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Devwudfw

Fodvvl�fdwlrq lv dq lpsruwdqw ghflvlrq pdnlqj wrro/ hvshfldoo| lq wkh phglfdo vflhqfhv1 Xqiru0

wxqdwho|/ zkloh vhyhudo fodvvl�fdwlrq surfhgxuhv h{lvw/ pdq| ri wkh fxuuhqw phwkrgv idlo wr surylgh

dghtxdwh uhvxowv1 Lq uhfhqw |hduv/ duwl�fldo qhxudo qhwzrunv kdyh ehhq vxjjhvwhg dv dq dowhuqdwlyh wrro

iru fodvvl�fdwlrq1 Khuh/ zh xvh qhxudo qhwzrunv wr suhglfw wkh rqvhw ri gldehwhv phoolwxv lq Slpd Lqgldq

zrphq1 Wkh prgholqj fdsdelolwlhv ri qhxudo qhwzrunv duh frpsduhg wr wudglwlrqdo phwkrgv olnh orjlv0

wlf uhjuhvvlrq/ dqg wr d vshfl�f phwkrg fdoohg DGDS/ zklfk kdv ehhq xvhg wr suhglfw gldehwhv1 Wkh

uhvxowv lqglfdwh wkdw qhxudo qhwzrunv duh lqghhg d yldeoh dssurdfk wr fodvvl�fdwlrq1 Ixuwkhupruh/ zh

dwwhpsw wr surylgh d edvlv xsrq zklfk qhxudo qhwzrunv fdq eh xvhg iru yduldeoh vhohfwlrq lq vwdwlvwlfdo

prgholqj1
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Fodvvl�fdwlrq kdv hphujhg dv dq lpsruwdqw ghflvlrq pdnlqj wrro1 Lw kdv ehhq xvhg lq d ydulhw| ri

dssolfdwlrqv lqfoxglqj fuhglw vfrulqj ^5`/ suhglfwlrq ri hyhqwv olnh fuhglw fdug xvdjh ^4` dqg whqghu r�hu

rxwfrphv ^64`/ dqg dv d wrro lq phglfdo gldjqrvlv ^7/ 4;/ 5;`1 Xqiruwxqdwho|/ zkloh vhyhudo fodvvl�fdwlrq

surfhgxuhv h{lvw ^57`/ pdq| ri wkh fxuuhqw phwkrgv idlo wr surylgh dghtxdwh uhvxowv11

Lq uhfhqw |hduv/ duwl�fldo qhxudo qhwzrunv +DQQv, kdyh ehhq vxjjhvwhg dv dq dowhuqdwlyh wrro iru

fodvvl�fdwlrq ^9/ ;`1 Wkh lghd ri qhxudo frpsxwlqj juhz rxw ri d ghvluh wr fdswxuh sdwwhuq uhfrjqlwlrq

fdsdelolwlhv ri d elrorjlfdo eudlq1 PfFxoorfk dqg Slwwv ^53` ghyhorshg wkh �uvw prgho ri d sk|vlrorjlfdo

eudlq fdoohg PfFxoorfk0Slwwv Qhxurq/ zklfk ehfdph wkh edvlv iru doprvw doo duwl�fldo qhxudo qhwzrunv

zkhuh qrghv duh olnhqhg wr qhxurqv dqg dufv wr ghqgulwhv ru d{rqv1 Qrz/ DQQv kdyh ehhq ghyhorshg iru

uhfrjqlwlrq ri vxfk loo0gh�qhg remhfwv dv kdqgzulwwhq fkdudfwhuv ^48/ 4<`/ �qjhu sulqwv ^49`/ dqg grxeoh

vsludov ^46`1 Wkh| dovr kdyh ehhq ghyhorshg iru ghwhfwlrq ri idxowv lq d fkhplfdo surfhvv ^:`/ h{sorvlyhv

lq dluolqh edjjdjh ^5:`/ dqg suhglfwlrq ri edqn idloxuhv ^63`1 DQQv/ xqolnh wudglwlrqdo fodvvl�huv olnh

olqhdu glvfulplqdqw dqdo|vlv dqg txdgudwlf glvfulplqdqw dqdo|vlv/ duh qrqsdudphwulf dqg duh deoh wr

dgmxvw wkh irup ri wkh glvfulplqdwlrq wr �w wkh gdwd1 Dv DQQv fdq dssur{lpdwh/ duelwudulo| forvho|/

dq| pdsslqj ixqfwlrq ^4:`/ wkh| pljkw suryh wr eh xvhixo fodvvl�fdwlrq wrrov1

Lq wklv sdshu/ zh hydoxdwh wkh h�hfwlyhqhvv ri DQQv fodvvl�huv lq iruhfdvwlqj wkh rqvhw ri qrq0

lqvxolq0ghshqghqw gldehwhv phoolwxv dprqj wkh Slpd Lqgldq ihpdoh srsxodwlrq qhdu Skrhql{/ Dul}rqd

^43/ 44/ 5;`1 Wkh gdwdvhw xvhg lv wkdw frqvlghuhg e| ^5;`/ zkhuh wkh| xvh d prgho fdoohg DGDS lq

suhglfwlqj wkh rqvhw ri gldehwhv phoolwxv1 Khuh/ zh �uvw xvh DQQv wr prgho wkh uhodwlrqvkls ehwzhhq

wkh rqvhw ri gldehwhv phoolwxv dqg ydulrxv ulvn idfwruv iru gldehwhv dprqj Slpd Lqgldq zrphq1 Zh

wkhq hpslulfdoo| frpsduh wkh shuirupdqfh ri DQQv zlwk orjlvwlf uhjuhvvlrq dqg DGDS1 Frpsdulvrqv

duh pdgh rq wkh delolw| wr lghqwli| vljql�fdqw idfwruv dqg ryhudoo suhglfwlrq ri gldehwhv1

Wkh qh{w vhfwlrq ghvfulehv wkh gdwdvhw xvhg1 Vhfwlrq 6 ghvfulehv orjlvwlf uhjuhvvlrq dqg qhxudo

qhwzrunv dqg wkhlu dssolfdwlrq wr fodvvl�fdwlrq sureohpv1 Uhvxowv ri vxfk hpslulfdo dssolfdwlrq duh lq

Vhfwlrq 7/ dqg frqfoxvlrqv duh lq Vhfwlrq 81
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Wkh srsxodwlrq iru wklv vwxg| lv wkh Slpd Lqgldq ihpdoh srsxodwlrq qhdu Skrhql{/ Dul}rqd1 Wklv

srsxodwlrq kdv ehhq xqghu frqwlqxrxv vwxg| vlqfh 4<98 e| wkh Qdwlrqdo Lqvwlwxwh ri Gldehwhv dqg
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Gljhvwlyh dqg Nlgqh| Glvhdvhv ehfdxvh ri lwv kljk lqflghqfh udwh ri gldehwhv ^43/ 44`1 Hdfk frppx0

qlw| uhvlghqw ryhu 8 |hduv ri djh zdv dvnhg wr xqghujr d vwdqgdugl}hg h{dplqdwlrq hyhu| wzr |hduv/

zklfk lqfoxghg dq rudo joxfrvh wrohudqfh whvw1 Gldehwhv zdv gldjqrvhg dffruglqj wr wkh Zruog Khdowk

Rujdql}dwlrq fulwhuld ^67`> wkdw lv/ li wkh 5 krxu srvw0ordg sodvpd joxfrvh zdv dw ohdvw 533 pj2go +4414

ppro2o, dw dq| vxuyh| h{dplqdwlrq/ ru li wkh Lqgldq Khdowk Vhuylfh Krvslwdo vhuylqj wkh frppxqlw|

irxqg d joxfrvh frqfhqwudwlrq ri dw ohdvw 533 pj2go gxulqj wkh frxuvh ri urxwlqh phglfdo fduh ^43`1

Wklv gdwdedvh surylghv d zhoo ydolgdwhg gdwd uhvrxufh iru h{sorulqj wkh suhglfwlrq ri wkh gdwh ri rqvhw

ri gldehwhv ^55/ 5;`1

��� �
�

��� ����	�
��

Hljkw yduldeohv zhuh fkrvhq iru suhglfwlqj wkh rqvhw ri gldehwhv lq Slpd Lqgldq zrphq1 Wkhvh yduldeohv/

ghvfulehg ehorz/ zhuh frqvlghuhg dv wkh| kdyh ehhq irxqg wr eh vljql�fdqw ulvn idfwruv iru gldehwhv

dprqj Slpd Lqgldqv dqg rwkhu srsxodwlrqv ^5;`1 Wkh yduldeohv fkrvhq duh=

� Qxpehu ri wlphv suhjqdqw +SUHJQDQW,

� Sodvpd joxfrvh frqfhqwudwlrq dw 5 krxuv lq dq rudo joxfrvh wrohudqfh whvw +JWW,

� Gldvwrolf eorrg suhvvxuh +pp Kj, +ES,

� Wulfhsv vnlq irog wklfnqhvv +pp, +VNLQ,

� 50krxu vhuxp lqvxolq +�X2po, +LQVXOLQ,

� Erg| pdvv lqgh{ +zhljkw lq Nj2+khljkw lq p,2, +EPL,

� Gldehwhv shgljuhh ixqfwlrq +GSI,

� DJH +|hduv,

Wkh Gldehwhv Shgljuhh Ixqfwlrq +GSI, zdv ghyhorshg e| Vplwk/ hw do1 ^5;` wr surylgh d v|qwkhvlv

ri wkh gldehwhv phoolwxv klvwru| lq uhodwlyhv dqg wkh jhqhwlf uhodwlrqvkls ri wkrvh uhodwlyhv wr wkh vxemhfw1

Wkh GSI xvhv lqirupdwlrq iurp sduhqwv/ judqgsduhqwv/ vleolqjv/ dxqwv dqg xqfohv/ dqg �uvw frxvlqv1

Lw surylghv d phdvxuh ri wkh h{shfwhg jhqhwlf lq�xhqfh ri d�hfwhg dqg xqd�hfwhg uhodwlyhv rq wkh

vxemhfw*v hyhqwxdo gldehwhv ulvn1 Vhh ^5;` iru ixuwkhu ghwdlov1

5



��� �
�� ����	�
��

Gldehwhv lv gh�qhg dv d sodvpd joxfrvh frqfhqwudwlrq juhdwhu wkdq 533 pj2go wzr krxuv iroorzlqj wkh

lqjhvwlrq ri :8 jp ri d fduerk|gudwh vroxwlrq ^67`1 Fdvhv vhohfwhg iru wklv vwxg| phw wkh iroorzlqj

fulwhuld=

� Wkh vxemhfw zdv ihpdoh dqg roghu wkdq 54 |hduv1

� Rqo| rqh h{dplqdwlrq/ rqh wkdw uhyhdohg d qrq0gldehwlf JWW dqg phw hlwkhu ri wkh wzr iroorzlqj

fulwhuld/ zdv vhohfwhg shu vxemhfw=

41 Gldehwhv zdv gldjqrvhg ehwzhhq rqh dqg �yh |hduv diwhu wkh h{dplqdwlrq/ ru

51 Gldjqrvlv �yh ru pruh |hduv odwhu idlohg wr uhyhdo gldehwhv

� Fdvhv zkhuh gldehwhv zdv gldjqrvhg zlwklq d |hdu ri wkh h{dplqdwlrq zhuh gursshg iurp wkh

prgho dv wkh| zhuh frqvlghuhg srwhqwldoo| hdvlhu wr suhglfw1

Edvhg rq wkh deryh fulwhuld/ :9; fdvhv zhuh vhohfwhg iru dqdo|vlv/ ri zklfk 59; fdvhv zhuh gldjqrvhg

zlwk gldehwhv1 Dv wkh ghshqghqw yduldeoh lq wklv fdvh lv elqdu| ydoxhg +4 li gldehwhv lv gldjqrvhg/ 3

rwkhuzlvh,/ wkh sureohp hyroyhv lqwr rqh ri fodvvl�fdwlrq1

Wkh qh{w vhfwlrq suhvhqwv d eulhi uhylhz ri orjlvwlf uhjuhvvlrq dqg qhxudo qhwzrunv dqg wkhlu dssol0

fdwlrq wr fodvvl�fdwlrq sureohpv1
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Wkh orjlvwlf uhjuhvvlrq prgho/ ru orjlw prgho/ pd| eh dssolhg zkhq wkh gdwd frqvlvw ri d elqdu| uhvsrqvh

dqg d vhw ri h{sodqdwru| yduldeohv1 Vshfl�fdoo|/ ohw wkh uhvsrqvh/ \/ ri dq lqglylgxdo wdnh rq rqh ri

wzr ydoxhv/ ghqrwhg iru frqyhqlhqfh e| 3 dqg 4 +iru h{dpsoh/ khuh/ \@4 lqglfdwhv wkdw gldehwhv lv

suhvhqw/ rwkhuzlvh \@3,1 Vxssrvh [ lv d yhfwru ri h{sodqdwru| yduldeohv/ dqg � @ S +\ @ 4m[, lv wkh

uhvsrqvh suredelolw| wr eh prghohg1 Wkh olqhdu orjlvwlf prgho wkhq kdv wkh irup

orjlw+�, @ orj

�
�

4� �
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zkhuh � lv wkh lqwhufhsw sdudphwhu/ dqg � lv wkh yhfwru ri vorsh sdudphwhuv1 Wkhuhiruh/ wkh orjlw lv wkh

orjdulwkp ri wkh rggv ri vxffhvv/ wkh udwlr ri wkh suredelolw| ri vxffhvv +�, wr wkh suredelolw| ri idloxuh

+4��,1 Wkh pd{lpxp olnholkrrg hvwlpdwhv ri wkh sdudphwhuv ri wkh orjlvwlf uhjuhvvlrq prgho fdq wkhq
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eh hvwlpdwhg xvlqj dq Lwhudwlyho| Uhzhljkwhg Ohdvw Vtxduhv dojrulwkp ^54`1 Rqfh wkh sdudphwhuv duh

hvwlpdwhg/ lw lv srvvleoh wr fdofxodwh wkh suhglfwhg suredelolw| ri dq lqglylgxdo kdylqj gldehwhv +\@4,

dv iroorzv

� @
h{s+�. ��[,

4 . h{s+�. ��[,
=

D uhvsrqvh lv wkhq fodvvl�hg edvhg rq wkh ydoxh ri � dqg d suhghwhuplqhg fulwlfdo suredelolw| ydoxh1

Wkh orjlvwlf uhjuhvvlrq prgho vkduhv d frpprq ihdwxuh zlwk d pruh jhqhudo fodvv ri prghov �uvw

sursrvhg e| Qhoghu dqg Zhgghuexuq ^56` lq wkdw d ixqfwlrq j @ j+�, ri wkh phdq ri d uhvsrqvh yduldeoh

lv dvvxphg wr eh olqhduo| uhodwhg wr wkh h{sodqdwru| yduldeohv1 Vlqfh wkh phdq � lpsolflwo| ghshqgv rq

wkh vwrfkdvwlf ehkdylru ri wkh uhvsrqvh/ dqg wkh h{sodqdwru| yduldeohv duh dvvxphg �{hg/ wkh ixqfwlrq

j surylghv wkh olqn ehwzhhq wkh udqgrp +vwrfkdvwlf, frpsrqhqw dqg wkh v|vwhpdwlf +ghwhuplqlvwlf,

frpsrqhqw ri wkh uhvsrqvh yduldeoh \1 Iru wklv uhdvrq/ j lv uhihuuhg wr dv d olqn ixqfwlrq ^56`1

Zkloh ghwhfwlrq ri rxwolhuv dqg rwkhu gldjqrvwlfv kdyh zlghvsuhdg xvh lq olqhdu uhjuhvvlrq/ wkhuh

lv qrw |hw dq dffhswhg erg| ri phwkrgv iru orjlvwlf uhjuhvvlrq1 Suhjlerq ^58`/ Odqgzhku/ Suhjlerq

dqg Vkrhpdnhu ^45` dqg Frrn dqg Zhlvehuj ^6` kdyh suhvhqwhg vrph dssur{lpdwh gldjqrvwlfv urxjko|

htxlydohqw wr pdq| ri wkh phwkrgv iru olqhdu uhjuhvvlrq1 Mhqqlqjv ^<` glvfxvvhv wkh dssolfdwlrq ri wzr

vxfk dssur{lpdwh gldjqrvwlfv wr orjlvwlf uhjuhvvlrq1

Wkh qh{w vhfwlrq glvfxvvhv qhxudo qhwzrunv dqg lwv dssolfdwlrq wr fodvvl�fdwlrq sureohpv1
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61514 Qhxudo Qhwzrunv iru Fodvvl�fdwlrq

Dq duwl�fldo qhxudo qhwzrun +DQQ, lv d v|vwhp ri lqwhufrqqhfwhg xqlwv fdoohg qrghv/ dqg lv w|slfdoo|

fkdudfwhul}hg e| wkh qhwzrun dufklwhfwxuh +od|huv/ dqg frqqhfwlrqv ru olqnv dprqj wkh qrghv, dqg lwv

qrgh ixqfwlrqv1

Ohw J@+Q/D, ghqrwh d qhxudo qhwzrun zkhuh Q lv wkh qrgh vhw dqg D wkh duf vhw frqwdlqlqj rqo|

gluhfwhg dufv1 J lv dvvxphg wr eh df|folf lq wkdw lw frqwdlqv qr gluhfwhg flufxlw1 Wkh qrgh vhw Q lv

sduwlwlrqhg lqwr wkuhh vxevhwv= QU / Q�/ dqg QM 1 QU lv wkh vhw ri lqsxw qrghv/ Q� lv wkdw ri rxwsxw

qrghv/ dqg QM wkdw ri klgghq qrghv1 Lq d srsxodu irup fdoohg wkh pxowl0od|hu shufhswurq/ doo lqsxw

qrghv duh lq rqh od|hu/ wkh rxwsxw qrghv lq dqrwkhu od|hu/ dqg wkh klgghq qrghv duh glvwulexwhg lqwr

vhyhudo od|huv lq ehwzhhq1 Wkh nqrzohgjh ohduqhg e| d qhwzrun lv vwruhg lq wkh dufv dqg qrghv/ lq wkh

irup ri duf zhljkwv dqg qrgh ydoxhv fdoohg eldvhv1 Zh zloo xvh wkh whup n0od|huhg qhwzrun wr phdq d

od|huhg qhwzrun zlwk n � 5 klgghq od|huv1
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Zkhq d sdwwhuq lv suhvhqwhg wr wkh qhwzrun/ wkh yduldeohv ri wkh sdwwhuq dfwlydwh vrph ri wkh

qhxurqv +qrghv,1 Ohw dR� uhsuhvhqw wkh dfwlydwlrq ydoxh dw qrgh l fruuhvsrqglqj wr sdwwhuq s1

d
R
� @

+
{
R
� li l 5 QU

I+|R� , li l 5 QM ^Q�
>

zkhuh {
R
� > l @ 4> = = = > q duh wkh yduldeohv ri sdwwhuq s1 Iru d klgghq ru rxwsxw qrgh l/ |R� lv wkh lqsxw

lqwr wkh qrgh dqg I lv fdoohg wkh dfwlydwlrq ixqfwlrq1 Wkh lqsxw/ uhsuhvhqwlqj wkh vwuhqjwk ri vwlpxol

uhdfklqj d qhxurq/ lv gh�qhg dv d zhljkwhg vxp ri lqfrplqj vljqdov=

|
R
� @
[
&

z&�d
R
&>

zkhuh z&� lv zhljkw ri duf +n/l,1 Lq vrph prghov/ d yduldeoh fdoohg eldv lv dgghg wr hdfk qrgh1 Wkh

dfwlydwlrq ixqfwlrq lv xvhg wr dfwlydwh d qhxurq zkhq wkh lqfrplqj vwlpxol duh vwurqj hqrxjk1 Wrgd|/

lw lv w|slfdoo| d vtxdvklqj ixqfwlrq wkdw qrupdol}hv wkh lqsxw vljqdov vr wkdw wkh dfwlydwlrq ydoxh lv

ehwzhhq 3 dqg 41 Wkh prvw srsxodu fkrlfh iru I lv wkh orjlvwlf ixqfwlrq ^8/ 66`/ dqg lw lv jlyhq e|=

I+|, @ +4 . h3+,3�=

Wkhq/ wkh qhxudo frpsxwlqj surfhvv lv dv iroorzv= Wkh yduldeohv ri d sdwwhuq duh hqwhuhg lqwr wkh

lqsxw qrghv1 Wkh dfwlydwlrq ydoxhv ri wkh lqsxw qrghv duh zhljkwhg +zlwk z&�*v, dqg dffxpxodwhg dw

hdfk qrgh lq wkh �uvw klgghq od|hu1 Wkh wrwdo lv wkhq vtxdvkhg +e| I, lqwr wkh qrgh*v dfwlydwlrq ydoxh1

Lw lq wxuq ehfrphv dq lqsxw lqwr wkh qrghv lq wkh qh{w od|hu/ xqwlo hyhqwxdoo| wkh rxwsxw dfwlydwlrq

ydoxhv duh frpsxwhg1 Iljxuh 4 vkrzv wkh edvlf wrsrorj| ri wkh w|sh ri qhxudo qhwzrun xvhg lq rxu

vwxg|1 Wkh qhwzrun frqvlvwv ri 5 lqsxw qrghv/ 5 klgghq qrghv dqg 4 rxwsxw qrgh1 Frqqhfwlrqv h{lvw

iurp wkh lqsxw qrghv wr wkh klgghq qrghv/ dqg dovr gluhfwo| wr wkh rxwsxw qrgh1 Qrgh eldvhv h{lvw dw

doo klgghq dqg rxwsxw qrghv/ dqg wkh dfwlydwlrq ixqfwlrq xvhg lv wkh deryh0phqwlrqhg orjlvwlf ixqfwlrq1

Ehiruh wkh qhwzrun fdq eh xvhg iru fodvvli|lqj d sdwwhuq/ wkh duf zhljkwv pxvw eh ghwhuplqhg1 Wkh

surfhvv iru ghwhuplqlqj wkhvh zhljkwv lv fdoohg wudlqlqj1 D wudlqlqj vdpsoh lv xvhg wr �qg wkh zhljkwv

wkdw surylgh wkh ehvw �w iru wkh sdwwhuqv lq wkh vdpsoh1 Hdfk sdwwhuq kdv d wdujhw ydoxh w
R
� iru rxwsxw

qrgh l1 Iru d wzr0jurxs fodvvl�fdwlrq sureohp/ rqo| rqh rxwsxw qrgh lv qhhghg dqg wkh wdujhw fdq eh

wR @ 3 iru jurxs 4/ dqg 4 iru jurxs 51 Lq rughu wr phdvxuh wkh ehvw �w/ d ixqfwlrq ri huuruv pxvw eh

gh�qhg1 Ohw HR uhsuhvhqw d phdvxuh ri wkh huuru iru sdwwhuq s=

HR @
[
�M��

mdR� � w
R
� m
,
>

zkhuh o lv d qrqqhjdwlyh uhdo qxpehu1 D srsxodu fkrlfh lv wkh ohdvw vtxduhv sureohp zkhuh o @ 51 Wkh

remhfwlyh lv wr plqlpl}h
S

RH
R/ zkhuh wkh vxp lv wdnhq ryhu wkh sdwwhuqv lq wkh wudlqlqj vdpsoh1
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Wkh qhxudo qhwzrun wudlqlqj v|vwhp xvhg lq wklv uhvhdufk zdv ghyhorshg e| Vxeudpdqldq dqg

Kxqj ^5<` dqg lv edvhg rq d zhoo nqrzq qrqolqhdu rswlpl}hu fdoohg JUJ5 ^47`1 JUJ5 lv d zlgho|

glvwulexwhg v|vwhp/ dydlodeoh hyhq lq srsxodu vsuhdgvkhhw surjudpv olnh Plfurvriw H{fho/ dqg kdv ehhq

vkrzq wr eh sduwlfxoduo| h�hfwlyh iru kljko| qrqolqhdu sureohpv olnh wkrvh lq qhxudo qhwzrun wudlqlqj1

Doo pdwkhpdwlfdo rswlpl}huv xvh vwulfwo| ghvfhqg phwkrgv/ zklfk phdqv wkh| doo frqyhujh wr d orfdo

plqlpxp1 Wr jxdudqwhh ghvfhqg/ d judglhqw lv frpsxwhg diwhu doo wkh wudlqlqj sdwwhuqv kdyh ehhq

hydoxdwhg1 Vr wudlqlqj hsrfk/ lq wkh whuplqrorj| ri wkh edfn0sursdjdwlrq dojrulwkpv/ lv gh�qhg iru

wkh hqwluh wudlqlqj vhw/ udwkhu wkdq iru hdfk wudlqlqj sdwwhuq1 Vlqfh rxu dojrulwkp lv qrw uhodwhg wr

edfn0sursdjdwlrq/ sdudphwhuv olnh ohduqlqj udwh dqg prphqwxp duh qrw qhfhvvdu| +vhh ^5<` iru ixuwkhu

ghwdlov,1

Iru fodvvl�fdwlrq/ wkh rxwsxw qrgh zlwk wkh pd{lpxp dfwlydwlrq ydoxh lv xvhg wr ghwhuplqh wkh

fodvv ri wkh sdwwhuq1 Iru h{dpsoh/ lq d qhxudo qhwzrun fodvvl�hu zlwk d vlqjoh rxwsxw qrgh iru wzr

jurxs fodvvl�fdwlrq/ wkh sdwwhuq lv fodvvl�hg dv jurxs 4 +wR @ 3, li wkh rxwsxw ydoxh lv ohvv wkdq 318/

lqwr jurxs 5 rwkhuzlvh1 Xqghu surshu dvvxpswlrqv/ lw fdq eh vkrzq wkdw wkh ohdvw vtxduh hvwlpdwru/ dv

rxu qhxudo qhwzrunv duh/ |lhogv wkh rswlpdo Ed|hvldq fodvvl�hu^59/ 65`1 Wkdw lv/ qhxudo qhwzrun rxwsxw

hvwlpdwhv srvwhulru suredelolwlhv1 Wklv doorzv rqh wr uhodwh qhxudo qhwzrunv wr wudglwlrqdo vwdwlvwlfdo

fodvvl�huv1

Dv zlwk orjlvwlf uhjuhvvlrq/ wkhuh lv qrw |hw dq dffhswhg erg| ri zrunv iru rxwolhu ghwhfwlrq lq qhxudo

qhwzrunv1 Dv qhxudo qhwzrun wudlqlqj lqyroyhv ohdvw0vtxduhv hvwlpdwlrq/ wkh lq�xhqfh ri rxwo|lqj

revhuydwlrqv h{lvw1 Exw xqolnh olqhdu uhjuhvvlrq/ lq qhxudo qhwzrunv srlqwv forvhu wr wkh vhsdudwlrq

ixqfwlrq dsshdu wr kdyh juhdwhu lq�xhqfh rq wkh vhsdudwlrq ixqfwlrq wkdq srlqwv iduwkhu dzd|1

Shukdsv wkh fulwlfdo frqfhuqv rqh pljkw kdyh lq dsso|lqj qhxudo qhwzrunv duh sureohpv dvvrfldwhg

zlwk wkh lqwhusuhwdwlrq ri zhljkwv dqg lwv lqdelolw| wr shuirup vwdwlvwlfdo whvwlqj1 Wudglwlrqdo vwdwlvwlfdo

surfhgxuhv uho| rq glvwulexwlrqdo dvvxpswlrqv lq rughu wr shuirup whvwlqj1 Wkh ehkdylru ri wkh huuru

glvwulexwlrq lq qhxudo qhwzrunv lv qrw zhoo xqghuvwrrg1 Wklv vwxg| xvhv wkh Slpd0Lqgldq gldehwhv

gdwdvhw wr looxvwudwh qhxudo qhwzrunv iru yduldeoh vhohfwlrq1

61515 Dqdo|vlv

Duwl�fldo qhxudo qhwzrunv duh xvhg wr vwxg| wkh uhodwlrqvkls ehwzhhq shuirupdqfh dqg wkh h{sodqdwru|

yduldeohv1 Dv lq uhjuhvvlrq/ zh wdnh wkh dssurdfk ri _sduvlprq|% lq exloglqj rxu qhxudo qhwzrun prgho

wr h{sodlq wkh rqvhw ri gldehwhv1 Dv vxfk/ wzr lqwhuuhodwhg txhvwlrqv qhhg wr eh dqvzhuhg=

� Zkdw lv wkh dssursuldwh qhxudo qhwzrun dufklwhfwxuh iru wklv gdwd vhwB

9



� Zkdw frpelqdwlrq ri yduldeohv zloo surylgh wkh ehvw h{sodqdwlrq iru wkh rqvhw ri gldehwhvB

Qhwzrun dufklwhfwxuh uhihuv wr wkh qxpehu ri od|huv/ wkh qxpehu ri qrghv lq hdfk od|hu/ dqg wkh

qxpehu ri dufv dqg qrghv wkh| frqqhfw1 Rwkhu qhwzrun ghvljq ghflvlrqv lqfoxgh wkh fkrlfh ri dfwlydwlrq

ixqfwlrqv/ dqg zkhwkhu wr lqfoxgh eldvhv ru qrw1 Sdwxzr/ Kx dqg Kxqj ^57` �qg wkdw qhwzrunv zlwk

rqh klgghq od|hu lv vx�flhqw iru prvw sureohpv1 Dv vxfk/ doo qhwzrunv frqvlghuhg lq wklv uhvhdufk kdyh

rqh klgghq od|hu1 Dovr/ qrgh eldvhv rffxu dw doo klgghq dqg rxwsxw qrghv/ dqg wkh dfwlydwlrq ixqfwlrq

xvhg lv wkh orjlvwlf ixqfwlrq1 Xqolnh suhylrxv vwxglhv zkhuh qhxudo qhwzrun frqqhfwlrqv h{lvwhg rqo|

ehwzhhq dgmdfhqw od|huv/ iru h{dpsoh lq d 60od|huhg qhwzrun/ ehwzhhq wkh lqsxw od|hu dqg wkh klgghq

od|hu/ exw qrw ehwzhhq wkh lqsxw dqg wkh rxwsxw od|hu/ khuh zh frqvlghu qhwzrunv wkdw fdq kdyh gluhfw

frqqhfwlrqv ehwzhhq dq| wzr od|huv lq wkh qhwzrun1 Wkxv/ lq d 60od|huhg qhwzrun/ gluhfw frqqhfwlrqv

fdq dovr h{lvw ehwzhhq wkh lqsxw dqg wkh rxwsxw od|hu +vhh Iljxuh 4,1 Wkhvh w|shv ri qhwzrunv duh d

vxshuvhw ri wkh qhwzrunv frqvlghuhg suhylrxvo|/ dqg wkhuhiruh surylgh juhdwhu �h{lelolw| lq prgholqj

gl�huhqw ixqfwlrqdo irupv1

D uhodwhg txhvwlrq lv wkh fkrlfh dqg wkh qxpehu ri yduldeohv wr xvh iru h{sodlqlqj wkh rqvhw ri

gldehwhv1 Khuh/ zh xvh d edfnzdug0holplqdwlrq/ vwhszlvh dssurdfk iru ghwhuplqlqj wkh vxevhw ri

suhglfwru yduldeohv wr xvh lq rxu qhxudo qhwzrun prgho1 Vwduwlqj zlwk wkh ixoo olvw ri yduldeohv/ dw

hdfk vwhs lq rxu yduldeoh vhohfwlrq/ zh holplqdwh wkh yduldeoh zlwk wkh vpdoohvw I udwlr ri doo wkh

yduldeohv lq wkh prgho1 Zh vwrs rxu surfhvv zkhq wkh I0udwlr iru doo wkh yduldeohv lv juhdwhu wkdq vrph

suhghwhuplqhg qxpehu/ vd| I0RXW1

Wkh I0udwlr xvhg khuh lv vlplodu wr wkdw xvhg lq uhjuhvvlrq dqdo|vlv1 Lq wkh edvlf vwuxfwxuh/ d

uhgxfhg prgho lv frpsduhg wr d ixoo prgho/ zkhuh wkh uhgxfhg prgho lv rewdlqhg e| gursslqj vrph

yduldeohv iurp wkh ixoo prgho1 Lq qhxudo qhwzrunv/ wklv lv htxlydohqw wr frqvlghulqj ihzhu lqsxw qrghv/

zkhuh yduldeohv dvvrfldwhg zlwk wkh glvfdughg lqsxw qrghv duh h{hpsw iurp ixuwkhu frqvlghudwlrq1 Wkh

I0udwlr lv
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2/ zkhuh wkh vxppdwlrq

lv ryhu doo lqsxw sdwwhuqv dqg rxwsxw qrghv, iru wkh uhgxfhg dqg ixoo qhwzrunv/ uhvshfwlyho|/ dqg gi-

dqg gi8 uhsuhvhqw wkh ghjuhhv ri iuhhgrp ri wkh uhvshfwlyh prghov1 Wkh ghjuhhv ri iuhhgrp/ lq jhqhudo/

lv gh�qhg dv gi@+qxpehu ri lqsxw sdwwhuqv 0 qxpehu ri sdudphwhuv hvwlpdwhg,1 Iru h{dpsoh/ frqvlghu

d qhxudo qhwzrun zlwk ; lqsxw qrghv/ 5 klgghq qrghv/ dqg 4 rxwsxw qrgh1 Xvlqj Iljxuh 4 dv d uhihuhqfh/

wkh qxpehu ri duf zhljkwv hvwlpdwhg lv 591 Wkhuh duh qrgh eldvhv dw hdfk klgghq dqg rxwsxw qrgh1

:



Wkhuhiruh/ wkh wrwdo qxpehu ri sdudphwhuv hvwlpdwhg iru wklv qhxudo qhwzrun prgho lv 5< +59.6,1 Rxu

lqsxw gdwdvhw frqwdlqv :9; revhuydwlrqv/ jlylqj gi@ :9;� 5< @ :6<1

Fohduo|/ gi- � gi8 / vlqfh wkh ixoo prgho zrxog hvwlpdwh pruh sdudphwhuv wkdq wkh uhgxfhg prgho/

li wkh qxpehu ri klgghq dqg rxwsxw qrghv uhpdlq wkh vdph iru erwk prghov1 Exw/ +VVH-�VVH8 , lv

qrw qhfhvvdulo| juhdwhu wkdq ru htxdo wr }hur1 Xqolnh uhjuhvvlrq dqdo|vlv/ qhxudo qhwzrun wudlqlqj lv

dq xqfrqvwudlqhg/ qrqolqhdu rswlpl}dwlrq sureohp1 Dv vxfk/ wkh joredo plqlpxp iru d jlyhq sureohp

fdqqrw eh jxdudqwhhg1 Wkhuhiruh/ lw lv srvvleoh wkdw iru d sduwlfxodu sureohp lqvwdqfh VVH- � VVH8 1

Wr hqvxuh wkdw wkh remhfwlyh ydoxh +VVH, lv d qrq0lqfuhdvlqj ixqfwlrq dv wkh qxpehu ri yduldeohv lq

wkh prgho lqfuhdvh/ hdfk qhxudo qhwzrun prgho lv wudlqhg zlwk d odujh qxpehu ri vwduwlqj zhljkwv1

Dprqj wkh vroxwlrqv wkdw duh ghwhuplqhg iurp wkhvh ydulrxv vwduwlqj zhljkwv/ wkh vroxwlrq zlwk wkh

plqlpxp remhfwlyh ydoxh lv fkrvhq iru wkdw sduwlfxodu prgho1 Wklv vwudwhj| lv uhshdwhg iru doo qhxudo

qhwzrun prghov frqvlghuhg1 Zkloh wklv vwudwhj| grhv qrw hqvxuh d joredo plqlpxp/ lw grhv lqfuhdvh wkh

frq�ghqfh lq wkh uhvxowv1 Iru rxu sureohpv/ wkh deryh vwudwhj| glg surylgh qrq0lqfuhdvlqj remhfwlyh

ydoxhv dv wkh qxpehu ri yduldeohv lq wkh prgho lqfuhdvhg1

Wkh ydolglw| ri wkh I0whvw lq uhjuhvvlrq lv xqghu wkh dvvxpswlrq ri qrupdolw| ri uhvlgxdov1 Dv

lqglfdwhg e| Ulfkdug dqg Olsspdqq ^59`/ wkh suhglfwhg ydoxhv ri qhxudo qhwzrunv dssur{lpdwh wkh

srvwhulru suredelolwlhv zkhq wkh qhwzrun dufklwhfwxuh dqg vdpsoh vl}h duh odujh1 Wkh srvwhulru sured0

elolw| lq rxu vwxg| uhihuv wr wkh suredelolw| wkdw d sdwwhuq ehorqjv wr jurxs 5 +wkh vxemhfw ghyhorshg

gldehwhv,1 Wkh rxwsxw ri qhxudo qhwzrunv lv qrw qrupdoo| glvwulexwhg1 Wkxv wkh I0udwlr lq rxu vwxg|

vhuyhv rqo| dv d jxlgh iru yduldeoh vhohfwlrq dqg zloo qrw eh xvhg iru vljql�fdqfh whvwlqj1

Wkh qh{w vhfwlrq glvfxvvhv wkh uhvxowv1

$ �������

Dv lq ^5;`/ wkh hqwluh vdpsoh ri :9; zdv �uvw udqgrpo| glylghg lqwr d wudlqlqj dqg d whvw vdpsoh/ zlwk

8:9 fdvhv xvhg iru wudlqlqj/ dqg 4<5 iru whvw1 Wkh wudlqlqj vdpsoh kdg 6:; vxemhfwv zlwkrxw gldehwhv/

dqg 4<; vxemhfwv zlwk gldehwhv1 Iru wkh whvw vhw/ 455 vxemhfwv glg qrw ghyhors gldehwhv/ zkloh :3 glg1

Lq wklv vwxg|/ wkh qxpehu ri klgghq qrghv zdv ydulhg iurp 3 wr 81 Xvlqj wkh phdq vtxduh huuru

+wkh remhfwlyh ydoxh dgmxvwhg iru ghjuhhv ri iuhhgrp, dv d fulwhulrq/ wkh �qdo dufklwhfwxuh fkrvhq kdg

4 klgghq qrgh1 Dv vkrzq lq Wdeoh L/ wkh phdq vtxduh huuru +PVH, iru wkh qhwzrun zlwk 4 klgghq

qrgh lv ohvv wkdq wkdw ri wkh qhljkerulqj klgghq qrghv/ l1h1/ 3 dqg 51 Zkloh wkh PVH iru 6 ru pruh

klgghq qrghv lv vpdoohu wkdq wkdw ri 4 klgghq qrgh/ rxu remhfwlyh lv wr xvh wkh vpdoohvw prgho wkdw

zloo dghtxdwho| suhglfw wkh rqvhw ri gldehwhv/ dv vxfk/ zh fkrrvh wkh qhwzrun zlwk 4 klgghq qrgh iru

;



ixuwkhu dqdo|vlv1

Wklv qhwzrun surgxfhv d wudlqlqj fodvvl�fdwlrq shufhqwdjh ri ::176 dqg d whvw fodvvl�fdwlrq ri ;4158

+Wdeoh L,1 Iru orjlvwlf uhjuhvvlrq/ wkhvh fodvvl�fdwlrq shufhqwdjhv duh ::193 dqg :<14:/ uhvshfwlyho|

+Wdeoh L,1 Lq frqwudvw/ wkh whvw fodvvl�fdwlrq dfklhyhg e| wkh DGDS prgho ^5;` lv :9 shufhqw1 Wkh

dxwkruv ^5;` gr qrw phqwlrq wkh fodvvl�fdwlrq rq wkh wudlqlqj vhw1

Zh xqghuwdnh wzr vhsdudwh surfhgxuhv wr frpsduh qhxudo qhwzrunv dqg orjlvwlf uhjuhvvlrq lq whupv

ri wkhlu prgholqj fdsdelolw|1 Wkh �uvw dssurdfk uholhv rq xvlqj wkh I0udwlr lq wkh wudlqlqj vdpsoh dv

wkh fulwhulrq iru ghohwlqj yduldeoh+v, iurp wkh qhxudo qhwzrun prgho1 Wdeoh LLD vkrzv wkdw VNLQ lv

wkh sulph fdqglgdwh iru ghohwlrq/ zlwk I0udwlr ri 41831 Zlwk VNLQ ghohwhg/ wkh qhwzrun zlwk 4 klgghq

qrgh lv uhuxq1 Wkh I0udwlr iru LQVXOLQ lv wkh vpdoohvw dw 3197 +Wdeoh LLE,1 Dw wkh wklug vwdjh/ ES zlwk

I0udwlr ri 4168 lv gursshg iurp wkh prgho +Wdeoh LLF,1 Wkh qh{w yduldeoh wr eh ghohwhg lv SUHJQDQW

zlwk dq I0udwlr ri 4147 +Wdeoh LLG,1 Iru d suhghwhuplqhg I0RXW ri/ vd|/ 6133/ wkh holplqdwlrq surfhvv

vwrsv zlwk GSI ehlqj gursshg iurp wkh prgho +Wdeoh LLH,1 Lq wkh �qdo prgho +JWW/ EPL dqg DJH,/

hdfk yduldeoh kdv dq I0udwlr juhdwhu wkdq 6133 +Wdeoh LLI,1 Xvlqj wkhvh yduldeohv/ wkh wudlqlqj dqg whvw

fodvvl�fdwlrq shufhqwdjhv iru wkh qhxudo qhwzrun prgho lv ::13; dqg ;3154/ uhvshfwlyho| +Wdeoh LYD,1

Xvlqj orjlvwlf uhjuhvvlrq zlwk wkh vdph vhw ri yduldeohv +Wdeoh LYD,/ wkh wudlqlqj dqg whvw fodvvl�fdwlrq

shufhqwdjhv duh :8185 dqg ;3154/ uhvshfwlyho|1 Wkxv/ qhxudo qhwzrun surylghv ehwwhu wudlqlqj uhvxowv

dqg whvw uhvxowv frpsdudeoh wr orjlvwlf uhjuhvvlrq1

Lq wkh vhfrqg frpsdulvrq surfhgxuh/ zh dsso| wkh edfnzdug holplqdwlrq surfhgxuh rqwr orjlvwlf

uhjuhvvlrq iru vhohfwlrq ri yduldeohv1 Zh vhtxhqwldoo| ghohwhg yduldeoh+v, wkdw duh wkh ohdvw vwdwlvwlfdoo|

vljql�fdqw +dw wkh 3138 ohyho, lq wkh wudlqlqj vdpsoh1 Zlwk doo yduldeohv lq wkh prgho/ VNLQ kdg d

fkl0vtxduh vwdwlvwlf ri 3133:;/ dqg lv rqo| vljql�fdqw dw 31<5<; +Wdeoh LLLD,1 Orjlvwlf uhjuhvvlrq zdv

uhuxq zlwk wkh uhpdlqlqj yduldeohv lq wkh prgho1 Dw wklv vhfrqg skdvh/ DJH zdv gursshg iurp

wkh prgho +s0ydoxh @ 317948> Wdeoh LLLE,1 LQVXOLQ dqg ES zhuh ghohwhg dw wkh wklug dqg irxuwk

vwdjhv uhvshfwlyho| +Wdeohv LLLF dqg LLLG,1 Zlwk wkh ghohwlrq ri VNLQ/ DJH/ LQVXOLQ/ dqg ES/ wkh

uhpdlqlqj yduldeohv zhuh doo vwdwlvwlfdoo| vljql�fdqw dw wkh 3138 ohyho1 Dv lqglfdwhg lq Wdeoh LYE/

orjlvwlf uhjuhvvlrq zlwk SUHJQDQW/ JWW/ EPL dqg GSI kdv dq ryhudoo wudlqlqj fodvvl�fdwlrq udwh

ri :91<4 dqg d whvw fodvvl�fdwlrq ri ;31541 Qhxudo qhwzrunv xvlqj wkh yduldeohv vhohfwhg e| orjlvwlf

uhjuhvvlrq surgxfhg d wudlqlqj udwh ri :;1;5 dqg d whvw udwh ri :;198 +Wdeoh LYE,1 Qhxudo qhwzrunv

surylgh ehwwhu wudlqlqj uhvxowv/ exw d voljkwo| orzhu whvw fodvvl�fdwlrq udwh wkdq orjlvwlf uhjuhvvlrq1

Dv vkrzq lq Wdeohv LL/ LLL dqg LY/ erwk dssurdfkhv wr yduldeoh vhohfwlrq uhvxow lq vlplodu yduldeohv

ehlqj uhwdlqhg lq wkh prgho1 Lq idfw/ li I0RXW lv vhw wr 5133/ wkh yduldeohv vhohfwhg e| qhxudo qhwzrunv

duh JWW/ EPL/ GSI/ dqg DJH/ zkloh wkh edfnzdug holplqdwlrq surfhgxuh lq orjlvwlf uhjuhvvlrq uhwdlqv

<



JWW/ EPL/ GSI dqg SUHJQDQW1 Wkxv/ wkh rqo| gl�huhqfh lv wkdw qhxudo qhwzrun uhwdlqv DJH/

zkloh orjlvwlf uhjuhvvlrq uhwdlqv SUHJQDQW1 Zlwk hlwkhu vhw ri yduldeohv/ erwk qhxudo qhwzrun dqg

orjlvwlf uhjuhvvlrq surylgh ehwwhu uhvxowv wkdq DGDS1

% ���	���
���

Wkh xvh ri qhxudo qhwzrunv iru fodvvl�fdwlrq lv mxvw qrz jurzlqj1 Iru wklv sduwlfxodu dssolfdwlrq lq

suhglfwlqj wkh rqvhw ri gldehwhv/ zh eholhyh wkh uhvxowv duh lqwhuhvwlqj dqg zloo ohdg wr ixuwkhu uhvhdufk

rq krz wkh whfkqltxh fdq eh xvhg iru vwdwlvwlfdo whvwlqj sxusrvhv1 Vrph suhylrxv uhvhdufk kdv lqglfdwhg

wkh shuirupdqfh ri qhxudo fodvvl�huv ghshqgv yhu| pxfk rq wkh grpdlq ri dssolfdwlrqv1 Dv lqglfdwhg

e| Olsspdqq ^4:`/ qhxudo qhwzrun xvhuv vkrxog �uvw h{shulphqw rq zkdw dufklwhfwxuh wr xvh ehiruh

�qdol}lqj rq wkh uhvxowv1 Vnlsslqj wklv fulwlfdo vwhs zloo uhqghu qhxudo fodvvl�huv ohvv h�hfwlyh1 Lq

dgglwlrq/ sulru dssolfdwlrqv ri qhxudo qhwzrunv idlohg wr uhfrjql}h wkh vhqvlwlylw| ri wkh whfkqltxh zlwk

uhvshfw wr lqlwldo vwduwlqj zhljkwv1 Fodvvl�fdwlrq udwhv fdq eh yhu| gl�huhqw ghshqglqj rq wkh lqlwldo

duf zhljkwv xvhg1

Rxu vwxg| vkrzv wkdw qhxudo qhwzrunv duh lqghhg dssursuldwh iru suhglfwlqj wkh rqvhw ri gldehwhv1

Wkh fkdqfh suredelolwlhv ri fodvvl�fdwlrq lq wudlqlqj dqg whvw vdpsohv duh durxqg 88(/ zkloh wkh

fodvvl�fdwlrq udwhv dfklhyhg e| qhxudo qhwzrunv duh durxqg :;( lq wudlqlqj dqg ;4( lq wkh whvw

vdpsoh1

Wklv vwxg| dovr sursrvhv d yldeoh dssurdfk wr xvlqj qhxudo qhwzrunv dv d prgholqj wrro1 Wkh I0

udwlr lv d jrrg lqglfdwru ri wkh yduldqfh lq wkh ghshqghqw yduldeoh h{sodlqhg e| wkh suhglfwru yduldeohv

dgmxvwhg iru ghjuhhv ri iuhhgrp1 Wkh uhvxowv dsshdu wr vxssruw wklv iru yduldeoh vhohfwlrq lq qhxudo

qhwzrunv1 Fodvvl�fdwlrq uhvxowv xvlqj wkh uhgxfhg prgho +Wdeoh LY, duh frpsdudeoh wr wkdw xvlqj doo

yduldeohv +Wdeoh L,1 Exw/ vlqfh wkh qrupdolw| dvvxpswlrq lv ylrodwhg lq qhxudo qhwzrunv/ vwdwlvwlfdo

whvwlqj lv qrw dssursuldwh dw wklv wlph1 Ixuwkhu uhvhdufk lv qhhghg lq wklv gluhfwlrq1
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Output Layer

X1
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Input Pattern

Hidden Layer
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Input to Node j Output from Node j

Iljxuh 4= D Qhxudo Qhwzrun zlwk 5 Klgghq Qrghv
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Klgghq Wudlqlqj Uhvxowv Whvw Uhvxowv

Qrghv Jurxs 4 Jurxs 5 Ryhudoo PVH Jurxs 4 Jurxs 5 Ryhudoo

3 ;;1;< 8918: ::1:; 3148:; <3149 8;18: :;198

4 ;:163 8;18< ::176 314888 <3149 981:4 ;4158

5 ;;1;< 94144 :<167 31488: <3149 8:147 :;146

6 <31:7 97198 ;41:: 314798 ;91;< 7;18: :51<5

7 <41;3 9:14: ;6166 3146:9 ;41<: 7;18: 9<1:<

8 ;<175 9<1:3 ;5197 314677 ;7176 84176 :5173

Orjlvwlf

Uhjuhvvlrq ;;1;< 89139 ::193 <5195 881:4 :<14:

Wdeoh L= Fodvvl�fdwlrq Shufhqwdjh iru Wudlqlqj dqg Whvw Vdpsohv e| Klgghq Qrghv
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Yduldeohv Wudlqlqj Whvw

H{foxghg Fodvvl�fdwlrq Fodvvl�fdwlrq Qxpehu ri

iurp wkh Prgho Shufhqwdjh Shufhqwdjh Yduldeohv I0Udwlr

D= Yduldeohv gursshg lqfoxgh

Qrqh ::176 ;4158 ;

SUHJQDQW :;198 :;198 : <156

JWW :6194 :5173 : 771;;

ES ::176 ;31:6 : ;175

VNLQ :;1<< :;198 : 4183

LQVXOLQ ::176 ;61;8 : ;17:

EPL :81;: :;146 : 47189

GSI :<184 :9189 : :176

DJH :;198 :;198 : 5166

E= Yduldeohv gursshg lqfoxgh VNLQ dqg

SUHJQDQW :;163 :<14: 9 71;9

JWW :613< 9919: 9 56164

ES ::13; :;146 9 6186

LQVXOLQ :;1<< :<14: 9 3197

EPL ::13; :;146 9 ;13:

GSI :916< ::13; 9 :1:5

DJH :;1<< ::193 9 41:9

F= Yduldeohv gursshg lqfoxgh VNLQ/ LQVXOLQ dqg

SUHJQDQW :;17: ;31:6 8 618;

JWW :41:3 9<15: 8 4:157

ES ::13; ::193 8 4168

EPL :91<4 ;3154 8 7193

GSI :;146 :;198 8 4178

DJH ::1:; :;146 8 51;6

G= Yduldeohv gursshg lqfoxgh VNLQ/ LQVXOLQ/ ES dqg

SUHJQDQW ::159 :;198 7 4147

JWW :4168 9;156 7 46178

EPL :81;: :<19< 7 714<

GSI :91<4 ::193 7 51:9

DJH ::159 :;198 7 61;3

H= Yduldeohv gursshg lqfoxgh VNLQ/ LQVXOLQ/ ES/ SUHJQDQW dqg

JWW :6177 9<1:< 6 431<8

EPL :9137 ;31:6 6 617;

GSI ::13; ;3154 6 514:

DJH ::159 :<19< 6 713:

I= Yduldeohv gursshg lqfoxgh VNLQ/ LQVXOLQ/ ES/ SUHJQDQW/ GSI dqg

JWW 9<177 9<15: 5 431:7

EPL :81;: :<14: 5 7133

DJH :9189 :;146 5 61<6

Wdeoh LL= Fodvvl�fdwlrq Uhvxowv Xvlqj Qhxudo Qhwzrunv zlwk 4 Klgghq Qrgh
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Yduldeohv Wudlqlqj Whvw & ri Zdog Fkl0Vtxduh

H{foxghg Fodvvl�fdwlrq Fodvvl�fdwlrq Yduldeohv iru Yduldeoh H{foxghg

iurp wkh Prgho Shufhqwdjh Shufhqwdjh lq wkh Prgho iurp wkh Prgho

D= Yduldeohv gursshg lqfoxgh

Qrqh ::193 :<14: ;

VNLQ ::1:; :<14: : 3133:;

E= Yduldeohv gursshg lqfoxgh VNLQ dqg

DJH :;146 :<19< 9 318755

F= Yduldeohv gursshg lqfoxgh VNLQ/ DJH dqg

LQVXOLQ ::1<8 :;198 8 4164<7

G= Yduldeohv gursshg lqfoxgh VNLQ/ DJH/ LQVXOLQ dqg

ES :91<4 ;3154 7 619<67

Wdeoh LLL= Fodvvl�fdwlrq Uhvxowv Xvlqj Orjlvwlf Uhjuhvvlrq
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Wudlqlqj Uhvxowv Whvw Uhvxowv Qxpehu ri

Phwkrg Jurxs 4 Jurxs 5 Ryhudoo Jurxs 4 Jurxs 5 Ryhudoo Yduldeohv

D= Uhvxowv edvhg rq �qdo prgho fkrvhq e| qhxudo qhwzrun +JWW/ EPL dqg DJH,
Qhxudo qhwzrun ;;195 88138 ::13; ;:1:3 9:147 ;3154 6

Orjlvwlf Uhjuhvvlrq1 ;:163 86136 :8185 <31<; 94176 ;3154 6

E= Uhvxowv edvhg rq �qdo prgho fkrvhq e| Orjlvwlf Uhjuhvvlrq +SUHJQDQW/ JWW/ EPL dqg GSI,
Qhxudo Qhwzrun ;<175 8;18< :;1;5 ;<167 93133 :;198 7

Orjlvwlf Uhjuhvvlrq ;;1;< 87137 :91<4 <31<; 94176 ;3154 7

Wdeoh LY= Ilqdo Fodvvl�fdwlrq Uhvxowv= Qhxudo Qhwzrunv yv1 Orjlvwlf Uhjuhvvlrq
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^4` Dzk/ U1 \1 dqg G1 Zdwhuv +4<;5,1 D Glvfulplqdqw Dqdo|vlv ri Hfrqrplf/ Ghprjudsklf/ dqg

Dwwlwxglqdo Fkdudfwhulvwlfv ri Edqn Fkdujh0Fdug Kroghuv= D Fdvh Vwxg|1 Mrxuqdo ri Ilqdqfh/ 5</

<:60<;31

^5` Fdsrq/ Q +4<;5,1 Fuhglw Vfrulqj V|vwhpv= D Fulwlfdo Dqdo|vlv1 Mrxuqdo ri Pdunhwlqj/ 79/ ;5~<41

^6` Frrn/ U1 G1/ dqg V1 Zhlvehuj +4<;5,1 Uhvlgxdov dqg Lq�xhqfh lq Uhjuhvvlrq1 Qhz \run= Fkdspdq

dqg Kdoo1

^7` Furrnv/ M1/ L1 S1 F1 Pxuud|/ hw do1 +4<8<,1 Vwdwlvwlfdo Phwkrgv Dssolhg wr wkh Folqlfdo Gldjqrvlv

ri Wk|urwr{lfrvlv1 T1 M1 Phg1/ 5;// 5441

^8` GDUSD +4<;;,1 Qhxudo Qhwzrunv Vwxg|/ Olqfroq Oderudwru|/ PLW1

^9` Ghqwrq/ M1 Z1/ P1 V1 Kxqj/ hw do1 +4<<3,1 D Qhxudo Qhwzrun Dssurdfk wr wkh Fodvvl�fdwlrq

Sureohp1 H{shuw V|vwhpv zlwk Dssolfdwlrqv/ 4/ 74:07571

^:` Krvnlqv/ M1 F1/ N1 P1 Ndol|xu/ hw do1 +4<<3,1 Lqflslhqw Idxow Ghwhfwlrq dqg Gldjqrvlv Xvlqj

Duwl�fldo Qhxudo Qhwzrunv1 Surfhhglqjv ri wkh Lqwhuqdwlrqdo Mrlqw Frqihuhqfh rq Qhxudo Qhwzrunv

L/ 7;807<61

^;` Kxdqj/ Z1 \1 dqg U1 S1 Olsspdqq +4<;:,1 Frpsdulvrqv Ehwzhhq Qhxudo Qhw dqg Frqyhqwlrqdo

Fodvvl�huv1 LHHH 4r| Lqwhuqdwlrqdo Frqihuhqfh rq Qhxudo Qhwzrunv/ 7;807<61

^<` Mhqqlqjv/ G1H1 +4<;9,1 Rxwolhuv dqg Uhvlgxdo Glvwulexwlrqv lq Orjlvwlf Uhjuhvvlrq1 Mrxuqdo ri wkh

Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;4 +6<9,/ <;:~<<31

^43` Nqrzohu/ Z1 F1/ S1 K1 Ehqqhww/ U1 I1 Kdppdq dqg P1 Ploohu +4<:;,1 Gldehwhv Lqflghqfh dqg

Suhydohqfh lq Slpd Lqgldqv= D 4<0Irog Juhdwhu Lqflghqfh wkdq lq Urfkhvwhu/ Plqqhvrwd1 Dphulfdq

Mrxuqdo ri Hslghplrorj|/ 43; +9,/ 7<:~8381

^44` Nqrzohu/ Z1 F1/ G1 M1 Shwwlww/ S1 M1 Vdydjh dqg S1 K1 Ehqqhww +4<;4,1 Gldehwhv Lqflghqfh lq Slpd

Lqgldqv= Frqwulexwlrqv ri Rehvlw| dqg Sduhqwdo Gldehwhv1 Dphulfdq Mrxuqdo ri Hslghplrorj|/ 446

+5,/ 477~4891

^45` Odqgzhku/ M1/ G1 Suhjlerq/ dqg D1 Vkrhpdnhu +4<;7,1 Judsklfdo Phwkrgv iru Dvvhvvlqj Orjlvwlf

Uhjuhvvlrq Prghov +zlwk glvfxvvlrq,1 Mrxuqdo ri Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ :</ 94~;61
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^46` Odqj/ N1 M1 dqg P1 M1 Zlweurfn +4<;;,1 Ohduqlqj wr Whoo Wzr Vsludov Dsduw1 Surfhhglqjv ri wkh

4<;; Frqqhfwlrqlvwv Prghov Vxpphu Vfkrro/ 8508<1

^47` Odvgrq/ O1V1/ dqg D1G1 Zduhq +4<;9,1 JUJ5 Xvhu*v Jxlgh1 Vfkrro ri Exvlqhvv Dgplqlvwudwlrq/

Xqlyhuvlw| ri Wh{dv dw Dxvwlq/ Dxvwlq/ W[1

^48` Oh Fxq/ \1/ E1 Ervhu/ hw do1 Kdqgzulwwhq Gljlw Uhfrjqlwlrq zlwk d Edfn0Sursdjdwlrq Qhwzrun

+4<<3,1 Dgydqfhv lq Qhxudo Lqirupdwlrq Surfhvvlqj V|vwhpv/ 5/ 6<907371

^49` Ohxqj/ P1 W1/ hw do1 +4<<3,1 Ilqjhusulqw Surfhvvlqj Xvlqj Edfnsursdjdwlrq Qhxudo Qhwzrunv1

Surfhhglqjv ri wkh Lqwhuqdwlrqdo Mrlqw Frqihuhqfh rq Qhxudo Qhwzrunv L/ 480531

^4:` Olsspdqq/ U1 S +4<;:,1 Dq Lqwurgxfwlrq wr frpsxwlqj zlwk qhxudo qhwv1 LHHH DVVS Pdjd}lqh/

7/ 50551

^4;` Pdqjdvduldq/ R1 O1/ U1 Vhwlrqr dqg Z1 K1 Zroehuj +4<;<,1 Sdwwhuq Uhfrjqlwlrq Yld Olqhdu

Surjudpplqj= Wkhru| dqg Dssolfdwlrq wr Phglfdo Gldjqrvlv1 Surfhhglqjv ri wkh Zrunvkrs rq

Odujh0Vfdoh Qxphulfdo Rswlpl}dwlrq/ 55~631

^4<` Pduwlq/ J1 O1 dqg M1 D1 Slwwpdq +4<<3,1 Uhfrjql}lqj Kdqg0Sulqwhg Ohwwhuv dqg Gljlwv1 Dgydqfhv

lq Qhxudo Lqirupdwlrq Surfhvvlqj V|vwhpv/ 5/ 73807471

^53` PfFxoorfk/ Z1 V1 dqg Z1 Slwwv +4<76,1 D Orjlfdo ri wkh Lghdv Lppdqhqw lq Qhuyrxv Dfwlylw|1

Exoohwlq ri Pdwkhpdwlfdo Elrsk|vlfv/ 8/ 44804661

^54` PfFxoodjk/ S1 dqg M1 Qhoghu +4<;6,1 Jhqhudol}hg Olqhdu Prghov1 Orqgrq= Fkdspdq Kdoo1

^55` Pxusk|/ S1 P1/ dqg G1 Z1 Dkd1 XFL Uhsrvlwru| ri Pdfklqh Ohduqlqj Gdwdedvhv +Pdfklqh0

Uhdgdeoh Gdwd Ghsrvlwru|,1 Ghsduwphqw ri Lqirupdwlrq dqg Frpsxwhu Vflhqfh/ Xqlyhuvlw| ri

Fdoliruqld/ Luylqh/ FD1

^56` Qhoghu/ M1D1/ dqg U1Z1P1 Zhgghuexuq +4<:5,1 Jhqhudol}hg Olqhdu Prghov1 Mrxuqdo ri wkh Ur|do

Vwdwlvwlfdo Vrflhw|/ Vhu1 D/ 468/6:3~6;71

^57` Sdwxzr/ H1/ P1 \1 Kx/ hw do1 +4<<6,1 Wzr0Jurxs Fodvvl�fdwlrq Xvlqj Qhxudo Qhwzrunv1 Ghflvlrq

Vflhqfhv/ 57+7,/ ;58~;781

^58` Suhjlerq/ G +4<;4,1 Orjlvwlf Uhjuhvvlrq Gldjqrvwlfv1 Wkh Dqqdov ri Vwdwlvwlfv/ </ :38~:571

4:



^59` Ulfkdug/ P1 G1 dqg U1 Olsspdqq +4<<4,1 Qhxudo Qhwzrun Fodvvl�huv Hvwlpdwh Ed|hvldq D Srv0

whulru Suredelolwlhv1 Qhxudo Frpsxwdwlrq/ 6/ 794~7;61

^5:` Vkhd/ S1 P1 dqg I1 Olx +4<<3,1 Rshudwlrqdo H{shulhqfh zlwk d Qhxudo Qhwzrun lq wkh Ghwhfwlrq

ri H{sorvlyhv lq Fkhfnhg Dluolqh Edjjdjh1 Surfhhglqjv ri wkh Lqwhuqdwlrqdo Mrlqw Frqihuhqfh rq

Qhxudo Qhwzrunv LL/ 4:804:;1

^5;` Vplwk/ M1 Z1/ hw do1 +4<;;,1 Xvlqj wkh DGDS Ohduqlqj Dojrulwkp wr Iruhfdvw wkh Rqvhw ri

Gldehwhv Phoolwxv1 Surfhhglqjv ri wkh Wzhoiwk Dqqxdo V|psrvlxp rq Frpsxwhu Dssolfdwlrqv lq

Phglfdo Fduh/ 594~5981

^5<` Vxeudpdqldq/ Y1/ dqg P1V1 Kxqj +4<<6,1 D JUJ50edvhg V|vwhp iru Wudlqlqj Qhxudo Qhwzrunv=

Ghvljq dqg Frpsxwdwlrqdo H{shulhqfh1 RUVD Mrxuqdo rq Frpsxwlqj/ 8+7,/ 6;9~6<71

^63` Wdp/ N1 \1 dqg P1 \1 Nldqj +4<<5,1 Pdqdjhuldo Dssolfdwlrq ri Qhxudo Qhwzrunv= Wkh Fdvh ri

Edqn Idloxuh Suhglfwlrqv1 Pdqdjhphqw Vflhqfh/ 6;+:,/ <590<7:1

^64` Zdonlqj/ U1 D +4<;8,1 Suhglfwlqj Whqghu R�hu Vxffhvv= D Orjlvwlf Dqdo|vlv1 Mrxuqdo ri Ilqdqfh

dqg Txdqwlwdwlyh Dqdo|vlv/ 53/ 79407:;1

^65` Zdq/ H1 D1 Qhxudo Qhwzrun Fodvvl�fdwlrq= D Ed|hvldq Lqwhusuhwdwlrq1 LHHH Wudqvdfwlrqv rq

Qhxudo Qhwzrunv/ 4+7,/ 4<<3/ 636~6381

^66` Zdvvhupdq/ S1 G +4<;<,1 Qhxudo frpsxwlqj= Wkhru| dqg Sudfwlfh/ Ydq Qrvwudqg Uhlqkrog1

^67` ZKR Whfkqlfdo Uhsruw Vhulhv/ Qr1 :5:/ 4<;8 +Uhsruw ri d ZKR Vwxg| Jurxs,1

4;




