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h0pdlo= nhkdjldvChjqdwld1hh1dxwk1ju

Wklv sdshu dsshduhg lq LHHH Wudqv1 rq Ix}}| V|vwhpv

Devwudfw

Zh lqwurgxfh wkh vr fdoohg SUHglfwlyh PRgxodu Ix}}| V|vwhp +SUHPRIV, zklfk shuirupv wlph vhulhv

fodvvl�fdwlrq1 D SUHPRIV frqvlvwv ri +d, d edqn ri suhglfwlrq prgxohv dqg +e, d ix}}| ghflvlrq prgxoh1 Lw lv

dvvxphg wkdw wkh wlph vhulhv lv jhqhudwhg e| d vrxufh ehorqjlqj wr d �qlwh vhdufk vhw +xqlyhuvdo vhw,> wkhq wkh

fodvvl�fdwlrq sureohp lv wr vhohfw wkh vrxufh wkdw ehvw uhsuhvhqwv wkh revhuyhg gdwd1 Fodvvl�fdwlrq lv edvhg rq

d phpehuvkls ixqfwlrq zklfk lv xsgdwhg uhfxuvlyho|/ dffruglqj wr wkh suhglfwlyh dffxudf| ri hdfk prgho1 Wzr

dojrulwkpv duh suhvhqwhg iru xsgdwlqj wkh phpehuvkls ixqfwlrq= wkh �uvw lv edvhg rq vxp2surgxfw ix}}| lqihuhqfh>

wkh vhfrqg rq pd{2plq ix}}| lqihuhqfh1 Lq vkruw/ SUHPRIV lv d ix}}|prgxodu v|vwhp zklfk fodvvl�hv wlph vhulhv

wr rqh ri d �qlwh qxpehu ri fodvvhv/ xvlqj wkh ixoo vhw ri sdvw gdwd +zlwkrxw suhsurfhvvlqj ,wr shuirup d uhfxuvlyh/

frpshwlwlyh frpsxwdwlrq ri phpehuvkls ixqfwlrq/ edvhg rq suhglfwlyh dffxudf|1 Frqyhujhqfh surriv duh jlyhq iru

erwk SUHPRIV dojrulwkpv> lq erwk fdvhv wkh phpehuvkls judgh whqgv wr rqh iru wkh vrxufh wkdw ehvw suhglfwv

wkh revhuyhg gdwd dqg wr ohvv wkdq rqh iru wkh uhpdlqlqj vrxufhv> khqfh fruuhfw fodvvl�fdwlrq lv jxdudqwhhg1

Vlpxodwlrq uhvxowv duh dovr suhvhqwhg= SUHPRIV duh dssolhg wr vljqdo ghwhfwlrq/ v|vwhp lghqwl�fdwlrq dqg

skrqhph fodvvl�fdwlrq wdvnv1
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Wklv sdshu wuhdwv wkh iroorzlqj wlph vhulhv fodvvl�fdwlrq sureohp1 D vrxufh V+�&,/ jhqhudwhv wlph vhulhv

[�/ [2/ [�/ 111 > khuh sdudphwhu �& wdnhv ydoxhv lq wkh �qlwh vhw � @ i��> ===> �gj1 Wkh vrxufh wkdw

jhqhudwhv wkh wlph vhulhv pxvw eh ghwhuplqhg1 D w|slfdo h{dpsoh lqyroyhv d vshhfk wlph vhulhv [�/

[2/ 111 dqg skrqhph odehov �& ehorqjlqj wr wkh skrqhph vhw �@ i ^dk`/ ^rr`/111 j> wkh skrqhph ^dk`

fruuhvsrqgv wr [�/ [2/111 jhqhudwhg e| V+^dk`,1 Sureohpv ri wklv w|sh dulvh lq skrqhph uhfrjqlwlrq

^9/ 63`/ HHJ2HFJ gldjqrvlv ^</ 75/ 76`/ sro|judsk whvw dqdo|vlv ^57`/ udgdu fodvvl�fdwlrq ^43` dqg ydulrxv

jhqhudo wdvnv ^59/ 5</ 74`1 V|vwhp lghqwl�fdwlrq ^5:/ 6:` pd| dovr eh ylhzhg dv d sureohp ri wklv w|sh1

Wkh whup _g|qdplf sdwwhuq fodvvl�fdwlrq% zloo eh xvhg dv d v|qrq|p ri _wlph vhulhv fodvvl�fdwlrq%>

vlploduo| iru wkh whupv _fodvv% dqg _vrxufh%1 Wkh whup _g|qdplf sdwwhuq% lv xvhg lq frqwudglvwlqfwlrq

wr _vwdwlf sdwwhuq fodvvl�fdwlrq%/ zkhuh d +�qlwh glphqvlrqdo, ihdwxuh yhfwru pxvw eh dvvljqhg wr rqh

ri d vhw ri srvvleoh fodvvhv1 Sureohpv ri vwdwlf sdwwhuq fodvvl�fdwlrq dsshdu iuhtxhqwo| lq wkh sdwwhuq

uhfrjqlwlrq olwhudwxuh dqg wkh| fdq eh vroyhg e| ix}}| phwkrgv/ h1j1 vhh ^5/ ;/ 4:/ 5;/ 68/ 73`> rwkhu

wuhdwphqwv ri wkh sureohp xvh vwdwlvwlfdo ^:` ru qhxudo ^45/ 49/ 6;` phwkrgv1 Ri frxuvh/ wkh deryh flwhg

uhihuhqfhv duh rqo| d vpdoo vdpsoh ri wkh ydvw sdwwhuq fodvvl�fdwlrq olwhudwxuh1

Vhyhudo fkdudfwhulvwlfv glvwlqjxlvk g|qdplf sdwwhuq fodvvl�fdwlrq iurp wkh vwdwlf rqh1 Li wkh ihdwxuh

yhfwru lv wdnhq wr eh wkh revhuydwlrqv ri wkh wlph vhulhv [�>[2/ 111 wkhq wkh glphqvlrqdolw| ri wkh

sureohp lqfuhdvhv zlwkrxw erxqg1 Dovr/ lw lv xvxdoo| uhtxluhg wkdw wkh fodvvl�fdwlrq lv xsgdwhg rq0

olqh dv qhz gdwd ehfrph dydlodeoh1 Wkh xvxdo dssurdfk wr wkhvh lvvxhv lv zkdw zh fdoo vwdwlfl}lqj wkh

sureohp1 Qdpho|/ wkh wlph vhulhv lv ylhzhg lq sruwlrqv +xvxdoo| wkurxjk d volglqj zlqgrz,> hdfk sruwlrq

lv suhsurfhvvhg dqg d vwdwlf ihdwxuh yhfwru lv h{wudfwhg> �qdoo|/ wkh suhsurfhvvhg ihdwxuh yhfwru lv xvhg

iru vwdwlf sdwwhuq fodvvl�fdwlrq1 Wklv dssurdfk/ xvhg lq prvw ri wkh wlph vhulhv dssolfdwlrqv flwhg deryh/

pd| uhvxow lq orvv ri lpsruwdqw fruuhodwlrqv dfurvv vhyhudo wlph vwhsv1

Lq wklv sdshu wlph vhulhv fodvvl�fdwlrq lv fduulhg rxw e| wkh vr fdoohg SUHglfwlyh PRgxodu Ix}}|

V|vwhp +SUHPRIV,1 SUHPRIV rshudwhv lq wzr skdvhv1 Lq wkh r�0olqh skdvh/ d suhglfwru lv wudlqhg

iru hdfk fdqglgdwh vrxufh 2 fodvv +xvlqj gdwd iurp wkdw sduwlfxodu vrxufh,1 Lq wkh rq0olqh skdvh/ dw

wlph vwhsv w @ 4/ 5/ 111 / hdfk suhglfwru surgxfhv dq hvwlpdwh ri wkh qh{w revhuydwlrq [|/ xvlqj udz

gdwd [|3�/ [|32/ 1111 Zkhq wkh qhz revhuydwlrq [| ehfrphv dydlodeoh/ wkh uhvshfwlyh suhglfwlrq huuru

lv frpsxwhg iru hdfk suhglfwru> wklv huuru lv xvhg wr xsgdwh wkh uhvshfwlyh vrxufh phpehuvkls judgh

lq d uhfxuvlyh pdqqhu1 Dw wlph w wkh wlph vhulhv lv fodvvl�hg wr wkh vrxufh 2 fodvv zlwk pd{lpxp

phpehuvkls judgh1 Lq vkruw/ SUHPRIV lv d prgxodu v|vwhp zklfk fodvvl�hv wlph vhulhv wr rqh ri d

�qlwh qxpehu ri fodvvhv/ xvlqj wkh ixoo vhw ri sdvw gdwd zlwkrxw suhsurfhvvlqj wr shuirup d uhfxuvlyh

frpsxwdwlrq ri phpehuvkls ixqfwlrq zklfk lv edvhg rq suhglfwlyh dffxudf|1

Wkh lqvsludwlrq iru SUHPRIV frphv iurp wkh Sduwlwlrq Dojrulwkp/ d phwkrg ruljlqdoo| dssolhg wr

v|vwhp lghqwl�fdwlrq dqg frqwuro ^46/ 55/ 56/ 69`1 Zh kdyh xvhg wkh Sduwlwlrq Dojrulwkp dv wkh edvlv

iru ghyhorslqj wkh SUHPRQQV +SUHglfwlyh Prgxodu Qhxudo Qhwzrunv, idplo| ri qhxudo fodvvl�fdwlrq

dojrulwkpv ^4;/ 64/ 65`> wkhvh duh forvh uhodwlyhv ri SUHPRIV1 Erwk wkh Sduwlwlrq Dojrulwkp dqg wkh

ruljlqdo SUHPRQQ ^64` duh edvhg rq d Ed|hvldq suredelolvwlf srlqw ri ylhz1 Pruh jhqhudo yhuvlrqv

ri SUHPRQQ*v ^4;/ 65` gr qrw ghshqg rq d suredelolvwlf lqwhusuhwdwlrq/ exw vwloo xvh d suredelolv0

wlf frqyhujhqfh dqdo|vlv1 Rq wkh rwkhu kdqg/ SUHPRIV pdnhv qr xvh ri suredelolvwlf dvvxpswlrqv
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zkdwrvhyhu dqg fdq eh edvhg hlwkhu rq vxp2surgxfw ru rq pd{2plq lqihuhqfh/ dv zloo eh h{sodlqhg lq

Vhfwlrq 61 Lq dgglwlrq wr wkhvh _gluhfw% uhodwlyhv ri SUHPRIV/ uhodwhg lghdv dsshdulqj lq wkh ix}}|

dqg qhxudo olwhudwxuh duh glvfxvvhg ehorz1

Lq d vhqvh/ doo ix}}| v|vwhpv duh lpsolflwo| prgxodu/ vlqfh wkh| lpsohphqw d frpelqdwlrq ri ydulrxv

uxohv/ rqh prgxoh fruuhvsrqglqj wr hdfk uxoh1 Krzhyhu wklv grhv qrw qhfhvvdulo| uhvxow lq d prgxodu

wudlqlqj dojrulwkp vxfk dv wkh rqh hpsor|hg e| SUHPRIV1 E| wklv zh phdq d phwkrg zkhuhe|

vxevwlwxwlrq ri rqh sduw ri wkh fodvvl�fdwlrq v|vwhp grhv qrw uhtxluh uhwudlqlqj wkh zkroh v|vwhp1

Phwkrgv iru prgxodu wudlqlqj ri ix}}| fodvvl�huv ^44/ 59/ 5</ 66/ 6<` duh xvxdoo| dssolhg wr vwdwlf ru

vwdwlfl}hg sureohpv/ wkh| lqyroyh dssur{lpdwh +udwkhu wkdq h{dfw, rswlpl}dwlrq dqg wkh| gr qrw xvh d

uhfxuvlyh fodvvl�fdwlrq xsgdwh1 Prgxodu dufklwhfwxuhv dovr dsshdu lq wkh qhxudo olwhudwxuh> iru lqvwdqfh

lq ^47/ 48` xqghu wkh qdph ri orfdo h{shuwv1 Rqfh djdlq/ wudlqlqj lv prgxodu exw dssur{lpdwh/ dqg lv

shuiruphg r�0olqh1

Vhyhudo ix}}| foxvwhulqj dojrulwkpv xvh qhz gdwd wr uhfxuvlyho| xsgdwh vrph fodvvl�fdwlrq fulwhulrq

^5/ 44/ 59/ 5</ 6</ 73`1 Lq idfw/ vrph ri wkhvh dojrulwkpv glvfryhu d suhylrxvo| xqnqrzq sduwlwlrq ri

wkh ihdwxuh vsdfh> wklv lv eh|rqg wkh vfrsh ri SUHPRIV1 Krzhyhu/ lq vxfk dojrulwkpv uhfxuvlrq lv

xvxdoo| hpsor|hg wr lpsuryh wkh hvwlpdwhv ri fodvv erxqgdulhv> rqfh wklv lv dfklhyhg +l1h1 zkhq wkh

uhfxuvlrq frqyhujhv, hyhu| qhz h{hpsodu suhvhqwhg lv fodvvl�hg lqghshqghqwo| ri wkh suhylrxv rqhv1

SUHPRIV/ rq wkh rwkhu kdqg/ pxvw ohduq wkh fodvvl�fdwlrq uxohv r�0olqh> exw hyhu| wlph vwhs ri rq0

olqh fodvvl�fdwlrq ghshqgv rq suhylrxv fodvvl�fdwlrq ghflvlrqv1 Lq vkruw/ rq0olqh uhfxuvlrq surylghv d

olqn ehwzhhq sdvw dqg fxuuhfw fodvl�fdwlrqv1 Wklv xqghuvfruhv wkh g|qdplf qdwxuh ri SUHPRIV dqg

g|qdplf sdwwhuq fodvvl�fdwlrq lq jhqhudo> lq vwdwlvwlfdo whupv/ xvhixo lqirupdwlrq lv h{wudfwhg iurp wkh

fruuhodwlrq ehwzhhq vxffhvvlyh revhuydwlrqv ri wkh wlph vhulhv1 Ilqdoo|/ wr wkh ehvw ri rxu nqrzohgjh/

SUHPRIV lv xqltxh dprqj ix}}| wlph vhulhv fodvvl�huv lq xvlqj udz gdwd +zlwkrxw suhsurfhvvlqj, dqg

lq fodvvli|lqj dffruglqj wr suhglfwlrq huuru1

Wkh sdshu lv rujdql}hg dv iroorzv= lq Vhfwlrq 5 fodvvl�fdwlrq e| suhglfwlrq lv h{sodlqhg lq ghwdlo > lq

Vhfwlrq 6 wzr dowhuqdwlyh phwkrgv ri ix}}| lqihuhqfh duh suhvhqwhg dqg xvhg wr ghyhors wkh vxp2surgxfw

SUHPRIV dqg wkh pd{2plq SUHPRIV> lq Vhfwlrq 7 frqyhujhqfh ri wkh SUHPRIV dojrulwkpv lv

suryhg> lq Vhfwlrq 8 vrph jhqhudo lvvxhv duh glvfxvvhg> lq Vhfwlrq 9 SUHPRIV lv dssolhg wr orjlvwlf

ghwhfwlrq/ DF prwru uhvlvwdqfh hvwlpdwlrq dqg skrqhph fodvvl�fdwlrq> Lq Vhfwlrq : frqfoxvlrqv duh

vxppdul}hg1

2 �*@tt��U@|�L? M) �hi_�U|�L?

Zh duh jlyhq d �qlwh fulvs vhw � @ i��> ===> �gj/ d vrxufh V+�&, +zkhuh �& lv d sdudphwhu wdnlqj ydoxhv

lq �, dqg d wlph vhulhv [|/ w@4/ 5/ 111 / jhqhudwhg e| V+�&,/ zkhuh [| wdnhv ydoxhv lq U
?/ iru vrph q1

� zloo eh khqfhiruwk fdoohg wkh vrxufh vhw/ vhdufk vhw ru/ lq ix}}| vhw wkhru| whupv/ wkh xqlyhuvdo vhw1 Lw

lv uhtxluhg wr lghqwli| wkh vrxufh wkdw jhqhudwhv wkh wlph vhulhv> l1h1 wr �qg wkh _wuxh% ydoxh ri �&1

Frqvlghu d yduldeoh ]/ wdnlqj ydoxhv lq wkh fulvs vhw �/ dqg vd| wkdw wkh wlph vhulhv lv jhqhudwhg e|

vrxufh V+],> h1j1 zkhq ] @ ��/ wkh wlph vhulhv [�/ [2/ 111 lv jhqhudwhg e| V+��,1 Dovr wdnh dq hvwlpdwh

ri ]> lw lv fdoohg a]| dqg wdnhv ydoxhv lq �1 Wkh wlph lqgh{ w lv xvhg ehfdxvh a]| lv xsgdwhg e| d ix}}|

ghflvlrq uxoh dw hyhu| wlph vwhs= li dw wlph w zh eholhyh [�/ 111 [| wr kdyh ehhq jhqhudwhg e|/ vd|/ V+��,/
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wkhq a]| @ ��1 Dv pruh revhuydwlrqv ehfrph dydlodeoh/ a]| pd| fkdqjh zlwk wlph1 Wkh vhohfwlrq ri a]|

dw wlph w lv edvhg rq wkh iroorzlqj surfhvv ri ix}}| lqihuhqfh1 Frqvlghu wkh dwwulexwh= _vrxufh V+], kdv

ehhq dfwlyh iurp wlph v xs wr wlph w%1 D fulvs vhw ri hohphqwv wkdw vdwlvi| wklv dwwulexwh/ pxvw lqfoxgh

h{dfwo| rqh phpehu ri �> wklv lv vr ehfdxvh lw kdv ehhq dvvxphg wkdw wkh wlph vhulhv lv jhqhudwhg e|

d vlqjoh vrxufh1 Krzhyhu/ zh sursrvh wr xvh d ix}}| vhw=

D+v> w, @ i+]>��Erc|�+],,m] 5 �j= +4,

Wkh ix}}| vhw D+v> w, frqvlvwv ri wkh fulvs vhw � +wkh vhw ri srvvleoh ydoxhv ri wkh vrxufh sdudphwhu, dqg

wkh phpehuvkls ixqfwlrq ��Erc|�+],> iru d jlyhq ]/ ��Erc|�+], lv wkh phpehuvkls judgh ri wkh dwwulexwh

_vrxufh V+], kdv ehhq dfwlyh iurp wlph v wr wlph w%1 Reylrxvo| D+v> w, kdv d wlph ghshqghqfh rq wlphv

v dqg w1 Qrz/ frqvlghu �& +wkh n0wk phpehu ri �,= ��E�c|�+�&, lv wkh phpehuvkls judgh ri _vrxufh

V+�&, kdv ehhq dfwlyh iurp wlph 4 wr wlph w%/ ru htxlydohqwo|/ _revhuydwlrqv [�/ [2/ 111 / [| kdyh ehhq

jhqhudwhg e| vrxufh V+�&,%1 Wklv sduwlfxodu txdqwlw| lv xvhg yhu| iuhtxhqwo| lq wklv sdshu> iru hfrqrp|

ri vsdfh zh xvh wkh dowhuqdwlyh qrwdwlrq

�&|
=
@ ��E�c|�+�&,> +5,

exw wkh uhdghu vkrxog nhhs lq plqg wkdw �&| ghshqgv rq �&1 Lw lv hpskdvl}hg wkdw �&| pd| fkdqjh zlwk

wlph/ ghshqglqj rq qhz revhuydwlrqv> zkdw lv uhtxluhg khuh lv wr surylgh dqg mxvwli| d phwkrg iru

xsgdwlqj �&| dw hyhu| wlph vwhs1 Wklv zloo eh ghulyhg suhvhqwo|> exw �uvw qrwh wkdw/ iru d jlyhq wlph w/

lw lv qdwxudo wr vhw

a]| @ dujpd{
w&MX

��E�c|�+�&,> +6,

ru/ xvlqj d vlpsohu qrwdwlrq/

a]| @ dujpd{
w&MX

�&| +7,

exw wkh uhdghu vkrxog nhhs lq plqg wkdw a]| wdnhv ydoxhv lq wkh vhw �1 Lq rwkhu zrugv wkh wlph vhulhv lv

fodvvl�hg wr wkh vrxufh V+ a]|, zklfk dfklhyhv pd{lpxp phpehuvkls judgh1

Wr lpsohphqw uhfxuvlyh frpsxwdwlrq ri �&| wkh SUHPRIV dojrulwkp lv ghyhorshg1 Lwv �uvw skdvh

lv dq r�0olqh surfhvv= iru hdfk vrxufh 2fodvv lq wkh vhdufk vhw +l1h1 iru hyhu| ydoxh �& / n@ 4/ 5/ 111 N,

odehoohg gdwd duh froohfwhg dqg d suhglfwru wudlqhg> wkh suhglfwru kdv wkh jhqhudo irup

a[&
| @ i+[|3�> ===> [|3� > �&,= +8,

Khuh P lv wkh rughu ri wkh suhglfwru +qxpehu ri sdvw wlph vhulhv ydoxhv xvhg,1 Wklv lv d jhqhudo irup/

hqfrpsdvvlqj ix}}|/ olqhdu/ vljprlg +qhxudo, dqg pdq| rwkhu suhglfwru w|shv1 �& dsshduv lq ht1+8,

ehfdxvh a[&
| dssur{lpdwhv [| zkhq wkh wlph vhulhv lv jhqhudwhg e| V+�&,1 Wkh vhfrqg skdvh lv rq0olqh=

iru w@4/ 5/ 111 dqg n @ 4> 5> ===>N gh�qh wkh rqh0vwhs suhglfwlrq huuru

h&|
=
@ [| � a[&

| +9,
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ru/ pruh jhqhudoo|/ wkh Q0vwhs suhglfwlrq huuru

H&
|

=
@ ^[| � a[&

| > [|3� � a[&
|3�> ===> [|3� � a[&

|3� `= +:,

Qrwh wkdw lq ht1+:, H&
| ghshqgv rq Q / wkh qxpehu ri edfnzdug vwhsv xvhg/ exw wklv ghshqghqfh lv

vxssuhvvhg iru euhylw|1 Iru Q A 3/ H&
| lv d yhfwru ri vl}h +Q . 4, � q> iru Q @ 3/ H&

| @ h&| / zklfk fdq

eh d yhfwru +li q A 4, ru d vfdodu1 Wkh lghd rq zklfk SUHPRIV lv edvhg lv wklv= zkhq wkh wlph

vhulhv lv jhqhudwhg e| vrxufh V+�6,/ mH6
| m vkrxog eh vpdoohu wkdq mH

&
| m/ n 9@p/ _rq wkh dyhudjh% +zkhuh

m � m ghqrwhv Hxfolghdq qrup,1 Edvhg rq wklv lghd dqg nhhslqj wudfn ri suhglfwru huuruv ryhu orqj wlph

lqwhuydov/ d uhdvrqdeoh phpehuvkls ixqfwlrq zloo eh frpsxwhg lq d uhfxuvlyh pdqqhu1 Iru lqvwdqfh/ wkh

iroorzlqj xsgdwh frxog eh xvhg

�&| @ ��E�c|�+�&, @ ��E�c|3��+�&, DQG ��E|3�c|�+�&,= +;,

Ht1+;, phdqv= wkh phpehuvkls judgh ri wkh dwwulexwh _wkh frpsohwh [�/ 111 / [| revhuydwlrq kdv ehhq

jhqhudwhg e| vrxufh 2 fodvv V+�&,% lv wkh vdph dv wkh phpehuvkls judgh ri wkh frqmxqfwhg dwwulexwhv

_wkh frpsohwh [�/ 111 / [|3� revhuydwlrq kdv ehhq jhqhudwhg e| vrxufh 2 fodvv V+�&,% DQG _wkh [|

revhuydwlrq kdv ehhq jhqhudwhg e| vrxufh 2 fodvv V+�&,%1 Wkxv/ �
&
| lv frpsxwhg lq whupv ri ��E�c|3��+�&,

dqg ��E|3�c|�+�&,1 Wkh odwwhu fdq eh frpsxwhg dv d ixqfwlrq ri wkh irup

��E|3�c|�+�&, @ h3+
�.&
|
�

j
,
2

= +<,

Dq| ixqfwlrq fdq eh xvhg lq sodfh ri wkh h{srqhqwldo/ dv orqj lw lv d ghfuhdvlqj ixqfwlrq ri wkh Hxfolghdq

qrup ri wkh huuru1 Lq ht1+<, wkh phpehuvkls judgh lv h{suhvvhg lq whupv ri suhglfwlyh dffxudf|= zkhq

m H&
| m lv odujh/ ��E|3�c|�+�&, @ h3+

�.&
|
�

j
,
2

lv vpdoo1 Qrz htv1+;,/ +<, uhvxow lq wkh iroorzlqj uhfxuvlyh

htxdwlrq=

�&| @ �&|3� DQG h3+
�.&
|
�

j
,
2

= +43,

Wkh lpsohphqwdwlrq ri wkh DQG frqmxqfwlrq lq +43, kdv qrw |hw ehhq vshfl�hg> vhyhudo rswlrqv duh

dydlodeoh dqg zloo eh glvfxvvhg suhvhqwo|1 Dw dq| udwh/ +43, vkrzv wkdw zkhq m H&
| m lv odujh/ wkhq h

3+
�.&
|
�

j
,
2

+dqg frqvhtxhqwo| ��E|3�c|�+�&,, lv vpdoo> wklv lpsolhv wkdw �
&
| @��E�c|3��+�&, DQG h3+

�f|3 	f&
|
�

j
,
2

lv

dovr vpdoo1 Lq idfw/ d olwwoh uh�hfwlrq vkrzv wkdw ht1+43, uhvxowv lq d ghfuhdvlqj vhtxhqfh ri phpehuvkls

judghv �&| 1 Wklv pd| uhvxow lq ydulrxv lpsohphqwdwlrq sureohpv +h1j1 qxphulfdo xqghu�rz,/ vr d

qrupdol}hg irup zloo eh xvhg lq zkdw iroorzv1

�&| @
�&|3� DQG h3+

�.&
|
�

j
,
2

RU g
,'�+�

,
|3� DQG h3+

�.,
|
�

j
,
2

,

= +44,

Wkh suhylrxv frpphqwv derxw wkh lq�xhqfh ri m H&
| m rq �

&
| dsso| wr ht1+44, dv zhoo/ exw qrz uhodwlyh/ qrw

devroxwh/ pdjqlwxgh ri m H&
| m lq�xhqfhv �

&
| / vlqfh wkh frpsxwdwlrq ri phpehuvkls judghv lv frpshwlwlyh1

Khqfh/ d odujh m H&
| m grhv qrw qhfhvvdulo| lpso| vpdoo phpehuvkls judgh �&| > wkh ydoxh ri �

&
| pd| eh

8



odujh li m H,
| m A m H&

| m iru o 9@ n/ wkdw lv/ li rwkhu suhglfwruv shuirup hyhq zruvh1

Htv1+8,/ +:,/ +<,/ +44, dqg +7, frqvwlwxwh wkh SUHPRIV fodvvl�fdwlrq dojrulwkp1 Wklv dojrulwkp fdq

eh lpsohphqwhg lq d prgxodu pdqqhu/ zlwk N suhglfwlrq prgxohv lpsohphqwlqj ht1+8, dqg d ghflvlrq

prgxoh lpsohphqwlqj ht1+44,1 Hdfk ri wkhvh prgxohv frpsxwhv lqghshqghqwo| ri hdfk rwkhu> lq dgglwlrq/

dq| prgxoh fdq eh vxevwlwxwhg zlwkrxw kdylqj wr uhwudlq wkh uhpdlqlqj prgxohv1 Ht1+44, xsgdwhv �&|

xvlqj wkh hqwluh klvwru| [�/ [2/ 111 / [|1 Wkh suhglfwlrq huuru H&
| kdv dq h{solflw wlph ghshqghqfh ri

Q . 4 vwhsv edfn= w/ w� 4/ 111 / w�Q +vhh ht1+:,,1 Krzhyhu/ �&|3� ghshqgv rq H
&
|3� +zklfk ghshqgv rq

wlph vwhsv w� 4/ w� 5/ 111 / w�Q � 4,/ rq �,|32/ o @ 4> 5> ===>N dqg vr rq1 Khqfh/ �&| lpsolflwo| ghshqgv

rq wkh hqwluh [�/ 111 / [| vhulhv1 Wklv lv xvhixo wr fdswxuh fruuhodwlrqv ehwzhhq gl�huhqw sduwv ri d wlph

vhulhv> zkhq vxfk fruuhodwlrqv h{lvw wkh| ixuqlvk lqirupdwlrq zklfk lv lpsruwdqw iru wkh fodvvl�fdwlrq

wdvn +wklv lv dq lpsruwdqw gl�huhqfh ehwzhhq vwdwlf dqg g|qdplf sdwwhuq fodvvl�fdwlrq,1 Rq wkh rwkhu

kdqg/ wkh xsgdwh phwkrg vkrxog surylgh d irujhwwlqj phfkdqlvp/ vr wkdw wkh glvwdqw sdvw grhv qrw

lq�xhqfh fxuuhqw fodvvl�fdwlrq ghflvlrqv h{fhvvlyho|1 Vxfk d phfkdqlvp lv surylghg lq wkh SUHPRIV

dojrulwkp/ e| wkh xvh ri d wkuhvkrog> wklv lvvxh lv glvfxvvhg lq 8141

Lw kdv ehhq hvwdeolvkhg wkdw SUHPRIV lv d phwkrg iru prgxodu/ uhfxuvlyh xsgdwh ri fodvv php0

ehuvkls judghv/ ghshqglqj rq fodvv suhglfwlyh dffxudf|1 Wkh frpsxwdwlrq ri phpehuvkls judghv lv

frpshwlwlyh= wkh fodvvhv frpshwh iru d vkduh ri wkh phpehuvkls judgh/ dqg uhfhlyh dv pxfk ri lw dv lv

zduudqwhg e| wkhlu uhvshfwlyh suhglfwlyh dffxudf|1 Qrwh wkdw wkh irup ri wkh ghflvlrq prgxoh kdv qrw

|hw ehhq vshfl�hg> wklv zloo ghshqg rq wkh lpsohphqwdwlrq ri wkh ix}}| DQG dqg RU lqihuhqfh/ wr

eh glvfxvvhg lq wkh qh{w vhfwlrq1

� �L_it Lu 6�33) W?uihi?Ui

Wkh irup ri wkh SUHPRIV ghflvlrq prgxoh ghshqgv rq wkh lpsohphqwdwlrq ri wkh ix}}| DQG dqg

RU lq ht1+44,1 Lq ix}}| vhw wkhru| wkhuh duh wzr vwdqgdug zd|v wr lpsohphqw vxfk orjlfdo rshudwruv

^6`= DQG lv lpsohphqwhg e| d surgxfw dqg RU lv lpsohphqwhg e| d vxp> dowhuqdwlyho| DQG

lv lpsohphqwhg e| d plqlpxp dqg RU lv lpsohphqwhg e| d pd{lpxp1 Wzr _k|eulg% frpelqdwlrqv

duh dovr srvvleoh= DQG lv lpsohphqwhg e| d surgxfw dqg RU lv lpsohphqwhg e| d pd{lpxp>

DQG lv lpsohphqwhg e| d plqlpxp dqg RU lv lpsohphqwhg e| d vxp1 Lq wklv sdshu rqo| wkh

�uvw wzr fdvhv duh ghdow zlwk/ |lhoglqj uhvshfwlyho| wkh vxp2surgxfw SUHPRIV dqg wkh pd{2plq

SUHPRIV> exw lw vkrxog eh reylrxv krz wr rewdlq wkh fruuhvsrqglqj pd{2surgxfw SUHPRIV dqg

vxp2plq SUHPRIV1

Wkh vxp2surgxfw SUHPRIV dojrulwkp lv rewdlqhg e| frpelqlqj htv1+7,/ +8,/ +9, dqg +44, +zlwk

Q@4/ l1h1 H&
| @ h&| ,/ uhsodflqj doo DQG *v e| surgxfwv dqg doo RU *v e| vxpv1

Vxp2Surgxfw SUHPRIV Dojrulwkp

Iru n @ 4> ===>N dqg iru w@4/5/111

3 ? �&f ? 4 +45,

a[&
| @ i+[|3�> ===> [|3� > �&,= +46,

h&|
=
@ [| � a[&

| = +47,
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�&| @
�&|3� � h

3+
�e&
|
�

j
,
2

Sg
,'� �

,
|3� � h

3+
�e,
|
�

j
,
2

+48,

a]| @ dujpd{
w&MX

�&| +49,

Wkh pd{2plq SUHPRIV dojrulwkp lv rewdlqhg e| frpelqlqj htv1+7,/ +8,/ +:, dqg +44, / uhsodflqj doo

DQG *v e| plq*v dqg doo RU *v e| pd{*v1

Pd{2Plq SUHPRIV Dojrulwkp

Iru n @ 4> ===>N dqg iru w@4/5/111

3 ? �&f � 4 +4:,

a[&
| @ i+[|3�> ===> [|3� > �&,= +4;,

H&
|

=
@ ^[| � a[&

| > [|3� � a[&
|3�> ===> [|3� � a[&

|3� ` +4<,

�&| @
�&|3� a h

3+
�.&
|
�I

�j
,
2

Zg
,'� +�

,
|3� a h

3+
�.,
|
�I

�j
,
2

,

+53,

a]| @ dujpd{
w&MX

�&| +54,

Lw kdv douhdg| ehhq phqwlrqhg wkdw wkh Q 0wlph0vwhsv huuru H&
| lv pruh jhqhudo wkdq wkh rqh0wlph0vwhs

huuru h&| 1 Lw lv hdv| wr ghvljq d vxp2surgxfw SUHPRIV dojrulwkp wkdw xvhv H&
| udwkhu wkdq h&| > zh

fkrvh wr suhvhqw wkh sduwlfxodu irupv ri vxp2surgxfw dqg pd{2plq SUHPRIV dojrulwkpv ehfdxvh

wkhvh duh wkh rqhv wkdw zhuh h{shulphqwdoo| irxqg wr zrun ehvw1

Wkh qrupdol}hg irup ri htxdwlrqv +48, dqg +53, hqvxuhv wkdw lq erwk dojrulwkpv zh kdyh 3 � �&| � 4

iru doo w dqg N1 Lq wkh fdvh ri wkh vxp2surgxfw SUHPRIV
Sg

&'� �
&
| @ 4 iru hyhu| w dqg lq wkh fdvh ri

wkh pd{2plq SUHPRIV
Zg
&'� �

&
| @ 4 iru hyhu| w1 Khqfh wkh qrupdol}dwlrq hqvxuhv wkdw dw ohdvw rqh

�&| qhyhu ehfrphv wrr vpdoo1 Lq idfw/ xqghu dssursuldwh frqglwlrqv/ rqh �&| zloo whqg wr rqh/ dv zloo eh

vhhq lq wkh qh{w vhfwlrq1

e �L?�ih}i?Ui Lu �i4Miht��T Bh@_it

Lw kdv douhdg| ehhq vwdwhg lqirupdoo| wkdw wkh wlph vhulhv vkrxog eh fodvvl�hg wr wkh vrxufh 2 fodvv wkdw

ehvw suhglfwv wkh revhuydwlrqv1 Wklv uhtxluhphqw lv qrz vwdwhg lq dq h{dfw pdqqhu1 Lw lv lpphgldwho|

uhfrjql}hg wkdw d _suhglfwlyh dffxudf|% fulwhulrq fdqqrw eh edvhg rq wkh lqvwdqwdqhrxv suhglfwlyh huuru

h&| ru H
&
| iru dq| �{hg ydoxh ri w/ ehfdxvh hyhq wkh prvw dffxudwh suhglfwru +fruuhvsrqglqj wr wkh ehvw

fodvv, pd| shuirup srruo| dw dq| sduwlfxodu wlph vwhs1 Zkdw pdwwhuv lv dyhudjh shuirupdqfh1

Lq d suredelolvwlf frqwh{w rqh zrxog ghvfuleh dyhudjh ehkdylru xvlqj h{shfwhg ydoxhv> exw khuh zh

zdqw wr dyrlg suredelolvwlf frqvlghudwlrqv1 D sxuho| skhqrphqrorjlfdo dssurdfk zloo eh iroorzhg/ edvhg

rq wkh Fhvdur dyhudjh +^7`/ s18:5,1 Iru d vhtxhqfh {�/ {2/ 111 zh vd| wkdw {| $ { lq wkh Fhvdur vhqvh l�

olp
|<"

{� . {2 . ===. {|

w
@ {= +55,

:



Lq vkruw/ i{|j
"

|'� whqgv wr { rq wkh dyhudjh1 Lw lv hdv| wr suryh wkdw frqyhujhqfh lq wkh xvxdo vhqvh

lpsolhv frqyhujhqfh lq wkh Fhvdur vhqvh/ exw qrw frqyhuvho| +^7`/ s18:5,1

Qrz frqyhujhqfh uhvxowv duh jlyhq iru wkh wzr SUHPRIV dojrulwkpv= li wkh p0wk suhglfwru lv ehvw

+l1h1 wkh olplw ri Fhvdur dyhudjh suhglfwlrq huuru lv vpdoohvw iru wkh p0wk suhglfwru,/ wkhq lq wkh fdvh

ri vxp2surgxfw SUHPRIV olp|<" �6| @ 4 dqg olp|<" �&| @ 3/ n 9@p/ zkloh lq wkh fdvh ri pd{2plq

SUHPRIV olp|<" �6| @ 4 A olp vxs|<" �&| / n 9@ p1 � Lq erwk fdvhv/ wkh wlph vhulhv lv fodvvl�hg wr

wkh _ehvw% vrxufh1

e�� �L?�ih}i?Ui Lu |�i t�4%ThL_�U| �+,��65 �*}Lh�|�4

Iluvw/ iru n @ 4> 5> ===>N/ wkh iroorzlqj txdqwlw| lv gh�qhg

G& =
@ olp

|<"

m [� � a[&
� m

2 . m [2 � a[&
2 m

2 .===. m [| � a[&
| m

2

w
= +56,

Lw lv hpskdvl}hg wkdw wkh n vxshuvfulsw lv qrw dq h{srqhqw/ exw ghqrwhv wkh huuru ri wkh n0wk suhglfwru1

H{lvwhqfh ri wkh olplw lv glvfxvvhg lq wkh qh{w sdudjudsk1 Lq rwkhu zrugv G& lv wkh olplw ri wkh Fhvdur

dyhudjh ri wkh vtxduhg rqh0vwhs suhglfwlrq huuruv m h&| m
2 @ m [| � a[&

| m21 G& lv d phdqlqjixo lqgh{

ri wkh suhglfwlyh dffxudf| ri wkh n0wk suhglfwru= wkh vpdoohvw G& fruuhvsrqgv wr wkh suhglfwru wkdw lv

ehvw lq wkh vhqvh ri kdylqj vpdoohvw dyhudjh vtxduh huuru1 Wkh iroorzlqj wkhruhp lv suryhg uhjduglqj

frqyhujhqfh ri wkh vxp2surgxfw SUHPRIV dojrulwkp/ dv vxppdul}hg lq htv1+45, 0 +49, +wkh surri lv

suhvhqwhg lq wkh Dsshqgl{,1 2

Wkhruhp 4 Li wkh iroorzlqj frqglwlrqv krog=

D4 3 ? �&f ? 4 iru n @ 4> 5> ===>N/

D5 wkhuh lv vrph p vxfk wkdw G6 ? G&/ iru doo n 9@p/

wkhq olp|<" �6| @ 4 dqg iru n 9@p olp|<" �&| @ 3=

Frqglwlrq D4 vd|v wkdw lqlwldo ydoxhv �&f pxvw eh vwulfwo| ehwzhhq }hur dqg rqh> wklv fdq dozd|v eh

vdwlv�hg/ vlqfh zh fkrrvh �&f 1 Frqglwlrq D5 vd|v wkdw wkh txdqwlwlhv G& pxvw h{lvw iru doo n dqg dq p

pxvw h{lvw vxfk wkdw G6 lv plqlpxp +qdpho| wkhuh lv d _ehvw% fodvv,1 +Lq d suredelolvwlf frqwh{w/ wklv

frqglwlrq zrxog krog iru dq hujrglf wlph vhulhv> exw rxu irupxodwlrq dyrlgv dq| uhihuhqfh wr suredelolvwlf

frqfhswv1, Li wkh deryh frqglwlrqv duh vdwlv�hg/ frqyhujhqfh wr wkh _ehvw% fodvv lv jxdudqwhhg dqg/ lq

wkh olplw/ wkh odujhvw phpehuvkls judgh lv dwwdlqhg e| wkh p0wk fodvv zklfk plqlpl}hv suhglfwlrq huuru

+lq wkh vhqvh ri olplw Fhvdur dyhudjh,> wklv dovr hqvxuhv wkdw olp|<"
a]| @ �61

�� }��i? ti^�i?Ui @| 4@) Mi _��ih}i?|( t|�** �| @*�@)t �@t @| *i@t| L?i t�Mti^�i?Ui UL?�ih}�?} |L tL4i *�4�|� +L�}�*)
tTi@!�?}c *�4 t�T@| �t |�i *@h}it| *�4�| @||@�?@M*i M) tL4i t�Mti^�i?Ui Lu @|� W? L|�ih �Lh_tc �? |�i *L?} h�? @| ��** ?i�ih
i Uii_ *�4t�T@| M) 4�U��

2Oihi E@?_ �? ��@| uL**L�t� @�ih@}i �@*�i 4i@?t |�i |�4i @�ih@}ic t�U� @t |@!i? �? i^�E2��( |��t t�L�*_ Mi _�t|�?}��t�i_
uhL4 |�i ThLM@M�*�t|�U i?ti4M*i @�ih@}ic �t�@**) U@**i_ 4i@? Lh i TiU|i_ �@*�i @?_ _i?L|i_ M) .Eu�� 6Lh @? ih}L_�U |�4i
tih�itc |�4i @?_ i?ti4M*i @�ih@}it @hi i^�@*( �L�i�ihc �@?|�?} |L @�L�_ ThLM@M�*�t|�U @tt�4T|�L?tc �i L?*) �ti |�4i
@�ih@}it�
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e�2 �L?�ih}i?Ui Lu |�i 4@ %4�? �+,��65 �*}Lh�|�4

Iluvw gh�qh G&
| / dv

G&
|

=
@
m [|3� � a[&

|3� m2 .===. m [|3� � a[&
|3� m

2 . m [| � a[&
| m

2

�2 � +Q . 4,
= +57,

+Lq idfw G&
| dovr ghshqgv rq Q > iru qrwdwlrqdo vlpsolflw| wklv ghshqghqfh lv qrw ghqrwhg h{solflwo|1, G&

|

lv dq dssur{lpdwlrq wr wkh suhylrxvo| gh�qhg G&= lq prvw sudfwlfdo vlwxdwlrqvG&
| ehfrphv lqghshqghqw

ri Q / iru odujh hqrxjk Q 1 Wkh iroorzlqj wkhruhp lv suryhg/ uhjduglqj frqyhujhqfh ri wkh pd{2plq

SUHPRIV dojrulwkp/ dv vxppdul}hg lq htv1+4:, 0 +54, +wkh surri lv suhvhqwhg lq wkh Dsshqgl{,1

Wkhruhp 5 Li wkh iroorzlqj frqglwlrqv krog=

E4 3 ? �&f � 4 iru n @ 4> 5> ===>N/

E5 wkhuh duh qxpehuv p/ D/ E/ F vxfk wkdw iru d jlyhq Q/ iru doo w dqg iru doo n 9@p

3 ? D ? G6
| ? E ? F ? G&

| > +58,

wkhq olp|<" �6| @ 4 dqg iru n 9@p olp vxs|<" �&| ? 4=

Wkh txdqwlwlhv G&
| duh qrw dfwxdo olplwv/ exw wkh| dssur{lpdwh wkh olplwv G

& iru odujh Q 1 Frqglwlrq

E5 uhtxluhv wkdw wkh huuru ri wkh p0wk suhglfwru lv vpdoohu wkdq wkdw ri doo rwkhu suhglfwruv> E5 lv

vlplodu wr D5 lq uhtxlulqj wkh h{lvwhqfh ri d _ehvw% fodvv1 Frpsduhg wr wkh vxp2surgxfw SUHPRIV/

wkh frqyhujhqfh frqglwlrq lv pruh frpsolfdwhg wr vwdwh +dqg wkh wkhruhp kdughu wr suryh, iru d whfkqlfdo

uhdvrq= wkh plq rshudwru fdqqrw eh frqfdwhqdwhg lq wkh vdph pdqqhu dv wkh surgxfw rshudwru dqg lw

lv qhfhvvdu| wr rshudwh zlwk _�qlwh dssur{lpdwlrqv% ri wkh olplw ri wkh Fhvdur dyhudjh +l1h1 wkh G&
| *v,1

Wklv ehfrphv dssduhqw lq wkh surri ri wkh wkhruhp1 Lw vkrxog eh phqwlrqhg wkdw lq sudfwlfh d ydoxh ri

Q durxqg 83 lv vx�flhqw wr hqvxuh frqyhujhqfh1

D Bi?ih@* �L?t�_ih@|�L?t

Wkh pdwkhpdwlfdo dqdo|vlv ri wkh suhylrxv vhfwlrq jxdudqwhhv frqyhujhqfh wr wkh ehvw fodvv/ dv orqj

dv wkh dvvxpswlrqv ri Wkhruhpv 4 dqg 5 duh vdwlv�hg1 Wklv dqdo|vlv kdv ehhq frpsohphqwhg e|

lqirupdo dqdo|vlv/ yhul�hg e| uxqqlqj d odujh qxpehu ri fodvvl�fdwlrq h{shulphqwv1 Vrph h{shulphqwv

duh uhsruwhg lq Vhfwlrq 91 Lq wklv vhfwlrq vrph jhqhudo frqfoxvlrqv duh suhvhqwhg1

D�� #iU�t�L? �L_�*i

Jlyhq d edqn ri suhglfwlrq prgxohv zh pxvw uhdfk d fodvvl�fdwlrq ghflvlrq1 Wklv zloo eh lq�xhqfhg e|

vhyhudo idfwruv1

D1 Irup ri Ghflvlrq Prgxoh1 Iluvw/ wkhuh lv d fkrlfh uhjduglqj wkh lpsohphqwdwlrq ri wkh DQG

dqg RU rshudwlrqv> dv douhdg| phqwlrqhg/ zh kdyh h{shulphqwhg zlwk vxp2surgxfw dqg pd{2plq

<



prgxohv1 Vhfrqg/ lq htv1+48,/ +53,/ wkh phpehuvkls ixqfwlrq lv d Jdxvvldq ru Udgldo Edvlv Ixqfwlrq

+UEI, / l1h1 dq h{srqhqwldo ixqfwlrq ri wkh qhjdwlyh vtxduhg suhglfwlrq huuru1 Wklv w|sh ri phpehuvkls

ixqfwlrq lv suhydohqw lq ix}}| vhwv olwhudwxuh ^4</ 67`1 Krzhyhu/ dq| rwkhu vwdqgdug irup ri phpehuvkls

ixqfwlrq +wuldqjxodu/ vtxduh hwf1, pd| eh xvhg/ dv orqj dv lw lv d ghfuhdvlqj ixqfwlrq ri wkh qrup ri wkh

suhglfwlrq huuru1

E1 Urexvwqhvv ri Ghflvlrq1 Fodvvl�fdwlrq shuirupdqfh ghshqgv qrw rq devroxwh/ exw rq uhodwlyh suh0

glfwlyh dffxudf|/ ehfdxvh ri wkh frpshwlwlyh frpsxwdwlrq ri phpehuvkls judgh +vhh htv1+48, dqg+53,,1

Wkh wlph vhulhv zloo eh fodvvl�hg wr d vrxufh hyhq li lw shuirupv srruo|/ exw frqvlvwhqwo| ehwwhu wkdq

lwv frpshwlwruv1 Wklv uhvxowv lq frqvlghudeoh urexvwqhvv wr suhglfwlrq huuru1 Jrrg suhglfwruv jhqhudoo|

uhvxow lq vxshulru fodvvl�fdwlrq shuirupdqfh/ exw/ zlwklq fhuwdlq erxqgv/ kljk suhglfwlrq huuru grhv qrw

d�hfw fodvvl�fdwlrq wrr pxfk1 Wklv lv yhul�hg e| wkh h{shulphqwv ri Vhfwlrq 91 Rq wkh rwkhu kdqg/

vlqfh vrph fodvvl�fdwlrq pxvw dozd|v wdnh sodfh/ li qr jrrg fodvv lv dydlodeoh/ wkh _ohdvw edg% rqh zloo

eh fkrvhq/ zklfk pd| dw wlphv ohdg wr zurqj frqfoxvlrqv1 Exw/ dv glvfxvvhg lq 917/ h{dplqdwlrq ri

phpehuvkls judgh sur�ohv r�huv d xvhixo gldjqrvwlf lq vxfk fdvhv1

F1 Vfdoh Idfwru �1 Wkh � sdudphwhu dsshdulqj lq htv1+48,/ +53, lq�xhqfhv wkh vshhg ri frqyhujhqfh

wr fruuhfw fodvvl�fdwlrq1 Lq wkh surri ri Wkhruhp 4/ lw lv vkrzq wkdw frqyhujhqfh udwh ri wkh �&| *v

ghshqgv rq +G& �G,,@�2/ iru n> o@ 4/ 111 / N1 Li suhglfwru n kdv odujh G& dqg suhglfwru o kdv vpdoo

G,/ wkhq +G& �G,,@�2 lv odujh/ dqg frqyhujhqfh lv idvw +vhh ht1+77,,1 Krzhyhu/ doo rwkhu wklqjv ehlqj

htxdo/ zkhq � lv odujh/ +G& � G,,@�2 ehfrphv vpdoo dqg frqyhujhqfh lv vorz1 D vlplodu/ exw pruh

frpsolfdwhg dujxphqw dssolhv wr pd{2plq SUHPRIV dv zhoo1 Iurp d gl�huhqw srlqw ri ylhz/ d odujh

huuru phdqv wkdw ohvv lqirupdwlrq lv rewdlqhg shu revhuydwlrq/ vr pruh revhuydwlrqv duh qhfhvvdu| wr

uhdfk d fhuwdlq ohyho ri frq�ghqfh1 Wklv fdq eh frqwuroohg e| wkh fkrlfh ri �/ zklfk fdq eh hvwlpdwhg

gxulqj wkh suhglfwru wudlqlqj skdvh/ e| wkh xvxdo vwdwlvwlfdo hvwlpdwru= � * v/ v @

uSA

|'�
�e|�2

A
1 Lw

lv vrphwlphv dgydqwdjhrxv wr prgli| wklv hvwlpdwh= iru idvwhu fodvvl�fdwlrq/ � pxvw eh ghfuhdvhg/ dv

h{shulphqwv lqglfdwh1

G1 Wkuhvkrog k1 Vr idu lw kdv ehhq dvvxphg wkdw wkh zkroh wlph vhulhv lv jhqhudwhg e| d vlqjoh

vrxufh> lq rwkhu zrugv/ d vwdwlrqdu| wlph vhulhv kdv ehhq dvvxphg1 Lq pdq| fdvhv wklv dvvxpswlrq lv

qrw wuxh1 Iru lqvwdqfh/ lq d vshhfk wlph vhulhv hdfk skrqhph lv jhqhudwhg e| d gl�huhqw vrxufh dqg

gl�huhqw vrxufhv duh dfwlyh ryhu gl�huhqw wlph lqwhuydov/ lqwurgxflqj qrqvwdwlrqdulw| ri wkh wlph vhulhv1

Wklv vlwxdwlrq lv whuphg vrxufh vzlwfklqj dqg suhvhqwv wkh iroorzlqj gl�fxow|1 Vxssrvh wkdw d vrxufh/

vd| V+��,/ kdv ehhq dfwlyh iru d orqj wlph> wkhq e| wkh frqyhujhqfh wkhruhpv suhvhqwhg hduolhu/ ��|

zloo eh forvh ru htxdo wr 4 dqg �&| / n 9@ 4 pd| eh forvh wr 3 +hvshfldoo| lq wkh fdvh ri vxp2surgxfw

SUHPRIV,1 Lq idfw/ gxh wr qxphulfdo xqghu�rz wkh �&| *v pd| ehfrph htxdo wr 31 Iurp ht1+48, ru

ht1+53, lw lv reylrxv wkdw lq vxfk d fdvh �&| zloo uhpdlq 3 hyhq lq fdvh vrxufh V+�&, lv _vzlwfkhg rq% dw d

odwhu wlph dqg d idovh fodvvl�fdwlrq zloo uhvxow1 Wr vroyh wklv sureohp/ zkhq �&| idoov ehorz d suhvshfl�hg

wkuhvkrog k/ lw lv uhvhw wr k1 Vxfk wkuhvkroglqj dprxqwv wr lqwurgxflqj d irujhwwlqj idfwru= hyhq li d

vhtxhqfh ri revhuydwlrqv lv yhu| xqolnho| wr kdyh ehhq jhqhudwhg e| d sduwlfxodu vrxufh/ wkdw vrxufh lv

qhyhu frpsohwho| uhpryhg iurp frqvlghudwlrq> li lw suhglfwv zhoo d odwhu vhtxhqfh ri revhuydwlrqv/ �&| fdq

uhfryhu d kljk ydoxh1 Dq dowhuqdwlyh zd| ri orrnlqj dw wkh xvh ri k lv wklv= zkhqhyhu rqh ru pruh �&| *v

idoo ehorz k +ehfdxvh wkh fruuhvsrqglqj suhglfwruv shuirup srruo|, wkh dojrulwkp lv uhvwduwhg xvlqj
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qhz �&f*v/ rewdlqhg iurp uhvhwwlqj wkh fruuhvsrqglqj �&| *v wr k1 Xqghu wklv lqwhusuhwdwlrq/ wkh sulru

hvwlpdwh ri wkh phpehuvkls judgh iru hdfk vrxufh qhyhu jrhv ehorz k1

Erwk � dqg k duh uhodwhg wr d wudgh0r� ehwzhhq vshhg dqg dffxudf|1 D odujh � ydoxh vorzv wkh

SUHPRIV dojrulwkp grzq dqg dvvljqv olwwoh lpsruwdqfh wr lqglylgxdo huuruv> vpdoo � vshhgv wkh SUH0

PRIV xs/ exw dovr dvvljqv pruh lpsruwdqfh wr lqvwdqwdqhrxv �xfwxdwlrqv dqg pdnhv wkh SUHPRIV

pruh surqh wr lqvwdqwdqhrxv fodvvl�fdwlrq huuruv1 Frqyhuvho|/ d odujh k plqlpl}hv wkh lpsruwdqfh ri

sdvw shuirupdqfh dqg vshhgv xs wkh uhvsrqvh ri wkh SUHPRIV wr vrxufh vzlwfklqjv/ dw wkh frvw ri

vsxulrxv idovh fodvvl�fdwlrqv> vpdoo k uhvxowv lq odujh uhfryhu| wlph ehwzhhq vrxufh vzlwfklqjv1

H1 Lqlwldo ydoxhv �&f1 Lw fdq eh vhhq iurp wkh frqyhujhqfh Wkhruhpv 4 dqg 5 wkdw vwulfw srvlwlylw|

lv wkh rqo| uhvwulfwlrq sodfhg rq wkh �&f*v wr hqvxuh frqyhujhqfh ri wkh phpehuvkls ixqfwlrqv1 Wklv

wkhruhwlfdo frqfoxvlrq/ lv dovr vxssruwhg e| rxu h{shulphqwv= fodvvl�fdwlrq shuirupdqfh lv pruh ru ohvv

lqghshqghqw ri wkh lqlwldo ydoxhv �&f 1

D�2 �hi_�U|�L? �L_�*it

Ohw xv qrz frqvlghu wkh suhglfwlrq prgxohv1

D1 Irup ri Suhglfwlrq Prgxoh1 Vhyhudo gl�huhqw w|shv ri suhglfwruv fdq eh xvhg iru wkh SUHPRIV

suhglfwlrq prgxohv= olqhdu/ vljprlg +qhxudo,/ sro|qrpldo ru UEI +udgldo edvlv ixqfwlrqv, suhglfwruv duh

vrph srvvlelolwlhv1 Wkhvh duh fdoohg eodfn0er{ prghov ru suhglfwruv dqg gr qrw wdnh lqwr dffrxqw wkh

phfkdqlvp wkdw jhqhudwhv d sduwlfxodu wlph vhulhv1 Rq wkh rwkhu kdqg/ li vxfk d phfkdqlvp lv nqrzq

+h{fhsw iru vrph sdudphwhu ydoxhv, d vr fdoohg vwuxfwxuhg prgho ru suhglfwru pd| eh xvhg/ h1j1 d

orjlvwlf0irup suhglfwru iru d orjlvwlf wlph vhulhv1 Wkh glvwlqfwlrq ehwzhhq eodfn0er{ dqg vwuxfwxuhg

prghov lv zhoo hvwdeolvkhg lq wkh v|vwhp lghqwl�fdwlrq olwhudwxuh1 Eodfn0er{ suhglfwruv duh riwhq xvhg lq

ix}}| vhw phwkrgv ri lghqwl�fdwlrq> frqvlghu iru lqvwdqfh ^5:` dqg hvshfldoo| ^6:`1 Lw pxvw eh phqwlrqhg

wkdw SUHPRIV fdq hpsor| gl�huhqw w|shv ri suhglfwruv zlwklq wkh vdph suhglfwru edqn/ h1j1 d olqhdu/

d vljprlg dqg d sro|qrpldo suhglfwru1

E1 Qrlvh Urexvwqhvv ri Suhglfwlrq1 Suhglfwruv ri wkh irup +8, xvh sdvw revhuydwlrqv dv lqsxw1 Wklv

pdnhv suhglfwlrq dffxudf| ghshqg rq wkh ohyho ri qrlvh suhvhqw lq wkh revhuydwlrqv1 Lq fhuwdlq fdvhv/ d

suhglfwru shuirupv yhu| zhoo zlwk qrlvh0iuhh lqsxw/ exw shuirupdqfh ghwhulrudwhv udslgo| zlwk lqfuhdvlqj

qrlvh ohyho1 Wklv skhqrphqrq kdv ehhq revhuyhg lq wkh orjlvwlf wlph vhulhv h{shulphqwv suhvhqwhg lq

914/ 915/ 9161 Wkuhh w|shv ri suhglfwruv duh xvhg= vljprlg/ olqhdu dqg orjlvwlf0vwuxfwxuhg1 Wkh orjlvwlf

suhglfwru jlyhv }hur suhglfwlrq huuru zkhq qrlvh0iuhh lqsxw lv xvhg/ exw wkh huuru ehfrphv txlwh odujh

zkhq wkh lqsxw lv qrlv|1 Wklv lv gxh wr wkh qrqolqhdu/ fkdrwlf qdwxuh ri wkh orjlvwlf pdsslqj= vpdoo

lqsxw yduldwlrqv pd| uhvxow lq odujh rxwsxw yduldwlrqv ^4`/ +ss1559/ 577,1 Wkh vljprlg suhglfwru lv hyhq

pruh vhqvlwlyh wr qrlvh1 Rq wkh rwkhu kdqg/ wkh olqhdu suhglfwru huuru lv uhodwlyho| lqvhqvlwlyh wr qrlvh/

qhyhu ehfrplqj wrr odujh ru wrr vpdoo1 � Wklv/ frpelqhg zlwk wkh ghflvlrq urexvwqhvv glvfxvvhg lq

814/ uhvxowv lq vxshulru/ qrlvh0urexvw fodvvl�fdwlrq/ dv zloo eh vhhq lq 914/ 915/ 9161 Wkh qrlvh urexvwqhvv
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revhuyhg lq wkh orjlvwlf h{shulphqwv lv dq looxvwudwlrq ri d jhqhudo sulqflsoh= d frpelqdwlrq ri ghflvlrq

dqg suhglfwlrq urexvwqhvv pdnhv SUHPRIV fodvvl�fdwlrq qrlvh0urexvw1

F1 Suhglfwru Rughu P1 Wklv lv uhodwhg wr wkh qxpehu ri suhglfwru sdudphwhuv/ wr eh ghwhuplqhg lq

wkh wudlqlqj skdvh1 Wkh pdlq frqvlghudwlrq lv wr dyrlg ryhu�wwlqj1 Zh kdyh xvhg uhdvrqdeo| orz rughu

suhglfwruv/ wu|lqj wr hqkdqfh urexvwqhvv udwkhu wkdq dffxudf| ri suhglfwlrq1

G1 Suhglfwlrq Huuru Rughu Q 1 Vxp2surgxfw SUHPRIV xvhv rqh0vwhs huuru h&| > zkloh pd{2plq

SUHPRIV xvhv Q0vwhs huuru H&
| 1 Khqfh/ iru wkh pd{2plq SUHPRIV/ Q lv dqrwkhu sdudphwhu wr eh

fkrvhq1 D wkhruhwlfdo frqvlghudwlrq lq wkh fkrlfh ri Q / lv wkdw lw vkrxog eh odujh hqrxjk wr mxvwli| wkh

dssur{lpdwlrq ri G& e| G&
| +vhh Wkhruhp 5,1 Rq wkh rwkhu kdqg/ rxu h{shulhqfh lqglfdwhv wkdw d odujh

ydoxh ri Q uhvxowv lq d voxjjlvk v|vwhp> d vpdoo ydoxh lq dq xqvwdeoh rqh1 Xvxdoo| Q lv wdnhq durxqg

83/ wr rewdlq vdwlvidfwru| uhvxowv1

H1 Prgxodulw|1 Wkh suhglfwruv hpsor|hg e| SUHPRIV duh lqghshqghqw ri hdfk rwkhu/ lq wkh vhqvh

wkdw li rqh ri wkhp lv uhpryhg iurp wkh v|vwhp wkh uhpdlqlqj suhglfwruv qhhg qrw eh uhfrq�jxuhg ru

uhwudlqhg1 Iru lqvwdqfh/ li lw lv ghflghg wr uhsodfh wkh vljprlg suhglfwru ri d sduwlfxodu vrxufh/ e| d olqhdu

suhglfwru iru wkh vdph vrxufh/ suhglfwruv ri wkh rwkhu vrxufhv uhpdlq xqfkdqjhg1 Vlploduo|/ wkh ghflvlrq

prgxoh fdq eh fkdqjhg zlwkrxw d�hfwlqj wkh suhglfwlrq prgxohv/ h1j1 fkdqjh iurp vxp2surgxfw wr

pd{2plq ghflvlrq1 Wklv surshuw| ri prgxodulw| lv xvhixo lq uhgxflqj ghyhorsphqw wlph1

I1 Sdudooholvp1 Prgxodulw| dovr lqwurgxfhv sdudooholvp1 Suhglfwruv fdq rshudwh lq sdudooho dqg vhqg

wkhlu suhglfwlrqv frqfxuuhqwo| wr wkh ghflvlrq prgxoh1 Khqfh h{hfxwlrq wlph lv lqghshqghqw ri wkh

qxpehu ri fodvvhv lq wkh fodvvl�fdwlrq sureohp dqg qhz fodvvhv 2 suhglfwruv fdq eh dgghg dv wkh qhhg

dulvhv1 Lq frqwudvw/ lw lv d zhoo nqrzq idfw wkdw oxpshg fodvvl�huv vfdoh edgo| zlwk wkh qxpehu ri fodvvhv1

H1j1 lq qhxudo fodvvl�huv/ dv wkh qxpehu ri sdudphwhuv lqfuhdvhv wudlqlqj pd| wdnh h{srqhqwldoo| orqj

wlph dqg2ru idlo wr dfklhyh d jrrg vroxwlrq ^45`1 Vlplodu frqvlghudwlrqv dsso| iru ix}}| fodvvl�huv1 Khqfh/

prgxodu fodvvl�huv/ zkhuh �{hg vl}h prgxohv duh wudlqhg slhfhzlvh/ duh kljko| ghvludeoh1 SUHPRIV

idoov lq wklv fdwhjru|1 Fohduo|/ erwk fodvvl�hu vl}h dqg wudlqlqj wlph vfdoh olqhduo| zlwk wkh qxpehu ri

vrxufhv 2 fodvvhv wkdw pxvw eh ohduqhg1

S , Tih�4i?|t

Vhyhudo vhwv ri h{shulphqwv duh suhvhqwhg lq wklv vhfwlrq/ ghdolqj zlwk ydulrxv wlph vhulhv fodvvl�fdwlrq

wdvnv1 Wkh iroorzlqj frqvlghudwlrqv dsso| wr doo wkh h{shulphqw vhwv suhvhqwhg1

Fodvvl�fdwlrq shuirupdqfh lv phdvxuhg e| d �jxuh ri phulw f @ Q�@Qf/ zkhuh Q� lv wkh qxpehu ri

wlph vwhsv dw zklfk wkh vrxufh ri wkh wlph vhulhv lv fruuhfwo| lghqwl�hg/ dqg Qf lv wkh wrwdo qxpehu ri

wlph vwhsv1
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Wzr gl�huhqw ghflvlrq prgxohv kdyh ehhq xvhg= d vxp2surgxfw prgxoh dqg d pd{2plq prgxoh1

Ghshqglqj rq wkh w|sh ri suhglfwruv xvhg +olqhdu/ vljprlg/ vwuxfwxuhg, vhyhudo gl�huhqw frpelqdwlrqv

ri suhglfwlrq 2 ghflvlrq prgxohv duh rewdlqhg> wkh ydoxh ri f lv olvwhg iru hdfk frpelqdwlrq1 Wkh �/

k/ P dqg �&f sdudphwhuv zhuh fkrvhq dv iroorzv= � zdv dozd|v vhw htxdo wr wkh vwdqgdug ghyldwlrq

ri suhglfwlrq huuru/ frpsxwhg gxulqj wkh wudlqlqj skdvh ri hdfk suhglfwru> k zdv vhw wr 3134> P zdv

fkrvhq iru hdfk suhglfwru xvhg/ vr dv wr jhw jrrg suhglfwlrq zkloh dyrlglqj ryhu�wwlqj> �&f zdv dozd|v

wdnhq wr eh 4@N1 Qr dwwhpsw lv pdgh wr �qh wxqh wkhvh sdudphwhuv> wkh ydoxhv fkrvhq zhuh irxqg wr

zrun txlwh zhoo1 H{shulphqwlqj zlwk rwkhu ydoxhv zh kdyh irxqg wkdw SUHPRIV lv fkdudfwhul}hg e|

frqvlghudeoh urexvwqhvv wr sdudphwhu fkrlfh1

Lq hyhu| h{shulphqw vhw/ fodvvl�fdwlrq h{shulphqwv duh uhshdwhg zlwk wkh ruljlqdo wlph vhulhv ehlqj

pl{hg zlwk dgglwlyh zklwh qrlvh/ xqlirupo| glvwulexwhg lq vrph lqwhuydo ^��
2
> �
2
`/ iru ydulrxv D ydoxhv

+l1h1 ydulrxv qrlvh ohyhov,1 Wkh vwuhqjwk ri qrlvh vljqdo uhodwlyh wr wkdw ri wkh wlph vhulhv lv vkrzq e|

olvwlqj d vljqdo wr qrlvh udwlr/ l1h1 vljqdo hqhuj| +
S

|[
2
| , glylghg e| qrlvh hqhuj| +

S
| q

2
| ,1 Wklv |lhogv

d vljqdo0wr0qrlvh udwlr ghqrwhg e| VQU1 Wudlqlqj zdv shuiruphg rq qrlvh0iuhh gdwd1

S�� wL}�t|�U @?_ ?L�tic M*@U! ML Thi_�U|Lhc UL4T*i|i ti@hU� ti|

Wkh �uvw h{dpsoh frqfhuqv d fdvh ri vljqdo ghwhfwlrq= d vljqdo pxvw eh glvfulplqdwhg iurp zklwh qrlvh1

Wkh vljqdo xvhg lv wkh orjlvwlf wlph vhulhv +vhh ^4`, jhqhudwhg e| wkh iroorzlqj gl�huhqfh htxdwlrq

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

Khuh � sod|v wkh uroh ri vrxufh sdudphwhu ] 1 D whvw wlph vhulhv kdv ehhq jhqhudwhg e| uxqqlqj d orjlvwlf

zlwk �@61< iru <83 wlph vwhsv/ wkhq dsshqglqj <83 wlph vwhsv ri zklwh qrlvh/ xqlirupo| glvwulexwhg lq

wkh ^3/4` lqwhuydo1 Wkh wdvn lv wr fodvvli| hdfk vwhs ri wkh wlph vhulhv wr orjlvwlf +zlwk �@ 61<, ru qrlvh1

Wklv lv d udwkhu kdug wdvn/ dv wkh orjlvwlf zlwk � @ 6=< lv d fkdrwlf wlph vhulhv/ vlplodu wr zklwh qrlvh/

erwk vwdwlvwlfdoo| +^58`/ s1443, dqg ylvxdoo| +lq Ilj14 revhuyh wkh wlph vhulhv dw VQU@9133,1

Lw lv dvvxphg wkdw d sduw ri wkh wlph vhulhv kdv ehhq jhqhudwhg e| d orjlvwlf/ exw wkh h{dfw ydoxh

ri � lv qrw nqrzq> lw lv frqmhfwxuhg wkdw lw olhv lq wkh lqwhuydo ^619/61<`1 Khqfh/ lq wkh r�0olqh skdvh

d edqn ri irxu suhglfwruv kdv ehhq wudlqhg rq qrlvh0iuhh yhuvlrqv ri orjlvwlf wlph vhulhv/ jhqhudwhg e|

wkh iroorzlqj ydoxhv ri �= 619/ 61:/ 61;/ 61<1 Dq dgglwlrqdo suhglfwru lv wudlqhg rq zklwh qrlvh gdwd1
e Ri frxuvh wkh wudlq gdwd duh gl�huhqw iurp wkh whvw gdwd> wklv krogv wuxh iru wklv dv zhoo dv doo

vxevhtxhqw h{shulphqwv1 Khqfh d edqn ri �yh suhglfwruv lv xvhg lq wkh rq0olqh skdvh ri SUHPRIV1
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Wzr vhsdudwh edqnv ri suhglfwruv kdyh ehhq xvhg= 450wk rughu olqhdu suhglfwruv/ lq rqh fdvh/ 4;080

4 vljprlg ihhgiruzdug qhxudo qhwzrunv +l1h1 4; lqsxw/ 8 klgghq/ rqh rxwsxw qhxurqv,/ lq wkh rwkhu

fdvh1 Lq wkh fdvh ri pd{2plq SUHPRIV/ Q +huuru rughu, zdv wdnhq htxdo wr 831 Lq doo/ wkhuh duh

irxu frpelqdwlrqv ri suhglfwru dqg ghflvlrq prgxohv/ vr wkh fodvvvl�fdwlrq h{shulphqw lv uhshdwhg irxu

wlphv/ rqfh iru hdfk frpelqdwlrq1

Lq Wdeoh L wkh f ydoxhv duh olvwhg iru irxu gl�huhqw SUHPRIV lpsohphqwdwlrqv= vljprlg suhglfwru

zlwk pd{2plq ghflvlrq/ vljprlg suhglfwru zlwk vxp2surgxfw ghflvlrq/ olqhdu suhglfwru zlwk pd{2plq

ghflvlrq dqg olqhdu suhglfwru zlwk vxp2surgxfw ghflvlrq1 Ilj15 lv d sorw ri wkh hyroxwlrq ri phpehuvkls

judghv dv frpsxwhg e| wkh pd{2plq phwkrg> Ilj16 lv d sorw ri wkh hyroxwlrq ri phpehuvkls judghv

dv frpsxwhg e| wkh vxp2surgxfw phwkrg1 Erwk fdvhv shuwdlq wr vljprlg suhglfwru h{shulphqwv dqg

d qrlvh ohyho VQU@451831 D vlplodu sorw lv suhvhqwhg lq Ilj17 xvlqj d olqhdu suhglfwru/ vxp2surgxfw

ghflvlrq dqg qrlvh ohyho VQU@61661 Iljxuhv 5 0 7 dqg Wdeoh L lqglfdwh wkdw wkh orjlvwlf2qrlvh wlph

vhulhv lv jhqhudoo| fodvvl�hg dw d kljk ohyho ri dffxudf|1 Iru wkh qrlvh iuhh fdvh/ vljprlg suhglfwru dqg

vxp2surgxfw ghflvlrq jlyh wkh ehvw uhvxowv zlwk d fodvvl�fdwlrq �jxuh ri phulw f ryhu 31<81 Olqhdu

suhglfwruv/ rq wkh rwkhu kdqg/ duh pruh urexvw wr qrlvh1 Pd{2plq dqg vxp2surgxfw ghflvlrq shuirup

doprvw htxdoo| zhoo1

S�2 wL}�t|�U @?_ ?L�tic M*@U! ML Thi_�U|Lhc �?UL4T*i|i ti@hU� ti|

Wklv vhw ri h{shulphqwv djdlq frqfhuqv vljqdo ghwhfwlrq1 Wkh vhwxs lv lghqwlfdo wr wkh suhylrxv h{shu0

lphqw vhw/ h{fhsw lq wkdw lw lv lqfruuhfwo| dvvxphg wkdw wkh orjlvwlf � olhv lq wkh lqwhuydo ^618/61;`> lw

lv lqwhqghg wr lqyhvwljdwh wkh ehkdylru ri wkh SUHPRIV zkhq wkh wuxh prgho lv qrw lqfoxghg lq wkh

vhdufk vhw1 Dffruglqjo|/ wkh suhglfwruv duh wudlqhg rq � ydoxhv 618/ 619/ 61:/ 61; dqg rq zklwh qrlvh1 Iru

wkh orjlvwlf sduw ri wkh wlph vhulhv/ fodvvl�fdwlrq zloo eh frqvlghuhg fruuhfw li wkh forvhvw dydlodeoh vrxufh

lv fkrvhq/ qdpho| �@61;1 Iru wkh qrlvh sduw wkhuh lv qr fkdqjh1 H{shulphqwdo uhvxowv +rq d qhz whvw

wlph vhulhv, duh vxppdul}hg lq Wdeoh LL> wkhvh vxssruw wkh vdph frqfoxvlrqv dv lq vhfwlrq 9141 Qdpho|/

vljprlg suhglfwruv duh pruh dffxudwh dw orz qrlvh ohyhov exw olqhdu suhglfwruv duh pruh urexvw wr qrlvh1

Lq dgglwlrq lw lv hylghqw wkdw hyhq zkhq wkh wuxh fodvv grhv qrw dsshdu lq wkh vhdufk vhw/ SUHPRIV

|lhogv txlwh dffxudwh fodvvl�fdwlrq lq wkh vhqvh wkdw wkh forvhvw fodvv dydlodeoh lv vhohfwhg1

S�� wL}�t|�U @?_ *L}�t|�Uc M*@U! ML Thi_�U|Lhc UL4T*i|i ti@hU� ti|

Wklv vhw ri h{shulphqwv fdq eh frqvlghuhg dv dq h{huflvh lq eodfn0er{ v|vwhp lghqwl�fdwlrq1 Djdlq/

d 4<33 vwhsv wlph vhulhv lv xvhg> wkh �uvw <83 vwhsv kdyh ehhq jhqhudwhg e| d orjlvwlf zlwk � @ 6=9

dqg wkh odvw <83 vwhsv e| d orjlvwlf zlwk � @ 6=:1 Wkh vhdufk vhw lv wkh vdph dv lq 914> Wkh wdvn

lv wr �qg wkh fruuhfw ydoxh ri �1 Wkh uhvxowv ri wklv h{shulphqw vhw +rq d qhz whvw wlph vhulhv, duh

vxppdul}hg lq Wdeoh LLL> wkh| duh vlplodu wr wkrvh ri wkh suhylrxv h{shulphqw vhwv/ h{fhsw wkdw lq wklv

wdvn wkh vljprlg suhglfwruv duh irxqg wr eh txlwh vhqvlwlyh wr qrlvh1 Lq Ilj18 wkh phpehuvkls judghv

hyroxwlrq lv suhvhqwhg iru wkh frpelqdwlrq ri olqhdu suhglfwru dqg pd{2plq ghflvlrq/ zkloh lq Ilj19 lw

lv suhvhqwhg iru wkh frpelqdwlrq ri olqhdu suhglfwru dqg vxp2surgxfw ghflvlrq> lq erwk fdvhv qrlvh ohyho

lv VQU@81331
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S�e wL}�t|�U @?_ ?L�tic t|h�U|�hi_ Thi_�U|Lhc UL4T*i|i ti@hU� ti|

Lq wklv vhw ri h{shulphqwv/ d vljqdo ghwhfwlrq wdvn lv djdlq frqvlghuhg1 Wzr srlqwv duh lqyhvwljdwhg=

wkh xvh ri vwuxfwxuhg suhglfwruv/ dqg shuirupdqfh zlwk d odujh vhdufk vhw1 D 4<33 vwhsv wlph vhulhv

lv xvhg> wkh �uvw <83 vwhsv ri lw kdv ehhq jhqhudwhg e| d orjlvwlf zlwk � @ 6=< dqg wkh odvw <83 vwhsv

e| zklwh qrlvh xqlirupo| glvwulexwhg lq ^3/4`1 Wkh gl�huhqfh ehwzhhq wklv dqg suhylrxv h{shulphqwv lv

lq wkh suhglfwru prgxohv dqg vhdufk vhw1 Qdpho|/ qlqh vwuxfwxuhg orjlvwlf suhglfwruv duh xvhg/ kdylqj

wkh vdph irup dv ht1+5;, dqg �@ 614/ 615/ 111 / 61<1 Wkh qrlvh suhglfwru lv a[|@ 318> lw lv vwuxfwxuhg lq

wkh vhqvh wkdw sulru lqirupdwlrq derxw wkh wlph vhulhv lv xvhg1 Dv uhpdunhg lq irrwqrwh 43/ wklv lv wkh

rswlpdo suhglfwru iru xqlirup zklwh qrlvh lq wkh lqwhuydo ^3/4`1 Lq wkh fdvh ri pd{2plq SUHPRIV/ Q

+huuru rughu, zdv wdnhq htxdo wr 831 Wklv h{shulphqw vhw dovr looxvwudwhv wkh xvh ri gl�huhqw irupv ri

suhglfwru prgxohv +wkh irup ri wkh suhglfwru htxdwlrq lv gl�huhqw iru wkh orjlvwlf dqg qrlvh suhglfwruv,1

Wkh uhvxowv ri wklv h{shulphqw vhw duh vxppdul}hg lq Wdeoh LY1

Lq whupv ri qrlvh urexvwqhvv/ wkh shuirupdqfh ri vwuxfwxuhg orjlvwlf suhglfwruv lv vrphzkhuh ehwzhhq

wkdw ri olqhdu dqg vljprlg suhglfwruv xvhg lq wkh suhylrxv h{shulphqw vhwv1 Qdpho|/ vwuxfwxuhg orjlvwlf

suhglfwruv shuirup yhu| zhoo xs wr uhodwlyho| kljk qrlvh ohyho/ exw wkhq shuirupdqfh judgxdoo| gursv

r�1 Zh dwwulexwh wklv skhqrphqrq wr wkh fkdrwlf qdwxuh ri wkh orjlvwlf pdsslqj/ zklfk lv nqrzq wr

eh yhu| vhqvlwlyh wr vpdoo ghyldwlrqv lq lqlwldo frqglwlrqv ^4`1 Khqfh/ d uhodwlyho| vpdoo ohyho ri qrlvh lq

wkh revhuydwlrq ri sdvw [| ydoxhv fdq ohdg doo suhglfwruv wr doprvw htxdoo| odujh suhglfwlrq huuruv> wklv

fdqqrw eh frpshqvdwhg e| wkh frpshwlwlyh qdwxuh ri SUHPRIV frpsxwdwlrqv/ vlqfh doo suhglfwruv duh

derxw htxdoo| edg1 Uhjduglqj wkh xvh ri d odujhu suhglfwru edqn/ zkloh lq sulqflsoh wklv pljkw ohdg wr d

ghwhulrudwlrq ri fodvvl�fdwlrq shuirupdqfh +pruh suhglfwruv2 fodvvhv duh frpshwlqj dw hyhu| wlph vwhs,/

lw lv revhuyhg wkdw SUHPRIV shuirupv txlwh vdwlvidfwrulo|1 Ilqdoo|/ dv lq suhylrxv h{shulphqw vhwv/

wkh vxp2surgxfw ghflvlrq prgxoh jhqhudoo| shuirupv ehwwhu wkdq wkh pd{2plq rqh/ exw wkh glvwlqfwlrq

lv qrw vr vkdus1

S�D �L�tic t|h�U|�hi_ Thi_�U|Lhc �?UL4T*i|i ti@hU� ti|

Wklv h{shulphqw vhw lv frqfhuqhg zlwk d wlph vhulhv zklfk lv frpsohwho| plvpdwfkhg wr wkh dydlodeoh

suhglfwruv1 D 5333 vwhsv wlph vhulhv lv xvhg/ frqvlvwlqj vroho| ri zklwh qrlvh/ xqlirupo| glvwulexwhg lq

^3/4`1 Wkh vhdufk vhw frqvlvwv ri whq orjlvwlf suhglfwruv zlwk �@ 614/ 615/ 111 / 61</ 7131 Lq wkh fdvh

ri pd{2plq SUHPRIV/ Q +huuru rughu, zdv wdnhq htxdo wr 831 Wkh srlqw ri wkh h{shulphqw vhw lv

wr ghwhuplqh zkhwkhu SUHPRIV zloo surylgh vrph lqglfdwlrq wkdw wkh wlph vhulhv revhuyhg ehduv qr

uhodwlrq wr wkh dydlodeoh fodvvhv1 Dffruglqj wr Wkhruhpv 4 dqg 5/ fodvvl�fdwlrq zloo frqyhujh wr wkh

fodvv zlwk plqlpxp dyhudjh vtxduh suhglfwlrq huuru1 Lw fdq eh suryhg wkdw wklv lv wkh suhglfwru zlwk

�@ 614/ exw dovr wkdw suhglfwlrq huuruv duh yhu| forvh iru doo suhglfwruv +surriv duh rplwwhg/ iru odfn ri

vsdfh,1 Khqfh/ � @ 6=4 lv wdnhq wr eh wkh _ehvw% fodvv1 Fodvvl�fdwlrq uhvxowv duh suhvhqwhg lq Wdeoh Y1

Uhvxowv ri Wdeoh Y lqglfdwh/ rq wkh rqh kdqg/ wkdw SUHPRIV fodvvl�hv wr wkh fodvv zlwk plqlpxp

dyhudjh vtxduh suhglfwlrq huuru/ dv h{shfwhg e| wkh wkhruhwlfdo dqdo|vlv1 Rq wkh rwkhu kdqg/ wklv uhvxow

pd| plvohdg wkh xvhu lqwr eholhylqj wkdw d orjlvwlf wlph vhulhv zlwk �@ 614 lv revhuyhg/ zkloh lq idfw

wkh wlph vhulhv lv zklwh qrlvh1 Krzhyhu/ SUHPRIV grhv jlyh dq lpsolflw zduqlqj vljqdo/ wkurxjk wkh

sur�oh ri wkh phpehuvkls judghv1 Lq Ilj1:/ wkh luuhjxodu irup dqg udslg yduldwlrq ri wkh phpehuvkls
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judgh sur�oh lv gxh wr odujh suhglfwlrq huuruv/ zklfk duh doprvw xqlirupo| vsuhdg dprqj doo suhglfwruv1

Vlqfh doo suhglfwruv duh derxw htxdoo| edg/ wkh frpshwlwlyh ixqfwlrq ri SUHPRIV grhv qrw jlyh d fohdu

dgydqwdjh wr dq| suhglfwru1 Wkh phpehuvkls judgh sur�ohv ri Ilj1: vkrxog eh frpsduhg wr wkdw ri

Iljv16/ 7/ zkhuh d vlqjoh suhglfwru kdv d fohdu dgydqwdjh ryhu doo rwkhuv1 Vxfk luuhjxodu sur�ohv fdq

vhuyh dv d xvhixo gldjqrvwlf iru d uhhydoxdwlrq ri wkh vhdufk vhw1

S�S �L|Lhc t|h�U|�hi_ Thi_�U|Lhc UL4T*i|i ti@hU� ti|

Lq wklv h{shulphqw vhw d pruh uhdolvwlf h{dpsoh ri v|vwhp lghqwl�fdwlrq lv frqvlghuhg/ lqyroylqj phd0

vxuhphqwv jhqhudwhg iurp vlpxodwlrq ri dq DF lqgxfwlrq prwru1 Wkh rshudwlrq ri wkh DF lqgxfwlrq

prwru lv ghvfulehg +lq glvfuhwh wlph, e| wkh iroorzlqj qrqolqhdu vwdwh htxdwlrqv1
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Khuh l^r+w,/ l_r+w, duh vwdwru fxuuhqwv/ l^o+w,/ l_o+w, duh urwru fxuuhqwv/ z+w, lv dqjxodu yhorflw|/ Y^r+w,/

Y_r+w, duh vwdwru yrowdjhv dqg Wu+w, lv wrutxh1 �w lv wkh lqwhjudwlrq vwhs> Ur/ Uo duh vwdwru dqg urwru

uhvlvwdqfhv/ Or/ Oo/ Of duh vwdwru/ urwru dqg pxwxdo lqgxfwdqfhv> M lv prphqw ri lqhuwld dqg S lv qxpehu

ri sroh sdluv1 \ +w, dqg z+w, duh wkh vwdwhv> X+w, dqg Wu+w, duh wkh lqsxwv1 Doo wkh sdudphwhuv duh nqrzq/

h{fhsw iru Uo/ zklfk ghshqgv rq rshudwlqj frqglwlrqv1 Krzhyhu/ lv qhfhvvdu| iru wkh ghwhuplqdwlrq

ri wkh prwru wlph frqvwdqw Wo/ zklfk lq wxuq lv qhfhvvdu| iru h�flhqw dqg hfrqrplf dqjxodu yhorflw|

frqwuro1 Khqfh wklv sureohp lv d w|slfdo h{dpsoh ri rq0olqh sdudphwhu hvwlpdwlrq1 Ydulrxv phwkrgv

kdyh ehhq sursrvhg wr vroyh wklv sureohp ^53/ 54`1 Wr dsso| SUHPRIV wr wkh Uo hvwlpdwlrq wdvn/ wkh

sureohp pxvw eh frqyhuwhg wr rqh ri wlph vhulhv fodvvl�fdwlrq1 Zh phdvxuh l^r+w,/ l_r+w,> wkh yhfwru

vhtxhqfh ^l^r+w,/ l_r+w,` +w@4/ 5/ 111 , lv frqvlghuhg wr eh wkh wlph vhulhv [| +w@4/ 5/ 111 , zklfk pd|

kdyh ehhq jhqhudwhg e| dq| ri d qxpehu ri vrxufhv/ hdfk zlwk d sduwlfxodu ydoxh Uo> lq rwkhu zrugv

Uo sod|v wkh uroh ri wkh vrxufh sdudphwhu ]1 Wkh sdudphwhu hvwlpdwlrq wdvn kdv ehhq frqyhuwhg wr wkh

wdvn ri fodvvli|lqj wkh revhuydeoh wlph vhulhv wr rqh ri d qxpehu ri fodvvhv> fruuhfw fodvvl�fdwlrq +dw d

jlyhq wlph vwhs, zloo |lhog wkh +dssur{lpdwho|, fruuhfw ydoxh ri Uo1

Wkh DF lqgxfwlrq prwru lv vlpxodwhg/ dqg wkh vwdwru fxuuhqw revhuydwlrqv pl{hg zlwk dgglwlyh

qrlvh dw ydulrxv qrlvh ohyhov1 Hdfk vlpxodwlrq lv uxq iru 43333 wlph vwhsv/ hdfk vwhs fruuhvsrqglqj wr

318 ploolvhfrqgv ri uhdo wlph> khqfh wkh rshudwlrq ri wkh prwru lv vlpxodwhg iru d 8 vhfrqg wlph lqwhuydo1

Lqsxw lv d wkuhh skdvh DF yrowdjh ri 553 Yrowv UPV ydoxh dqg wrutxh Wu@418 Q�p1 Wkh dfwxdo prwru

kdv wkh iroorzlqj sdudphwhuv= Ur@4418; Rkp/ Or @313:4 Khqu|/ Oo@313:5 Khqu|/ Of@3139< Khqu|/
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M@313;< nj�p2 / E@3 Qw�vhf2p/ S@51 Wr vlpxodwh wkh h�hfw ri Uo yduldwlrq/ whq Uo ydoxhv duh xvhg=

iurp wlph w@313 wr 318 vhfrqgv Uo@ 71< Rkp/ iurp 318 wr 413 vhfrqgv Uo@81< Rkp dqg vr rq xqwlo

wkh ydoxh 461< Rkp1 Zh xvh d edqn ri whq suhglfwlrq prgxohv +N@43,/ wxqhg wr Uo ydoxhv ri 8/ 9/111/

47 Rkp1 Zkhq dfwxdo Uo ydoxh lv 71</ wkh ehvw hvwlpdwh lv 8 Rkp> vlploduo| iru Uo@81</ 91</ 111 1

Iru wkh lqwhjudwlrq ri htv1+5<,/ +63, wkh wlph vwhs zdv �w@318 pvhf1 Krzhyhu/ vhyhudo vdpsolqj wlphv

zhuh xvhg iru wkh revhuydwlrq ri wkh vwdwru fxuuhqw/ qdpho| �v@ 318/ 4/ 5/ 6 pvhf1 Odujhu vdpsolqj wlph

lpsolhv wkdw ohvv lqirupdwlrq lv rewdlqhg derxw wkh rshudwlrq ri wkh prwru dqg ihzhu frpsdulvrqv duh

shuiruphg ehwzhhq wkh wuxh v|vwhp dqg wkh suhglfwruv1 Suhvxpdeo|/ wklv pdnhv wkh lghqwl�fdwlrq wdvn

kdughu> rq wkh rwkhu kdqg lw dpholrudwhv frpsxwdwlrqdo ordg dqg pdnhv wkh phwkrg pruh dwwudfwlyh

iru rq0olqh dssolfdwlrq1 Lq wkh fdvh ri pd{2plq SUHPRIV/ Q +huuru rughu, zdv wdnhq htxdo wr 431

Wkh fodvvl�fdwlrq uhvxowv iru ydulrxv qrlvh ohyhov dqg vdpsolqj wlphv duh suhvhqwhg lq Wdeoh YL1 Lw fdq

eh vhhq wkdw SUHPRIV kdv jrrg shuirupdqfh iru txlwh kljk qrlvh ohyhov1

S�. 5TiiU�c M*@U! ML Thi_�U|Lhc UL4T*i|i ti@hU� ti|

Wkh odvw h{dpsoh lv d fdvh ri skrqhph fodvvl�fdwlrq/ lqyroylqj uhdo zruog gdwd1 Wkh wlph vhulhv xvhg

duh wzr xwwhudqfhv ri wkh zrug _rqh%/ rqh iru wudlqlqj dqg rqh iru whvwlqj1 Erwk kdyh ehhq vdpsohg

lqlwldoo| dw 43 NK}/ wkhq vxevdpsohg dw 5 NK}1 Wkuhh vrxufhv +skrqhphv ^rr`/ ^dk` dqg ^qq`, duh

frqwdlqhg lq wkh gdwd1 Wkuhh olqhdu suhglfwlrq prgxohv ri wkh irup a|&| @ z&
� � ||3� . ===. z&

�H � ||3�H/

n @ 4> 5> 6 kdyh ehhq wudlqhg/ xvlqj gdwd iurp wkh �uvw xwwhudqfh ri wkh wkuhh skrqhphv1 Lq wkh fdvh

ri pd{2plq SUHPRIV/ Q +huuru rughu, zdv wdnhq htxdo wr 431 Wkh suhglfwruv duh frpelqhg lqwr d

vxp2surgxfw SUHPRIV dqg d pd{2plq SUHPRIV dqg vhyhudo fodvvl�fdwlrq h{shulphqwv duh uxq/

xvlqj wkh vhfrqg xwwhudqfh ri _rqh% zlwk dgglwlyh qrlvh vxshusrvhg dw ydulrxv ohyhov1 Wkh qrlvh iuhh

vshhfk wlph vhulhv lv sorwwhg lq Ilj1;1 Lq Ilj1< wkh hyroxwlrq ri phpehuvkls judghv lv suhvhqwhg iru wkh

qrlvh0iuhh fdvh1

Lq Ilj1; wzr wudqvlwlrq uhjlrqv ri wkh wlph vhulhv fdq eh revhuyhg/ ehwzhhq wlph vwhsv 583 dqg 633/

dqg 883 dqg 933/ zkhuh wkh wlph vhulhv grhv qrw fruuhvsrqg wr dq| skrqhph1 Lw frxog eh vdlg wkdw

wzr vrxufhv2skrqhphv duh dfwlyh ryhu hdfk wudqvlwlrq uhjlrq +^rr` dqg ^dk` iru wkh �uvw uhjlrq/ ^dk` dqg

^qq` iru wkh vhfrqg,1 Wklv lv zhoo uh�hfwhg lq wkh uhvshfwlyh sruwlrqv ri phpehuvkls ixqfwlrq sur�ohv/

dv glvsod|hg lq Ilj1<1 Lq wkh wudqvlwlrq uhjlrqv wkh phpehuvkls judghv ri wkh wzr vrxufhv �xfwxdwh

zlgho| ehiruh wkh| vhwwoh lqwr vwhdg| vwdwh1 Fruuhvsrqglqj wr wklv skhqrphqrq ri frqfxuuhqwo| dfwlyh

vrxufhv/ fodvvl�fdwlrq uhvxowv fdq eh frpsxwhg lq wzr gl�huhqw zd|v1 Qdpho|/ wkh wudqvlwlrq uhjlrqv

fdq eh lqfoxghg lq wkh frpsxwdwlrq ri f/ ru uhpryhg iurp frqvlghudwlrq> wkh vhfrqg rswlrq lv pruh

uhdolvwlf/ vlqfh wkh wudqvlwlrq uhjlrqv fdqqrw eh surshuo| fodvvl�hg wr dq| skrqhph1 Fodvvl�fdwlrq uhvxowv

suhvhqwhg lq Wdeoh YLL/ duh frpsxwhg lq erwk zd|v= wkh vhfrqg dqg wklug froxpqv ri wkh wdeoh jlyh

fodvvl�fdwlrq uhvxowv rq wkh frpsohwh wlph vhulhv/ zkloh wkh irxuwk dqg �iwk froxpqv jlyh fodvvl�fdwlrq

uhvxowv zlwk wkh wudqvlwlrq uhjlrqv ghohwhg1

. �L?U*�t�L?

Zh kdyh suhvhqwhg d Suhglfwlyh Prgxodu Ix}}| V|vwhp iru fodvvl�fdwlrq ri wlph vhulhv wr rqh ri d

�qlwh qxpehu ri fodvvhv1 Wzr ydulhwlhv ri SUHPRIV zhuh suhvhqwhg/ ghshqglqj rq wkh phwkrg xvhg

4:



wr lpsohphqw wkh ix}}| DQG dqg RU rshudwruv +pd{2plq dqg vxp2surgxfw,1 SUHPRIV kdv wkh

iroorzlqj fkdudfwhulvwlfv1

41 Fodvvl�fdwlrq lv edvhg rq phpehuvkls ixqfwlrq ri wkh hqwluh wlph vhulhv wr d xqlyhuvdo vhw ri vrxufhv

2 fodvvhv1 Wkh frpsxwdwlrq ri wkh phpehuvkls ixqfwlrq lv edvhg rq wkh suhglfwlyh dffxudf| ri

hdfk vrxufh iru wkh revhuyhg wlph vhulhv1

51 SUHPRIV lv prgxodu dqg sdudoohol}deoh1 Wklv uhvxowv lq jrrg vfdolqj surshuwlhv dqg kljk h{hfx0

wlrq vshhg1 Wkh pd{2plq SUHPRIV fdq eh lpsohphqwhg e| yhu| vlpsoh kdugzduh1

61 Wkh frpsxwdwlrq lv uhfxuvlyh dqg wkxv zhoo vxlwhg wr rq0olqh fodvvl�fdwlrq1 Qr suhsurfhvvlqj ri

gdwd lv uhtxluhg1

71 Wkh dvvljqphqw ri phpehuvkls judghv lv frpshwlwlyh= zkdw pdwwhuv lv qrw krz zhoo d sduwlfxodu

vrxufh �wv wkh gdwd/ exw krz pxfk ehwwhu wkdq rwkhu vrxufhv1 Dv d uhvxow/ SUHPRIV lv kljko|

urexvw wr qrlvh dqg suhglfwlrq huuru1

Frqyhujhqfh ri fodvvl�fdwlrq wr wkh fruuhfw fodvv kdv ehhq pdwkhpdwlfdoo| suryhg iru erwk ydulhwlhv

ri SUHPRIV1 D qxpehu ri h{shulphqwv kdyh ehhq suhvhqwhg zklfk fruurerudwh rxu pdwkhpdwlfdo

uhvxowv1 Wkhru| dqg h{shulphqw lqglfdwh wkdw SUHPRIV lv dq h�flhqw/ vlpsoh dqg khqfh dwwudfwlyh

phwkrg iru g|qdplf sdwwhuq fodvvl�fdwlrq1 Pdq| srvvleoh yduldwlrqv ri SUHPRIV kdyh ehhq glvfxvvhg

rqo| eulh�|1 Vxfk yduldwlrqv fdq eh fuhdwhg e| fkdqjlqj hlwkhu wkh suhglfwlrq ru wkh ghflvlrq prgxohv1

Lq dgglwlrq/ wkhuh lv d qxpehu ri sdudphwhuv + �/ k/ P / Q / �&f, zklfk fdq eh xvhg wr rswlpl}h

shuirupdqfh1

Vhyhudo lvvxhv phulw ixuwkhu uhvhdufk1 Zh kdyh ghdow khuh h{foxvlyho| zlwk wkh fdvh ri d �qlwh vrxufh

vhw1 Wklv lv dq lpsruwdqw fdvh/ exw lw lv dovr ghvludeoh wr h{whqg wkh xvh ri SUHPRIV wr lq�qlwh

+hvshfldoo| frqwlqxrxv, vrxufh vhwv1 Rqh phwkrg wr dfklhyh wklv lqyroyhv d v|vwhp ri surjuhvvlyho|

qduurzlqj julgv1 Dw hyhu| fodvvl�fdwlrq hsrfk d �{hg julg zlwk d �qlwh qxpehu ri qrghv lv xvhg>

SUHPRIV �qgv wkh _ehvw% qrgh> wkhq d qduurzhu julg lv exlow durxqg wklv qrgh dqg d qhz hsrfk lv

vwduwhg1 D ghvludeoh uhvxow zrxog eh wr suryh frqvlvwhqf| ri wklv phwkrg/ lq wkh olplw= dv wkh julg vl}h

jrhv wr }hur/ vr grhv wkh huuru lq sdudphwhu hvwlpdwh1 Dqrwkhu zd| wr ghdo zlwk dq lq�qlwh vrxufh vhw

xvhv dgdswlyh jhqhudwlrq dqg wudlqlqj ri vrxufh suhglfwruv1 Dw dq| jlyhq wlph rqo| d �qlwh qxpehu

ri wkhvh duh dfwlyho| frqvlghuhg +l1h1 wkhlu �&| ydoxhv xsgdwhg,> exw li vrph �&| ehfrphv wrr vpdoo/ wkh

uhvshfwlyh �& lv glvfdughg dqg uhsodfhg e| d qhz rqh lq wkh vhdufk vhw1 Lq wklv zd| zh kdyh d �qlwh

dfwlyh vrxufh vhw/ exw d srwhqwldoo| lq�qlwh wrwdo vrxufh vhw1

� �TTi?_� 

Khuh zh suhvhqw wkh surriv ri Wkhruhpv 4 dqg 5 ri Vhfwlrq 71

Surri ri Wkhruhp 4= Wdnh dq| n 9@p> iurp ht1+48, zh kdyh
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+uhshdwlqj wkh dujxphqw iru v @ w� 4/ w� 5/ 111 / 4,
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= +65,

Xvlqj wkh olplw ri Fhvdur dyhudjh ri m h&r m
2/ m h6r m2 dqg wkh frqwlqxlw| ri wkh h{srqhqwldo ixqfwlrq/ lw lv

frqfoxghg wkdw iru hyhu| � A 3 wkhuh lv vrph w" vxfk wkdw iru doo w A w" zh kdyh

|

v
�&|
�6|

?
|

v
�&f
�6f

� h
3

�
(&3(63"

j2

�
= +66,

Krzhyhu/ vlqfh e| dvvxpswlrq D5 G& lv vwulfwo| odujhu wkdq G6/ rqh fdq �qg vrph � vpdoo hqrxjk

wkdw wkh h{srqhqw deryh lv qhjdwlyh> wklv lq wxuq lpsolhv wkdw wkh h{srqhqwldo lq +66, htxdov vrph �/

zlwk 3 ? � ? 41 Vxevwlwxwh � lq +66, dqg udlvh wr wkh w0wk srzhu> iru hyhu| w A w" wr jhw

�&|
�6|

?
�&f
�6f

� �|= +67,

Vlqfh � ? 4/ wdnlqj wkh olplw dv w jrhv wr lq�qlw|

olp
|<"

�&|
�6|

@ 3 ;n 9@p>

wklv/ frpelqhg zlwk wkh idfw wkdw
Sg

,'� �
,
| @ 4 jlyhv wkh uhtxluhg frqfoxvlrq ri wkh wkhruhp=

olp
|<"

�6| @ 4 dqg iru n 9@p olp
|<"

�&| @ 3 +68,

dqg wkh surri lv frqfoxghg1 �

Surri ri Wkhruhp 5= Pxowlso|lqj ht1+58, e| �4 dqg h{srqhqwldwlqj/ rqh jhwv

4 A � A d6| � � A � � d&| A 3 n 9@p> +69,

� @ h3�/ � @ h3� / � @ h3� / d,| @ h3(
,
| / iru o @ 4> 5> ===> N> xsgdwh htxdwlrq +53, ehfrphv

�&| @
�&|3� a d

&
|Zg

,'� +�
,
|3� a d

,
|,
= +6:,

Vxssrvh wkdw iru vrph wlph v zh kdyh �6r ? d6r > wkhq/ vlqfh �
6
r a d6r lv wkh plqlpxp ri �6r > d

6
r / zh

pxvw kdyh �6r a d6r @ �6r dqg ht1+6:, ehfrphv

�6rn� @
�6rZg

,'� +�
,
r a d

,
r,
= +6;,

4<



Rq wkh rwkhu kdqg/ iru o @ 4> 5> ===>N

�,r a d
,
r � d,r ,

gb
,'�

+�,r a d
,
r, �

gb
,'�

d,r @ d6r +6<,

zkhuh wkh odvw pd{lpxp htxdov d6r e| +69,1 Xvh +6<, lq wkh uljkw kdqg vlgh ghqrplqdwru ri +6;,=

�6rn� @ �6r �
4Zg

,'� +�
,
r a d

,
r,
� �6r �

4

d6r
A �6r �

4

�
= +73,

Wkh odvw lqhtxdolw| iroorzv iurp +69,1 Qrz/ dsso|lqj +73, q wlphv zh jhw

�6rn? A �6| � +
4

�
,
?

+74,

dqg wdnlqj q odujh hqrxjk/ �6rn? zloo jhw odujhu wkdq d6rn?/ zklfk lv erxqghg deryh1 Lq vkruw= iru vrph

wf

�6|f � d6|f , �6|f a d
6
|f
@ d6|f � �> +75,

dw wkh vdph wlph/ iru n 9@p

�&|f a d
&
|f
� d&|f � �= +76,

Frpelqlqj +75, dqg +76, +dqg xvlqj wkh dvvxpswlrq � A �, lw lv frqfoxghg wkdw

gb
,'�

+�,|f a d
,
|f
, @

gb
,'�

d,|f @ d6|f , �6|fn� @
d6|f
d6|f

@ 4= +77,

Exw wkhq 4 @ �6|fn� � d6|fn� dqg wkh dujxphqw fdq eh uhshdwhg iurp +75, grzq1 Iurp wklv iroorzv wkdw

wkhuh lv vrph wf vxfk wkdw iru doo w � wf zh kdyh �
6
| @ 41 Wklv |lhogv wkh �uvw sduw ri wkh wkhruhp1

Vlploduo|/ rqh vhhv wkdw iru doo w � wf dqg n 9@p

�&|n� �
d&|
d6|

?
�

�
? 4> +78,

wdnlqj olp vxs rq erwk vlghv ri +78, zh rewdlq wkh vhfrqg sduw ri wkh wkhruhp> wkh surri lv frqfoxghg1

�

Lw lv zruwk hpskdvl}lqj wkdw/ li wkh frqglwlrqv ri Wkhruhp 5/ +lq sduwlfxodu E5, duh vdwlv�hg h{dfwo|/

wkhq �6| zloo lqfuhdvh prqrwrqlfdoo| dqg zloo dfklhyh wkh ydoxh 4 lq d �qlwh qxpehu ri vwhsv> wkhq lw

zloo qhyhu ghfuhdvh1 �6| whpsrudulo| ehfrphv gl�huhqw iurp rqh/ gxulqj d vrxufh vzlwfk/ zkhq lw vwduwv

iurp d vpdoo lqlwldo ydoxh �6f > wkhq lw zloo lqfuhdvh prqrwrqlfdoo| xqwlo lw ehfrphv rqh1 Wklv lv dq

lpphgldwh frqvhtxhqfh ri wkh surri suhvhqwhg deryh1 Rq wkh rwkhu kdqg/ lq uhdolvwlf h{shulphqwv/

h1j1 lq wkh vlpxodwlrqv ri Vhfwlrq 9/ E5 pd| eh whpsrudulo| ylrodwhg/ hvshfldoo| li Q +wkh H&
| huuru

rughu, lv vpdoo dqg wkh revhuydwlrqv duh yhu| qrlv|1 Lq vxfk fdvhv whpsrudu| ghfuhdvhv ri �6| pd| eh

revhuyhg1 Krzhyhu/ li wkh dvvxpswlrqv ri Wkhruhp 5 duh vdwlv�hg/ wkh surri ri wkh wkhruhp dovr vkrzv

wkdw �6| @ 4 lv d vwdeoh htxloleulxp srlqw lq wkh iroorzlqj vhqvh= li �6| @ 4 wkhq �6|n� @ 4> li �6| ? 4

wkhq �6|n? @ 4 iru vrph �qlwh q1 Wkhuhiruh/ li E5 lv whpsrudulo| ylrodwhg e| vrph shuwxuedwlrqv/ exw
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lv odwhu uhvwruhg/ wkh v|vwhp zloo uhwxuq wr htxloleulxp lq d �qlwh qxpehu ri vwhsv1

+iuihi?Uit

^4` G1N1 Duurzvplwk dqg F1P1Sodfh/ Dq Lqwurgxfwlrq wr G|qdplfdo V|vwhpv/ Fdpeulgjh Xq1 Suhvv/

Fdpeulgjh/ 4<<31

^5` H1 Edfnhu dqg D1N1 Mdlq/ _D Foxvwhulqj Shuirupdqfh Phdvxuh Edvhg rq Ix}}| Vhw Ghfrpsrvlwlrq%/

LHHH Wudqv1 rq Sdwwhuq Dqdo1 dqg Pdfk1 Lqwho1/ yro1 6/qr14/ ss1990:8/ Mdqxdu| 4<;41

^6` M1F1 Eh}ghn dqg M1G1 Kduulv _Ix}}| Sduwlwlrqv dqg Uhodwlrqv= dq D{lrpdwlf Edvlv iru Foxvwhulqj%/

Ix}}| Vhwv dqg V|vwhpv/ yro14/ ss1 444045:/ 4<:;1

^7` S1 Eloolqjvoh|/ Suredelolw| dqg Phdvxuh/ Zloh|/ Qhz \run/ 4<;91

^8` S1M1 Eurfnzhoo dqg U1D1 Gdylv/ Wlph Vhulhv= Wkhru| dqg Phwkrgv/ Vsulqjhu/ Qhz \run/ 4<;:1

^9` E1E1 Ghyl dqg Y1Y1V1 Vdupd/ _D Ix}}| Dssur{lpdwlrq Vfkhph iru Vhtxhqwldo Ohduqlqj lq Sdwwhuq

Uhfrjqlwlrq%/ LHHH Wudqv1 rq V|v1 Pdq dqg F|e1/ yro1 VPF049/ qr18/ ss199;09:</ Vhswhpehu 4<;91

^:` U1R1 Gxgd dqg S1H1 Kduw/ Sdwwhuq Fodvvl�fdwlrq dqg Vfhqh Dqdo|vlv/ Zloh|/ Qhz \run/ 4<:61

^;` M1F1 Gxqq/ _D Ix}}| Uhodwlyh ri wkh LVRGDWD Surfhvv dqg lwv Xvh lq Ghwhfwlqj Frpsdfw Zhoo0

Vhsdudwhg Foxvwhuv%/ M1 ri F|ehuqhwlfv/ yro16/ qr16/ ss16508:/ 4<:61

^<` L1 Jdwk dqg D1E1 Jhyd/ _Xqvxshuylvhg Rswlpdo Ix}}| Foxvwhulqj%/ LHHH Wudqv1 rq Sdwwhuq Dqdo1

dqg Pdfk1 Lqwho1/ yro1 44/qr1:/ ss1::60:;4/ Mxo| 4<;<1

^43` V1 Kd|nlq dqg G1 Frqj/ _Fodvvl�fdwlrq ri udgdu foxwwhu xvlqj qhxudo qhwzrunv%/ LHHH Wudqv1 rq

Qhxudo Qhwzrunv/ yro15/ ss1 8;<0933/ Qryhpehu 4<<41

^44` U1M1 Kdwkdzd| dqg M1F1 Eh}ghn/ _Vzlwfklqj Uhjuhvvlrq Prghov dqg Ix}}| Foxvwhulqj%/ LHHH

Wudqv1 rq Ix}}| V|vwhpv/ yro1 4/ qr16/ ss14<80537/ Dxjxvw 4<<61

^45` M1 Khuw}/ D1 Nurjk dqg U1J1 Sdophu/ Lqwurgxfwlrq wr wkh Wkhru| ri Qhxudo Frpsxwdwlrq/ Dgglvrq0

Zhvoh|/ Uhgzrrg Flw|/ 4<<41

^46` F1 J1 Kloeruq dqg G1J1 Odlqlrwlv/ _Xqvxshuylvhg Ohduqlqj Plqlpxp Ulvn Sdwwhuq Fodvvl�fdwlrq

iru Ghshqghqw K|srwkhvhv dqg Ghshghqw Phdvxuhphqwv%/ LHHH Wudqv1 rq V|vwhpv Vflhqfh dqg

F|ehuqhwlfv/ yro18/ ss1 43<0448/ Dsulo 4<9<1

^47` U1D1 Mdfrev/ P1L1 Mrugdq/ V1M1 Qrzodq dqg J1H1 Klqwrq/ _Dgdswlyh pl{wxuhv ri orfdo h{shuwv%/

Qhxudo Frpsxwdwlrq/ yro16/ ss1:<0;:/ 4<<41

^48` P1L1 Mrugdq dqg U1D1 Mdfrev/ _Klhudufklfdo Pl{wxuhv ri H{shuwv dqg wkh HP Dojrulwkp%/ Qhxudo

Frpsxwdwlrq/ yro19/ ss1 4;40547/ 4<<71
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^49` 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/ yro15/ ss1 7:407:8/ Mxo| 4<<41

^4:` Q1 Ndud|dqqlv/ _PHFD= Pd{lpxp Hqwurs| Foxvwhulqj Dojrulwkp%/ lq Surf1 ri wkh 6ug LHHH

Frqi1 rq Ix}}| V|vwhpv/ ss19630968/ 4<<71

^4;` D1 Nhkdjldv dqg Y1 Shwulglv/ _Suhglfwlyh Prgxodu Qhxudo Qhwzrunv iru Wlph Vhulhv Fodvvl�fdwlrq%/

wr dsshdu lq Qhxudo Qhwzrunv1

^4<` K1P1 Nlp dqg M1P1 Phqgho/ _Ix}}| Edvlv Ixqfwlrqv= Frpsdulvrq zlwk Rwkhu Edvlv Ixqfwlrqv%/

LHHH Wudqv1 rq Ix}}| V|vwhpv/ yro16/ qr15/ ss1 48;049;/ Pd| 4<<81

^53` U1 Nulvkqdq dqg I1F1 Grudq/ _Vwxg| ri sdudphwhu vhqvlwlylw| lq kljk0shuirupdqfh dqg lqyhuwhu0ihg

lqgxfwlrq prwru gulyh v|vwhpv%/ LHHH Wudqv1 rq Lqg1 Dsso1/ yro1 56/ qr17/ ss15960598/ Mxo|2Dxjxvw

4<;:1

^54` U1 Nulvkqdq dqg I1F1 Grudq/ _D uhylhz ri sdudphwhu vhqvlwlylw| dqg dgdswdwlrq lq lqgluhfw yhfwru

frqwuroohg lqgxfwlrq prwru gulyh%/ LHHH Wudqv1 rq Srzhu Hohfwu1/ yro19/ qr17/ ss1 9<80:36/ Rfwrehu

4<<41

^55` G1J1 Odlqlrwlv/ _Rswlpdo dgdswlyh hvwlpdwlrq= vwuxfwxuh dqg sdudphwhu dgdswdwlrq%/ LHHH Wudqv1

rq Dxwrpdwlf Frqwuro/ yro149/ ss1 49304:3/ Dsulo 4<:41

^56` G1J1 Odlqlrwlv dqg N1Q1 Sodwdqlrwlv/ _Dgdswlyh G|qdplf Qhxudo Qhwzrun Hvwlpdwlrq%/ lq Surf1

ri LMFQQ 4<<7/ yro19/ ss1 7:6907:78/ 4<<71

^57` V1 Od|hjkl hw do1/ _Sdwwhuq Uhfrjqlwlrq ri wkh Sro|judsk Xvlqj Ix}}| Fodvvl�fdwlrq%/ lq Surf1 ri

wkh 6ug LHHH Frqi1 rq Ix}}| V|vwhpv/ ss14;5804;5</ 4<<71

^58` H1 Ohylq/ _Klgghq frqwuro qhxudo dufklwhfwxuh prgholqj ri qrqolqhdu wlph ydu|lqj v|vwhpv dqg lwv

dssolfdwlrqv%/ LHHH Wudqv1 rq Qhxudo Qhwzrunv/ yro17/ qr14/ ss143<0449/ Mdqxdu| 4<<61

^59` F1W1 Olq dqg F1V1J1 Ohh/ _Uhlqirufhphqw Vwuxfwxuh2Sdudphwhu Ohduqlqj iru Qhxudo Qhwzrun0

Edvhg Ix}}| Orjlf Frqwuro V|vwhpv%/ LHHH Wudqv1 rq Ix}}| V|vwhpv/ yro15/ qr14/ ss179096/ Ihe0

uxdu| 4<<71

^5:` \1 Olq dqg J1D1 Fxqqlqjkdp LLL/ _D qhz dssurdfk wr ix}}|0qhxudo v|vwhp prghoolqj%/ LHHH

Wudqv1 rq Ix}}| V|vwhpv/ yro16/ qr15/ ss1 4<304<</ Pd| 4<<81

^5;` N1 Qr}dnl hw do/ _Vhohfwlqj Ix}}| Uxohv zlwk Irujhwwlqj lq Ix}}| Fodvvl�fdwlrq V|vwhpv%/ lq Surf1

ri wkh 6ug LHHH Frqi1 rq Ix}}| V|vwhpv/ ss194;0956/ 4<<71

^5<` \1P1 Sdun/ X1 Prrq dqg N1\1 Ohh/ _D Vhoi0rujdql}lqj Ix}}| Orjlf Frqwuroohu iru G|qdplf V|vwhpv

xvlqj d IDUPD Prgho%/ LHHH Wudqv1 rq Ix}}| V|vwhpv/ yro1 6/ qr14/ ss1:80;5/ Iheuxdu| 4<<81

^63` V1N1 Sdo dqg G1G1 Pdmxpghu/ _Ix}}| Vhwv dqg Ghflvlrq pdnlqj Dssurdfkhv lq Yrzho dqg Vshdnhu

Uhfrjqlwlrq%/ LHHH Wudqv1 rq V|v1 Pdq dqg F|e1/ ss1958095</ Dxjxvw 4<::1
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^64` Y1 Shwulglv dqg D1 Nhkdjldv/ _D Uhfxuvlyh Qhwzrun iru Wlph Vhulhv Fodvvl�fdwlrq%/ Qhxudo Frp0

sxwdwlrq/ yro1;/ ss168:06:5/ 4<<91

^65` Y1 Shwulglv dqg D1 Nhkdjldv/ _Uhfxuvlyh Prgxodu Qhxudo Qhwzrunv dqg wkh Sduwlwlrq Dojrulwkp

iru Wlph Vhulhv Fodvvl�fdwlrq%/ LHHH Wudqv1 rq Qhxudo Qhwzrunv/ yro1:/ qr14/ ss1:60;9/ Mdqxdu|

4<<91

^66` V1M1 Tlq dqg J1 Erughuv/ _D Pxowl0Uhjlrq Ix}}| Orjlf Frqwuroohu iru Qrqolqhdu Surfhvv Frqwuro%/

LHHH Wudqv1 rq Ix}}| V|vwhpv/ yro1 5/ qr14/ ss1:70;4/ Iheuxdu| 4<<71

^67` U1 Urydwwl/ U1 Jxhuulhul dqg J1 Edffdudql/ _Dq hqkdqfhg wzr0ohyho Errohdq v|qwkhvlv phwkrgrorj|

iru ix}}| uxohv plqlpl}dwlrq%/ LHHH Wudqv1 rq Ix}}| V|vwhpv/ yro16/ qr16/ ss1 5;;0633/ Dxjxvw

4<<81

^68` H1K1 Uxvslql/ _D Qhz Dssurdfk wr Foxvwhulqj%/ Lqirup1 dqg Frqwuro/ yro148/ qr14/ ss155065/ Mxo|

4<9<1

^69` I1O1 Vlpv/ G1J1 Odlqlrwlv dqg G1W1 Pdjloo/ _Uhfxuvlyh dojrulwkp iru wkh fdofxodwlrq ri wkh dgdswlyh

Ndopdq �owhu frh�flhqwv%/ LHHH Wudqv1 rq Dxwrpdwlf Frqwuro/ yro147/ ss1548054;/ Dsulo 4<9<1

^6:` P1 Vxjhqr dqg W1 \dvxndzd/ _D Ix}}| orjlf0edvhg dssurdfk wr txdolwdwlyh prgholqj%/ LHHH

Wudqv1 rq Ix}}| V|vwhpv/ yro14/ qr16/ ss1 :065/ Iheuxdu| 4<<61

^6;` H1D1 Zdq/ _Qhxudo qhwzrun fodvvl�fdwlrq= d Ed|hvldq lqwhusuhwdwlrq%/ LHHH Wudqv1 rq Qhxudo

Qhwzrunv yro14/ ss16360637/ Ghfhpehu 4<<31

^6<` O1[1 Zdqj dqg M1P1 Phqgho/ _Ix}}| Dgdswlyh Ilowhuv/ zlwk Dssolfdwlrq wr Qrqolqhdu Fkdqqho

htxdol}dwlrq%/ LHHH Wudqv1 rq Ix}}| V|vwhpv/ yro1 4/ qr16/ ss149404:3/ Dxjxvw 4<<61

^73` P1S1 Zlqgkdp/ _Foxvwhu Ydolglw| iru wkh Ix}}| f0Phdqv Foxvwhulqj Dojrulwkp%/ LHHH Wudqv1 rq

Sdwwhuq Dqdo1 dqg Pdfk1 Lqwho1/ yro17/ qr17/ ss168:0696/ Mxo| 4<;51

^74` D1 ]dughfnl/ _Ix}}| Frqwuro iru Iruhfdvwlqj dqg Sdwwhuq Uhfrjqlwlrq lq d Wlph Vhulhv%/ lq Surf1

ri wkh 6ug LHHH Frqi1 rq Ix}}| V|vwhpv/ ss14;4804;4</ 4<<71

^75` O1K1 ]hwwhuehuj hw do1/ _Frpsxwhu dqdo|vlv ri HHJ vljqdov zlwk sdudphwulf prghov%/ Surf1 ri wkh

LHHH/ yro19</ ss17840794/ Dsulo 4<;41

^76` 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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VQU Vlj0Vxp2Sur Vlj0Pd{2Plq Olq0Vxp2Sur Olq0Pd{2Plq

Qrlvh Iuhh 31<85 31;;9 31<38 31<44

58133 31<7; 31;8; 31<3< 31<44

45183 31<67 31;54 31<37 31<54

;166 31;<6 31:8< 31<36 31<43

9133 31;68 31:5; 31;<< 31<48

8133 31;55 3197< 31<39 31<34

7166 31;88 31963 31<33 31<55

6183 31:7; 31937 31<5< 31<49

6166 31949 31849 31<64 31<75

51;3 31879 31865 31<5: 31<4<

5183 3188: 31783 31;<6 31;74

WDEOH L

Fodvvl�fdwlrq dffxudf| uhvxowv iru orjlvwlf0wr0qrlvh wlph vhulhv/ eodfn er{ suhglfwru/ frpsohwh vhdufk vhw1

VQU Vlj0Vxp2Sur Vlj0Pd{2Plq Olq0Vxp2Sur Olq0Pd{2Plq

Qrlvh Iuhh 31<95 31;;: 31<88 31<86

58133 31<93 31;:: 31<8; 31<84

45183 31<8< 31;8; 31<88 31<89

;166 31<8: 31;76 31<96 31<8<

9133 31<69 31;54 31<8< 31<87

8133 31<83 31:;8 31<84 31<53

7166 31<75 31:96 31<9; 31<78

6183 31<83 31:4; 31<:3 31<4:

6166 319;5 31839 31<99 31<68

51;3 31:44 31847 31<84 31;<:

5183 31644 31786 31<94 31<73

WDEOH LL

Fodvvl�fdwlrq dffxudf| uhvxowv iru orjlvwlf0wr0qrlvh wlph vhulhv/ eodfn er{ suhglfwru/ lqfrpsohwh vhdufk vhw1
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VQU Vlj0Vxp2Sur Vlj0Pd{2Plq Olq0Vxp2Sur Olq0Pd{2Plq

Qrlvh Iuhh 3183< 319;9 31<78 31<33

58133 31<64 31;;< 31<76 31<58

45183 31<4< 31<5: 31<78 31<38

;166 31948 31::< 31<79 31;96

9133 31756 31755 31<58 31;85

8133 31338 313<; 31<4; 31;7<

7166 31339 31384 31<44 31;46

6183 3134< 31373 31;53 31983

6166 31334 31337 31;38 318<<

51;3 31338 31339 31;:8 319;7

5183 31336 31335 31893 31853

WDEOH LLL

Fodvvl�fdwlrq dffxudf| uhvxowv iru orjlvwlf0wr0orjlvwlf wlph vhulhv/ eodfn er{ suhglfwru/ frpsohwh vhdufk vhw1

VQU vxp2sur pd{2plq VQU vxp2sur pd{2plq

Qrlvh Iuhh 31<93 31<8< Qrlvh Iuhh 31<;7 31<49

58133 31<5; 31<95 53133 31<:7 31<34

45133 31<77 31<85 43133 31<;7 31;;7

;166 31<9; 31<84 9199 31<;8 31;83

9133 31<:4 31<65 8133 31<;7 31;8<

8133 31<:9 31;<8 7133 31<9; 31;67

7166 31<9; 31;75 6166 31<;7 31;6:

6183 31838 31874 51;8 31<;7 31<56

6166 31838 3185: 5183 31<;7 31;;<

51;3 3183< 3183< 5155 31<;8 31;:9

WDEOH LY WDEOH Y

Fodvvl�fdwlrq dffxudf| uhvxowv iru Fodvvl�fdwlrq dffxudf| uhvxowv iru

orjlvwlf0wr0qrlvh wlph vhulhv/ vwuxfwxuhg qrlvh wlph vhulhv/ vwuxfwxuhg

suhglfwru/ frpsohwh vhdufk vhw1 suhglfwru/ lqfrpsohwh vhdufk vhw1

VQU �v@ 313338 vhf �v@ 313343 vhf �v@ 313353 vhf �v@

vxp2surgxfw pd{2plq vxp2surgxfw pd{2plq vxp2surgxfw pd{2plq vxp2surgxfw

Qrlvh Iuhh 31<84 31<:< 31<83 31<:< 31<49 31<97 31;:3

53133 31<7< 31<:< 31<7: 31<:< 31<49 31<99 31;:3

43133 31<7: 31<9< 31<73 31<98 31<3; 31<93 31;88

9199 31<76 31<8; 31<5< 31<86 31;<7 31<79 31;49

8133 31<67 31<86 31<4: 31<7< 31;99 31<69 31;55

7133 31<38 31<78 31;;< 31<63 31;53 31<45 31;34

6166 31;;4 31<67 31;;: 31<46 31;3; 31<3; 31:53

5183 31;:3 31<59 31;86 31;<3 31:<9 31;:7 319;:
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WDEOH YL

Fodvvl�fdwlrq dffxudf| uhvxowv iru prwru fxuuhqwv wlph vhulhv/ vwuxfwxuhg suhglfwru/ frpsohwh vhdufk vhw1

VQU Olq0Vxp2Sur Olq0Pd{2Plq Olq0Vxp2Sur Olq0Pd{2Plq

Frpsohwh WV Frpsohwh WV Ghohwhg Wudqv1 Ghohwhg wudqv1

Qrlvh Iuhh 31;49 31;3: 31<45 31<36

66163 31;6; 31;43 31<46 31<33

49193 31;65 31:;4 31<49 31;:;

45183 31;54 31:;8 31<45 31;4;

;163 31:<; 31:59 31;68 31::8

9158 31:7; 31936 31;5: 319<5

8133 319;; 3196; 31::8 31:48

WDEOH YLL

Fodvvl�fdwlrq dffxudf| uhvxowv iru vshhfk wlph vhulhv/ eodfn er{ suhglfwru/ frpsohwh vhdufk vhw1
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Iljxuh 4= Sorw ri orjlvwlf wlph vhulhv/ pl{hg zlwk qrlvh dw VQU@91331

Iljxuh 5= Sorw ri hyroxwlrq ri phpehuvkls judghv iru orjlvwlf0wr0qrlvh wlph vhulhv dw VQU@4518/ pd{2plq

ghflvlrq prgxoh/ vljprlg suhglfwru1 Wklfn _�% olqh lv phpehuvkls judgh ri vrxufh zlwk � @ 6=<> wklfn

_0 1 0% olqh lv phpehuvkls judgh ri zklwh qrlvh vrxufh> wkh uhpdlqlqj phpehuvkls judghv duh ghqrwhg

e| wklq _0 0% olqhv1 Qrwh wkdw wkh pd{lpxp phpehuvkls judgh dozd|v htxdov 41

Iljxuh 6= Sorw ri hyroxwlrq ri phpehuvkls judghv iru orjlvwlf0wr0qrlvh wlph vhulhv dw VQU@4518/

vxp2surgxfw ghflvlrq prgxoh/ vljprlg suhglfwru1 Wklfn _0 1 0% olqh lv phpehuvkls judgh ri vrxufh

zlwk � @ 6=<> wklfn _�% olqh lv phpehuvkls judgh ri zklwh qrlvh vrxufh> wkh uhpdlqlqj phpehuvkls

judghv duh ghqrwhg e| wklq _0 0% olqhv1

Iljxuh 7= Sorw ri hyroxwlrq ri phpehuvkls judghv iru orjlvwlf0wr0qrlvh wlph vhulhv dw VQU@6166/

vxp2surgxfw ghflvlrq prgxoh/ olqhdu suhglfwru1 Wklfn _0 1 0% olqh lv phpehuvkls judgh ri vrxufh

zlwk � @ 6=<> wklfn _�% olqh lv phpehuvkls judgh ri zklwh qrlvh vrxufh> wkh uhpdlqlqj phpehuvkls

judghv duh ghqrwhg e| wklq _0 0% olqhv1

Iljxuh 8= Sorw ri hyroxwlrq ri phpehuvkls judghv iru orjlvwlf0wr0orjlvwlf wlph vhulhv dw VQU@8133/

pd{2plq ghflvlrq prgxoh/ olqhdu suhglfwru1 Wklfn _�% olqh lv phpehuvkls judgh ri vrxufh zlwk � @ 6=9>

wklfn _0 1 0% olqh lv phpehuvkls judgh ri vrxufh zlwk � @ 6=:> wkh uhpdlqlqj phpehuvkls judghv duh

ghqrwhg e| wklq _0 0% olqhv1 Qrwh wkdw wkh pd{lpxp phpehuvkls judgh dozd|v htxdov 41

Iljxuh 9= Sorw ri hyroxwlrq ri phpehuvkls judghv iru orjlvwlf0wr0orjlvwlf wlph vhulhv dw VQU@8133/

vxp2surgxfw ghflvlrq prgxoh/ olqhdu suhglfwru1 Wklfn _�% olqh lv phpehuvkls judgh ri vrxufh zlwk

� @ 6=9> wklfn _0 1 0% olqh lv phpehuvkls judgh ri vrxufh zlwk � @ 6=:> wkh uhpdlqlqj phpehuvkls

judghv duh ghqrwhg e| wklq _0 0% olqhv1

Iljxuh := Sorw ri hyroxwlrq ri phpehuvkls judgh iru zklwh qrlvh wlph vhulhv dw VQU@58/ vxp2surgxfw

ghflvlrq prgxoh/ vwuxfwxuhg suhglfwru1 Wklfn _�% olqh lv phpehuvkls judgh ri vrxufh zlwk � @ 6=4>

wkh uhpdlqlqj phpehuvkls judghv duh ghqrwhg e| wklq _0 0% olqhv1 Qrwh wkh �xfwxdwlrqv lq phpehuvkls

judgh/ lqglfdwlqj wkdw wkh wuxh vrxufh lv qrw lq wkh vhdufk vhw1

Iljxuh ;= Sorw ri qrlvh0iuhh vshhfk wlph vhulhv1

Iljxuh <= Sorw ri hyroxwlrq ri phpehuvkls judgh iru qrlvh0iuhh vshhfk wlph vhulhv/ vxp2surgxfw ghflvlrq

prgxoh/ olqhdu suhglfwru1 Wklfn _�% olqh lv phpehuvkls judgh ri skrqhph ^rr`> wklfn _0 0% olqh lv

phpehuvkls judgh ri skrqhph ^dk`> wklfn _111% olqh lv phpehuvkls judgh ri skrqhph ^q`1
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Figures for the paper "Predictive Modular Fuzzy Systems for Time Series Classification”

 by V. Petridis and Ath. Kehagias
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