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Devwudfw

D suhglfwlyh prgxodu qhxudo qhwzrun phwkrg lv dssolhg wr wkh sureohp ri xqvxshuylvhg wlph

vhulhv vhjphqwdwlrq1 Wkh phwkrg frqvlvwv ri wkh frqfxuuhqw dssolfdwlrq ri wzr dojrulwkpv= rqh iru

vrxufh lghqwl�fdwlrq/ wkh rwkhu iru wlph vhulhv fodvvl�fdwlrq1 Wkh vrxufh lghqwl�fdwlrq dojrulwkp

glvfryhuv wkh vrxufhv jhqhudwlqj wkh wlph vhulhv/ dvvljqv gdwd wr hdfk vrxufh dqg wudlqv rqh suhglfwru

iru hdfk vrxufh1 Wkh fodvvl�fdwlrq dojrulwkp uhfxuvlyho| frpsxwhv d fuhglw ixqfwlrq iru hdfk vrxufh/

edvhg rq wkh frpshwlwlrq ri wkh uhvshfwlyh suhglfwruv/ dffruglqj wr wkhlu suhglfwlyh dffxudf|> wkh

fuhglw ixqfwlrq lv xvhg iru fodvvl�fdwlrq ri wkh wlph vhulhv revhuydwlrq dw hdfk wlph vwhs1 Wkh phwkrg

lv whvwhg e| qxphulfdo h{shulphqwv1

Wklv sdshu dsshduhg lq Qhxudo Frpsxwdwlrq/ Yro1</ ss149<404:43/ 4<<:

� W?|hL_�U|�L?

Iru d jlyhq wlph vhulhv/ wkh vhjphqwdwlrq surfhvv vkrxog uhvxow lq d qxpehu ri prghov hdfk ri zklfk

ehvw ghvfulehv wkh revhuyhg ehkdylru iru d sduwlfxodu vhjphqw ri wkh wlph vhulhv1 Wklv fdq eh irupxodwhg

lq d pruh h{dfw pdqqhu dv iroorzv1 D wlph vhulhv ||/ w @ 4> 5> === lv jhqhudwhg e| d vrxufh V+}|,/ zkhuh }|

lv d wlph ydu|lqj vrxufh sdudphwhu/ wdnlqj ydoxhv lq d �qlwh sdudphwhu vhw � @ i��> �2> ===> �gj1 Dw wlph

w/ || ghshqgv rq wkh ydoxh ri }|/ dv zhoo dv rq ||3�/ ||32/ 111 1 Krzhyhu/ wkh qdwxuh ri wklv ghshqghqfh/

wkh qxpehu N ri sdudphwhu ydoxhv dv zhoo dv wkh dfwxdo ydoxhv ��/ �2/ 111/ �g duh xqnqrzq1 Zkdw

lv uhtxluhg lv wr �qg wkh ydoxh ri }|/ iru w@4/ 5/111> ru/ lq rwkhu zrugv/ wr fodvvli| || iru w@4/ 5/ 111 1

W|slfdo h{dpsohv ri wklv sureohp lqfoxgh vshhfk uhfrjqlwlrq +Udelqhu/ 4<;;,/ udgdu vljqdo fodvvl�fdwlrq

+Kd|nlq dqg Frqj/ 4<<4,/ hohfwurhqfhskdorjudp surfhvvlqj +]hwwhuehuj hw do1 4<;4,> rwkhu dssolfdwlrqv

duh olvwhg lq +Khuw} hw do1/ 4<<4,1
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Xqghu wkh dvvxpswlrqv wkdw +d, wkh sdudphwhu vhw � @ i��/ �2/111/ �gj lv nqrzq lq dgydqfh dqg +e,

d suhglfwru kdv ehhq wudlqhg rq vrxufh vshfl�f gdwd ehiruh wkh fodvvl�fdwlrq surfhvv vwduwv/ zh kdyh suh0

vhqwhg d jhqhudo iudphzrun iru vroylqj wklv w|sh ri sureohp lq +Shwulglv dqg Nhkdjldv/ 4<<9d/ 4<<9e>

Nhkdjldv dqg Shwulglv/ 4<<:,/ xvlqj Suhglfwlyh Prgxodu Qhxudo Qhwzrunv +SUHPRQQv,1 Wkh edvlf

ihdwxuh ri wkh SUHPRQQ dssurdfk lv wkh xvh ri d ghflvlrq prgxoh dqg d edqn ri suhglfwlrq prgxohv1

Hdfk suhglfwlrq prgxoh lv wxqhg wr d sduwlfxodu vrxufh V+�&, dqg frpsxwhv wkh uhvshfwlyh suhglfwlrq

huuru> wkh ghflvlrq prgxoh xvhv wkh suhglfwlrq huuruv wr uhfxuvlyho| frpsxwh fhuwdlq txdqwlwlhv +rqh iru

hdfk vrxufh, zklfk fdq eh xqghuvwrrg dv wkh Ed|hvldq srvwhulru suredelolwlhv +suredelolvwlf lqwhusuh0

wdwlrq, ru vlpso| dv fuhglw ixqfwlrqv +skhqrphqrorjlfdo lqwhusuhwdwlrq,1 Fodvvl�fdwlrq lv shuiruphg e|

pd{lpl}dwlrq ri wkh fuhglw ixqfwlrq1

Vlplodu dssurdfkhv kdyh ehhq sursrvhg lq wkh frqwuro dqg hvwlpdwlrq olwhudwxuh +Odlqlrwlv/ 4<9;/

4<9</ 4<:4, dqg lq wkh frqwh{w ri suhglfwlyh klgghq Pdunry prghov +Nhqq| hw do1/ 4<<3,1 Wkhvh ds0

surdfkhv dovr dvvxph wkh vrxufhv wr eh nqrzq lq dgydqfh1

Rq wkh rwkhu kdqg/ vhyhudo sdshuv zklfk kdyh dsshduhg uhfhqwo| +Mdfrev hw do1 4<<4/ Mrugdq

dqg Mdfrev 4<<7> Mrugdq dqg [x/ 4<<8> [x dqg Mrugdq/ 4<<9, xvh d vlplodu dssurdfk exw surylgh d

phfkdqlvp iru xqvxshuylvhg vrxufh vshfl�fdwlrq1 Wkh whup pl{wxuhv ri h{shuwv lv xvhg lq wkhvh sdshuv>

hdfk h{shuw lv d qhxudo qhwzrun vshfldol}hg lq ohduqlqj wkh uhtxluhg lqsxw 0 rxwsxw uhodwlrqvkls iru d

sduwlfxodu uhjlrq ri wkh sdwwhuq vsdfh1 Wkhuh lv dovr d jdwlqj qhwzrun wkdw frpelqhv wkh rxwsxw ri hdfk

h{shuw wr surgxfh d ehwwhu dssur{lpdwlrq ri wkh ghvluhg lqsxw 0 rxwsxw uhodwlrqvkls1 Wkh dfwlydwlrq

sdwwhuq ri wkh orfdo h{shuwv lv wkh rxwsxw ri wkh jdwlqj qhwzrun/ dqg lw fdq eh frqvlghuhg dv d fodvvl�hu

rxwsxw= zkhq d sduwlfxodu h{shuw lv dfwlydwhg/ wklv lqglfdwhv wkdw wkh fxuuhqw revhuydwlrq olhv lq d

sduwlfxodu vhfwlrq ri wkh sdwwhuq vsdfh1

Wkh hpskdvlv lq wkh pl{wxuh ri h{shuwv phwkrg/ lv rq vwdwlf sdwwhuqv fodvvl�fdwlrq/ udwkhu wkdq

fodvvl�fdwlrq ri g|qdplf sdwwhuqv vxfk dv wlph vhulhv1 Krzhyhu/ wkhuh duh vrph dssolfdwlrqv ri wkh

pl{wxuh ri h{shuwv phwkrg wr g|qdplf sureohpv ri wlph vhulhv fodvvl�fdwlrq1 Iru h{dpsoh/ lq +Sudqn

hw do1/ 4<<9,/ wkh pl{wxuh ri h{shuwv phwkrg lv dssolhg wr d sureohp ri fodvvli|lqj wkh _sxovdwloh%

sdwwhuq ri jurzwk kruprqh lq khdowk| vxemhfwv dqg sdwlhqwv1 Wkh jrdo lv wr glvfulplqdwh wkh sxovdwloh

sdwwhuq ri khdowk| vxemhfwv iurp wkdw ri sdwlhqwv1 Lq jhqhudo wkh wlph vhulhv fruuhvsrqglqj wr d khdowk|

vxemhfw lv pruh suhglfwdeoh wkdq wkdw fruuhvsrqglqj wr d sdwlhqw1 Fodvvl�fdwlrq lv edvhg rq wkh ohyho

ri suhglfwlrq huuru iru d sduwlfxodu wlph vhulhv +orz huuru lqglfdwlqj d khdowk| vxemhfw dqg kljk huuru

lqglfdwlqj d sdwlhqw,1 Wkh vhohfwlrq sdwwhuq ri orfdo h{shuwv +l1h1 zklfk h{shuw lv dfwlydwhg dw dq| jlyhq

wlph vwhs,/ fdq dovr eh xvhg iru fodvvl�fdwlrq/ vlqfh wkh iuhtxhqf| glvwulexwlrq ri prvw suredeoh h{shuwv

vljql�fdqwo| gl�huv ehwzhhq sdwlhqwv dqg khdowk| vxemhfwv1 Krzhyhu/ wkh dfwlydwlrq ri h{shuwv e| wkh

jdwlqj qhwzrun/ lv shuiruphg dw hyhu| wlph vwhs lqghshqghqwo| ri suhylrxv dfwlydwlrq sdwwhuqv1 Wklv

pd| uhvxow lq wkh orvv ri lpsruwdqw fruuhodwlrqv dfurvv wlph vwhsv/ zklfk fkdudfwhul}h wkh g|qdplfv ri

wkh wlph vhulhv1

Wklv vwdwlf dssurdfk wr wlph vhulhv fodvvl�fdwlrq pd| eh sureohpdwlf lq fdvhv zkhuh wkhuh lv vljql�0

fdqw fruuhodwlrq ehwzhhq vxffhvvlyh wlph vwhsv ri wkh wlph vhulhv> wklv kdv ehhq uhfrjql}hg dqg glvfxvvhg

lq +Fdffldwruh dqg Qrzodq/ 4<<7,/ zkhuh lw lv vwdwhg wkdw _Wkh ruljlqdo irupxodwlrq ri wklv ^orfdo h{0

shuwv` dufklwhfwxuh zdv edvhg rq dq dvvxpswlrq ri vwdwlvwlfdo lqghshqghqfh ri wudlqlqj sdluv 111 wklv

dvvxpswlrq lv lqdssursuldwh iru prghoolqj wkh fdxvdo ghshqghqflhv lq frqwuro wdvnv%1 Fdffldwruh dqg
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Qrzodq surfhhg wr ghyhors wkh pl{wxuh ri frqwuroohuv dufklwhfwxuh/ zklfk hpskdvl}hv _wkh lpsruwdqfh ri

xvlqj uhfxuuhqfh lq wkh jdwlqj qhwzrun%1 Wkh pl{wxuh ri frqwuroohuv lv vlplodu wr wkh phwkrg zh suhvhqw

lq wklv sdshu1 Krzhyhu/ wkh phwkrg suhvhqwhg lq +Fdffldwruh dqg Qrzodq/ 4<<7, uhtxluhv vhyhudo sdvvhv

wkurxjk wkh wudlqlqj gdwd> rxu phwkrg/ rq wkh rwkhu kdqg fdq eh rshudwhg rq0olqh dv lw grhv qrw uhtxluh

pxowlsoh sdvvhv1 Lq dgglwlrq/ lq vrph fdvhv Fdffldwruh dqg Qrzodq qhhg wr h{solflwo| surylgh wkh dfwlyh

vrxufhv +iru vrph sruwlrq ri wkh wudlqlqj surfhvv, iru wkh pl{wxuh ri frqwuroohuv qhwzrun wr dffrpsolvk

wkh uhtxluhg frqwuro wdvn> lq rxu fdvh ohduqlqj lv frpsohwho| xqvxshuylvhg dqg wkh dfwlyh vrxufhv dozd|v

uhpdlq klgghq1

Ilqdoo|/ d yhu| uhfhqw sdshu +Sdzho}ln hw do1/ 4<<9, suhvhqwv dq dssurdfk xvlqj Dqqhdohg Frpshwlwlrq

ri H{shuwv1 Wkh phwkrg suhvhqwhg wkhuhlq lv vlplodu wr wkh zrun flwhg hduolhu> lw lv dssolhg wr wlph vhulhv

vhjphqwdwlrq dqg grhv qrw dvvxph wkh vrxufhv wr eh nqrzq lq dgydqfh1 Wklv phwkrg lv pdlqo| vxlwdeoh

iru r�0olqh lpsohphqwdwlrq/ gxh wr wkh khdy| frpsxwdwlrqdo ordg lqfxuuhg e| wkh dqqhdolqj surfhvv1

Lq wklv sdshu zh suhvhqw dq xqvxshuylvhg wlph vhulhv vhjphqwdwlrq vfkhph/ zklfk frpelqhv wzr

dojrulwkpv1 Wkh �uvw lv wkh vrxufh lghqwl�fdwlrq dojrulwkp= lw ghwhfwv wkh qxpehu ri dfwlyh vrxufhv lq

wkh wlph vhulhv/ shuirupv dvvljqphqw ri gdwd wr wkh vrxufhv dqg xvhv wkh gdwd wr wudlq rqh suhglfwru iru

hdfk dfwlyh vrxufh1 Wkh vhfrqg lv wkh fodvvl�fdwlrq dojrulwkp= lw xvhv wkh vrxufhv 2 suhglfwruv vshfl�hg

e| wkh lghqwl�fdwlrq dojrulwkp dqg lpsohphqwv d SUHPRQQ zklfk frpsxwhv fuhglw ixqfwlrqv1 D

suredelolvwlf +Ed|hvldq, lqwhusuhwdwlrq ri wklv dojrulwkp lv srvvleoh/ exw qrw qhfhvvdu|1

Wkh frpelqdwlrq ri wkh wzr dojrulwkpv/ wkh vrxufh lghqwl�fdwlrq rqh dqg wkh wlph vhulhv fodvvl�fdwlrq

rqh/ frqvwlwxwhv wkh frpelqhg wlph vhulhv vhjphqwdwlrq vfkhph> wkh wzr dojrulwkpv fdq eh shuiruphg

frqfxuuhqwo| dqg rq0olqh1 D fuxfldo dvvxpswlrq lv wkdw ri vorz vzlwfklqj ehwzhhq vrxufhv1 Rxu dssurdfk

lv fkdudfwhul}hg e| wkh xvh ri d prgxodu dufklwhfwxuh/ zlwk suhglfwlyh prgxohv frpshwlqj iru gdwd dqg

fuhglw dvvljqphqw1 D ghflvlrq prgxoh lv dovr xvhg/ wr dvvljq wkh fuhglw lq d uhfxuvlyh pdqqhu zklfk

wdnhv lqwr dffrxqw suhylrxv fodvvl�fdwlrq ghflvlrqv1 Lw vkrxog eh phqwlrqhg wkdw d frqyhujhqfh dqdo|vlv

ri wkh fodvvl�fdwlrq dojrulwkp lv dydlodeoh hovhzkhuh +Nhkdjldv dqg Shwulglv/ 4<<:,1

2 A�i A�4i 5ih�it 5i}4i?|@|�L? �hLM*i4

Frqvlghu d wlph vhulhv }|/ w @ 4> 5> ===/ wdnlqj ydoxhv lq wkh xqnqrzq vhw � @ i��> ===> �gj> ixuwkhu

frqvlghu d wlph vhulhv ||/ w @ 4> 5> ===/ zklfk lv jhqhudwhg e| vrph vrxufh V+}|,= iru hyhu| ydoxh ri }|

d vrxufh V+}|, lv dfwlydwhg/ zklfk surgxfhv || xvlqj ||3�/ ||32/ 111 1 Zh fdoo }| wkh vrxufh sdudphwhu

dqg || wkh revhuydwlrq1 Iru lqvwdqfh/ li }| @ ��/ zh frxog kdyh || @ i+||3�> ||32> ===> ��,/ zkhuh i+�, lv

dq dssursuldwh ixqfwlrq zlwk sdudphwhu ��> �� fdq eh d vfdodu ru yhfwru txdqwlw| ru/ vlpso|/ d odeho

yduldeoh1

Wkh wdvn ri wlph vhulhv vhjphqwdwlrq frqvlvwv lq hvwlpdwlqj wkh ydoxhv }�/ }2/ 111 / edvhg rq wkh

revhuydwlrqv |�/ |2/ 111 1 Wkh vl}h N ri wkh vrxufh vhw � dqg lwv phpehuv ��> �2> ===> �g / duh lqlwldoo|

xqnqrzq1 Wklv ruljlqdo wdvn fdq eh vhsdudwhg lqwr wzr vxewdvnv= vrxufh lghqwl�fdwlrq dqg wlph vhulhv

fodvvl�fdwlrq1 Wkh wdvn ri vrxufh lghqwl�fdwlrq frqvlvwv lq ghwhuplqlqj wkh dfwlyh vrxufhv ru/ htxlyd0

ohqwo|/ wkh vrxufh vhw � @ i��> ===> �gj1 Kdylqj dfklhyhg wklv/ wkh wlph vhulhv fodvvl�fdwlrq wdvn frqvlvwv

lq fruuhvsrqglqj hdfk }| +w@4/ 5/ 111, wr d ydoxh �& +n @ 4> 5> ===>N, ru/ htxlydohqwo|/ wr ghwhuplqh dw

hdfk wlph vwhs w wkh vrxufh V+�&, wkdw kdv jhqhudwhg ||1
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Wkh frpelqdwlrq ri wkh wzr vxewdvnv |lhogv wkh ruljlqdo wlph vhulhv vhjphqwdwlrq wdvn1 Wzr dojr0

ulwkpv duh suhvhqwhg khuh/ rqh wr vroyh hdfk vxewdvn1 Wkh vrxufh lghqwl�fdwlrq dojrulwkp glvwulexwhv

gdwd |�/ |2/ 111 / || dprqj dfwlyh vrxufhv dqg xvhv wkh gdwd wr wudlq rqh suhglfwru shu vrxufh1 Iru lq0

vwdqfh/ d gdwd vhjphqw |�/ |2/ 111 / |� pd| eh dvvljqhg wr vrxufh V+��, dqg xvhg wr dssur{lpdwh vrph

srvwxodwhg uhodwlrqvkls || @ i+||3�> ||32> ===> ��,1
� Wkh wlph vhulhv fodvvl�fdwlrq dojrulwkp xvhv wkh

suhglfwruv wudlqhg lq wkh vrxufh lghqwl�fdwlrq skdvh/ wr frpsxwh suhglfwlrqv ri lqfrplqj revhuydwlrqv1

Wkh uhvshfwlyh suhglfwlrq huuruv duh xvhg wr frpsxwh d fuhglw ixqfwlrq iru hdfk suhglfwru 2 vrxufh> dq

revhuydwlrq || lv fodvvl�hg wr wkh vrxufh ri pd{lpxp fuhglw1

Hdfk ri wkh wzr dojrulwkpv kdv ehhq ghyhorshg xvlqj d gl�huhqw dssurdfk1 Wkh vrxufh lghqwl�fdwlrq

dojrulwkp kdv dq khxulvwlf prwlydwlrq> lwv mxvwl�fdwlrq lv h{shulphqwdo1 Rq wkh rwkhu kdqg/ wkh fodv0

vl�fdwlrq dojrulwkp lv prwlydwhg e| suredelolvwlf frqvlghudwlrqv1 Zkloh lq wklv sdshu lwv shuirupdqfh

lv hydoxdwhg rqo| h{shulphqwdoo|/ d ghwdlohg wkhruhwlfdo dqdo|vlv lv dydlodeoh +Nhkdjldv dqg Shwulglv/

4<<:,1

� A�i A�4i 5ih�it 5i}4i?|@|�L? 5U�i4i

Zh �uvw suhvhqw wkh wzr dojrulwkpv wkdw frqvwlwxwh wkh wlph vhulhv vhjphqwdwlrq vfkhph> wkhq zh

surfhhg wr ghvfuleh wkh pdqqhu lq zklfk wkh| duh frpelqhg1

��� A�i 5L�hUi W_i?|��U@|�L? �*}Lh�|�4

Rwkhu dxwkruv kdyh wdfnohg wkh vdph sureohp xvlqj vlplodu phwkrgv +Sdzho}ln hw do1/ 4<<9,1 Wkhuh duh

dovr frqqhfwlrqv wr n0phdqv +Gxgd/ 4<:<, dqg Nrkrqhq*v ohduqlqj yhfwru txdqwl}hu +Nrkrqhq/ 4<;4,>

krzhyhu qrwh wkdw wkhvh kdyh ehhq dssolhg pdlqo| wr fodvvl�fdwlrq ri vwdwlf sdwwhuqv1 Zh qrz jlyh d

ghvfulswlrq ri wkh dojrulwkp1 Wkh iroorzlqj sdudphwhuv zloo eh xvhg lq zkdw iroorzv> O/ wkh ohqjwk ri

d gdwd eorfn/ P / wkh ohqjwk ri d gdwd vhjphqw/ zkhuh P ? O/ N wkh qxpehu ri dfwlyh suhglfwruv dqg

N6@% wkh pd{lpxp doorzhg qxpehu ri dfwlyh suhglfwruv1

�������������������~

VRXUFH LGHQWLILFDWLRQ DOJRULWKP

Lqlwldol}dwlrq

VhwN @ 41 Xvh gdwd eorfn |�/ |2/ 111 / |u wr wudlq wkh �uvw suhglfwru/ ri wkh irup |
�

|
@ i+||3�> ||32> ===> ��,/

zkhuh i+�, lv d +vljprlg, qhxudo qhwzrun dqg �� lv wdnhq wr eh wkh frqqhfwlrq zhljkwv1

Pdlq Urxwlqh

Orrs iru q @ 4> 5> ===1

�
+| ' sE+|3�c +|32c ���( 5|� hi�iU|t |�i _iTi?_i?Ui Lu +| L? T@t| LMtih�@|�L?tc @t �i** @t L? |�i T@h@4i|ih 5|� W? }i?ih@*

|�i |h�i �?T�|�L�|T�| hi*@|�L?t��T ��** Mi �?!?L�? @?_ sEu� ��** Mi @? @TThL �4@|�L?c t�U� @t u�h?�t�i_ M) @ t�}4L�_

?i�h@* ?i|�Lh!� W? u@U|c _�i |L |�i UL4Ti|�|��i ?@|�hi Lu |�i @*}Lh�|�4t Thiti?|i_c i�i? @ Uh�_i @TThL �4@|�L? t��Uitc

@t ��** Mi i T*@�?i_ *@|ih�
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41 Vsolw gdwd eorfn ||/ w @ q � O . 4> q � O . 5> ===> +q. 4, � O +wkdw lv/ O wlph vwhsv, lqwr O@P gdwd

vhjphqwv +wkdw lv/ P wlph vwhsv/ P ? O,1

51 Orrs iru n @ 4> ===>N1

+d, Xvh hdfk vhjphqw ri ||*v dv lqsxw wr wkh n0wk suhglfwru wr frpsxwh d suhglfwlrq |
&
| @

i+||3�> ===> �&, iru hdfk wlph w1

+e, Iru hyhu| vhjphqw/ frpsduh wkh suhglfwlrqv |
&
| zlwk wkh dfwxdo revhuydwlrqv || +w @ q �

O . 4> q � O . 5> ===> +q . 4, � O, wr frpsxwh wkh Vhjphqw0Dyhudjh Vtxduh Suhglfwlrq Huuru

+khqfhiruwk VDVSH,1

Hqg ri n orrs1

61 Orrs iru hyhu| vhjphqw lq wkh eorfn +d wrwdo ri O@P vhjphqwv,1

+d, Iru wkh fxuuhqw vhjphqw/ �qg wkh suhglfwru wkdw surgxfhv wkh plqlpxp VDVSH1

+e, Iru wklv suhglfwru/ frpsduh plqlpxp VDVSH zlwk d uhvshfwlyh wkuhvkrog 21

+f, Lq fdvh VDVSH lv deryh wkh wkuhvkrog/ dqgN ? N6@%/ vhw N @ N.4 dqg dvvljq wkh fxuuhqw

vhjphqw wr d qhz suhglfwru> rwkhuzlvh/ dvvljq wkh vhjphqw wr wkh suhglfwru ri plqlpxp

VDVSH1

Hqg ri vhjphqw orrs1

71 Orrs iru n @ 4> ===>N1

+d, Uhwudlq wkh n0wk suhglfwru iru M lwhudwlrqv/ xvlqj wkh O@P prvw fxuuhqw gdwd vhjphqwv

dvvljqhg wr lw1

Hqg ri n orrs1

Hqg ri q orrs1

�������������������~

Lw lv dvvxphg wkdw wkh vzlwfklqj udwh lv vorz hqrxjk/ vr wkdw wkh lqlwldo vhjphqw zloo prvwo| frqwdlq

gdwd iurp rqh vrxufh> krzhyhu vrph gdwd iurp rwkhu vrxufhv pd| dovr eh suhvhqw1 Wkh prgxodu dqg

frpshwlwlyh qdwxuh ri wkh dojrulwkp lv hylghqw1 D gdwd vhjphqw lv dvvljqhg wr d suhglfwru hyhq li wkh

uhvshfwlyh suhglfwlrq lv srru> zkdw pdwwhuv lv wkdw lw lv ehwwhu wkdq wkh uhpdlqlqj rqhv1 Khqfh/ hyhu|

suhglfwru lv dvvljqhg gdwd vhjphqwv rq wkh dvvxpswlrq wkdw wkh| zhuh jhqhudwhg e| d sduwlfxodu vrxufh

dqg wkh suhglfwru lv wudlqhg +vshfldol}hg, rq wklv vrxufh1 Wudlqlqj fdq eh shuiruphg lqghshqghqwo|/ lq

sdudooho/ iru hdfk suhglfwru1

Qxphulfdo h{shulphqwdwlrq lqglfdwhv wkdw wkh ydoxhv ri vhyhudo sdudphwhuv pd| d�hfw shuirupdqfh>

wkhvh duh qrz glvfxvvhg1

2
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41 O lv wkh ohqjwk ri gdwd eorfn1 Li O lv wrr odujh/ wkhq wudlqlqj iru hdfk gdwd eorfn uhtxluhv d orqj

wlph1 Li O lv wrr vpdoo/ wkhq qrw hqrxjk gdwd duh dydlodeoh iru wkh uhwudlqlqj ri wkh suhglfwruv1

Iru wkh h{shulphqwv uhsruwhg lq Vhfwlrq 7/ zh kdyh irxqg wkdw ydoxhv durxqg 433 duh vx�flhqw

wr hqvxuh jrrg wudlqlqj ri wkh suhglfwruv zlwkrxw lqfxuulqj h{fhvvlyh frpsxwdwlrqdo ordg1

51 P lv wkh ohqjwk ri gdwd vhjphqw> lw lv uhodwhg wr wkh vzlwfklqj udwh ri }|1 Ohw Wr ghqrwh wkh

plqlpxp qxpehu ri wlph vwhsv ehwzhhq wzr vxffhvvlyh vrxufh vzlwfkhv1 Zkloh Wr lv xqnqrzq/

zh rshudwh rq wkh dvvxpswlrq ri vorz vzlwfklqj/ zklfk phdqv wkdw Wr zloo eh uhodwlyho| odujh1

Qrz/ vlqfh wkh P gdwd srlqwv lqfoxghg lq d vhjphqw zloo doo eh dvvljqhg wr wkh vdph vrxufh +dqg

xvhg wr wudlq wkh vdph suhglfwru,/ lw lv reylrxvo| ghvludeoh wkdw wkh| kdyh ehhq wuxo| jhqhudwhg e|

wkh vdph vrxufh> rwkhuzlvh wkh uhvshfwlyh suhglfwru zloo qrw vshfldol}h rq rqh vrxufh1 Lq uhdolw|/

krzhyhu/ wklv lv qrw jxdudqwhhg wr kdsshq1 Lq jhqhudo/ d vpdoo ydoxh ri P zloo lqfuhdvh wkh

olnholkrrg wkdw prvw vhjphqwv frqwdlq gdwd iurp d vlqjoh vrxufh1 Rq wkh rwkhu kdqg/ lw kdv ehhq

irxqg wkdw vpdooP ohdgv wr dq hvvhqwldoo| udqgrp dvvljqphqw ri gdwd srlqwv wr vrxufhv/ hvshfldoo|

lq wkh lqlwldo vwdjhv ri vhjphqwdwlrq/ zkhq wkh suhglfwruv kdyh qrw vshfldol}hg vx�flhqwo|1 Wkh

frqyhuvh vlwxdwlrq krogv iru odujh P 1 Lq sudfwlfh/ rqh qhhgv wr jxhvv d ydoxh iru Wr dqg wkhq wdnh

P vrphzkhuh ehwzhhq 4 dqg Wr1 Wklv fkrlfh lv frqvlvwhqw zlwk wkh k|srwkhvlv ri vorz vzlwfklqj

udwh1 Wkh sudfwlfdo uhvxow lv wkdw prvw vhjphqwv lq d eorfn frqwdlq gdwd iurp h{dfwo| rqh vrxufh/

dqg d ihz vhjphqwv frqwdlq gdwd iurp wzr vrxufhv1 Lw vkrxog eh vwuhvvhg wkdw wkh h{dfw ydoxh ri

Wr lv qrw uhtxluhg wr eh nqrzq> d urxjk jxhvv vx�fhv1

61 M / wkh qxpehu ri wudlqlqj lwhudwlrqv/ vkrxog eh wdnhq uhodwlyho| vpdoo/ vlqfh wkh suhglfwruv pxvw

qrw eh ryhuvshfldol}hg lq wkh hduo| skdvhv ri wkh dojrulwkp/ zkhq uhodwlyho| ihz gdwd srlqwv duh

dydlodeoh1

71 Wkh huuru wkuhvkrog lv xvhg wr ghwhuplqh li dqg zkhq d qhz suhglfwru vkrxog eh dgghg1 Dw

hyhu| uh0wudlqlqj hsrfk wkh wudlqlqj suhglfwlrq huuru/ H&/ lv frpsxwhg iru n @ 4> 5> ===>N1 Wkhq

wkh wkuhvkrog/ G&/ lv vhw htxdo wr d � H&/ zkhuh d lv d vfdoh idfwru1 D kljk d ydoxh pdnhv wkh

lqwurgxfwlrq ri qhz suhglfwruv gl�fxow/ vlqfh odujh suhglfwlrq huuruv duh wrohudwhg> frqyhuvho|/ d

orz d ydoxh idflolwdwhv wkh lqwurgxfwlrq ri qhz suhglfwruv1

81 Lq sudfwlfh d ydoxh N6@% lv vhw wr eh wkh pd{lpxp qxpehu ri suhglfwruv xvhg1 Dv orqj dv wklv lv

htxdo wr ru odujhu wkdq wkh qxpehu ri wuxo| dfwlyh vrxufhv/ lw grhv qrw d�hfw wkh shuirupdqfh ri

wkh dojrulwkp vhulrxvo|1

D ixuwkhu txdqwlw| ri lqwhuhvw lv W / wkh ohqjwk ri wlph vhulhv1 Wkhruhwlfdoo| wklv lv lq�qlwh/ vlqfh wkh

dojrulwkp lv rq0olqh/ zlwk qhz gdwd ehfrplqj frqwlqxrxvo| dydlodeoh1 Krzhyhu/ lw lv lqwhuhvwlqj wr qrwh

wkh plqlpxp qxpehu ri gdwd uhtxluhg iru wkh dojrulwkp wr shuirup wkh vrxufh lghqwl�fdwlrq vxffhvixoo|1

Lq wkh h{shulphqwv suhvhqwhg lq Vhfwlrq 7 lw lv xvxdoo| ehwzhhq 4333 dqg 63331 Wklv lv wkh lqirupdwlrq

wkdw wkh dojrulwkp uhtxluhv wr glvfryhu wkh qxpehu ri dfwlyh vrxufhv dqg wr wudlq uhvshfwlyh suhglfwruv1

Lq dgglwlrq/ wkh wlph uhtxluhg wr surfhvv wkh gdwd lv vkruw/ ehfdxvh rqo| d ihz wudlqlqj lwhudwlrqv duh

shuiruphg shu gdwd vhjphqw> wkhvh frpsxwdwlrqv duh shuiruphg zkloh zdlwlqj iru wkh qhz gdwd vhjphqw

wr eh dffxpxodwhg1 Wkh vkruw wudlqlqj wlph dqg wkh vpdoo dprxqw ri gdwd uhtxluhg/ pdnh wkh vrxufh

lghqwl�fdwlrq dojrulwkp yhu| vxlwdeoh iru rq0olqh lpsohphqwdwlrq1

9
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Wkh fodvvl�fdwlrq dojrulwkp kdv douhdg| ehhq suhvhqwhg lq +Shwulglv dqg Nhkdjldv 4<<9e> Nhkdjldv dqg

Shwulglv/ 4<<:, xqghu wkh qdph ri Suhglfwlyh Prgxodu Qhxudo Qhwzrun +SUHPRQQ,1 D eulhi vxppdu|

lv jlyhq khuh1

Lw lv dvvxphg wkdw wkh vrxufh sdudphwhu wlph vhulhv }|/ w @ 4> 5> ===/ wdnhv ydoxhv lq wkh nqrzq vhw

� @ i��> ===> �gj +wklv kdv ehhq vshfl�hg e| wkh vrxufh lghqwl�fdwlrq dojrulwkp,1 Fruuhvsrqglqj wr hdfk

vrxufh V+�&,/ wkhuh lv d suhglfwru +h1j1 d qhxudo qhwzrun wudlqhg e| wkh vrxufh lghqwl�fdwlrq dojrulwkp,

zklfk lv fkdudfwhul}hg e| wkh iroorzlqj htxdwlrq +n @ 4> 5> ===>N,=

|
&
| @ i+||3�> ||32> ===> �&,= +4,

Dw hyhu| wlph vwhs w/ wkh fodvvl�fdwlrq dojrulwkp lv uhtxluhg wr lghqwli| wkh phpehu ri � zklfk ehvw

pdwfkhv wkh revhuydwlrq ||1 Xvlqj d suredelolvwlf dssurdfk/ rqh fdq gh�qh s
&
| @ Su+}| @ �&m|�> |2> ===> ||,1

Lq +Shwulglv dqg Nhkdjldv/ 4<<9d, wkh iroorzlqj s&| xsgdwh lv rewdlqhg=

s
&
| @

s
&
|3� � h

3

�+|3+
&
|
�
2

j2

Sg
,'� s

,
|3� � h

3

�+|3+
,
|
�
2

j2

+5,

Ht1+5, lv d uhfxuvlyh lpsohphqwdwlrq ri Ed|hv* uxoh1 Wkh uhfxuvlrq lv vwduwhg xvlqj s
&
f
/ wkh sulru

suredelolw| dvvljqhg wr �& dw wlph w @ 3 +ehiruh dq| revhuydwlrqv duh dydlodeoh,1 Lq wkh devhqfh ri dq|

sulru lqirupdwlrq/ doo prghov duh dvvxphg htxdoo| fuhgleoh=

s
&
f
@

4

N
iru n @ 4> 5> ===>N= +6,

Ilqdoo|/ a}| +wkh hvwlpdwh ri }|, lv fkrvhq dv

a}|
=
@ dujpd{

w&MX
s
&
| = +7,

Khqfh wkh SUHPRQQ fodvvl�fdwlrq dojrulwkp lv vxppdul}hg e| htv1+6,/ +4,/ +5,/ +7,1 Wklv lv d uhfxuvlyh

lpsohphqwdwlrq ri Ed|hv* uxoh> wkh ydoxh s
&
| uh�hfwv rxu eholhi +dw wlph w, wkdw wkh revhuydwlrqv duh

surgxfhg e| d prgho zlwk sdudphwhu ydoxh �&>

Wkh suredelolvwlf lqwhusuhwdwlrq ri wkh dojrulwkp/ suhvhqwhg deryh/ lv qrw qhfhvvdu|1 D gl�huhqw/

skhqrphqrorjlfdo/ lqwhusuhwdwlrq jrhv dv iroorzv1 s&| lv d fuhglw ixqfwlrq zklfk hydoxdwhv wkh shuirupdqfh

ri wkh n0wk vrxufh lq suhglfwlqj wkh revhuydwlrqv |�/ |2/ 111 / ||1 Wklv hydoxdwlrq ghshqgv rq wzr

idfwruv= h
3

�+|3+
&
|
�
2

j2 uh�hfwv krz dffxudwho| wkh fxuuhqw revhuydwlrq zdv suhglfwhg/ zkloh s&|3� uh�hfwv sdvw

shuirupdqfh1 Khqfh ht1+5, xsgdwhv wkh fuhglw ixqfwlrq s
&
| uhfxuvlyho|> wkh xsgdwh wdnhv lqwr dffrxqw

wkh suhylrxv ydoxh s
&
|3�> wklv pdnhv s

&
| lpsolflwo| ghshqghqw rq wkh hqwluh wlph vhulhv klvwru|1 Wkh

�qdo h�hfw lv wkdw fruuhodwlrqv ehwzhhq vxffhvvlyh revhuydwlrqv duh fdswxuhg1 Qrwh dovr wkh frpshwlwlyh

qdwxuh ri fodvvl�fdwlrq/ zklfk lv hylghqw lq ht1+5,= hyhq li d suhglfwru shuirupv srruo|/ lw pd| vwloo

uhfhlyh kljk fuhglw/ dv orqj dv wkh uhpdlqlqj suhglfwruv shuirup hyhq zruvh1

Lq +Nhkdjldv dqg Shwulglv 4<<:, lw lv suryhg wkdw ht1+5, frqyhujhv wr dssursuldwh ydoxhv/ wkdw hqvxuh

:



fodvvl�fdwlrq wr wkh prvw dffxudwh suhglfwru1 Lq wkh fdvh ri vorz vzlwfklqj +dv dvvxphg lq wklv sdshu,/

frqyhujhqfh wr wkh dfwlyh vrxufh lv jxdudqwhhg iru wkh wlph lqwhuydo ehwzhhq wzr vrxufh vzlwfklqjv/

surylghg wkdw wkh frqyhujhqfh udwh lv idvw/ frpsduhg wr vzlwfklqj udwh1 Djdlq/ wklv uhtxluhphqw lv lq

dffrugdqfh zlwk wkh k|srwkhvlv ri vorz vzlwfklqj1

Wkh shuirupdqfh ri wkh fodvvl�fdwlrq dojrulwkp lv lq�xhqfhg e| wzr sdudphwhuv/ � dqg k/ zklfk

duh glvfxvvhg qh{w1

41 � lv d vprrwklqj sdudphwhu1 Xqghu wkh suredelolvwlf lqwhusuhwdwlrq/ � lv wkh vwdqgdug ghyldwlrq

ri suhglfwlrq huuru1 D skhqrphqrorjlfdo lqwhusuhwdwlrq lv dovr srvvleoh1 Iru d �{hg huuru m||�|
&
| m/

qrwh wkdw d odujh � uhvxowv lq d odujh ydoxh ri h
3

�+|3+
&
|
�
2

j2 1 Wklv lv ri lqwhuhvw sduwlfxoduo| lq wkh

fdvh zkhuh d suhglfwru shuirupv ehwwhu wkdq wkh uhvw ryhu d odujh wlph lqwhuydo/ exw rffdvlrqdoo|

jhqhudwhv d edg suhglfwlrq +shukdsv gxh wr udqgrp �xfwxdwlrq,1 Lq wklv fdvh/ d yhu| vpdoo � zloo

uhvxow lq d yhu| vpdoo ydoxh ri h
3

�+|3+
&
|
�
2

j2 lq ht1+5,1 Wklv/ lq wxuq/ zloo ghfuhdvh s&| h{fhvvlyho|1 Rq

wkh rwkhu kdqg/ d yhu| odujh � uhvxowv lq voxjjlvk shuirupdqfh +d orqj vhulhv ri odujh suhglfwlrq

huuruv lv uhtxluhg ehiruh s&| lv vx�flhqwo| ghfuhdvhg,1 Iru wkh h{shulphqwv uhsruwhg lq wklv sdshu/

� lv ghwhuplqhg dw hyhu| wlph vwhs w e| wkh iroorzlqj dgdswlyh hvwlpdwh= �@

tSg

&'�
�+|3+

&
| �
2

g
1

51 D wkuhvkrog sdudphwhu k lv dovr xvhg lq wkh fodvvl�fdwlrq dojrulwkp1 Vxssrvh wkdw }| uhpdlqv

�{hg iru d orqj wlph dw/ vd|/ ��> wkhq dw wlph wr d vzlwfk wr �2 rffxuv1 Iru w ? wr/ h
3

�+|3+
�

|
�
2

j2 lv

odujh dqg h
3

�+|3+
2
|
�
2

j2 vpdoo +pxfk ohvv wkdq rqh,1 Frqvlghulqj ht1+5, rqh vhhv wkdw s2| ghfuhdvhv

h{srqhqwldoo|> diwhu d ihz vwhsv lw pd| ehfrph vr vpdoo wkdw frpsxwhu xqghu�rz wdnhv sodfh dqg

s
2
| lv vhw wr 31 Lw iroorzv iurp ht1+5, wkdw diwhu wkdw srlqw s2| zloo uhpdlq 3 iru doo vxevhtxhqw wlph

vwhsv> lq sduwlfxodu/ wklv zloo dovr eh wuxh diwhu wr/ ghvslwh wkh idfw wkdw qrz wkh vhfrqg suhglfwru

shuirupv zhoo +h
3

�+|3+
2

|
�
2

j2 zloo eh odujh/ exw pxowlsolhg e| s
2

|3� zloo vwloo |lhog s
2

| @ 3,1 Khqfh

wkh fxuuhqwo| ehvw suhglfwru uhfhlyhv }hur fuhglw dqg lv h{foxghg iurp wkh fodvvl�fdwlrq surfhvv1

Zkdw lv uhtxluhg lv wr hqvxuh wkdw s2| zloo qhyhu ehfrph wrr vpdoo1 Khqfh wkh iroorzlqj vwudwhj| lv

xvhg= zkhqhyhu s&| idoov ehorz k/ lw lv uhvhw wr k> li k lv fkrvhq vpdoo +vd| durxqg 3134,/ wkhq wklv

uhvhwwlqj grhv qrw lq�xhqfh wkh fodvvl�fdwlrq surfhvv/ exw dovr jlyhv suhglfwruv zlwk orz fuhglw

wkh fkdqfh wr txlfno| uhfryhu/ rqfh wkh uhvshfwlyh vrxufh lv dfwlydwhg1

��� A�i A�4i 5ih�it 5i}4i?|@|�L? 5U�i4i

Wkh wlph vhulhv vhjphqwdwlrq vfkhph frqvlvwv lq wkh frqfxuuhqw dssolfdwlrq ri wkh wzr dojrulwkpv1

Qdpho|/ wkh fodvvl�fdwlrq dojrulwkp lv uxq rq wkh fxuuhqw gdwd eorfn/ xvlqj wkh suhglfwruv glvfryhuhg

dqg wudlqhg e| wkh vrxufh lghqwl�fdwlrq dojrulwkp lq wkh suhylrxv hsrfk � +rshudwlqj rq wkh suhylrxv

gdwd eorfn,1 Frqfxuuhqwo|/ wkh lghqwl�fdwlrq dojrulwkp rshudwhv rq wkh fxuuhqw eorfn dqg surylghv

dq xsgdwh ri wkh suhglfwruv> exw wklv xsgdwh zloo rqo| eh xvhg lq wkh qh{w hsrfk ri wkh vhjphqwdwlrq

vfkhph1 Khqfh/ wkh fodvvl�fdwlrq dojrulwkp xvhv lqirupdwlrq surylghg e| wkh vrxufh lghqwl�fdwlrq

dojrulwkp/ exw qrw ylfh yhuvd1

�
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Wkh lghqwl�fdwlrq dojrulwkp lq h�hfw surylghv d fuxgh fodvvl�fdwlrq/ e| dvvljqlqj vhjphqwv wr suh0

glfwruv> wkh uroh ri wkh fodvvl�fdwlrq dojrulwkp lv wr surylgh vhjphqwdwlrq dw wkh ohyho ri lqglylgxdo

wlph vwhsv1 Frpsdudwlyho| vshdnlqj/ lq wkh lqlwldo vwdjhv ri wkh vhjphqwdwlrq surfhvv/ wkh lghqwl�fdwlrq

dojrulwkp lv pruh lpsruwdqw wkdq wkh fodvvl�fdwlrq dojrulwkp dqg wkh suhglfwruv fkdqjh vljql�fdqwo| dw

hyhu| hsrfk> dw d odwhu vwdjh wkh suhglfwruv uhdfk d vwhdg| vwdwh dqg wkh vrxufh lghqwl�fdwlrq dojrulwkp

ehfrphv ohvv lpsruwdqw1 Lq idfw/ d uhgxfhg yhuvlrq ri wkh vhjphqwdwlrq vfkhph frxog xvh rqo| wkh

lghqwl�fdwlrq dojrulwkp lqlwldoo| +xqwlo wkh suhglfwruv duh idluo| zhoo gh�qhg, dqg rqo| wkh fodvvl�fdwlrq

dojrulwkp odwhu +zkhq wkh suhglfwruv duh qrw h{shfwhg wr fkdqjh vljql�fdqwo|,1 Krzhyhu/ iru wklv uh0

gxfhg yhuvlrq wr zrun/ lw lv uhtxluhg wkdw qhz vrxufhv duh qrw dfwlydwhg dw d odwhu vwdjh ri wkh wlph

vhulhv hyroxwlrq1

e , Tih�4i?|t

Wzr vhwv ri h{shulphqwv duh suhvhqwhg lq wklv vhfwlrq/ vr dv wr hydoxdwh wkh vhjphqwdwlrq vfkhph1

e�� 6L�h ��@L|�U A�4i 5ih�it

Frqvlghu irxu vrxufhv/ hdfk jhqhudwlqj d fkdrwlf wlph vhulhv=

41 iru }| @ 4/ d orjlvwlf wlph vhulhv ri wkh irup || @ i�+||3�,/ zkhuh i�+{, @ 7{+4� {,>

51 iru }| @ 5/ d whqw0pds wlph vhulhv ri wkh irup || @ i2+||3�,/ zkhuh i2+{, @ 5{ li { 5 ^3> 3=8, dqg

i2+{, @ 5+4� {, li { 5 ^3=8> 4`>

61 iru }| @ 6/ d grxeoh orjlvwlf wlph vhulhv ri wkh irup || @ i�+||3�, @ i�+i�+||3�,, dqg

71 iru }| @ 7/ d grxeoh whqw0pds wlph vhulhv ri wkh irup || @ ie+||3�, @ i2+i2+||3�,,1

Wkh irxu vrxufhv duh dfwlydwhg frqvhfxwlyho|/ hdfk iru 433 wlph vwhsv/ jlylqj dq ryhudoo shulrg ri

733 wlph vwhsv1 Whq vxfk shulrgv duh xvhg/ uhvxowlqj lq d 73330vwhsv wlph vhulhv1 Wkh wdvn lv wr glvfryhu

wkh irxu vrxufhv dqg wkh vzlwfklqj vfkhgxoh e| zklfk wkh| duh dfwlydwhg1 Vl{ kxqguhg wlph vwhsv ri

wkh frpsrvlwh wlph vhulhv +hqfrpsdvvlqj wkh vrxufh wudqvlwlrq 4$ 5$ 6$ 7$ 4$ 5, duh suhvhqwhg

lq Iljxuh 41 Khqfh wkh �uvw kxqguhg wlph vwhsv fruuhvsrqg wr }| @ 4> wkh vhfrqg kxqguhg wlph vwhsv

fruuhvsrqg wr }| @ 5 dqg vr rq1

D qxpehu ri h{shulphqwv duh shuiruphg/ xvlqj vhyhudo gl�huhqw frpelqdwlrqv ri eorfn dqg vhjphqw

ohqjwkv> dovr wkh wlph vhulhv lv revhuyhg dw ydulrxv ohyhov ri qrlvh/ l1h1 dw hyhu| vwhs || lv pl{hg

zlwk dgglwlyh zklwh qrlvh xqlirupo| glvwulexwhg lq wkh lqwhuydo ^�D@5>D@5`1 Khqfh dq h{shulphqw lv

ghwhuplqhg e| d frpelqdwlrq ri O/ P dqg D ydoxhv1 Wkh suhglfwruv xvhg duh 40804 vljprlg qhxudo

qhwzrunv> wkh pd{lpxp qxpehu ri suhglfwruv lv N6@% @ 9> wkh qxpehu ri wudlqlqj lwhudwlrqv shu wlph

vwhs lv M @ 8> wkh fuhglw wkuhvkrog lv vhw dw k @ 3=341 e
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Lq hyhu| h{shulphqw shuiruphg/ doo irxu vrxufhv duh hyhqwxdoo| lghqwl�hg1 Wklv wdnhv sodfh dw vrph

wlph WS/ zklfk lv gl�huhqw iru hyhu| h{shulphqw1 Diwhu wlph WS/ d fodvvl�fdwlrq �jxuh ri phulw lv

frpsxwhg1 Lw lv ghqrwhg e| f @ W2@W�/ zkhuh W� lv wkh wrwdo qxpehu ri wlph vwhsv diwhu WS/ dqg W2

lv wkh qxpehu ri fruuhfwo| fodvvl�hg wlph vwhsv diwhu WS1 Wkh uhvxowv ri wkh h{shulphqwv +l1h1 WS dqg

f, duh olvwhg lq Wdeohv 4 dqg 51 Wkh hyroxwlrq ri d uhsuhvhqwdwlyh fuhglw ixqfwlrq/ lq wklv fdvh s�| +wkh

uhpdlqlqj �yh fuhglw ixqfwlrqv hyroyh lq d vlplodu pdqqhu,/ lv suhvhqwhg lq Ilj1 51D1 Wklv �jxuh zdv

rewdlqhg iurp d qrlvh0iuhh h{shulphqw +D@313,/ zlwk O@438/ P @ 481 Qrwh wkdw fodvvl�fdwlrq eh|rqg

wlph WS lv yhu| vwdeoh1 Wkh fodvvl�fdwlrq ghflvlrqv +qdpho| wkh vrxufh 2 suhglfwru vhohfwhg dw hyhu|

wlph vwhs, iru wkh vdph h{shulphqw duh suhvhqwhg lq Ilj151E1 Lw fdq eh revhuyhg wkdw wkh irxu vrxufhv

fruuhvsrqg wr suhglfwruv 4/ 5/ 6 dqg 91 Suhglfwruv 7 dqg 8 kdyh uhfhlyhg uhodwlyho| ihz gdwd/ kdyh ehhq

xqghuwudlqhg dqg gr qrw fruuhvsrqg wr dq| ri wkh wuxo| dfwlyh vrxufhv> jhqhudoo| wkhvh suhglfwruv sod|

qr vljql�fdqw uroh lq wkh vhjphqwdwlrq surfhvv1

e�2 �@U!i)�B*@tt A�4i 5ih�it

Qrz frqvlghu d wlph vhulhv rewdlqhg iurp wkuhh vrxufhv ri wkh Pdfnh|0Jodvv w|sh1 Wkh ruljlqdo gdwd

hyroyhv lq frqwlqxrxv wlph dqg vdwlv�hv wkh gl�huhqwldo htxdwlrq =

g|

gw
@ �3=4|+w, .

3=5|+w� w_,

4 . |+w� w_,�f
> +8,

Iru hdfk vrxufh d gl�huhqw ydoxh ri wkh ghod| sdudphwhu w_ zdv xvhg/ qdpho| w_@ 4:/ 56 dqg 631 Wkh

wlph vhulhv lv vdpsohg lq glvfuhwh wlph/ dw d vdpsolqj udwh � @ 9/ zlwk wkh wkuhh vrxufhv ehlqj dfwlydwhg

dowhuqdwho|/ iru 433 wlph vwhsv hdfk1 Wkh �qdo uhvxow lv d wlph vhulhv zlwk d vzlwfklqj shulrg ri 633 dqg

d wrwdo ohqjwk ri 7333 wlph vwhsv1 Vl{ kxqguhg wlph vwhsv ri wklv �qdo wlph vhulhv +hqfrpsdvvlqj wkh

vrxufh wudqvlwlrq 4 $ 5 $ 6 $ 4 $ 5 $ 6, duh suhvhqwhg lq Iljxuh 61 Khqfh wkh �uvw kxqguhg wlph

vwhsv fruuhvsrqg wr }| @ 4> wkh vhfrqg kxqguhg wlph vwhsv fruuhvsrqg wr }| @ 5 dqg vr rq1

Djdlq/ d sduwlfxodu h{shulphqw lv ghwhuplqhg e| d frpelqdwlrq ri O/P dqgD ydoxhv1 Wkh suhglfwruv

xvhg duh 80804 vljprlg qhxudo qhwzrunv> wkh pd{lpxp qxpehu ri suhglfwruv lv N6@% @ 9> wkh qxpehu

ri wudlqlqj lwhudwlrqv shu wlph vwhs lv M @ 8> wkh fuhglw wkuhvkrog lv vhw dw k @ 3=341

Djdlq doo wkuhh vrxufhv zhuh fruuhfwo| lghqwl�hg lq hyhu| h{shulphqw1 Wkh uhvxowv ri wkh h{shulphqwv/

WS dqg f +zklfk kdyh ehhq ghvfulehg lq Vhfwlrq 714, duh olvwhg lq Wdeohv 6 dqg 71 Wkh hyroxwlrq ri wkuhh

uhsuhvhqwdwlyh fuhglw ixqfwlrqv/ s�| / s
2

| / s
�

| / duh suhvhqwhg lq Iljv1 71D/ 71E dqg 71F/ uhvshfwlyho|1 Wklv

�jxuh zdv rewdlqhg iurp dq h{shulphqw zlwk D@3148/ O@438/ P @ 481 Qrwh wkdw fodvvl�fdwlrq eh|rqg

wlph WS lv txlwh vwdeoh1 Wkh fodvvl�fdwlrq ghflvlrqv +qdpho| wkh vrxufh 2 suhglfwru vhohfwhg dw hyhu|

wlph vwhs, iru wkh vdph h{shulphqw duh suhvhqwhg lq Ilj171G1 Lw fdq eh revhuyhg wkdw wkh wkuhh vrxufhv

fruuhvsrqg wr suhglfwruv 4/ 5 dqg 61 Suhglfwruv 7/ 8 dqg 9 kdyh uhfhlyhg uhodwlyho| ihz gdwd/ kdyh ehhq

xqghuwudlqhg dqg gr qrw fruuhvsrqg wr dq| ri wkh wuxo| dfwlyh vrxufhv> jhqhudoo| wkhvh suhglfwruv sod|

qr vljql�fdqw uroh lq wkh vhjphqwdwlrq surfhvv1
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Lw fdq eh revhuyhg iurp Wdeohv 407 wkdw wkh vhjphqwdwlrq vfkhph wdnhv ehwzhhq 4333 dqg 6333 vwhsv

wr glvfryhu wkh dfwlyh vrxufhv1 Diwhu wkdw srlqw fodvvl�fdwlrq lv txlwh dffxudwh iru orz wr plggoh qrlvh

ohyhov dqg judgxdoo| gursv r� dv qrlvh ohyho lqfuhdvhv1 D Wkh vfkhph lv idvw= vrxufh lghqwl�fdwlrq dqg

fodvvl�fdwlrq ri wkh 7333 wlph vwhsv +uxq frqfxuuhqwo|, uhtxluh d wrwdo ri dssur{lpdwho| 7 plqxwhv1

Wkh dojrulwkpv duh lpsohphqwhg lq PDWODE dqg uxq rq d 7;9 453 PK} LEP frpsdwleoh pdfklqh> d

vljql�fdqw vshhgxs zrxog uhvxow iurp d F lpsohphqwdwlrq +frqvlghu wkdw PDWODE lv dq lqwhusuhwhg

odqjxdjh,1

Wkh vdph vhjphqwdwlrq wdvnv kdyh ehhq wuhdwhg e| wkh phwkrg ri Dqqhdohg Frpshwlwlrq ri H{shuwv

+DFH, lq +Sdzho}ln hw do1/ 4<<9,1 Uhjduglqj dffxudf| ri vhjphqwdwlrq/ erwk phwkrgv dsshdu wr dfklhyh

urxjko| wkh vdph dffxudf|> krzhyhu lw vkrxog eh srlqwhg rxw wkdw wkh DFH phwkrg zdv dssolhg hlwkhu

wr qrlvh0iuhh ru orz0qrlvh gdwd> zh gr qrw nqrz krz zhoo wkh DFH phwkrg shuirupv lq wkh suhvhqfh ri

uhodwlyho| kljk qrlvh1 H{hfxwlrq wlph lv qrw flwhg lq +Sdzho}ln hw do1/ 4<<9, iru wkh wzr wdvnv frqvlghuhg

khuh1 Rq d wklug/ suhglfwlrq/ wdvn/ wkh DFH phwkrg uhtxluhv 518 ku rq d VSDUF 43253 J[1 Lq jhqhudo/

zh h{shfw wkh DFH phwkrg wr eh udwkhu wlph frqvxplqj/ vlqfh lw ghshqgv rq dqqhdolqj/ zklfk uhtxluhv

pdq| sdvvhv wkurxjk wkh wudlqlqj gdwd1

Uhjduglqj wkh uhtxluhg qxpehu ri wlph vhulhv revhuydwlrqv/ wkh DFH phwkrg xvhv 4533 gdwd srlqwv

iru wkh �uvw wdvn> 733 gdwd srlqw iru wkh vhfrqg> vhyhudo dqqhdolqj sdvvhv duh uhtxluhg1 Rxu phwkrg

uhtxluhv d vlqjoh sdvv wkurxjk dw prvw 6333 gdwd srlqwv1 Zh gr qrw frqvlghu wklv dq lpsruwdqw gl�huhqfh=

ehfdxvh doo wlph vhulhv lqyroyhg duh hujrglf/ zh frqmhfwxuh wkdw surfhvvlqj 6333 gdwd srlqwv rqfh vkrxog

|lhog pruh ru ohvv wkh vdph lqirupdwlrq dv f|folqj wkluw| wlphv ryhu 433 gdwd srlqwv1 S

D �L?U*�t�L?t

Dq xqvxshuylvhg wlph vhulhv vhjphqwdwlrq vfkhph kdv ehhq suhvhqwhg/ zklfk frpelqhv d vrxufh lghqwl0

�fdwlrq dqg d wlph vhulhv fodvvl�fdwlrq dojrulwkp1 Wkh vrxufh lghqwl�fdwlrq dojrulwkp ghwhuplqhv wkh

qxpehu ri vrxufhv jhqhudwlqj wkh revhuydwlrqv/ glvwulexwhv gdwd ehwzhhq wkh vrxufhv dqg wudlqv rqh

suhglfwru iru hdfk vrxufh1 Wkhq/ suhglfwruv duh xvhg e| wkh fodvvl�fdwlrq dojrulwkp dv iroorzv1 Iru

hyhu| lqfrplqj gdwd vhjphqw/ hdfk suhglfwru frpsxwhv d suhglfwlrq> frpsdulqj wkhvh wr wkh dfwxdo

revhuydwlrq/ vhjphqw suhglfwlrq huuruv duh frpsxwhg iru hdfk suhglfwru1 Wkh suhglfwlrq huuruv duh xvhg

wr uhfxuvlyho| dqg frpshwlwlyho| xsgdwh d fuhglw ixqfwlrq iru hdfk suhglfwru 2 vrxufh1 Qdpho|/ vrxufhv

zklfk fruuhvsrqg wr pruh vxffhvixo suhglfwruv uhfhlyh kljkhu fuhglw1 Hdfk vhjphqw lv fodvvl�hg wr wkh

vrxufh zklfk fxuuhqwo| kdv kljkhvw fuhglw1 Wkh frpelqhg vfkhph frqvlvwv ri wkh lghqwl�fdwlrq dqg

fodvvl�fdwlrq dojrulwkpv uxqqlqj frqfxuuhqwo|/ lq d frpshwlwlyh dqg uhfxuvlyh pdqqhu1

Wkh vfkhph lv dffxudwh/ idvw dqg uhtxluhv ihz wudlqlqj gdwd/ dv kdv ehhq hvwdeolvkhg e| qxphulfdo

h{shulphqwdwlrq> khqfh lw lv vxlwdeoh iru rq0olqh lpsohphqwdwlrq1 Lw lv dovr prgxodu= wudlqlqj dqg suh0

D
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glfwlrq duh shuiruphg e| lqghshqghqw prgxohv/ hdfk ri zklfk fdq eh uhpryhg iurp wkh v|vwhp/ zlwkrxw

d�hfwlqj wkh surshuwlhv ri wkh uhpdlqlqj prgxohv1 Wklv uhvxowv lq vkruw wudlqlqj dqg ghyhorsphqw wlphv1

Ilqdoo|/ d frqyhujhqfh dqdo|vlv ri wkh fodvvl�fdwlrq dojrulwkp kdv ehhq sxeolvkhg hovhzkhuh +Nhkdjldv

dqg Shwulglv/ 4<<:,> wklv jxdudqwhhv fruuhfw fodvvl�fdwlrq1

Lw vkrxog eh phqwlrqhg wkdw/ zkloh zh kdyh qrw pdgh dq| dvvxpswlrqv derxw wkh vzlwfklqj ehkdylru

ri wkh vrxufh sdudphwhu/ d Pdunryldq dvvxpswlrq fdq eh hdvlo| lqfrusrudwhg lq wkh xsgdwh htxdwlrq

+5,1 D frqyhujhqfh dqdo|vlv iru wklv fdvh lv dovr dydlodeoh1 Wklv prgl�fdwlrq d�hfwv wkh fodvvl�fdwlrq

dojrulwkp rqo|/ ohdylqj wkh vrxufh lghqwl�fdwlrq dojrulwkp xqd�hfwhg1 Krzhyhu/ ehfdxvh ri odfn ri

vsdfh/ wkhvh ghyhorsphqwv zloo eh suhvhqwhg lq wkh ixwxuh1

+iuihi?Uit

^4` W1Z1 Fdffldwruh dqg V1M1Qrzodq1 4<<71 _Pl{wxuhv ri Frqwuroohuv iru Mxps Olqhdu dqg Qrqolqhdu

Sodqwv%/ lq Dgydqfhv lq Qhxudo Lqirupdwlrq Surfhvvlqj V|vwhpv 9 +QLSV <6,/ hgv1 M1G1 Frzhq/ J1

Whvdxur dqg M1 Dovshfwru/ ss1 :4<0:59/ Vdq Iudqflvfr/ FD/ Prujdq Ndxipdqq1

^5` U1R1 Gxgd dqg S1H1 Kduw1 4<:61 Sdwwhuq Fodvvl�fdwlrq dqg Vfhqh Dqdo|vlv/ Zloh|/ Qhz \run1

^6` V1 Kd|nlq dqg G1 Frqj1 4<<41 _Fodvvl�fdwlrq ri udgdu foxwwhu xvlqj qhxudo qhwzrunv%/ LHHH Wudqv1

rq Qhxudo Qhwzrunv/ yro15/ ss18;<09331

^7` M1 Khuw}/ D1 Nurjk dqg U1J1 Sdophu1 4<<41 Lqwurgxfwlrq wr wkh Wkhru| ri Qhxudo Frpsxwdwlrq/

Dgglvrq0Zhvoh|/ Uhgzrrg Flw|/ FD1

^8` F1 J1 Kloeruq dqg G1J1 Odlqlrwlv1 4<9<1 _Xqvxshuylvhg Ohduqlqj Plqlpxp Ulvn Sdwwhuq Fodvvl�0

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

dqg F|ehuqhwlfv/ yro18/ ss1 43<04481

^9` U1D1 Mdfrev/ P1L1 Mrugdq/ V1M1 Qrzodq dqg J1H1 Klqwrq1 4<<41 _Dgdswlyh pl{wxuhv ri orfdo h{0

shuwv%/ Qhxudo Frpsxwdwlrq/ yro16/ ss1:<0;:1

^:` P1L1 Mrugdq dqg U1D1 Mdfrev1 4<<71 _Klhudufklfdo Pl{wxuhv ri H{shuwv dqg wkh HP Dojrulwkp%/

Qhxudo Frpsxwdwlrq/ yro19/ ss1 4;405471

^;` P1L1 Mrugdq dqg O1 [x1 4<<81 _Frqyhujhqfh Uhvxowv iru wkh HP Dojrulwkp wr Pl{wxuhv ri H{shuwv

Dufklwhfwxuhv%/ Qhxudo Qhwzrunv/ yro1;/ ss1 473<047641

^<` D1 Nhkdjldv dqg Y1 Shwulglv1 4<<:1 _Suhglfwlyh Prgxodu Qhxudo Qhwzrunv iru Wlph Vhulhv Fodvvl0

�fdwlrq%/ Qhxudo Qhwzrunv/ yro143/ ss16407<1

^43` S1 Nhqq|/ P1 Ohqqlj dqgv S1 Phuphovwhlq1 4<<31 _D olqhdu suhglfwlyh KPP iru yhfwru0ydoxhg

revhuydwlrqv zlwk dssolfdwlrqv wr vshhfk uhfrjqlwlrq%/ LHHH Wudqv1 rq Dfrxvwlfv/ Vshhfk dqg

Vljqdo Surf1/ yro16;/ ss155305581

^44` W1 Nrkrqhq1 4<;;1 Vhoi Rujdql}dwlrq dqg Dvvrfldwlyh Phpru|/ Vsulqjhu/ Qhz \run1
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^45` G1J1 Odlqlrwlv1 4<:41 _Rswlpdo dgdswlyh hvwlpdwlrq= vwuxfwxuh dqg sdudphwhu dgdswdwlrq%/ LHHH

Wudqv1 rq Dxwrpdwlf Frqwuro/ yro149/ ss1 49304:31

^46` Y1 Shwulglv dqg D1 Nhkdjldv1 4<<9d1 _D Uhfxuuhqw Qhwzrun Lpsohphqwdwlrq ri Wlph Vhulhv Fodv0

vl�fdwlrq%/ Qhxudo Frpsxwdwlrq/ yro1;/ ss168:06:51

^47` Y1 Shwulglv dqg D1 Nhkdjldv1 4<<9e1 _Prgxodu Qhxudo Qhwzrunv iru PDS Fodvvl�fdwlrq ri Wlph

Vhulhv dqg wkh Sduwlwlrq Dojrulwkp%/ LHHH Wudqv1 rq Qhxudo Qhwzrunv/ yro1:/ ss1:60;91

^48` N1 Sdzho}ln/ M1 Nrkoprujhq dqg N1U1 Pxoohu1 4<<91 _Dqqhdohg Frpshwlwlrq ri H{shuwv iru d

Vhjphqwdwlrq dqg Fodvvl�fdwlrq ri Vzlwfklqj G|qdplfv%/ Qhxudo Frpsxwdwlrq/ yro1;/ ss167306891

^49` N1 Sudqn hw do1 4<<91 _Vhoi0rujdql}hg txdqwl�fdwlrq ri kruprqh sxovdwlolw| edvhg rq suhglfwlyh

qhxudo qhwzrunv= Vhsdudwlqj wkh vhfuhwru| g|qdplfv ri jurzwk kruprqh lq dfurphjdo| iurp qrupdo

frqwurov%/ Elrsk|vlfdo Mrxuqdo/ Yro1:3/ ss158730587:1

^4:` O1U1 Udelqhu1 4<;;1 _D Wxwruldo rq Klgghq Pdunry Prghov dqg Vhohfwhg Dssolfdwlrqv lq Vshhfk

Uhfrjqlwlrq%/ Surf1 LHHH/ yro1 ::/ ss158:05;91

^4;` I1O1 Vlpv/ G1J1 Odlqlrwlv dqg G1W1 Pdjloo1 4<9<1 _Uhfxuvlyh dojrulwkp iru wkh fdofxodwlrq ri wkh

dgdswlyh Ndopdq �owhu frh�flhqwv%/ LHHH Wudqv1 rq Dxwrpdwlf Frqwuro/ yro147/ ss1548054;1

^4<` O1 [x dqg P1L1 Mrugdq1 4<<91 _Rq Frqyhujhqfh Surshuwlhv ri wkh HP Dojrulwkp iru Jdxvvldq

Pl{wxuhv%/ Qhxudo Frpsxwdwlrq/ yro1;/ ss1 45<04841

^53` O1K1 ]hwwhuehuj hw do1 4<;41 _Frpsxwhu dqdo|vlv ri HHJ vljqdov zlwk sdudphwulf prghov%/ Surf1

LHHH/ yro1 9</ ss178407941
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