluhg uhfxuvlrq iru s&| 1 Wkh frpsohwh ghvfulswlrq

ri wkh SD fdq eh vxppdul}hg lq wkh iroorzlqj htxdwlrqv1

- SDUWLWLRQ DOJRULWKP -

Iru n @ 4> 5> ===> N

s&f
=
@ Sure+] @ �& m dw w @ 3,

Wkhq/ iru w @ 3> 4> 5> === dqg n @ 4> 5> ===>N

s&|n� @
Sure+[|n� m [�> ===> [|> ] @ �&, � s&|Sg
�'� Sure+[|n� m [�> ===>[|> ] @ ��, � s�|

=

a[&
|n� @ i+[�> ===>[|>] @ �&,=

Sure+[|n� m [�> ====>[|> �&, @ F+�&, � h{s+� m [|n� � a[&
|n�

�&
m?,=

a]|
=
@ dujpd{

w&MX
s&| =

Wkh suhylrxv htxdwlrqv xqghuvfruh wkh uhfxuvlyh qdwxuh ri wkh dojrulwkp1 Zkloh wudlqlqj ri wkh prgxohv

2�Lhi ThiU�ti*) �i �@�i �oJKEf|n� 3
	f&

|n� ' % � f�c ����c f|( w&� ' �oJKEf|n� ' %n 	f&

|n� � f�c ����cf|( w&��

:



+e| ht1+:,, lv dq r�0olqh surfhvv/ wkh dfwxdo ohduqlqj ri wkh wlph vhulhv + e| ht1+8,, lv d uhfxuvlyh/ rq0olqh

surfhvv1 Iru fruuhfw fodvvl�fdwlrq zh pxvw kdyh olp|<" s&| @ 4 zkhq V+�&, lv wkh wuxh vrxufh ri wkh wlph

vhulhv1 Wkhq/ ri frxuvh/ zh zloo dovr kdyh olp|<" s
�
| @ 3 iru doo m 9@ n1 Dv orqj dv fhuwdlq lghqwl�delolw|

frqglwlrqv duh vdwlv�hg zh fdq suryh wkdw frqyhujhqfh zlwk suredelolw| rqh lv jxdudqwhhg> ehfdxvh ri

odfn ri vsdfh/ wklv zloo eh sxeolvkhg hovhzkhuh1

2�� �i�h@* ?i|�Lh! �4T*i4i?|@|�L?

Wkh qdph _Sduwlwlrq Dojrulwkp% kdv ehhq hvwdeolvkhg lq wkh frqwuro olwhudwxuh ^46`/ exw lw lv vrphzkdw

plvohdglqj1 Wkh dojrulwkp kdv wzr htxdoo| lpsruwdqw frpsrqhqwv= sduwlwlrq dqg ghflvlrq1 _Sduwlwlrq%

uhihuv wr vhsdudwlqj wkh vrxufh vsdfh wr d �qlwh qxpehu ri vrxufhv dqg ghyhorslqj prghov iru hdfk rqh1

_Ghflvlrq% uhihuv wr wkh dvvljqphqw ri fuhglw wr wkh sduwlwlrqhg prghov dqg wkh vhohfwlrq ri wkh prvw

fuhgleoh prgho1 Wkh sduwlwlrq 2 ghflvlrq vwuxfwxuh fruuhvsrqgv wr d klhudufklfdo dqg prgxodu qhwzrun

lpsohphqwdwlrq looxvwudwhg lq Ilj141

41 Wkh erwwrp ohyho ri wkh qhwzrun fruuhvsrqgv wr sduwlwlrq/ zklfk lv lpsohphqwhg rq wkh edvlv ri

suhglfwlrq1 Rqh suhglfwru fruuhvsrqgv wr hdfk vrxufh lq wkh vrxufh vhw1 Wkh suhglfwru prgxohv

fdq eh lpsohphqwhg dv qhxudo qhwzrunv1 Wudlqlqj ri wkh erwwrp ohyho lv shuiruphg r�0olqh1

51 Wkh wrs ohyho ri wkh qhwzrun fruuhvsrqgv wr uhfxuvlyh ghflvlrq pdnlqj1 Wkh ghflvlrq hohphqw lv

d qhwzrun zklfk shuirupv rqolqh wkh frpsxwdwlrqv ri srvwhulru suredelolwlhv dffruglqj wr htv1

+6,0+46,1 Wklv dgdswdwlrq surfhvv lv d irup ri ohduqlqj1

Wkh klhudufk| ri sduwlwlrq dqg ghflvlrq prgxohv frqvwlwxwhv wkh prgxodu/ uhfxuuhqw fodvvl�hu qhw0

zrun1 Dv douhdg| phqwlrqhg/ zh fdoo wklv d sduwlwlrq qhwzrun/ dv rssrvhg wr w|slfdo/ qrqsduwlwlrqhg

fodvvl�hu qhwzrunv1

2�e �L_��U@|�L? uLh _i|ih4�?�t|�U |�4i tih�it

Vxssrvh zh kdyh d ghwhuplqlvwlf wlph vhulhv/ lq zklfk wkh sdvw [�/ 111 / [| ixoo| ghwhuplqhv [|n�1

Ixuwkhu/ dvvxph wkdw zh fdq frpsxwh h{dfwo| wkh ghshqghqfh ri [|n� rq [�/ 111 / [|1 Wklv fdq eh

hdvlo| dffrpprgdwhg e| wkh SD1 Vxssrvh iru vrph n �& $ 31 Lq wkh olplw +:, uhgxfhv wr

[|n� @ i+[�> ===>[|>] @ �&, zlwk sure1 4= +47,

Krzhyhu/ lq sudfwlfh wkhuh zloo dozd|v eh dq dssur{lpdwlrq huuru/ wkdw lv/ wkh suhglfwruv zloo qrw

uhsurgxfh +47, h{dfwo|1 Wkh dssur{lpdwlrq huuru lv vwloo jlyhq e| +;,1 Vlqfh zh nqrz qrwklqj derxw

wkh huuru/ zh vlpso| dvvxph wkdw lw kdv suredelolw| jlyhq e| +<,/ zkhuh �& lv wkh vwdqgdug ghyldwlrq

ri wkh huuru1 Lq fdvh wkh suredelolvwlf lqwhusuhwdwlrq lv qrw ydolg ru ghvludeoh wkh txdqwlwlhv s&| fdq eh

frqvlghuhg dv _jrrgqhvv ri �w% vfruhv/ wkdw ehkdyh olnh suredelolwlhv +srvlwlyh/ dgg xs wr rqh hwf1,1

2�D �L_��U@|�L? uLh tL�hUi t��|U��?}

Wkh ghulydwlrq ri wkh SD zdv edvhg rq wkh dvvxpswlrq wkdw wkh wlph vhulhv lv surgxfhg e| d vlqjoh

vrxufh1 Lq pdq| lqwhuhvwlqj fdvhv wklv dvvxpswlrq lv ylrodwhg1 Iru lqvwdqfh/ frqvlghu d vshhfk wlph

;



vhulhv wkdw frqvlvwv ri vhyhudo glvwlqfw skrqhphv1 Hdfk skrqhph lv surgxfhg e| d gl�huhqw vrxufh1 Zh

uhihu wr wklv skhqrphqrq dv vrxufh vzlwfklqj1 Khuh zh sursrvh dq dg krf vroxwlrq wkdw zrunv zhoo lq

sudfwlfh1

Vxssrvh wkdw wkh wlph vhulhv lv surgxfhg iurp d �{hg vrxufh/ vd| V+��,/ dqg dw wlph wr wkhuh lv d

vrxufh vzlwfk wr V+�2,1 Wkh ghvluhg ehkdylru forvh wr wkh vrxufh 0 vzlwfklqj wlph srlqw lv wkh iroorzlqj1

Iru d zkloh s�| lv forvh wr rqh dqg wkh rwkhu s&| *v forvh wr }hur1 Dv zh sdvv wkh vzlwfk wlph wr/ s
�
| vwduwv

ghfuhdvlqj dqg s2| vwduwv lqfuhdvlqj/ xqwlo �qdoo| zh kdyh s
2
| yhu| forvh wr rqh dqg wkh rwkhu s&| *v forvh wr

}hur/ vrphwklqj olnh Ilj15 +wklv lv d sorw ri wkh srvwhulru suredelolw| hyroxwlrq frpsxwhg lq dq dfwxdo

fodvvl�fdwlrq h{shulphqw ghvfulehg lq Vhfwlrq 615 ,1

Wkh sureohp zlwk rewdlqlqj wklv ehkdylru lv wkdw/ ehiruh wlph wr/ s
�
| lv yhu| forvh wr 4 dqg s&| /

n @ 5> 6> ==>N yhu| forvh wr 31 Diwhu wr/ s
2
| vwduwv lqfuhdvlqj> wkhruhwlfdoo|/ li wkh suredelolwlhv xsgdwh

iru d orqj hqrxjk wlph/ s2| zloo ehfrph 41 Exw/ vlqfh ehiruh wr s
2
| lv yhu| forvh wr 3/ diwhu wr lw vwduwv

iurp d yhu| xqidyrudeoh lqlwldo frqglwlrq1 Wkhuhiruh lw lv prvw olnho| wkdw d qhz vrxufh vzlwfk zloo wdnh

sodfh ehiruh s2| ehfrphv vx�flhqwo| odujh1 Lq vxfk d fdvh/ fodvvl�fdwlrq wr V+�2, idlov1 Lq wkh h{wuhph

fdvh/ ehfdxvh ri qxphulfdo frpsxwhu xqghu�rz s2| lv vhw wr }hur ehiruh wr> uhihuulqj wr +8, zh revhuyh

wkdw s2| zloo uhpdlq 3 iru doo vxevhtxhqw wlph vwhsv1 Wr uhvroyh wklv sureohp/ zkhqhyhu s&| idoov ehorz

d vshfl�hg wkuhvkrog k/ lw lv uhvhw wr k1 Wkhq wkh xvxdo qrupdol}dwlrq ri wkh s&| *v lv shuiruphg> wklv

hqvxuhv wkdw wkh wkuhvkroghg s&| *v uhpdlq dssur{lpdwho| zlwklq wkh ^k/4` udqjh dqg dgg wr 41 Lq hvvhqfh/

wklv wkuhvkroglqj lv htxlydohqw wr lqwurgxflqj d irujhwwlqj idfwru1 D uljrurxv surri lv rplwwhg/ iru odfn

ri vsdfh1 Krzhyhu/ dq lqirupdo dujxphqw jrhv dv iroorzv1 Vxssrvh wkdw vhyhudo vdpsohv ri wkh wlph

vhulhv duh revhuyhg/ zklfk kdyh qrw ehhq surgxfhg iurp vrxufh V+�&,1 Iru hdfk vxfk vdpsoh/ suhglfwru

n surgxfhv d odujh huuru dqg/ iurp +45,/ s&| lv pxowlsolhg e| d qxpehu forvh wr }hur1 Li wklv surfhvv

frqwlqxhg iru vhyhudo wlph vwhsv/ s&| zrxog ehfrph }hur vrrq/ dv h{sodlqhg deryh1 Li zh qhyhu ohw s&|

jr ehorz k/ zh hvvhqwldoo| vwrs shqdol}lqj suhglfwru n iru ixuwkhu edg suhglfwlrqv> wkhvh duh/ lq h�hfw/

_irujrwwhq%1 Li k lv vpdoo/ wkhq s&| zloo dovr eh vpdoo dqg zloo qrw hvvhqwldoo| dowhu wkh fodvvl�fdwlrq

uhvxowv1 Rq wkh rwkhu kdqg/ zkhq V+�&, ehfrphv dfwlyh/ s
&
| fdq uhfryhu txlfno|1 Lq wkh h{shulphqwv zh

suhvhqw lq Vhfwlrq 6/ zh dozd|v fkrvh k@3134> wklv fkrlfh lv duelwudu| exw frqvlvwhqw dqg jlyhv jrrg

uhvxowv1

� �*@tt��U@|�L? , Tih�4i?|t

Lq wklv vhfwlrq zh dsso| wkh SD wr �yh wlph vhulhv fodvvl�fdwlrq wdvnv1 Wkh �uvw wkuhh wdvnv xvh frpsxwhu

v|qwkhvl}hg gdwd= vlqxvrlg/ orjlvwlf dqg vhtxhqwldo orjlf jdwhv wlph vhulhv1 Wkh �qdo wzr wdvnv xvh uhdo

zruog gdwd= vshhfk dqg hq}|ph lqklelwlrq wlph vhulhv1 Zh dovr h{shulphqw zlwk ydulrxv vrxufh vhdufk

vhwv dqg qrlvh ohyhov1 Vrph ri wkh fodvvl�fdwlrq sureohpv frqvlghuhg khuh/ fdq eh vroyhg h�flhqwo| xvlqj

dowhuqdwlyh dojrulwkpv> lq wkh vhtxho zh suhvhqw vrph ri wkhp dqg frpsduh wkhlu shuirupdqfh zlwk wkdw

ri wkh SD1 Krzhyhu/ lw wxuqv rxw wkdw wkh SD shuirupv dw ohdvw frpsdudeo| dqg xvxdoo| ehwwhu wkdq

dq| ri wkh dowhuqdwlyhv1

<



��� �*@tt��U@|�L? @*}Lh�|�4t

Rxu wdvn lv wr exlog d fodvvl�hu qhwzrun vxfk wkdw/ zkhq lwv lqsxw [| lv jhqhudwhg e| vrxufh V+�&,/ wkh

rxwsxw lv \| @ n +wkdw lv/ a]| @ �&,1 Khuh zh suhvhqw vhyhudo phwkrgv zh xvhg lq rughu wr exlog vxfk d

qhwzrun dqg h{sodlq krz zh fkrvh wkh qhwzrun +dojrulwkp, sdudphwhuv1

Sduwlwlrq Dojrulwkp= Lw lv fkdudfwhul}hg e| wkh iroorzlqj1

41 Wkh w|sh +vljprlg/ olqhdu hwf1, dv zhoo dv wkh rughu P ri wkh suhglfwru prgxohv1 Zh kdyh

h{shulphqwhg zlwk erwk olqhdu dqg vljprlg ihhgiruzdug suhglfwruv> wkh rughu zdv fkrvhq lq

vxfk d zd| wkdw d vdwlvidfwru| suhglfwlrq huuru zdv rewdlqhg gxulqj wkh wudlqlqj skdvh/ zkloh

ryhu�wwlqj zdv dyrlghg1 Dv lw zloo eh vhhq/ suhglfwru w|sh dqg rughu duh qrw fuxfldo iru wkh

shuirupdqfh ri wkh dojrulwkp1

51 Wkh sulruv s&f/ n @ 4> ===>N1 Lq doo h{shulphqwv suhvhqwhg khuh/ zh wrrn s&f @ 4@N/ n @

4> ===>N/ zklfk h{suhvvhv wkh odfn ri sulru lqirupdwlrq1

61 Wkh suhglfwru yduldqfh �&/ n@4/5/111/N1 Lw zdv dozd|v frpsxwhg lq d vwdqgdug zd|= zh wrrn

lw htxdo wr wkh UPV huuru ri suhglfwru n/ zklfk zdv frpsxwhg lq wkh wudlqlqj skdvh1

71 Wkh suredelolw| wkuhvkrog k1 Lq doo h{shulphqwv uhsruwhg khuh/ k zdv vhw wr 31341 Wklv fkrlfh

zdv duelwudu| exw frqvlvwhqw lq doo h{shulphqwv1

81 Ilqdoo| wkh srzhu q lq wkh huuru suredelolw| glvwulexwlrq +ht1 +45,, zdv dozd|v wdnhq htxdo

wr 5> wklv fruuhvsrqgv wr wkh fdvh ri Jdxvvldq huuru dqg dsshduhg d qdwxudo fkrlfh1

Rqh fdq xvh d vljprlg/ ihhgiruzdug/ rqh0klgghq0od|hu qhwzrun1 Zh kdyh P .4 lqsxwv +zklfk dw

w duh wkh odvw P . 4 ydoxhv [|/ [|3�/ 111 / [|3� , dqg Q klgghq qhxurqv/ zlwk dfwlydwlrq [�
? 1

Wkh lqsxw2rxwsxw ehkdylru ri wkh fodvvl�hu lv jlyhq e|

[�
? @ vljp+z?f �[| . z?� �[|3� . ===. z?� �[|3� . x?,= q @ 4> 5> ==>Q

\| @ vljp+y� �[�
� . ===. y� �[�

� . x, x> x?=wkuhvkrogv>

wkh ghvluhg rxwsxw lv \| @ n zkhq wkh lqsxw [| lv jhqhudwhg e| vrxufh V+�&,1 Lq sudfwlfh/ zkhq

wkh rxwsxw lv lq d udqjh/ vd| ^n� 318/ n. 318`/ zh fodvvli| wr vrxufh V+�&,1 Wklv phwkrg kdv

ehhq xvhg iru sdwwhuq fodvvl�fdwlrq> vhh ^6`/ ss14630468 dqg hvshfldoo| ss14::04:;1 Wkh qhwzrun

lv ohdvw0vtxduhv0wudlqhg e| wkh vwdqgdug edfn sursdjdwlrq dojrulwkp1 Wkh sdudphwhuv duh P dqg

Q dqg lq hdfk h{shulphqw zh wulhg vhyhudo frpelqdwlrqv wr �qg wkhlu ehvw ydoxhv1

Fodvvl�fdwlrq e| wkh Idvw Irxulhu Wudqvirup +IIW, frh�flhqwv lv d vwdqgdug phwkrg ^;`1 Iru hdfk

vrxufh/ wkh wudlqlqj skdvh frqvlvwv ri wkh iroorzlqj surfhgxuh1 Zh fkrrvh d zlqgrz zlgwk Q dqg

d zlqgrz ryhuods O1 Dw wlphv w@ Q / 5 �Q�O/ 6 �Q�5�O/111 zh wdnh dq IIW ri [|3�n�> ===> [|> zh

dyhudjh wkhvh frh�flhqwv dw wkh hqg ri wkh wudlqlqj skdvh wr jhw wkh vrxufh whpsodwh1 +Dfwxdoo|

zh xvh wkh prgxol ri wkh frpsoh{0ydoxhg IIW frh�flhqwv1,1 Lq wkh fodvvl�fdwlrq skdvh/ zh uhshdw

wkh surfhgxuh wr frpsxwh wkh IIW frh�flhqwv ri wkh +xqnqrzq vrxufh, wlph vhulhv[|n�> ===>[|n�

dqg frpsduh lw wr wkh whpsodwh ri hdfk vrxufh> [| lv fodvvl�hg wr wkh vrxufh whpsodwh zlwk ohdvw

43



Hxfolghdq glvwdqfh wr wkh IIW frh�flhqwv1 Wkh dssursuldwh fkrlfh ri sdudphwhuv Q dqg O fdq

eh fuxfldo wr wkh shuirupdqfh ri wklv phwkrg1

Fodvvl�fdwlrq e| wkh Olqhdu Suhglfwlyh Frglqj +OSF, frh�flhqwv lv dovr d vwdqgdug phwkrg/

srsxodu iru vshhfk uhfrjqlwlrq wdvnv ^4:`1 Iru hdfk vrxufh/ wkh wudlqlqj skdvh frqvlvwv ri wkh

iroorzlqj surfhgxuh1 Zh fkrrvh d zlqgrz zlgwk Q / d zlqgrz ryhuods O dqg d suhglfwru rughu

P 1 Dw wlphv w@ Q / 5 �Q � O/ 6 �Q � 5 � O/111 zh ohdvw0vtxduhv0�w d olqhdu P0wk rughu suhglfwru

ri [|3�n�> ===>[|> zh dyhudjh wkh suhglfwru frh�flhqwv dw wkh hqg ri wkh wudlqlqj skdvh wr jhw

wkh vrxufh whpsodwh1 Lq wkh fodvvl�fdwlrq skdvh/ zh uhshdw wkh surfhgxuh wr frpsxwh wkh OSF

frh�flhqwv ri wkh +xqnqrzq vrxufh, wlph vhulhv [|n�> ===>[|n� dqg frpsduh lw wr wkh whpsodwh

ri hdfk vrxufh> [| lv fodvvl�hg wr wkh vrxufh whpsodwh zlwk ohdvw Hxfolghdq glvwdqfh wr wkh OSF

frh�flhqwv1 Wkh dssursuldwh fkrlfh ri sdudphwhuv Q / O dqgP fdq eh fuxfldo wr wkh shuirupdqfh

ri wklv phwkrg1

��2 5�?�tL�_ A�4i 5ih�it

Wklv wdvn frqvlvwv ri fodvvli|lqj d qxpehu ri vlqxvrlg wlph vhulhv ri wkh irup

[| @ vlq

#
5�w

W�

$
w @ 4> 5> === m @ 4> 5> ===> 9

zkhuh wkh shulrg ri wkh vlqxvrlg lv W� dqg sod|v wkh uroh ri vrxufh sdudphwhu �� glvfxvvhg lq Vhfwlrq

51 Iru wudlqlqj zh xvhg �yh vlqxvrlg vrxufhv/ zlwk shulrgv W�@9/ W2@;/ W�@43/ We@45/ WD@471 +D

vl{wk vlqxvrlg vrxufh zdv xvhg lq rqh ri wkh iroorzlqj h{shulphqwv/ zlwk WS@491, Zh suhvhqw irxu

fodvvl�fdwlrq phwkrgv1

41 Lq wkh fdvh ri wkh SD/ zh xvhg qrlvh0iuhh gdwd wr wudlq erwk d olqhdu dqg d vljprlg suhglfwru

iru hdfk vrxufh1 Wkh iruphu zdv xvhg iru SD fodvvl�fdwlrq zlwk olqhdu suhglfwru prgxohv dqg

wkh odwwhu iru SD fodvvl�fdwlrq zlwk vljprlg suhglfwru prgxohv1 Lq wkh wudlqlqj skdvh zh glg qrw

dvvxph dq| sulru nqrzohgjh ri wkh qdwxuh ri wkh wlph vhulhv> rxu rqo| remhfwlyh zdv plqlpl}dwlrq

ri UPV huuru dqg dyrlgdqfh ri ryhu�wwlqj1 Lq wkh fdvh ri olqhdu suhglfwruv wkhvh remhfwlyhv zhuh

dfklhyhg zlwkP@51 � Suhglfwruv ri wkh �yh vrxufhv kdg voljkwo| gl�huhqw UPV suhglfwlrq huuruv/

exw doo zhuh lq wkh udqjh 3134 wr 31351 Wkh UPV huuru ri suhglfwru n zdv xvhg dv dq hvwlpdwh ri

�&/ n@4/5/ 111/ N1 Iru wkh vljprlg suhglfwruv/ zh xvhg 50804 ihhgiruzdug qhwzrunv dqg wudlqhg

wkhp zlwk edfn sursdjdwlrq xqwlo wkh UPV suhglfwlrq huuru zdv lq wkh udqjh 3134 wr 3136> �&

zdv wdnhq htxdo wr wkh UPV huuru1 Wkh fkrlfh ri d 50804 qhwzrun zdv duelwudu| dqg vdwlv�hg wkh

fulwhuld ri orz suhglfwlrq huuru dqg qr ryhu�wwlqj1 Wkh uhvw ri wkh SD sdudphwhuv zhuh vhw dv

h{sodlqhg lq Vhfwlrq 6141

51 Lq wkh fdvh ri wkh qrqsduwlwlrqhg II vljprlg fodvvl�hu/ zh h{shulphqwhg zlwk ydulrxv ydoxhv ri

P dqg Q > wkh ehvw uhvxowv zhuh rewdlqhg iru P@43/ Q@431

���L�Ui Lu � _�_ ?L| hi^��hi Th�Lh !?L�*i_}i( �i t|@h|i_ ��|� @hM�|h@h) � @?_ �ti_ @ 4@|h� �?�iht�L? hL�|�?i uLh

*i@t| t^�@hit |h@�?�?}� A��t hL�|�?i }@�i @ R4@|h� �**�UL?_�|�L?i_� _�@}?Lt|�U ��i?i�ih � : 2c ���U� hi�iU|t |�i u@U|

|�@| @ t�?�tL�_ |�4i tih�it �t |�i L�|T�| Lu @ tiUL?_ Lh_ih �+ ThLUitt�
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61 Lq wkh fdvh ri wkh IIW fodvvl�hu/ diwhu h{shulphqwdwlrq/ zh fkrvh Q@65/ O@491

71 Lq wkh fdvh ri wkh OSF fodvvl�hu/ diwhu h{shulphqwdwlrq/ zh fkrvh Q@43/ O@8/ P@51

Lq wkh whvw skdvh zh shuiruphg wzr jurxsv ri h{shulphqwv1 Lq doo fdvhv zh xvhg d 4;33 vwhsv wlph

vhulhv/ zkhuh vrxufh vzlwfklqj wrrn sodfh dw wkh <840vw vwhs1 Lq hdfk h{shulphqw jurxs zh h{shul0

phqwhg erwk zlwk d wzr0phpehu vrxufh vhw dqg d �yh0phpehu vrxufh vhw1 Iru hdfk ri wkhvh zh xvhg

SD fodvvl�fdwlrq zlwk olqhdu suhglfwruv/ SD fodvvl�fdwlrq zlwk vljprlg suhglfwruv/ qrqsduwlwlrqhg II

vljprlg fodvvl�fdwlrq dqg OSF dqg IIW fodvvl�fdwlrq1 Zh dovr h{shulphqwhg zlwk qrlv| yhuvlrqv ri

wkh wlph vhulhv/ dgglqj wr hdfk ruljlqdo wlph vhulhv xqlirupo| glvwulexwhg zklwh qrlvh1 Wkh qrlvh ohyho

zdv h{suhvvhg dv wkh udwlr ri qrlvh yduldqfh wr vljqdo yduldqfh1 Khqfh Q@V@313 phdqv d qrlvh0iuhh wlph

vhulhv/ Q@V@314 phdqv wkdw wkh qrlvh yduldqfh lv rqh whqwk ri wkh vljqdo yduldqfh dqg vr rq1 Ilqdoo|/

fodvvl�fdwlrq shuirupdqfh zdv phdvxuhg e| wkh vxffhvv udwh/ zklfk lv wkh udwlr ri wkh fruuhfwo| fodvvl�hg

vdpsohv [| ryhu wkh wrwdo qxpehu ri vdpsohv1 Iru h{dpsoh/ d 31< vxfhvv udwh phdqv wkdw 31<�4;33@4953
vdpsohv rxw ri 4;33 zhuh fodvvl�hg wr wkh vrxufh wkdw dfwxdoo| surgxfhg wkhp1 Reylrxvo|/ fodvvl�fdwlrq

zlwk d �yh0phpehu vrxufh vhw lv kdughu wkdq zlwk d wzr0phpehuv vrxufh vhw/ vlqfh wkhuh duh pruh

srvvlelolwlhv iru plvfodvvl�fdwlrq1

41 Vxffhvv udwhv iru wkh �uvw h{shulphqw jurxs duh suhvhqwhg lq Wdeoh 41 [�/ 111/ [bDf zdv d vlqxvrlg

ri shulrg 43 dqg [bD�/ 111 /[�Hff zdv d vlqxvrlg ri shulrg 91 Zh xvhg wzr vrxufh vhwv= �� @

iV+9,> V+43,j dqg �2 @ iV+9,> V+;,> V+43,> V+45,> V+47,j1 Vrph w|slfdo fodvvl�fdwlrq uhvxowv duh

looxvwudwhg lq Iljv1 5 +Q@V@313, dqg 6 +Q@V@318,1

51 Vxffhvv udwhv iru wkh vhfrqg h{shulphqw jurxs duh suhvhqwhg lq Wdeoh 51 [�/111/[bDf zdv d

vlqxvrlg ri shulrg 43 dqg [bD�/111/[�Hff zdv d vlqxvrlg ri shulrg 491 Zh xvhg wzr vrxufh vhwv=

�� @ iV+43,> V+47,j dqg �2 @ iV+9,> V+;,> V+43,> V+45,> V+47,j1 Lq wklv fdvh/ wkh vrxufh wkdw

surgxfhg [bD�/111/[�Hff lv dfwxdoo| rxwvlgh wkh vrxufh vhw> zh frqvlghuhg fodvvl�fdwlrq fruuhfw li

[bD�/111/[�Hff zhuh fodvvl�hg wr wkh _forvhvw% vrxufh lq wkh vrxufh vhw/ qdpho| wr V+47,1

Lw fdq eh vhhq wkdw SD kdv d kljk +forvh wr 4, vxffhvv udwh1 Wklv lv wuxh erwk zkhq olqhdu dqg vljprlg

suhglfwruv duh xvhg/ h{fhsw wkdw/ iru wkh vljprlg suhglfwruv/ fodvvl�fdwlrq shuirupdqfh ghwhulrudwhv lq

wkh fdvh ri yhu| kljk qrlvh +Q@V@318,1 Wkh ihhgiruzdug qrqsduwlwlrqhg fodvvl�hu shuirupv frpsohwho|

lqdghtxdwho|1 OSF fodvvl�fdwlrq shuirupv zhoo/ exw jhqhudoo| qrw dv zhoo dv SD zlwk olqhdu suhglfwruv1

Wkh rqo| phwkrg wkdw rxwshuirupv SD lv IIW fodvvl�fdwlrq1 Wklv zdv h{shfwhg iru wkh vlqxvrlg wlph

vhulhv/ vlqfh lw lv frpsohwho| fkdudfwhul}hg e| lwv iuhtxhqf|/ h{dfwo| zkdw IIW phdvxuhv1

Suhglfwru w|sh/ suhglfwlrq huuru dqg qrlvh ohyho +zlwklq fhuwdlq erxqgv, gr qrw kdyh d fuxfldo h�hfw

rq wkh SD shuirupdqfh1 Lw dsshduv wkdw zkdw lv lpsruwdqw lv qrw devroxwh exw uhodwlyh suhglfwlyh shu0

irupdqfh ri wkh suhglfwruv1 Ilqdoo|/ wudlqlqj wlph ri SD zdv pxfk vkruwhu wkdq wkdw ri qrqsduwlwlrqhg

fodvvl�huv/ dqg h{hfxwlrq wlph ri SD zdv pxfk vkruwhu wkdq wkdw ri erwk OSF dqg IIW fodvvl�fdwlrq1
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Wkh qh{w sureohp lv wr glvwlqjxlvk ehwzhhq orjlvwlf wlph vhulhv dqg zklwh qrlvh1 Wkh orjlvwlf wlph vhulhv

lv jlyhq e| wkh iroorzlqj htxdwlrq

[| @ �� �[|3� � +4�[|3�, w @ 4> 5> === m @ 4> 5> ===> 8=

Wklv lv d qrqolqhdu htxdwlrq zklfk/ iru ydoxhv ri � juhdwhu wkdq 619/ lv fkdrwlf> vwdwlvwlfdoo| lw orrnv

yhu| vlplodu wr zklwh qrlvh1 Khuh �� lv wkh vrxufh sdudphwhu �� glvfxvvhg lq Vhfwlrq 51 Zh xvhg �yh

gl�huhqw ydoxhv ri � +��@61</ �2@61;/ ��@619/ �e@616/ �D@614, wr surgxfh fruuhvsrqglqj orjlvwlf wlph

vhulhv1 Khqfh zh kdg vrxufhv V+6=4,/ V+6=6, V+6=9,/ V+6=;, dqg V+6=<,1 Zh dovr xvhg d vl{wk vrxufh/ Vf/

zklfk surgxfhg d zklwh qrlvh wlph vhulhv/ zlwk [| +w@4/5/111, xqlirupo| glvwulexwhg lq ^3/4`1 Wudlqlqj

zdv vlplodu wr wkh vlqxvrlg wlph vhulhv fdvh1 Wkh SD sdudphwhuv zhuh ghwhuplqhg lq wkh vdph zd| dv

lq wkh fdvh ri vlqxvrlg h{shulphqwv1

41 Lq wkh fdvh ri wkh SD/ zh xvhg qrlvh0iuhh gdwd wr wudlq erwk d olqhdu dqg d vljprlg suhglfwru

iru hdfk vrxufh1 Wkh iruphu zdv xvhg iru SD fodvvl�fdwlrq zlwk olqhdu suhglfwru prgxohv dqg

wkh odwwhu iru SD fodvvl�fdwlrq zlwk vljprlg suhglfwru prgxohv1 Lq wkh wudlqlqj skdvh zh glg qrw

dvvxph dq| sulru nqrzohgjh ri wkh qdwxuh ri wkh wlph vhulhv> rxu rqo| remhfwlyh zdv plqlpl}dwlrq

ri UPV huuru dqg dyrlgdqfh ri ryhu�wwlqj1 Lq wkh fdvh ri olqhdu suhglfwruv zh wrrn P@581

Suhglfwruv ri wkh vl{ vrxufhv kdg UPV suhglfwlrq huuruv 315</ 3158/ 3154/ 3139/ 3135/ 3135 +iru Vf/

V+6=<,/ V+6=;,/ V+6=9,/ V+6=6, dqg V+6=4, uhvshfwlyho|,> �& zdv wdnhq htxdo wr wkh UPV huuru ri

suhglfwru n/ n@4/5/ 111 / N1 Iru wkh vljprlg suhglfwruv/ zh xvhg 504304 ihhgiruzdug qhwzrunv dqg

wudlqhg wkhp zlwk edfn sursdjdwlrq xqwlo wkh UPV suhglfwlrq huuru zdv 315;/ 3149/ 3145/ 313:/

3139/ 3136 +iru Vf/ V+6=<,/ V+6=;,/ V+6=9,/ V+6=6, dqg V+6=4, uhvshfwlyho|,> �& zdv wdnhq htxdo wr

wkh UPV huuru1 Wkh uhvw ri wkh SD sdudphwhuv zhuh vhw/ dv h{sodlqhg lq Vhfwlrq 6141

51 Lq wkh fdvh ri wkh qrqsduwlwlrqhg II vljprlg fodvvl�hu/ zh h{shulphqwhg zlwk ydulrxv ydoxhv ri

P dqg Q > wkh ehvw uhvxowv zhuh rewdlqhg iru P@43/ Q@431

61 Lq wkh fdvh ri wkh IIW fodvvl�hu/ diwhu h{shulphqwdwlrq/ zh fkrvh Q@65/ O@491

71 Lq wkh fdvh ri wkh OSF fodvvl�hu/ diwhu h{shulphqwdwlrq/ zh fkrvh Q@433/ O@83/ P@431

Lq wkh whvw skdvh zh shuiruphg wkuhh jurxsv ri h{shulphqwv1 Lq doo fdvhv zh xvhg d 4<33 vwhsv wlph

vhulhv/ zkhuh vrxufh vzlwfklqj wrrn sodfh dw wkh <840vw vwhs1 Lq hdfk h{shulphqw jurxs zh h{shulphqwhg

zlwk d wzr0phpehu vrxufh vhw dqg d �yh0phpehuv vrxufh vhw1 Iru hdfk ri wkhvh zh xvhg SD fodvvl�fdwlrq

zlwk olqhdu suhglfwruv/ SD fodvvl�fdwlrq zlwk vljprlg suhglfwruv/ qrqsduwlwlrqhg vljprlg fodvvl�fdwlrq

dqg OSF dqg IIW fodvvl�fdwlrq1 Zh dovr h{shulphqwhg zlwk qrlv| yhuvlrqv ri wkh wlph vhulhv/ dgglqj

wr hdfk ruljlqdo wlph vhulhv xqlirupo| glvwulexwhg zklwh qrlvh1 Qrlvh0wr0vljqdo udwlr dqg fodvvl�fdwlrq

shuirupdqfh zhuh phdvxuhg mxvw dv lq wkh fdvh ri vlqxvrlg wlph vhulhv1

41 Vxffhvv udwhv iru wkh �uvw h{shulphqw jurxs duh suhvhqwhg lq Wdeoh 61 [�/111/[bDf zdv d orjlvwlf

zlwk � @ 6=< dqg [bD�/111/ [�bff zdv d zklwh qrlvh wlph vhulhv1 Zh xvhg wzr vrxufh vhwv= �� @
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iV+6=<,> Vfj dqg �2 @ iV+6=4,> V+6=9,> V+6=;,> V+6=<,> Vfj1 Qrwh wkdw wkh orjlvwlf dqg zklwh qrlvh

wlph vhulhv dsshdu txlwh vlplodu/ erwk ylvxdoo| +vhh Ilj17, dqg vwdwlvwlfdoo| +wkh| kdyh wkh vdph

phdq/ yduldqfh hwf1,1 Wklv vlplodulw| ehfdph hyhq vwurqjhu lq wkh qrlv| h{shulphqwv/ zkhuh zh

pl{hg wkh ruljlqdo wlph vhulhv zlwk dgglwlrqdo qrlvh1 W|slfdo fodvvl�fdwlrq uhvxowv duh looxvwudwhg

lq Iljv1 8 dqg 91

51 Vxffhvv udwhv iru wkh vhfrqg h{shulphqw jurxs duh suhvhqwhg lq Wdeoh 71 [�/111/[bDf zdv d orjlvwlf

zlwk �� @ 6=< dqg [bD�/111/[�bff zdv d orjlvwlf zlwk �2 @ 6=;1 Zh xvhg wzr vrxufh vhwv= �� @

iV+6=;,> V+6=<,j dqg �2 @ iV+6=4,> V+6=9,> V+6=;,> V+6=<,> Vfj1 Lq wklv jurxs ri h{shulphqwv wkh

gl�huhqfh lq � ehwzhhq wkh wzr orjlvwlfv zdv vpdoo/ zklfk pdgh glvfulplqdwlrq udwkhu kdug1

61 Vxffhvv udwhv iru wkh �qdo h{shulphqw jurxs duh suhvhqwhg lq Wdeoh 81 [�/ 111/ [bDf zdv d orjlvwlf

zlwk �� @ 6=< dqg [bD�/ 111/ [�bff zdv zklwh qrlvh1 Zh xvhg wzr vrxufh vhwv= �� @ iV+6=;,> Vfj
dqg �2 @ iV+6=4,> V+6=6,/ V+6=9,> V+6=;,> Vfj1 Lq wklv fdvh wkh vrxufh wkdw surgxfhg [�/111/[bDf

zdv dfwxdoo| rxwvlgh wkh vrxufh vhw> zh frqvlghuhg fodvvl�fdwlrq fruuhfw li [�/ 111/ [bDf zhuh

fodvvl�hg wr wkh _forvhvw% vrxufh lq wkh vrxufh vhw/ qdpho| wkh rqh zlwk �2 @ 6=;1

Wkh orjlvwlf h{shulphqwv vwuhqjwkhq wkh frqfoxvlrqv gudzq iurp wkh vlqxvrlg h{shulphqwv1 Lq wklv

fdvh SD rxwshuirupv doo wkh dowhuqdwlyh phwkrgv1 Vljprlg prghov shuirup yhu| zhoo lq orz qrlvh fdvhv/

zkloh olqhdu rqhv shuirup doprvw dv zhoo lq orz qrlvh dqg vkrz juhdw urexvwqhvv lq wkh suhvhqfh ri

qrlvh1

��e 5i^�i?|�@* wL}�U B@|it

Wklv h{shulphqw jurxs lv gl�huhqw iurp wkh suhylrxv wzr lq vhyhudo uhvshfwv1 Iluvw/ zh rqo| xvhg wkh

SD/ kdylqj frqfoxghg iurp wkh suhylrxv wzr h{shulphqwv wkdw lw shuirupv ehwwhu wkdq wkh dowhuqdwlyh

fodvvl�fdwlrq phwkrgv1 Vhfrqg/ wkh wlph vhulhv[|/ w @ 4> 5> === wrrn glvfuhwh +304, udwkhu wkdq frqwlqxrxv

ydoxhv1 Dovr/ zh lqwurgxfhg dq dgglwlrqdo lqsxw wlph vhulhv X|/ w @ 4> 5> ===1 Wkh vrxufh vhw frqvlvwhg ri

irxu vrxufhv/ V+��,/ 111 / V+�e,/ ghvfulehg e| wkh iroorzlqj htxdwlrqv/ uhvshfwlyho|1

[| @ [RU+[|3�> X|,= +48,

[| @QRW +X|,= +49,

[| @ QRU+[|3�> X|,= +4:,

[| @ QDQG+[|3�> X|,= +4;,

[| dqg X| duh orjlfdo yduldeohv1 [RU/ QRW / QRU dqg QDQG duh wkh xvxdo orjlf jdwhv1 [f/ X�/

X2/ 111 duh 3 ru 4 zlwk suredelolw| 318> iX|j"|'� lv d zklwh qrlvh vhtxhqfh1 Ilqdoo| dw hyhu| wlph vwhs

d ghflvlrq zdv pdgh dv wr zklfk vrxufh zdv dfwlyh +zklfk ri htv1 +4804;, jhqhudwhv wkh qh{w [|, iru

lqvwdqfh lq Ilj1: zh kdyh d vhtxhqfh ri V+��, $ V+�2, $ V+��, $ V+�e, vrxufh vzlwfklqjv1

Wkh lqwurgxfwlrq ri dq lqsxw wlph vhulhv suhvhqwv qr sureohpv iru wkh SD1 Iru hdfk ydoxh n @ 4> 5> 6> 7
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zh kdyh rqh vljprlg 50604 ihhgiruzdug suhglfwru1 Wkh lqsxw0rxwsxw uhodwlrqvkls lv jlyhq e|

[�&
6c| @ vljp+y&� �[|3� . y&2 �X| . x&6, p @ 4> 5> 6=

a[&
| @ vljp+z&

� �[�&
�c| . z&

2 �[�&
2c| . z&

� �[�&
�c| . x&,=

Khuh x&/ x&6 duh wkuhvkrogv1 Iru hdfk ydoxh n @ 4> 5> 6> 7 zh wudlqhg wkh uhvshfwlyh suhglfwru zlwk gdwd

iurp d sxuh V+�&, wlph vhulhv1 Wudlqlqj zdv shuiruphg e| edfn sursdjdwlrq1

Jlyhq wkh suhglfwruv ri +4804;,/ dqg wkh ydoxhv [|3�/ X| zh frpsxwhg a[&
| / n @ 4> 5> 6> 71 Iurp

wkhvh dqg [| zh frpsxwhg wkh srvwhulru suredelolwlhv dv xvxdo iru wzr vhtxhqfhv ri vrxufh vzlwfklqjv>

wkh fodvvl�fdwlrq uhvxowv duh suhvhqwhg lq Iljv1 : dqg ;1 Rqfh djdlq/ lq prvw fdvhv wkh uhvxowv duh yhu|

jrrg1 Lq d ihz fdvhv wkh SD zdv d olwwoh vorz lq glvwlqjxlvklqj ehwzhhq wzr orjlf flufxlwv1 Wklv zdv

ehfdxvh/ iru wkh wlph shulrgv dqg lqsxw vhtxhqfhv lq txhvwlrq/ erwk orjlf flufxlwv surgxfhg lghqwlfdo

rxwsxw> krzhyhu/ vrrqhu ru odwhu d vx�flhqwo| gl�huhqwldwlqj lqsxw vhtxhqfh dsshduhg dqg wkh wuxh

flufxlw zdv glvfryhuhg1

��D ��L?i4i �*@tt��U@|�L?

Lq wklv h{shulphqw/ zh xvhg uhdo vshhfk gdwd dqg/ rqfh djdlq/ zh rqo| whvwhg wkh SD> qr frpsdulvrqv

zhuh pdgh wr dowhuqdwlyh fodvvl�fdwlrq phwkrgv1 Ri frxuvh wkhuh lv d qxpehu ri yhu| jrrg vshhfk

uhfrjqlwlrq v|vwhpv zklfk shuirup ehwwhu wkdq rxu dojrulwkp/ rq pxfk kdughu wdvnv1 Khuh zh wulhg

d pxfk vpdoohu +exw vwloo idluo| wrxjk, sureohp/ zlwk qr gdwd suhsurfhvvlqj dqg qr �qh wxqlqj ri wkh

dojrulwkp1

Zh xvhg vshhfk ehfdxvh zh zdqwhg wr whvw wkh SD rq vrph uhdo zruog gdwd1 Zh hpskdvl}h wkdw zh

gr qrw fodlp wr kdyh d frpshwlwlyh vshhfk uhfrjqlwlrq phwkrg1 Krzhyhu/ lw lv srvvleoh wkdw wkh SD fdq

eh lqfrusrudwhg lq d vshhfk uhfrjqlwlrq v|vwhp dqg jlyh txlwh jrrg uhvxowv> exw dw wkh prphqw zh gr

qrw pdnh dq| fodlpv +srvlwlyh ru qhjdwlyh, derxw lw1

Zh xvhg wkh xwwhudqfh _rqh% dv whvw gdwd1 Lw zdv surqrxqfhg rqfh dqg vdpsohg dw 43 NK}1

Lw frqwdlqhg wkuhh skrqhphv= ^rr`/ ^dk` dqg ^q`1 Dw wkh sorw ri Ilj1< wkh wkuhh skrqhphv fdq eh

glvwlqjxlvkhg e| wkh gl�huhqw orrn ri ydulrxv sduwv ri wkh wlph vhulhv1 Wkh wkuhh skrqhphv fruuhvsrqg

wr wkuhh vrxufhv> khqfh zh exlow wkuhh suhglfwru prgxohv1 Wkh| zhuh olqhdu suhglfwruv ri wkh irup

a[&
| @ z&

� �[|3� . ===.z&
� �[|3� n @ 4> 5> 6=

Iru hdfk skrqhph zh xvhg d 583 0 srlqw 0 vhjphqw +derxw 7 shulrgv, wr wudlq d olqhdu shufhswurq dv

suhglfwru1 P zdv wdnhq htxdo wr 4; dqg wkh qhwzrun zdv ohdvw 0 vtxduhv 0 wudlqhg1 Wkhq zh frpelqhg

wkh olqhdu suhglfwruv lq d prgxodu qhwzrun1 Wkh uhvxow ri wkh fodvvl�fdwlrq h{shulphqw lv suhvhqwhg lq

Ilj1<1 Lw fdq eh vhhq wkdw SD fodvvl�hg fruuhfwo| doo wkuhh skrqhphv1

��S ,?3)4i �*@tt��U@|�L?

Wkh �qdo h{shulphqw zh shuiruphg lqyroyhg fodvvl�fdwlrq ri d vhw ri hq}|phv/ fdoohg �0odfwdpdvhv1 Wkh

gdwd dqg sureohp duh ghvfulehg lq ghwdlo lq ^56`> khuh zh jlyh d eulhi ghvfulswlrq1 �0odfwdpdvhv duh d
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fodvv ri hq}|phv wkdw ghwhuplqh wkh uhvlvwdqfh ri pdq| edfwhuld wr �0odfwdp dqwlelrwlfv1 Elrphglfdo

uhvhdufkhuv kdyh h{shqghg frqvlghudeoh h�ruw lq ghyhorslqj phwkrgv iru fodvvli|lqj �0odfwdpdvhv> xq0

iruwxqdwho| fodvvl�fdwlrq e| frqyhqwlrqdo phwkrgv lv gl�fxow dqg xvh ri dplqr0dflg vhtxhqflqj lv wlph

frqvxplqj +vhh ^56`,1

D qhz phwkrg wkdw ryhufrphv vrph ri wkhvh olplwdwlrqv lv suhvhqwhg lq ^56`> lw lv edvhg rq dq

_lqklelwlrq% h{shulphqw zkhuh wkh k|guro|vlv udwh ri d fkhplfdo fdoohg qlwurfh�q lv phdvxuhg/ lq wkh

suhvhqfh ri d �0odfwdpdvh 2 �0odfwdp sdlu1 Wkh �0odfwdpdvh hq}|ph fdxvhv k|guro|vlv ri qlwurfh�q/

dqg wkh �0odfwdp lqklelwv wkh dfwlrq ri wkh hq}|ph dqg vorzv k|guro|vlv grzq1 Khqfhiruwk zh zloo

xvh wkh whupv hq}|ph +lq sodfh ri �0odfwdpdvh, dqg lqklelwru +lq sodfh ri �0odfwdp,1 Wkh qlwurfh�q

frqfhqwudwlrq zdv phdvxuhg rswlfdoo| dqg uhfrughg ryhu d 730plqxwh lqwhuydo1 Lq wklv zd|/ iru hyhu|

hq}|ph2lqklelwru sdlu wkhuh lv d fkdudfwhulvwlf _lqklelwlrq sur�oh%/ vxfk dv wkrvh ri Ilj1431 Wkh lghd

lv wkdw/ iru d jlyhq lqklelwru/ wkh lqklelwlrq sur�oh zloo fkdudfwhul}h wkh hq}|ph1 Wklv zrunv/ dqg wkh

phwkrg kdv d kljk fodvvl�fdwlrq vxffhvv1 Krzhyhu/ wkhuh lv d sureohp= vlqfh wkh hq}|phv dqg lqklelwruv

duh rujdqlf frpsrxqgv/ wkhlu surshuwlhv pd| ghshqg vwurqjo| rq wkh frqglwlrqv xqghu zklfk wkh| zhuh

suhsduhg1 Wklv pd| uhvxow lq gl�huhqw lqklelwlrq sur�ohv iru wzr gl�huhqw suhsdudwlrqv ri wkh vdph

hq}|ph2lqklelwru sdlu1 Krzhyhu/ wkh g|qdplf surshuwlhv ri wkh sur�oh dsshdu wr uhpdlq lqyduldqw1 Iru

h{dpsoh/ lw lv uhsruwhg lq ^56` wkdw hq}|ph fodvvl�fdwlrq uhtxluhg xvh qrw rqo| ri wkh �qdo frqfhqwudwlrq

ri qlwurfh�q/ exw dovr ri wkh vorsh ri wkh lqklelwlrq sur�oh dw ydulrxv wlphv gxulqj wkh 73 plq gxudwlrq ri

wkh h{shulphqw1 Wklv lqirupdwlrq zdv xvhg e| d kxpdq rshudwru zkr frpelqhg ydulrxv fkdudfwhulvwlfv

ri wkh lqklelwlrq sur�oh wr rewdlq wkh �qdo hq}|ph fodvvl�fdwlrq1

Khuh zh dxwrpdwhg wkh hq}|ph fodvvl�fdwlrq surfhvv/ wuhdwlqj wkh lqklelwlrq sur�ohv dv lqsxw wlph

vhulhv wr wkh SD1 Hljkw hq}|phv zhuh fodvvl�hg xvlqj lqklelwlrq sur�ohv iru d jlyhq lqklelwru1 Zh

vhsdudwhg wkh gdwd vhw ri lqklelwlrq sur�ohv wr d whvw vhw dqg d wudlqlqj vhw e1 Iru hdfk hq}|ph zh

wudlqhg d �iwk rughu olqhdu suhglfwru xvlqj wkh fruuhvsrqglqj lqklelwlrq sur�oh +73 plq wlph vhulhv,

iurp wkh wudlqlqj vhw1 Lq wkh whvw skdvh/ zh fkrvh dq lqklelwlrq sur�oh iurp wkh whvw vhw> wkh wdvn

zdv wr fodvvli| lw/ wkdw lv wr ghwhuplqh wkh hq}|ph lw fruuhvsrqgv wr1 Wkh SD fodvvl�hg fruuhfwo| doo

hljkw lqklelwlrq sur�ohv lq wkh whvw vhw> lq Ilj144 dqg 45 zh suhvhqw wkh srvwhulru suredelolw| hyroxwlrq

iru wzr lqklelwlrq sur�ohv1 Dowhuqdwlyh fodvvl�fdwlrq phwkrgv zklfk zh xvhg iru frpsdulvrq sxusrvhv/

vxfk dv qhduhvw qhljkeru dqg OSF fodvvl�fdwlrq/ fodvvl�hg fruuhfwo| rqo| 9 dqg 7 hq}|phv/ uhvshfwlyho|1

Wkh h{shulphqw zdv uhshdwhg iru d gl�huhqw fkrlfh ri lqklelwru dqg SD fodvvl�fdwlrq zdv djdlq 433(

fruuhfw1

Lq frqfoxvlrq/ zh kdyh vxffhvixoo| xvhg wkh SD wr dxwrpdwh wkh hq}|ph fodvvl�fdwlrq surfhgxuh/

dqg rewdlqhg 433( fruuhfw fodvvl�fdwlrq1 Zkloh wkh _kxpdq0rshudwhg% phwkrg dovr dfklhyhv 433(

fruuhfw fodvvl�fdwlrq/ lw lv qrw dxwrpdwhg1

e #�tU�tt�L?

Wkh h{shulphqwv ri wkh suhylrxv vhfwlrq uhyhdo fhuwdlq lpsruwdqw fkdudfwhulvwlfv ri wkh SD1 Iluvw/ lw

fohduo| rxwshuirupv qrqsduwlwlrqhg fodvvl�huv> zh eholhyh wklv lv ehfdxvh wkh vhyhudo suhglfwlrq prgxohv

e ì �@?| |L |�@?! B��� �@T@?�UL*@L� uLh !�?_*) Tih4�||�?} �t |L �ti |�i �?��M�|�L? ThL�*i _@|@�
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ri SD kdyh wr ohduq rqo| vpdoo sduwv ri wkh vrxufh vsdfh1 Wklv lv wkh pdlq prwlydwlrq ehklqg prgxodu

phwkrgv/ vhh dovr ^</ 43`1 Wkh vwuxfwxuh ri wkh sduwlwlrq qhwzrun uhvxowv lq uhgxfhg wudlqlqj wlph dqg

ehwwhu xwlol}dwlrq ri qhxurqv1 Lw lv hdvlhu iru d qhwzrun wr ohduq rqo| rqh wlph vhulhv udwkhu wkdq vhyhudo1

Khqfh ihzhu qhxurqv duh uhtxluhg dqg wkh| duh xvhg pruh h�flhqwo|1 Wkh xvh ri ihzhu qhxurqv dovr

uhgxfhv wkh fkdqfh ri ryhu�wwlqj1 Wkh orfdo qhwzrunv duh frpelqhg e| wkh ghflvlrq frpsrqhqw/ zklfk

uhtxluhv qr wudlqlqj= lw lv ghvljqhg lq vxfk d zd| dv wr h{dfwo| lpsohphqw wkh PDS fulwhulrq1

Orfdo ohduqlqj lv dovr d ihdwxuh ri wkh OSF dqg IIW fodvvl�huv/ zklfk fdq eh frqvlghuhg sduwlwlrqhg

fodvvl�huv1 Krzhyhu/ wkh| odfn dqrwkhu lpsruwdqw ihdwxuh ri wkh SD/ qdpho| wkh uhfxuvlyh frpsxwdwlrq

ri _jrrgqhvv ri �w% vfruhv/ vxfk dv s&| 1 Wklv frpsxwdwlrq lv lpsruwdqw ehfdxvh lw lpsolflwo| wdnhv

lqwr dffrxqw wkh frpsohwh sdvw shuirupdqfh ri hdfk suhglfwru prgxoh1 Vxfk _klvwrulfdo% lqirupdwlrq

fdq eh yhu| lpsruwdqw iru fruuhfw fodvvl�fdwlrq/ dv lw fdq eh vhhq lq/ iru h{dpsoh/ Ilj191 Zh fdq

vhh wkdw dw vhyhudo wlphv/ prvw qrwdeo| ehwzhhq w@4633 dqg w@4833 wkh wuxh s&| ghfuhdvhv/ gxh wr dq

lqfuhdvh lq wkh uhvshfwlyh suhglfwlrq huuru1 Suhvxpdeo|/ wklv kdsshqv ehfdxvh wkh zklwh qrlvh wlph vhulhv

hqwhuv dq rxwolhu skdvh/ zklfk lq idfw uhvhpeohv d orjlvwlf1 Krzhyhu/ wkh ghfuhdvh ri s&| lv whpshuhg

e| wkh jhqhudoo| jrrg shuirupdqfh ri wkh zklwh qrlvh suhglfwru lq suhylrxv wlph shulrgv> khqfh qr

plvfodvvl�fdwlrq rffxuv1 Frqwudvw wklv wr wkh ehkdylru ri erwk wkh IIW dqg OSF fodvvl�hu/ erwk ri

zklfk plvfodvvli| vhyhudo sruwlrqv ri wkh 4633 wr 4833 wlph lqwhuydo1

Rqh frxog glvwlqjxlvk wzr w|shv ri fodvvl�fdwlrq huuruv= _wudqvlhqw% plvfodvvl�fdwlrq dqg _vwhdg|0

vwdwh% plvfodvvl�fdwlrq1 Orrnlqj dw Ilj19 djdlq/ zh vhh wkdw SD/ OSF dqg IIW doo plvfodvvli| iru d

ihz vwhsv durxqg wkh vrxufh vzlwfklqj wlph> wklv lv zkdw zh fdoo _wudqvlhqw% plvfodvvl�fdwlrq1 Krzhyhu/

sdvw wkh vrxufh vzlwfk wlph/ wkh SD vhwwohv lqwr vwhdg| vwdwh/ dqg diwhu wkdw srlqw lw qhyhu plvfodvvl�hv>

wklv lv fohduo| qrw wuxh ri OSF dqg IIW/ zklfk plvfodvvli| vhyhudo sruwlrqv ri wkh vwhdg| vwdwh sduw ri

wkh wlph vhulhv1 Wklv lv wuxh qrw rqo| ri Ilj19 exw ri prvw ri rxu h{shulphqwv= jhqhudoo| SD wdnhv pxfk

ehwwhu dffrxqw ri sdvw fodvvl�fdwlrq/ zklfk uhgxfhv vwhdg| vwdwh plvfodvvl�fdwlrq1

Wklv lv uhodwhg wr dqrwkhu srlqw/ qdpho| wkdw SD zrunv hyhq iru odujh suhglfwlrq huuruv1 Wklv

fdq eh vhhq lq wkh kljk qrlvh h{shulphqwv/ vxfk dv Iljv1 6 dqg 91 Kljk qrlvh uhvxowv lq lqfuhdvhg

suhglfwlrq huuru iru doo suhglfwruv1 Lq idfw/ fodvvl�fdwlrq grhv qrw ghshqg rq zkhwkhu d suhglfwru lv jrrg

lq dq devroxwh vhqvh exw rq zkhwkhu lw shuirupv ehwwhu wkdq rwkhu suhglfwruv1 Wklv uhvxowv iurp wkh

qrupdol}dwlrq ri s&| lq ht1+8,1

Wkh h{shulphqwv suhvhqwhg khuh lqglfdwh wkdw/ h{fhsw iru wkh kljk qrlvh fdvhv/ SD shuirupdqfh

grhv qrw fuxfldoo| ghshqg rq suhglfwru w|sh1 Dv h{sodlqhg lq Vhfwlrq 6/ d vwdqgdug surfhgxuh kdv ehhq

iroorzhg lq ghwhuplqlqj wkh SD sdudphwhuv1 Wkh h{shulphqwv lqglfdwh wkdw wklv surfhgxuh uhvxowv lq

jrrg shuirupdqfh iru d zlgh udqjh ri fodvvl�fdwlrq wdvnv1

D �L?U*�t�L?

Zh kdyh suhvhqwhg wkh Sduwlwlrq Dojrulwkp iru fodvvl�fdwlrq ri wlph vhulhv1 Wkh SD lqyroyhv erwk r�0

olqh dqg rq0olqh ohduqlqj1 R�0olqh ohduqlqj frqvlvwv lq wudlqlqj suhglfwruv wr uhsurgxfh orfdo ehkdylru

ri wkh wlph vhulhv vrxufh vsdfh1 Rq0olqh ohduqlqj frqvlvwv lq dvvljlqlqj fuhglw wr hdfk suhglfwru e|

uhfxuvlyh dssolfdwlrq ri wkh PDS uxoh1 D uhfxuvlyh/ prgxodu/ klhudufklfdo qhxudo qhwzrun lpsohphqwv

wkh dojrulwkp1 Wkh erwwrp ohyho/ l1h1 wkh sduwlwlrq frpsrqhqw lv lpsohphqwhg e| d froohfwlrq ri
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suhglfwlrq prgxohv1 Wkhvh prgxohv fdq rshudwh lq sdudooho1 Wkh wrs ohyho/ l1h1 wkh ghflvlrq frpsrqhqw/

surfhvvhv wkh suhglfwlrq huuruv ri wkh erwwrp ohyho dqg uhfxuvlyho| xsgdwhv wkh srvwhulru suredelolwlhv1

Lq vkruw/ wkh dojrulwkp lv uhfxuvlyh/ prgxodu/ klhudufklfdo dqg sdudoohol}deoh1 Zh kdyh dssolhg wkh

SD wr qxpehu ri glyhuvh wlph vhulhv fodvvl�fdwlrq wdvnv> wkh SD frpsduhv yhu| idyrudeo| zlwk vhyhudo

dowhuqdwlyh phwkrgv ri wlph vhulhv fodvvl�fdwlrq1 Lq vxppdu| wkh SD kdv wkh iroorzlqj dgydqwdjhv1

41 Prgxodulw|1 Lw doorzv hdv|/ slhfhzlvh wudlqlqj ri wkh suhglfwlrq prgxohv1 Qr wudlqlqj lv qhfhvvdu|

iru wkh ghflvlrq prgxoh/ zklfk lpsohphqwv wkh PDS ghflvlrq uxoh h{dfwo|1

51 Sdudooholvp1 Sdudooho lpsohphqwdwlrq ri wkh SD zloo vljql�fdqwo| uhgxfh h{hfxwlrq wlph1

61 Urexvwqhvv wr suhglfwru w|sh/ suhglfwlrq huuru dqg qrlv| gdwd1 Lw dsshduv wkdw SD lv urexvw gxh

wr wkh frpshwlwlyh qdwxuh ri wkh PDS uxoh= fodvvl�fdwlrq grhv qrw ghshqg rq zkhwkhu d suhglfwru

lv jrrg lq dq devroxwh vhqvh exw rq zkhwkhu lw shuirupv ehwwhu wkdq rwkhu suhglfwruv lq wkh vrxufh

vhw1

71 Uhfxuvlyhqhvv1 Wkh uhfxuvlyh rshudwlrq ri wkh SD suhvhqwv xv zlwk d phwkrg ri wdnlqj lqwr

dffrxqw wkh frpsohwh sdvw shuirupdqfh ri hdfk suhglfwru1 Wklv whpsrudo ghshqghqfh pxvw eh

wdnhq lqwr dffrxqw lq d wlph vhulhv/ g|qdplf fodvvl�fdwlrq wdvn1

Dovr/ dowhuqdwlyh dojrulwkpv fdq eh rewdlqhg e| ydu|lqj hlwkhu wkh suhglfwlrq ru ghflvlrq frpsr0

qhqw> lq wklv zd| d fodvv ri sduwlwlrqlqj/ suhglfwlyh/ klhudufklfdo/ uhfxuvlyh dojrulwkpv iru wlph vhulhv

fodvvl�fdwlrq lv rewdlqhg1 H{shulphqwv zlwk gl�huhqw suhglfwru w|shv kdyh ehhq suhvhqwhg lq Vhfwlrq

6> ohw xv qrz wxuq wr wkh fkrlfh ri ghflvlrq uxohv1 Frqvlghu wkh uhshdwhg dssolfdwlrq ri wkh suredelolw|

xsgdwh uxoh +8,> wkh iroorzlqj h{suhvvlrq uhvxowv iru s&|

s&| � h3a
&

| n @ 4> 5> ===>N w @ 4> 5> === +4<,

zkhuh M&|
=
@
S|

�'� m h&� m?1 Reylrxvo| wkh _ehvw% prgho lv wkh rqh wkdw kdv ohdvw fxpxodwlyh huuru M&| 1

Lq idfw/ rqh frxog xvh +4<, gluhfwo|/ udwkhu wkdq xvh wkh srvwhulru suredelolw|1 Wklv phwkrg lv xvhg lq

^49`1 Exw wklv lv mxvw rqh h{wuhph lq wkh udqjh ri uxohv wkdw fdq eh xvhg iru fodvvl�fdwlrq1 Dw wkh rwkhu

h{wuhph zh fdq vhohfw wkh _ehvw% prgho e| orrnlqj rqo| dw wkh odvw huuru= M&|
=
@m h&| m?1 Wklv kdv ehhq

xvhg riwhq/ iru lqvwdqfh lq ^54`1 Lq idfw wklv lv wkh sulqflsoh xvhg lq wkh OSF dqg IIW fodvvl�huv ri

Vhfwlrq 61 Krzhyhu/ d pruh jhqhudo M&| / zklfk vxevxphv wkh wzr suhylrxv fkrlfhv dv vshfldo fdvhv/ lv

M&|
=
@

|[
�'|3�

m h&� m? = n @ 4> 5> ===>N> w @ Q . 4>Q . 5> ==== +53,

E| ydu|lqj Q dqg q lq wkh htxdwlrq deryh zh jhw d zkroh udqjh ri fodvvl�fdwlrq fulwhuld1 Wkuhvkroglqj

fdq dovr eh lqwurgxfhg> lqvwhdg ri d orzhu erxqg wr srvwhulru suredelolwlhv/ k/ zh fdq xvh dq xsshu

erxqg rq wrwdo huuru1 Rwkhu ghflvlrq uxohv wkdw fdq eh xvhg/ lqfoxgh prylqj dyhudjh ri suhglfwlrq huuru

+khuh wkh _wkuhvkrog% sdudphwhu lv wkh glvfrxqw idfwru,/ qxpehu ri wlphv d suhglfwru kdv plqlpxp

huuru dqg vr rq1 Qrwh wkdw fkdqjlqj wkh ghflvlrq uxoh d�hfwv rqo| wkh wrs ohyho ri wkh qhwzrun/ qrw wkh

sduwlwlrqhg erwwrp ohyho1 Zh kdyh h{shulphqwhg zlwk vhyhudo vxfk ghflvlrq uxohv dqg irxqg wkdw wkh
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PDS uxoh kdv d kljkhu vxffhvv udwh wkdq rwkhu ghflvlrq uxohv1 Lq dgglwlrq/ dssolfdwlrq ri wkh PDS uxoh

jhqhudwhv wkh srvwhulru suredelolwlhv/ zklfk fdq eh xvhg iru suhglfwlrq1

Ilqdoo| zh olvw vhyhudo txhvwlrqv uhtxlulqj ixuwkhu uhvhdufk1

41 Wkh SD fdq eh xvhg iru suhglfwlrq lq dw ohdvw wzr zd|v1 Rqh frxog/ iru hyhu| wlph vwhs/ diwhu

fodvvl�fdwlrq lv shuiruphg/ xvh wkh suhglfwlrq ri wkh PDS vrxufh1 Wklv lv d zlqqhu0wdnh0doo

vwudwhj|1 Ru hovh/ rqh fdq xvh wkh suhglfwlrq ri hyhu| prgxoh dqg wkh srvwhulru suredelolwlhv/

zklfk kdyh douhdg| ehhq frpsxwhg/ wr jhw d zhljkwhg dyhudjh suhglfwlrq1

51 Li wkhuh lv d vrxufh vzlwfklqj phfkdqlvp wkh srvwhulru suredelolw| htxdwlrqv pxvw eh prgl�hg1

Wklv kdv ehhq lqyhvwljdwhg iru Pdunry Fkdlq vzlwfklqjv lq ^7`> lw zrxog eh lqwhuhvwlqj wr h{whqg

lw wr Klgghq Pdunry Prghov dqg rwkhu pruh frpsoh{ phfkdqlvpv1

61 Wkh vrxufh vsdfh fdq eh frxqwdeo| ru xqfrxqwdeo| lq�qlwh1 Lq wklv fdvh zh fdq xvh wkh Sduwlwlrq

Dojrulwkp/ lq frpelqdwlrq zlwk d txdqwl}dwlrq vfkhph dqg d vhdufk phwkrg/ wr vxffhvvlyho| uh�qh

rxu vhdufk ri wkh vrxufh vsdfh/ xqwlo zh rewdlq wkh PDS fodvvl�fdwlrq1 Wkhuh kdv ehhq vrph zrun

rq wklv sureohp/ lq d Frqwuro Wkhru| frqwh{w/ exw wkhuh lv vsdfh iru lpsuryhphqw1

71 Jlyhq dq lq�qlwh vrxufh vsdfh/ d �qlwh exw jurzlqj qxpehu ri gdwd/ vd| W / dqg suhglfwruv zlwk

dq lqfuhdvlqj qxpehu ri sdudphwhuv/ vd|P / krz vkrxogP dqg W eh uhodwhg wr jxdudqwhh fruuhfw

fodvvl�fdwlrqB Wklv lv wkh sureohp ri frqvlvwhqf|1 Wr dyrlg ryhu�wwlqj/ zh pxvw �qg d udwh ri

lqfuhdvlqj P / fdoo lw P+W ,/ dv pruh gdwd ehfrph dydlodeoh1

Dfnqrzohgjhphqwv= Wkh dxwkruv wkdqn wkh dqrq|prxv uhihuhhv iru uhdglqj wkh sdshu dqg r�hulqj

pdq| khosixo frpphqwv1

+iuihi?Uit

^4` M1E1 Kdpsvkluh LL dqg E1D1 Shduopxwwhu/ _Htxlydohqfh surriv iru pxowl0od|hu shufhswurq fodvvl�huv

dqg wkh Ed|hvldq glvfulplqdqw ixqfwlrq% / lq Surfhhglqjv ri wkh 4<<3 Frqqhfwlrqlvw Prghov Vxpphu

Vfkrro/ hg1 G1 Wrxuhw}n| hw do1 Prujdq Ndx�pdq/ 4<<31

^5` V1 Kd|nlq dqg G1 Frqj/ _Fodvvl�fdwlrq ri udgdu foxwwhu xvlqj qhxudo qhwzrunv%/ LHHH Wudqv1 rq

Qhxudo Qhwzrunv%/ QQ05 / Qryhpehu 4<<4/ ss1 8;<09331

^6` M1 Khuw}/ D1 Nurjk dqg U1J1 Sdophu/ Lqwurgxfwlrq wr wkh Wkhru| ri Qhxudo Frpsxwdwlrq/ Dgglvrq0

Zhvoh|/ Uhgzrrg Flw|/ 4<<41

^7` F1J1 Kloeruq dqg G1J1 Odlqlrwlv _Rswlpdo hvwlpdwlrq lq wkh suhvhqfh ri xqnqrzq sdudphwhuv%/

LHHH Wudqv1 rq V|vwhpv Vflhqfh dqg F|ehuqhwlfv/ VVF08/ Mdqxdu| 4<9</ ss1 6;0761

^8` F1J1 Kloeruq dqg G1J1 Odlqlrwlv/ _Rswlpdo dgdswlyh �owhu uhdol}dwlrqv iru vwrfkdvwlf surfhvvhv

zlwk dq xqnqrzq sdudphwhu%/ LHHH Wudqv1 rq Dxwrpdwlf Frqwuro/ DF047/ Ghfhpehu 4<9</ ss1

:9:0::31
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^9` U1D1 Mdfrev hw do1/ _Wdvn ghfrpsrvlwlrq wkurxjk frpshwlwlrq lq d prgxodu frqqhfwlrqlvw dufkl0

whfwxuh= wkh zkdw dqg zkhuh ylvlrq wdvnv%/ Frjqlwlyh Vflhqfh/ wr dsshdu1

^:` U1D1 Mdfrev/ P1L1 Mrugdq/ V1M1 Qrzodq dqg J1H1 Klqwrq/ _Dgdswlyh pl{wxuhv ri orfdo h{shuwv%/

Qhxudo Frpsxwdwlrq/ Yro16/ 4<<4/ ss1 :<0;:1

^;` I1 Mholqhn hw do1/ _D Pd{lpxp Olnholkrrg Dssurdfk wr Frqwlqxrxv Vshhfk Uhfrjqlwlrq%/ LHHH

Wudqv1 rq Sdwwhuq Dqdo|vlv/ SDPL08/ ss1 4:<04<31

^<` P1L1 Mrugdq dqg U1D1 Mdfrev/ _Klhudufklfdo Pl{wxuhv ri H{shuwv dqg wkh HP Dojrulwkp%/ Qhxudo

Frpsxwdwlrq/ Yro19/ 4<<7/ ss1 4;405471

^43` P1L1 Mrugdq dqg U1D1 Mdfrev/ Klhudufklhv ri Dgdswlyh H{shuwv/ lq Qhxudo Lqirupdwlrq Surfhvvlqj

V|vwhpv 7/ 4<<5/ M1 Prrg|/ V1 Kdqvrq dqg U1 Olsspdq +hgv1,/ Vdq Pdwhr/ FD/ Prujdq Ndxipdqq1

^44` I1 Ndqd|d dqg V1 Pl|dnh/ _Ed|hv vwdwlvwlfdo ehkdylru dqg ydolg jhqhudol}dwlrq ri sdwwhuq fodvvli|lqj

qhxudo qhwzrunv%/ LHHH Wudqv1 rq Qhxudo Qhwzrunv/ QQ05/ Mxo| 4<<4/ ss1 7:407:81

^45` I1 Ndqd|d dqg V1 Pl|dnh/ _D qhxudo qhwzrun dssurdfk wr d Ed|hvldq vwdwlvwlfdo ghflvlrq sureohp%/

LHHH Wudqv1 rq Qhxudo Qhwv/ QQ05/ Vhswhpehu 4<<4/ ss1 86;08731

^46` G1J1 Odlqlrwlv/ _Rswlpdo dgdswlyh hvwlpdwlrq= vwuxfwxuh dqg sdudphwhu dgdswdwlrq% LHHH Wudqv1

rq Dxwrpdwlf Frqwuro/ DF049/ Dsulo 4<:4/ ss1 49304:31

^47` G1J1 Odlqlrwlv/ V1N Ndwvlndv dqg V1G1 Olnrwkdqdvlv/ _Dgdswlyh ghfrqyroxwlrq ri vhlvplf vljqdov=

shuirupdqfh/ frpsxwdwlrqdo dqdo|vlv/ sdudooholvp% / LHHH Wudqv1 Dfrxvwlfv/ Vshhfk dqg Vljqdo

Surfhvvlqj/ DVVS069/ 4<;;/ ss1 4:4804:671

^48` G1J1 Odlqlrwlv dqg N1Q1 Sodwdqlrwlv/ _Dgdswlyh G|qdplf Qhxudo Qhwzrun Hvwlpdwlrq%/ lq Surf1

ri LMFQQ 4<<7/ 9/ ss1 7:6907:781

^49` H1 Ohylq/ _Klgghq frqwuro qhxudo dufklwhfwxuh prghoolqj ri qrqolqhdu wlph 0 ydu|lqj v|vwhpv dqg

lwv dssolfdwlrqv% / LHHH Wudqv1 rq Qhxudo Qhwzrunv/ QQ07/ Mdqxdu| 4<<6/ ss1 43<04491

^4:` V1H1 Ohylqvrq hw do1/ _Dq Lqwurgxfwlrq wr wkh Dssolfdwlrq ri wkh Wkhru| ri Suredelolvwlf Ixqfwlrqv

ri d Pdunry Fkdlq%/ Wkh Ehoo V|v1 Whfk1 M1/ Dsulo 4<;6/ Yro1 95/ Qr171

^4;` U1P1 Qhdo/ _Ohduqlqj vwrfkdvwlf ihhgiruzdug qhwzrunv% / Whfkqlfdo Uhsruw FUJ0WU0<30:/ Ghsw1

ri Frpsxwhu Vflhqfh/ Xq1 ri Wrurqwr/ Qryhpehu 4<<31

^4<` U1P1 Qhdo/ _Ed|hvldq pl{wxuh prgholqj e| Prqwh Fduor vlpxodwlrq% / Whfkqlfdo Uhsruw FUJ0

WU0<405/ Ghsw1 ri Frpsxwhu Vflhqfh/ Xq1 ri Wrurqwr/ Qryhpehu 4<<31

^53` V1M1 Qrzodq/ _Pd{lpxp olnholkrrg frpshwlwlrq lq UEI qhwzrunv% / Whfkqlfdo Uhsruw FUJ0WU0

<305/ Ghsw1 ri Frpsxwhu Vflhqfh/ Xq1 ri Wrurqwr/ Iheuxdu| 4<<31

^54` V1M1 Qrzodq/ _Frpshwlqj h{shuwv= dq h{shulphqwdo lqyhvwljdwlrq ri dvvrfldwlyh pl{wxuh prghov%/

Whfkqlfdo Uhsruw FUJ0WU0<308/ Ghsw1 ri Frpsxwhu Vflhqfh/ Xq1 ri Wrurqwr/ Vhswhpehu 4<<31
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^55` V1M1 Qrzodq/ _Pd{lpxp olnholkrrg frpshwlwlyh ohduqlqj% / lq Dgydqfhv lq Qhxudo Lqirupdwlrq

Surfhvvlqj V|vwhpv 5/ hg1 G1 Wrxuhw}n|1 Prujdq Ndx�pdq/ 4<<31

^56` J1D1 Sdsdqlfrodrx dqg D1D1 Phghlurv/ _Glvfulplqdwlrq ri H{whqghg0Vshfwuxp �0Odfwdpdvhv e|

d Qryho Qlwurfh�q Frpshwlwlrq Dvvd|%/ Dqwlplfureldo Djhqwv dqg Fkhprwkhuds|/ Yro167/ Qr144/

Qry1 4<<3/ ss1 54;7054<51

^57` Y1 Shwulglv/ _D Phwkrg iru Ehdulqjv0Rqo| Yhorflw| dqg Srvlwlrq Hvwlpdwlrq%/ LHHH Wudqv1 rq

Dxwrpdwlf Frqwuro/ DF059/ Dsulo 4<;4/ ss1 7;;07<61

^58` D1S1Vdjh dqg M1O1Phovd/ Hvwlpdwlrq Wkhru| zlwk Dssolfdwlrq wr Frppxqlfdwlrq dqg Frqwuro/

PfJudz0Kloo/ Qhz \run/ 4<:41

^59` I1O1 Vlpv/ G1J1 Odlqlrwlv dqg G1W1 Pdjloo/ _Uhfxuvlyh dojrulwkp iru wkh fdofxodwlrq ri wkh dgdswlyh

Ndopdq �owhu frh�flhqwv% / LHHH Wudqv1 rq Dxwrpdwlf Frqwuro/ DF047/ Dsulo 4<9</ ss1 548054;1

^5:` G1I1 Vshfkw/ _D jhqhudo uhjuhvvlrq qhxudo qhwzrun%/ LHHH Wudqv1 rq Qhxudo Qhwzrunv/ QQ05/

Qryhpehu 4<<4/ ss1 89;08:91

^5;` D1 Zdleho hw do1 _Skrqhph uhfrjqlwlrq xvlqj wlph0ghod| qhxudo qhwzrunv% / LHHH Wudqv1 rq

Dfrxvwlfv Vshhfk dqg Vljqdo Surfhvvlqj/ DVVS06:/ Pdufk 4<;</ 65;066<1

^5<` D1 Zdleho hw do1/ _Prgxodulw| dqg vfdolqj lq odujh skrqhplf qhxudo qhwzrunv%/ LHHH Wudqv1 rq

Dfrxvwlfv Vshhfk dqg Vljqdo Surfhvvlqj/ DVVS06:/ Ghfhpehu 4<;</ ss1 4;;;04;<;1

^63` H1D1 Zdq/ _Qhxudo qhwzrun fodvvl�fdwlrq= d Ed|hvldq lqwhusuhwdwlrq%/ LHHH Wudqv1 rq Qhxudo

Qhwzrunv/ QQ04/ Ghfhpehu 4<<3/ ss1 63606371

^64` O1K1 ]hwwhuehuj hw do1/ _Frpsxwhu dqdo|vlv ri HHJ vljqdov zlwk sdudphwulf prghov%/ Surf1 ri wkh

LHHH/ yro19</ Dsulo 4<;4/ ss1 78407941

^65` N1 ]kx hw do1/ _Wudlqlqj qhxudo qhwzrunv iru HFJ ihdwxuh Uhfrjqlwlrq% / lq Surfhhglqjv ri wkh

LMFQQ/ hg1 P1 Fdxgloo1 Zdvklqjwrq/ 4<;<1
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WDEOHV

D

Qu1 ri Phwkrg Q2V Q2V Q2V Q2V Q2V Q2V Wudlq1

vrxufhv 313 314 315 316 317 318 Wlph

5 Sduwlwlrq/ Olq1Prghov 31<<< 31<<< 31<<< 31<<; 31<<9 31<<8 5 � 3144

5 Sduwlwlrq/ Vlj1Prghov 41333 31<<< 31<<< 31<<: 31<<3 31<;; 5 � 433

5 IIW frh�v 31<<9 31<<9 31<<9 31<<9 31<<9 31<<9 5 � 4

5 OSF frh�v 31<<: 31<<: 31<<: 31<;7 31;;< 31:4: 5 � 314

5 Vlj1Qrqsduw1 Fodvvl�hu 31569 31895 3178: 31834 31978 318<; 4533

8 Sduwlwlrq/ Olq1Prghov 31<<< 31<<; 31<<: 31<<9 31<<8 31<<6 8 � 314

8 Sduwlwlrq/ Vlj1Prghov 31<<< 31<<; 31<<8 31<<5 31:85 31:95 8 � 433

8 IIW frh�v 31<<9 31<<9 31<<9 31<<9 31<<9 31<<9 8 � 4

8 OSF frh�v 31<<: 31<<: 31<5: 31:45 31944 31876 8 � 314

8 Vlj1Qrqsduw1 Fodvvl�hu 3154; 314<6 31838 31745 31635 314<: 6333

Wdeoh 4= Fodvvl�fdwlrq ri wzr vlqxvrlgv> W�@43/ W2@9

Qu1 ri Phwkrg Q2V Q2V Q2V Q2V Q2V Q2V Wudlq1

vrxufhv 313 314 315 316 317 318 Wlph

5 Sduwlwlrq/ Olq1Prghov 31<<; 31<<: 31<<4 31<;3 31<97 31;;: 5 � 314

5 Sduwlwlrq/ Vlj1Prghov 31<<< 31<<9 31<;7 31<:4 31<4: 31<85 5 � 433

5 IIW frh�v 31<<9 31<<9 31<<9 31<<9 31<<9 31<<9 5 � 4

5 OSF frh�v 41333 31<<: 31:6< 318;: 31859 31849 5 � 314

5 Vlj1Qrqsduw1 Fodvvl�hu 317:; 31776 31845 31938 318;: 317;6 4533

8 Sduwlwlrq/ Olq1Prghov 31<<: 31<<9 31<<3 31<;3 31<87 31:7: 8 � 314

8 Sduwlwlrq/ Vlj1Prghov 31<<< 31<<9 31<;; 31<8; 31;78 31588 8 � 433

8 IIW frh�v 31<<9 31<<9 31<<9 31<<9 31<<9 31<<9 8 � 4

8 OSF frh�v 31<<: 31<99 318;5 3155< 313<8 31375 8 � 314

8 Vlj1Qrqsduw1 Fodvvl�hu 31536 315<7 314;: 31548 31559 314;< 6333

Wdeoh 5= Fodvvl�fdwlrq ri wzr vlqxvrlgv> W�@43/ W2@49

DAh@�?�?} |�4i uLh @** i Tih�4i?|t �t 4i@t�hi_ �? tiUL?_t Lu ��N |�4i uLh @? �TL**L .2f �Lh!t|@|�L?� A�i �}�hit @hi

@TThL �4@|i E�DI��
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Qu1 ri Phwkrg Q2V Q2V Q2V Q2V Q2V Q2V Wudlq1

vrxufhv 313 314 315 316 317 318 Wlph

5 Sduwlwlrq/ Olq1Prghov 31<;< 31<<4 31<;4 31<;: 31<:< 31<;; 5 � 5

5 Sduwlwlrq/ Vlj1Prghov 31<:3 31<:4 31<;3 31<;6 31<88 31:96 5 � 4;3

5 IIW frh�v 31<;: 31<97 31<6< 31;97 31;7: 31;38 5 � 4

5 OSF frh�v 31<:6 31<:6 31<:6 31<79 31<:6 31<79 5 � 4

5 Vlj1Qrqsduw1 Fodvvl�hu 31863 31786 317;6 318;5 31954 318:; 4533

8 Sduwlwlrq/ Olq1Prghov 31<:9 31<:< 31<;; 31<:9 31<:4 31;98 8 � 5

8 Sduwlwlrq/ Vlj1Prghov 31<9< 31<98 31<75 31<78 31:;3 315<9 8 � 4;3

8 IIW frh�v 31<;: 31<95 31;;3 31;;< 31:7: 31:96 8 � 4

8 OSF frh�v 31<:6 31<:6 31<79 31<:6 31;<5 31;44 8 � 4

8 Vlj1Qrqsduw1 Fodvvl�hu 31548 31634 315:8 3164: 3153< 314;9 6333

Wdeoh 6= Fodvvl�fdwlrq ri orjlvwlf dqg qrlvh> ��@61<

Qu1 ri Phwkrg Q2V Q2V Q2V Q2V Q2V Q2V Wudlq1

vrxufhv 313 314 315 316 317 318 Wlph

5 Sduwlwlrq/ Olq1Prghov 31<44 31<5; 31<34 31;43 31<48 31;54 5 � 5

5 Sduwlwlrq/ Vlj1Prghov 31<;; 31<;7 31<84 31:<: 317;: 317;: 5 � 4;3

5 IIW frh�v 31<54 31;;: 31;45 31:87 31:53 31:36 5 � 4

5 OSF frh�v 31:;8 31739 31765 31793 3178< 31739 5 � 4

5 Vlj1Qrqsduw1 Fodvvl�hu 317:; 3184: 31854 31798 3184< 317;6 4533

8 Sduwlwlrq/ Olq1Prghov 31;<; 31;89 31<33 319:8 31:;5 3198: 8 � 5

8 Sduwlwlrq/ Vlj1Prghov 31<;3 31<:; 31863 317<: 316;5 313<; 8 � 4;3

8 IIW frh�v 3176: 31753 3166: 31653 3156; 31544 8 � 4

8 OSF frh�v 31:;8 31766 316:< 317;9 31658 315<; 8 � 4

8 Vlj1Qrqsduw1 Fodvvl�hu 314;< 314:; 31553 31546 31589 31536 6333

Wdeoh 7= Fodvvl�fdwlrq ri wzr orjlvwlfv> ��@61</ �2@61;
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Qu1 ri Phwkrg Q2V Q2V Q2V Q2V Q2V Q2V Wudlq1

vrxufhv 313 314 315 316 317 318 Wlph

5 Sduwlwlrq/ Olq1Prghov 31<:; 31<<3 31<<3 31<;9 31<<4 31;:< 5 � 5

5 Sduwlwlrq/ Vlj1Prghov 31<:; 31<;3 31<<3 31<;9 31<66 319;6 5 � 4;3

5 IIW frh�v 31<:4 31<:4 31<:4 31<45 31;7: 31;38 5 � 4

5 OSF frh�v 31<:6 31<:6 31<:6 31<4< 31;6; 31:35 5 � 4

5 Vlj1Qrqsduw1 Fodvvl�hu 31856 31836 317;9 3183; 31834 317<8 4533

8 Sduwlwlrq/ Olq1Prghov 31<8< 31<9< 31<84 31<;8 31<;8 31<8: 8 � 5

8 Sduwlwlrq/ Vlj1Prghov 31<:9 31<:5 31<;9 31<:; 31;78 314;8 8 � 4;3

8 IIW frh�v 31<:4 31<95 31<87 31<37 31;38 31;78 8 � 4

8 OSF frh�v 31<79 31<:6 31;<5 31:89 31;98 319:8 8 � 4

8 Vlj1Qrqsduw1 Fodvvl�hu 3156; 315<7 314;7 31536 314<6 31534 6333

Wdeoh 8= Fodvvl�fdwlrq ri orjlvwlf dqg qrlvh> ��@61<
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Iljxuh 4= Vnhwfk ri sduwlwlrq qhwzrun dufklwhfwxuh
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Iljxuh 5= Fodvvl�fdwlrq ri wzr vlqxvrlgv1 W�@43/ W2@9/ Q2V@3131 +D, Hyroxwlrq ri srvwhulru

suredelolwlhv=%�% lv suredelolw| ri V+W�,/%0 0% lv suredelolw| ri V+W2,1 +E, Fodvvl�fdwlrq rxwsxw= %�%

lv ghvluhg fodvvl�fdwlrq/ %0 0% lv SD fodvvl�fdwlrq/ %111% lv IIW fodvvl�fdwlrq/ %010% lv OSF fodvvl�fdwlrq1

+IIW dqg OSF fodvvl�fdwlrq rxwsxwv duh qrw fohduo| glvfhuqleoh lq wkh �jxuh ehfdxvh wkh| iroorz lghdo

fodvvl�fdwlrq yhu| forvho|1,
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Iljxuh 6= Fodvvl�fdwlrq ri wzr vlqxvrlgv1 W�@43/ W2@9/ Q2V@3181 +D, Hyroxwlrq ri srvwhulru

suredelolwlhv=%�% lv suredelolw| ri V+W�,/ %0 0% lv suredelolw| ri V+W2,1 +E, Fodvvl�fdwlrq rxwsxw=

%�% lv ghvluhg fodvvl�fdwlrq/ %0 0% lv SD fodvvl�fdwlrq/ %111% lv IIW fodvvl�fdwlrq/ %010% lv OSF fodvvl0

�fdwlrq1 +IIW dqg OSF fodvvl�fdwlrq rxwsxwv duh qrw fohduo| glvfhuqleoh lq wkh �jxuh ehfdxvh wkh|

iroorz lghdo fodvvl�fdwlrq yhu| forvho|1,
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Iljxuh 7= Wlph vhulhv frqvlvw ri orjlvwlf +��@61<, dqg zklwh qrlvh1
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Iljxuh 8= Fodvvl�fdwlrq ri orjlvwlf dqg zklwh qrlvh/ Q2V@3141 +D, Hyroxwlrq ri srvwhulru suredelolwlhv=

%�% lv suredelolw| ri V+��,/ %0 0% lv suredelolw| ri Vf1 +E, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg

fodvvl�fdwlrq/ %0 0% lv SD fodvvl�fdwlrq1 +F, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg fodvvl�fdwlrq/ %0 0% lv

IIW fodvvl�fdwlrq1 +G, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg fodvvl�fdwlrq/ %0 0% lv OSF fodvvl�fdwlrq1
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Iljxuh 9= Fodvvl�fdwlrq ri orjlvwlf dqg zklwh qrlvh/ Q2V@3171 +D, Hyroxwlrq ri srvwhulru suredelolwlhv=

%�% lv suredelolw| ri V+��,/ %0 0% lv suredelolw| ri Vf1 +E, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg

fodvvl�fdwlrq/ %0 0% lv SD fodvvl�fdwlrq1 +F, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg fodvvl�fdwlrq/ %0 0% lv

IIW fodvvl�fdwlrq1 +G, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg fodvvl�fdwlrq/ %0 0% lv OSF fodvvl�fdwlrq1
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Iljxuh := Vhtxhqwldo orjlf flufxlwv fodvvl�fdwlrq1 +D, Vrxufh vhtxhqfh1+E, Suredelolw| hyroxwlrq= _�%

lv suredelolw| ri vrxufh 4/ _0 0% lv suredelolw| ri vrxufh 5/ _111% lv suredelolw| ri vrxufh 6/ _010% lv

suredelolw| ri vrxufh 71
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Iljxuh ;= Vhtxhqwldo orjlf flufxlwv fodvvl�fdwlrq1 +D, Vrxufh vhtxhqfh1+E, Suredelolw| hyroxwlrq= _�%

lv suredelolw| ri vrxufh 4/ _0 0% lv suredelolw| ri vrxufh 5/ _111% lv suredelolw| ri vrxufh 6/ _010% lv

suredelolw| ri vrxufh 71
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Iljxuh <= Uhvxowv ri h{shulphqw lq skrqhph fodvvl�fdwlrq1 Wkh vrolg olqh lqglfdwhv wkh skrqhph wlph

vhulhv1 Suredelolw| hyroxwlrq= _0 0% lv suredelolw| ri ^rr`/ _111% lv suredelolw| ri ^dk`/ _010% lv suredelolw|

ri ^q`1
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Iljxuh 43= Hq}|ph lqklelwlrq sur�ohv1
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Iljxuh 44= Srvwhulru suredelolw| hyroxwlrq iru hq}|ph fodvvl�fdwlrq1
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Iljxuh 45= Srvwhulru suredelolw| hyroxwlrq iru hq}|ph fodvvl�fdwlrq1
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FDSWLRQV

Iljxuh 4= Vnhwfk ri sduwlwlrq qhwzrun dufklwhfwxuh

Iljxuh 5= Fodvvl�fdwlrq ri wzr vlqxvrlgv1 W�@43/ W2@9/ Q2V@3131 +D, Hyroxwlrq ri srvwhulru

suredelolwlhv=%�% lv suredelolw| ri V+W�,/%0 0% lv suredelolw| ri V+W2,1 +E, Fodvvl�fdwlrq rxwsxw= %�%

lv ghvluhg fodvvl�fdwlrq/ %0 0% lv SD fodvvl�fdwlrq/ %111% lv IIW fodvvl�fdwlrq/ %010% lv OSF fodvvl�fdwlrq1

+IIW dqg OSF fodvvl�fdwlrq rxwsxwv duh qrw fohduo| glvfhuqleoh lq wkh �jxuh ehfdxvh wkh| iroorz lghdo

fodvvl�fdwlrq yhu| forvho|1,

Iljxuh 6= Fodvvl�fdwlrq ri wzr vlqxvrlgv1 W�@43/ W2@9/ Q2V@3181 +D, Hyroxwlrq ri srvwhulru

suredelolwlhv=%�% lv suredelolw| ri V+W�,/ %0 0% lv suredelolw| ri V+W2,1 +E, Fodvvl�fdwlrq rxwsxw=

%�% lv ghvluhg fodvvl�fdwlrq/ %0 0% lv SD fodvvl�fdwlrq/ %111% lv IIW fodvvl�fdwlrq/ %010% lv OSF fodvvl0

�fdwlrq1 +IIW dqg OSF fodvvl�fdwlrq rxwsxwv duh qrw fohduo| glvfhuqleoh lq wkh �jxuh ehfdxvh wkh|

iroorz lghdo fodvvl�fdwlrq yhu| forvho|1,

Iljxuh 7= Wlph vhulhv frqvlvw ri orjlvwlf +��@61<, dqg zklwh qrlvh1

Iljxuh 8= Fodvvl�fdwlrq ri orjlvwlf dqg zklwh qrlvh/ Q2V@3141 +D, Hyroxwlrq ri srvwhulru suredelolwlhv=

%�% lv suredelolw| ri V+��,/ %0 0% lv suredelolw| ri Vf1 +E, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg

fodvvl�fdwlrq/ %0 0% lv SD fodvvl�fdwlrq1 +F, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg fodvvl�fdwlrq/ %0 0% lv

IIW fodvvl�fdwlrq1 +G, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg fodvvl�fdwlrq/ %0 0% lv OSF fodvvl�fdwlrq1

Iljxuh 9= Fodvvl�fdwlrq ri orjlvwlf dqg zklwh qrlvh/ Q2V@3171 +D, Hyroxwlrq ri srvwhulru suredelolwlhv=

%�% lv suredelolw| ri V+��,/ %0 0% lv suredelolw| ri Vf1 +E, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg

fodvvl�fdwlrq/ %0 0% lv SD fodvvl�fdwlrq1 +F, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg fodvvl�fdwlrq/ %0 0% lv

IIW fodvvl�fdwlrq1 +G, Fodvvl�fdwlrq rxwsxw= %�% lv ghvluhg fodvvl�fdwlrq/ %0 0% lv OSF fodvvl�fdwlrq1

Iljxuh := Vhtxhqwldo orjlf flufxlwv fodvvl�fdwlrq1 +D, Vrxufh vhtxhqfh1+E, Suredelolw| hyroxwlrq= _�%

lv suredelolw| ri vrxufh 4/ _0 0% lv suredelolw| ri vrxufh 5/ _111% lv suredelolw| ri vrxufh 6/ _010% lv

suredelolw| ri vrxufh 71

Iljxuh ;= Vhtxhqwldo orjlf flufxlwv fodvvl�fdwlrq1 +D, Vrxufh vhtxhqfh1+E, Suredelolw| hyroxwlrq= _�%

lv suredelolw| ri vrxufh 4/ _0 0% lv suredelolw| ri vrxufh 5/ _111% lv suredelolw| ri vrxufh 6/ _010% lv

suredelolw| ri vrxufh 71

Iljxuh <= Uhvxowv ri h{shulphqw lq skrqhph fodvvl�fdwlrq1 Wkh vrolg olqh lqglfdwhv wkh skrqhph wlph

vhulhv1 Suredelolw| hyroxwlrq= _0 0% lv suredelolw| ri ^rr`/ _111% lv suredelolw| ri ^dk`/ _010% lv suredelolw|

ri ^q`1

Iljxuh 43= Hq}|ph lqklelwlrq sur�ohv1

Iljxuh 44= Srvwhulru suredelolw| hyroxwlrq iru hq}|ph fodvvl�fdwlrq1

Iljxuh 45= Srvwhulru suredelolw| hyroxwlrq iru hq}|ph fodvvl�fdwlrq1
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ELRJUDSKLHV

Ydvvlolrv Shwulglv uhfhlyhg wkh Glsorpd lq Hohfwulfdo Hqjlqhhulqj iurp wkh Qdwlrqdo Whfkqlfdo

Xqlyhuvlw| lq Dwkhqv/ Juhhfh/ lq 4<9<1 Kh rewdlqhg wkh P1Vf1 dqg Sk1G1 ghjuhhv lq hohfwrqlfv dqg

v|vwhpv iurp Nlqj*v Froohjh/ Xqlyhuvlw| ri Orqgrq/ lq 4<:3 dqg 4<:7 uhvshfwlyho|1 Kh kdv ehhq frq0

vxowdqw ri wkh Qdydo Uhvhdufk Fhqwuh lq Juhhfh/ Gluhfwru ri wkh Glylvlrq ri Hohfwurqlfv dqg Frpsxwhu

Hqjlqhhulqj dqg Ylfh0Fkdlupdq ri wkh Ghsduwphqw ri Hohfwulfdo dqg Frpsxwhu Hqjlqhhulqj lq wkh

Dulvwrwoh Xqlyhuvlw| ri Wkhvvdorqlnl/ Juhhfh1 Kh kdv dovr ehhq surmhfw ohdghu dqg whfkqlfdo pdqdjhu lq

d qxpehu ri uhvhdufk surmhfwv ixqghg e| wkh lqgxvwu|/ wkh Juhhn jryhuqphqw dqg wkh Hxurshdq Xqlrq1

Kh lv fxuuhqwo| Surihvvru lq wkh Ghsduwphqw ri Hohfwulfdo dqg Frpsxwhu Hqjlqhhulqj lq wkh Dulvwrwoh

Xqlyhuvlw| ri Wkhvvdorqlnl1 Kh lv dxwkru ri wkuhh errnv rq frqwuro dqg phdvxuhphqw v|vwhpv dqg ri

ryhu vhyhqw| uhvhdufk sdshuv1 Klv uhvhdufk lqwhuhvwv lqfoxgh frqwuro v|vwhpv/ lqwhooljhqw dqg dxwrqrprxv

v|vwhpv/ duwl�fldo qhxudo qhwzrunv/ jhqhwlf dojrulwkpv/ urerwlfv dqg lqgxvwuldo dxwrpdwlrq1

Dwkdqdvlrv Nhkdjldv uhfhlyhg wkh Glsorpd lq Hohfwulfdo Hqjlqhhulqj iurp wkh Dulvwrwoh Xqlyhuvlw|

ri Wkhvvdorqlnl lq 4<;7/ wkh P1Vf1 lq Dssolhg Pdwkhpdwlfv iurp Ohkljk Xqlyhuvlw| lq 4<;8 dqg wkh

Sk1G1 lq Dssolhg Pdwkhpdwlfv iurp Eurzq Xqlyhuvlw| lq 4<<41 Vlqfh 4<<6 kh kdv ehhq dq Dvvlvwdqw

Surihvvru ri Pdwkhpdwlfv dw wkh Dphulfdq Froohjh ri Kljkhu Vwxglhv dqg d Uhvhdufk Dvvrfldwh dw

wkh Ghsduwphqw ri Hohfwulfdo dqg Frpsxwhu Hqjlqhhulqj ri Dulvwrwoh Xqlyhuvlw|> erwk lqvwlwxwlrqv duh

orfdwhg lq Wkhvvdorqlnl/ Juhhfh1 Klv uhvhdufk lqwhuhvwv lqfoxgh vwrfkdvwlf surfhvvhv/ wlph vhulhv/ qhxudo

qhwzrunv/ ohduqlqj dqg jdph wkhru|1
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Figures for the paper “Modular Neural Networks for MAP Classification of Time Series

and the Partition Algorithm”,  IEEE Trans. on Neural Networks, Vol.7, No.1, pp.73-86, 1996.

(by V.Petridis and Ath.Kehagias)
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Figure 3A
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Figure 3B
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Figure 4
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Figure 5A
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Figure 5B
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Figure 5C
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Figure 5D
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Figure 6A
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Figure 6B
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Figure 6C
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Figure 6D
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Figure 7B
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Figure 8A
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Figure 8B
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Figure 9

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0 0,1 0,2 0,3

Time (secs)

P
os

te
rio

r 
P

ro
bs

.

Figure 10

0

20

40

60

80

100

120

1 3 6 8 11 13 16 18 21 23 26 28 31 33 36 38

Time (Mins)

In
hi

bi
tio

n 
P

ro
fil

es



Figure 11
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Figure 12
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