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SUHOLPLQDU\ UHSRUW

Suhvhqwhg dw HXILW0<; Ddfkhq/ Jhupdq|1 Vhs 43/ 4<<;

Devwudfw

Wklv sdshu ghvfulehv wkh sulqflsohv ehklqg dqg wkh lpsohphqwdwlrq ri DVWD/ dq Du0
wl�fldo Vwrfn Wudglqj Djhqw zulwwhq lq Wkh Pdwode odqjxdjh1 Wkh sulpdu| sxusrvh ri wkh
surmhfw lv wr surylgh dq hdv|0wr0xvh hqylurqphqw iru ghyhorslqj pxowl0vwrfn wudglqj dojr0
ulwkpv1 D nh| lqjuhglhqw lq wkh v|vwhp lv d vwdeoh dqg uhdolvwlf whvw ehqfk/ kljkoljkwlqj dqg
khoslqj wr dyrlg wkh kxjh ulvnv ri gdwd vqrrslqj lqyroyhg lq wklv nlqg ri �qdqfldo suhglf0
wlrq1 Wkh ehkdylru ri wkh djhqw lv frqwuroohg e| ex| dqg vhoo uxohv/ zklfk fdq eh frpsrvhg
lqwhudfwlyho| ru zulwwhq dv xvhu gh�qhg ixqfwlrqv1 Ydulrxv w|shv ri frpelqdwlrqv ri uxohv
dqg gdwd vfuhhqlqj fdq eh hdvlo| shuiruphg/ doo zlwklq wkh Pdwode odqjxdjh v|qwd{1

Lq dgglwlrq wr ehlqj d Zlqgrzv0edvhg ghyhorslqj wrro dqg whvw ehqfk/ wkh v|vwhp fdq eh
uxq lq edwfk prgh/ zkhuh d vxssolhg remhfwlyh ixqfwlrq pdsv d wudglqj vwudwhj| wr d sur�w
phdvxuh1 Wklv fdq eh xvhg wr wxqh sdudphwhuv ru dxwrpdwh wkh ghyhorsphqw ri wudglqj
vwudwhjlhv/ iru h{dpsoh zlwk jhqhwlf phwkrgv1 H{dpsohv ri wxqlqj sdudphwhuv lq vwdqgdug
whfkqlfdo lqglfdwruv duh suhvhqwhg1 D prgl�hg Vkdush Udwlr lv xvhg dv shuirupdqfh phdvxuh1

Wr lpsuryh wkh shuirupdqfh ri d jlyhq dojrulwkp/ wkh gdwd iurp wkh vlpxodwhg wudghv fdq
eh rxwsxw dqg srvw0surfhvvhg e| fodvvl�fdwlrq phwkrgv/ vxfk dv duwl�fldo qhxudo qhwzrunv
ru ix}}|0uxoh edvhv1

Wkh DVWD v|vwhp kdv ehhq dssolhg vxffhvvixoo| wr klvwrulfdo vwrfn gdwd/ dqg uhvxowv
fryhulqj 44 |hduv ri wkh Vzhglvk vwrfn pdunhw duh suhvhqwhg1

Nh|zrugv= wudglqj/ duwl�fldo wudghu/ whfkqlfdo dqdo|vlv/ gdwd plqlqj/ suhglfwlrq/ vwrfn uhwxuqv/
Vkdush udwlr/ sdudphwhu wxqlqj1
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4 Lqwurgxfwlrq

Wkh lghd ri h{suhvvlqj vwrfn suhglfwlrq dojrulwkpv lq wkh irup ri wudglqj uxohv kdv jdlqhg
frqvlghudeoh dwwhqwlrq lq dfdghplf uhvhdufk lq wkh odvw |hduv1 Wkh lqwhuqdwlrqdo frqihuhqfh
QQFP0<9 ghyrwhg d zkroh vhfwlrq lq wkh surfhhglqjv wr �Ghflvlrq Whfkqrorjlhv�1 Ehqjlr ^6`
zulwhv derxw wkh lpsruwdqfh ri wudlqlqj duwl�fldo qhxudo qhwzrunv zlwk d �qdqfldo fulwhulrq
udwkhu wkdq d suhglfwlrq fulwhulrq1 Prrg| dqg Zx ^<` xvh uhlqirufhphqw ohduqlqj wr wudlq d
wudglqj v|vwhp zlwk remhfwlyh ixqfwlrqv vxfk dv sur�w/ hfrqrplf xwlolw| dqg Vkdush udwlr1 Dwl|d
^5` ghvfulehv d wudglqj v|vwhp edvhg rq wlph0yduldeoh vwrs0orvvhv dqg sur�w remhfwlyhv1

Wklv sdshu ghvfulehv wkh v|vwhp DVWD/ zklfk lv dq lpsohphqwdwlrq ri dq Duwl�fldo Vwrfn Wudglqj
Djhqw1 Zlwk DVWD/ wudglqj0uxoh edvhg suhglfwlrq dojrulwkpv duh hdvlo| hydoxdwhg xvlqj klvwrulfdo
gdwd1 Wkh v|vwhp lv dovr d kljk ohyho ghyhorsphqw wrro zkhuh wudglqj uxohv fdq eh ghyhorshg/
frpelqhg dqg wxqhg1

Wkh surjudp lv zulwwhq lq wkh Pdwode surjudpplqj odqjxdjh dqg lv xvhg hlwkhu dv dq rugl0
qdu| remhfwlyh ixqfwlrq fdoohg iurp d xvhu*v surjudp/ ru dv dq Zlqgrzv edvhg wrro iru pdnlqj
ehqfkpdunv dqg ghyhorsphqw ri wudglqj dojrulwkpv1

414 Remhfwlyhv

Wkh ghyhorsphqw ri DVWD zdv lqlwldwhg e| d qhhg iru jrrg zrunlqj wrrov iru wkh iroorzlqj
uhvhdufk wdvnv=

41 D whvw ehqfk iru wudglqj dojrulwkpv1

Pdq| �whfkqlfdo lqglfdwruv� iru vwrfn suhglfwlrq duh dffhswhg dqg zlgho| xvhg zlwkrxw
kdylqj hyhu ehhq vxemhfw wr dq remhfwlyh vflhqwl�f dqdo|vlv zlwk klvwrulfdo vwrfn gdwd1
Lw lv wuxh wkdw pdq| frpphufldo vriwzduh sdfndjhv iru whfkqlfdo dqdo|vlv r�hu erwk d
frpsuhkhqvlyh surjudpplqj odqjxdjh dqg d vlpxodwlrq prgh zkhuh wkh shuirupdqfh fdq
eh frpsxwhg1 Krzhyhu/ prvw dydlodeoh surgxfwv gr qrw wdnh wklv wdvn yhu| vhulrxvo| dqg
uhdo wudglqj vlpxodwlrq zlwk d pxowl vwrfn sruwirolr lv vhogrp srvvleoh1 Ixuwkhupruh/ riwhq
wkh shuirupdqfh phdvxuhv duh qrw vx!flhqw iru d vhulrxv hydoxdwlrq ri wkh ehkdylru ri dq
dojrulwkp iru d orqjhu shulrg ri wlph1 Wkhuhiruh/ wkhuh lv d qhhg iru d vflhqwl�f whvw ehqfk
iru wkh phwkrgv dqg dojrulwkpv douhdg| ghyhorshg dqg lq frpprq xvh1

Wkh qhhg iru surshu hydoxdwlrq ri qhz wudglqj dojrulwkpv lv ri frxuvh wkh vdph dv iru
h{lvwlqj rqhv1 DVWD lv ghyhorshg lq Pdwode dqg wkhuhiruh lv vxlwdeoh iru whvwv ri dojrulwkpv
ghyhorshg lq wkh vdph odqjxdjh/ exw Pdwode fdq frppxqlfdwh zlwk rwkhu odqjxdjhv1

51 Dq lqwhudfwlyh ghyhorsphqw wrro iru wudglqj uxohv1

Wkhuh duh uhdvrqv wr eholhyh wkdw d vxffhvvixo wudglqj v|vwhp frqvlvwv ri pdq| glvmxqfw
sduwv zkhuh d ex| vljqdo fdq eh/ iru h{dpsoh/ �vfuhhqhg� e| orrnlqj dw wkh wudghg yroxph1
D ex| vljqdo lvvxhg zlwk d orz wudghg yroxph pd| wkhq eh uhmhfwhg1 Rwkhu frpsrvlwh uxohv
lqfoxgh orrnlqj dw wkh jhqhudo wuhqg ri wkh vwrfn ehiruh dffhswlqj d vljqdo iurp wkh v|vwhp1
DVWD surylghv wkh srvvlelolw| wr whvw vxfk frpsrvlwh uxohv hdvlo|1 Wkh lqfoxghg ixqfwlrq
oleudu| dqg wkh srvvlelolw| wr gh�qh d wudglqj vwudwhj| lqwhudfwlyho| pdnhv lpsohphqwdwlrq
dqg hydoxdwlrq ri pdq| wudglqj vwudwhjlhv srvvleoh �zlwkrxw surjudpplqj�1

61 D qrq0lqwhudfwlyh ghyhorsphqw wrro iru wudglqj uxohv1

Ixuwkhupruh/ lw lv srvvleoh dqg pd|eh dovr iuxlwixo wr dxwrpdwh wkh ghyhorsphqw ri wudglqj
uxohv1 Vlqfh DVWD gh�qhv wkh wudglqj vwudwhj| dv v|perolf Ex| uxohv dqg Vhoo uxohv
jlyhq dv dujxphqwv wr wkh v|vwhp/ lw zrxog eh shuihfwo| srvvleoh wr frqvwuxfw ex| dqg vhoo
uxohv/ lq d jhqhwlf iudphzrun/ iru h{dpsoh1

Hyhq li wkh jhqhudo orrn ri wkh dojrulwkp lv �{hg/ wkhuh duh riwhq d orw ri wxqdeoh sdudphwhuv
wkdw d�hfw wkh wudglqj shuirupdqfh1 H{dpsohv duh �owhu frh!flhqwv/ rughu ri sro|qrpldov
dqg ohyhov deryh ru ehorz zklfk dq hqwlw| vkrxog sdvv lq rughu wr jhqhudwh d wudglqj vljqdo1
Vlqfh zh eholhyh wkdw wkh dfwxdo ehkdylru gxulqj d uhdolvwlf wudglqj vlwxdwlrq lv hvvhqwldo iru
surshu vhohfwlrq dqg rswlpl}dwlrq ri dq dojrulwkp/ wkhuh lv d qhhg iru dq remhfwlyh ixqfwlrq
wkdw fdq eh lqfoxghg lq dq rswlpl}dwlrq skdvh iru sdudphwhu wxqlqj1
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71 D gdwd jhqhudwlrq wrro iru srvw surfhvvlqj

Wkh frpsuhkhqvlyh dqg xvhu0iulhqgo| pdfur odqjxdjh lq DVWD pdnhv lw d yhu| vxlwdeoh
wrro iru h{wudfwlqj gdwd iru ixuwkhu dqdo|vlv/ vxfk dv fodvvl�fdwlrq zlwk qhxudo qhwzrunv ru
ix}}| uxoh edvhv1 D udz vhohfwlrq ri wudglqj vlwxdwlrqv lv �uvw vhw xs zlwk vlpsoh wudglqj
uxohv1 Gdwd +�ihdwxuhv�, iru wkhvh vlwxdwlrqv duh wkhq dxwrpdwlfdoo| zulwwhq wr d �oh1 D
�wdujhw� ydoxh iru hdfk wudgh lv dovr vxssolhg1 Wkhuhdiwhu lw zloo eh d fodvvl�fdwlrq wdvn wr
�qg rxw krz wr glvwlqjxlvk ehwzhhq d sur�wdeoh wudgh dqg d qrq0sur�wdeoh rqh/ edvhg rq
wkh jlyhq ihdwxuhv1

5 Edvlf dssurdfkhv wr Vwrfn suhglfwlrqv

Suhglfwlrq dojrulwkpv iru vwrfn sulfhv fdq eh fdwhjrul}hg lq d qxpehu ri zd|v1 Rqh fdwhjrul}dwlrq
irfxvhv rq wkh zd| wkh srlqwv wr suhglfw duh vhohfwhg1 Wzr eurdg fodvvhv fdq eh lghqwl�hg> �Wkh
Wlph Vhulhv Dssurdfk� dqg �Wkh Wudglqj Uxoh Dssurdfk�

514 Wkh Wlph Vhulhv Dssurdfk

Wkh wudglwlrqdo zd| wr gh�qh d vwrfn suhglfwlrq sureohp lv wr ylhz wkh vwrfn uhwxuqv dv d wlph
vhulhv |+w,1 Iru h{dpsoh/ rqh0gd| vwrfn uhwxuqv duh gh�qhg dv

|+w, @
Forvh+w, � Forvh+w � 4,

Forvh+w � 4,
= +4,

Wr suhglfw wkh uhwxuq k gd|v lq wkh ixwxuh/ |+w . k, lv dvvxphg wr eh d ixqfwlrq j ri wkh suhylrxv
+odjjhg, ydoxhv

|+w . k, @ j+|+w,> |+w � 4,> ===> |+w � n,,= +5,

Wkh wdvn iru wkh ohduqlqj ru prgholqj surfhvv lv wr �qg wkh ixqfwlrq j wkdw ehvw dssur{lpdwhv
d jlyhq vhw ri phdvxuhg gdwd1 Wkh xqnqrzq ixqfwlrq j fdq eh fkrvhq lq pdq| zd|v1 Frpprq
fkrlfhv duh=

� D olqhdu DU prgho=

j+w, @

�
[

�����
d � |+w � n, . d ��� +6,

� D jhqhudo qrqolqhdu prgho lpsohphqwhg e| d pxowl0od|hu0ihhg0iruzdug qhxudo qhwzrun1 D
40klgghq0od|hu qhw gh�qhv j dv

j+w, @
[

	 ���

#

z	 k

#

[
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 	 |+w � n, . z ��� 
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. z ���

$

+7,

zkhuh k lv d qrqolqhdu ixqfwlrq vxfk dv wkh vljprlg ixqfwlrq k+{, @
�

�
������� 1

Wkh xqnqrzq sdudphwhuv +d � iru wkh DU prgho dqg z	 > z ��
 	 iru wkh qhxudo qhwzrun, duh
qrupdoo| frpsxwhg e| wkh ohduqlqj dojrulwkp wr plqlpl}h wkh urrw phdq vtxduh suhglfwlrq
huuru=

UPVH @

y

x

x

w

4

Q

�
[

� � �
+j+w, � |+w . k,,

�
= +8,

Lw lv prvw frpprq wr ohw wkh plqlpl}hg UPVH phdvxuh +8, eh wkh hqg srlqw lq wkh suhglfwlrq
wdvn1 Krzhyhu/ lq rughu wr xwlol}h wkh suhglfwlrqv/ d ghflvlrq0wdnlqj uxoh kdv wr eh fuhdwhg1 D
vlpsoh uxoh riwhq xvhg lv
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G+w, @

;

?

=

Ex| = li j+w, A �
Vhoo = li j+w, ? ��
Gr qrwklqj = rwkhuzlvh

<

@

>

> +9,

zkhuh � dqg � duh wkuhvkrog sdudphwhuv iru ex| dqg vhoo dfwlrqv ghshqglqj rq wkh suhglfwhg
fkdqjh lq wkh vwrfn sulfh1

Wkh wlph vhulhv irupxodwlrq edvhg rq wkh plqlpl}hg UPVH phdvxuh +8, lv qrw dozd|v lghdo iru
xvhixo suhglfwlrqv ri �qdqfldo wlph vhulhv1 Vrph uhdvrqv iru wkdw duh=

41 Wkh �{hg suhglfwlrq krul}rq k grhv qrw uh hfw wkh zd| lq zklfk �qdqfldo suhglfwlrqv duh
ehlqj xvhg1 Wkh delolw| ri d prgho wr suhglfw vkrxog qrw eh hydoxdwhg dw rqh vlqjoh �{hg
srlqw lq wkh ixwxuh1 D elj lqfuhdvh lq d vwrfn ydoxh 47 gd|v lqwr wkh ixwxuh lv dv jrrg dv
wkh vdph lqfuhdvh 48 gd|v lqwr wkh ixwxuh$

51 Wkh fkdudfwhulvwlfv ri wkh xqghuo|lqj surfhvvhv wkdw jhqhudwh wkh wlph vhulhv duh gudpdwl0
fdoo| gl�huhqw lq gl�huhqw sduwv lq wkh vhulhv1

61 Wkh UPVH phdvxuh +8, wuhdwv doo suhglfwlrqv/ vpdoo dqg odujh/ dv htxdo1 Wklv lv qrw dozd|v
dssursuldwh1 Suhglfwlrq srlqwv wkdw zrxog qhyhu eh xvhg iru dfwxdo wudglqj +l1h1 sulfh
fkdqjhv wrr vpdoo wr eh lqwhuhvwlqj, pd| fdxvh kljkhu uhvlgxdov dw wkh rwkhu srlqwv ri pruh
lqwhuhvw/ lq rughu wr plqlpl}h wkh joredo UPVH1

71 D vpdoo suhglfwhg fkdqjh lq sulfh/ iroorzhg e| d odujh uhdo fkdqjh lq wkh vdph gluhfwlrq/
zloo eh shqdol}hg e| wkh UPVH phdvxuh1 D vpdoo suhglfwhg fkdqjh lq sulfh/ zklfk dfwxdoo|
uhvxowhg lq d pxfk kljkhu ydoxh/ exw lq wkh vdph gluhfwlrq/ zloo eh shqdol}hg e| wkh UPVH
phdvxuh1 D wudghu lv qrupdoo| kdss| lq wklv fdvh/ dw ohdvw li/ vd|/ wkh vpdoo srvlwlyh
suhglfwlrq zdv odujh hqrxjk wr jlyh d ex| vljqdo1

81 Vhyhudo sdshuv uhsruw d srru fruuhodwlrq ehwzhhq wkh UPVH phdvxuh dqg wkh sur�w pdgh
e| dsso|lqj d suhglfwlrq dojrulwkp/ h1j1 Ohlwfk ) Wdqqhu ^8` dqg Ehqjlr ^6`1 D vwudwhj|
wkdw vhsdudwhv wkh prgholqj iurp wkh ghflvlrq0wdnlqj uxoh/ vxfk dv wkh rqh lq 9/ lv ohvv
rswlpdo wkdq prgholqj wkh ghflvlrq0wdnlqj gluhfwo| ^;`1 Dujxphqwv 6 dqg 7 erwk jlyh vrph
h{sodqdwlrqv wr wkhvh uhvxowv1

515 Wkh Wudglqj Uxoh Dssurdfk

Lqvwhdg ri vhsdudwlqj wkh suhglfwlrq wdvn dqg wkh ghflvlrq wdvn dv zdv grqh lq wkh �Wlph Vhulhv
Dssurdfk�/ dojrulwkpv fdq eh frqvwuxfwhg wr uhfrjql}h vlwxdwlrqv zkhuh rqh vkrxog ex| dqg vhoo
vwrfnv uhvshfwlyho|1 D wudglqj uxoh fdq eh ghvfulehg dv d wlph vhulhv W +w, gh�qhg dv

W +w, @

;

?

=

Ex| = li j+[+w,, A 3
Vhoo = li j+[+w,, ? 3
Gr qrwklqj = rwkhuzlvh

<

@

>

= +:,

Wkh xqvshfl�hg ixqfwlrq j ghwhuplqhv wkh w|sh ri wkh wudglqj uxoh1

Wkh dujxphqw [+w, kdv wkh irup

[+w, @ +U � +w,> ===> U � +w,,> +;,

zkhuh hdfk U � +w, lv dq revhuydeoh ihdwxuh dw wlph w1 Lq wkh fdvh ri vwrfn suhglfwlrqv lw pd| eh
iru h{dpsoh wkh n0gd| uhwxuqv gh�qhg dv

U � +w, @ 433 �
Forvh+w, � Forvh+w � n,

Forvh+w � n,
+<,

ru vwdqgdug whfkqlfdo lqglfdwruv vxfk dv wkh Vwrfkdvwlf Rvfloodwru/ wkh Uhodwlyh Vwuhqjwk Lqgh{
+UVL, ru wkh Prylqj Dyhudjh Frqyhujhqfh2Glyhujhqfh +PDFG, ^4`1

Wkh wdvn iru wkh ohduqlqj surfhvv lq Wkh Wudglqj Uxoh Dssurdfk lv wr �qg wkh ixqfwlrq j vr dv
wr pd{lpl}h wkh sur�w/ zkhq dsso|lqj wkh uxoh rq uhdo gdwd1 Ydulrxv zd|v wr phdvxuh wkh sur�w
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duh glvfxvvhg lq vhfwlrq 7141 Qrwh wkh gl�huhqfh ehwzhhq wklv dqg Wkh Wlph Vhulhv Dssurdfk/
zkhuh wkh ohduqlqj wdvn lv wr �qg d ixqfwlrq j wkdw plqlpl}hg wkh UPVH huuru +8, iru wkh hqwluh
wlph vhulhv1

Wkh Wudglqj Uxoh Dssurdfk dyrlgv pdq| ri wkh sureohpv suhylrxvo| ghvfulehg ri wkh Wlph Vhulhv
Dssurdfk exw grhv lqghhg kdyh sureohpv ri lwv rzq=

41 Vwdwlvwlfdo vljql�fdqfh1 Wkh wudglqj uxoh W +w, qrupdoo| jlyhv Ex| ru Vhoo vljqdo rqo| iru
d plqru sduw ri wkh srlqwv lq wkh wlph vhulhv1 Zkloh ehlqj rqh ri wkh elj dgydqwdjhv/
lw dovr suhvhqwv vhulrxv vwdwlvwlfdo sureohpv zkhq frpsxwlqj ohyhov ri vljql�fdqfh iru wkh
surgxfhg shuirupdqfh1 Lw*v qr sureohp wr �qg d uxoh W +w, wkdw klvwrulfdoo| rxwshuirupv
dq| vwrfn lqgh{ dv orqj dv lw grhvq*w kdyh wr surgxfh pruh wkdq d ihz vljqdov1 Lw*v fohdu
wkdw d uxoh W +w, wkdw surgxfhv pdq| vljqdov iru d jlyhq wlph lqwhuydo/ lv pruh uholdeoh wkdq
rqh wkdw mxvw surgxfhv d ihz/ hyhq li wkh sur�w lv wkh vdph1 Krzhyhu/ lw*v qrw fohdu krz wklv
wudghr� ehwzhhq sur�w dqg qxpehu ri vljqdov vkrxog eh vhwwohg lq dq rswlpdo zd|1 Wkh
vhohfwlrq eldv zkhq fkrrvlqj �jrrg� wudglqj uxohv pdnhv d frpsoh{lw| dujxphqw zruwkohvv
vlqfh hyhq d yhu| vlpsoh wudglqj uxoh fdq surgxfh yhu| kljk sur�w li lw mxvw kdv wr vljqdo d
ihz wlphv1 Wkh jhqhudo sureohp uhpdlqv xqvroyhg lq wkh suhvhqw zrun/ zlwk wkh vlqjoh exw
lpsruwdqw revhuydwlrq wkdw wkh qxpehu ri surgxfhg vljqdov vkrxog eh dv kljk dv srvvleoh
lq rughu wr uhqghu wkh wudglqj uxoh fuhgleoh1

51 Frpprqo| xvhg phwkrgv iru prgholqj ru lqgxfwlyh ohduqlqj/ vxfk dv Uhjuhvvlrq prghov
dqg Duwl�fldo Qhxudo Qhwzrunv fdqqrw eh dssolhg lq d qrupdo idvklrq vlqfh d vhw ri wudlqlqj
gdwd zlwk Sdwwhuqv dqg Wdujhwv duh qrw dydlodeoh lq wkh vdph zd| dv lq wkh Wlph Vhulhv
Dssurdfk1 Krzhyhu/ d uhodwhg prgholqj sureohp fdq eh irupxodwhg dv dq h{whqvlrq wr d
v|vwhp edvhg rq wudglqj uxohv1 Wkh srlqwv zkhuh W +w, vljqdo ex| ru vhoo fdq eh xvhg wr
h{wudfw h{dpsohv wkdw fdq eh lqsxw wr d prgholqj ru fodvvl�fdwlrq urxwlqh1 Wkh wudglqj
uxoh W pd| eh uh�qhg lq wklv zd| wr surgxfh d kljkhu klw udwh dqg prvw suredeo| d kljkhu
ryhudoo sur�w1 Wkhuhiruh/ d gdwd h{wudfwlrq ixqfwlrq kdv ehhq exlow lqwr wkh DVWD v|vwhp1

Wkh DVWD v|vwhp lv frqvwuxfwhg dffruglqj wr wkh �Wudglqj Uxoh Dssurdfk�1 Lq wkh qh{w vhfwlrq
wkh hydoxdwlrq ri d suhglfwlrq v|vwhp edvhg rq wkhvh sulqflsohv zloo eh lqyhvwljdwhg1

6 Zkdw Lv Jrrg Shuirupdqfh

D zd| wr phdvxuh wkh shuirupdqfh ri dq dojrulwkp lv qhhghg lq wzr skdvhv ri wkh wudglqj
v|vwhp*v ghyhorsphqw f|foh1 Iluvwo|/ gxulqj wkh prghoolqj skdvh zkhuh rswlpdo vhwwlqjv rq
xqnqrzq sdudphwhuv lq wkh dojrulwkp kdv wr eh ghflghg1 Vhfrqgo| zkhq wkh frpsohwh dojrulwkp
lv sxw wr whvw rq klvwrulfdo gdwd wr vhh li lw vhuyhv wkh ruljlqdo sxusrvhv ri wkh ghyhorsphqw
surmhfw1 Dv zdv phqwlrqhg lq vhfwlrq 514/ wkhuh duh jrrg uhdvrqv wr xvh wkh vdph shuirupdqfh
phdvxuh lq wkhvh wzr skdvhv1 Wkh �qdo uhvxow pd| rwkhuzlvh eh vxe rswlpdo1

Hydoxdwlrq ri suhglfwlrq shuirupdqfh lv dq lpsruwdqw/ gl!fxow/ dqg riwhq ryhuorrnhg vwdjh lq wkh
ghyhorsphqw ri suhglfwlrq dojrulwkpv iru �qdqfldo gdwd1 Lq wkh fdvh ri dq duwl�fldo wudghu edvhg
rq wkh �Wudglqj Uxoh Dssurdfk�/ rqh sureohp lv wkdw wkh surgxfhg wudghv duh frpsdudwlyho|
ihz/ zklfk jlyhv d vrphzkdw zhdn vwdwlvwlfdo edvlv iru rxu shuirupdqfh phdvxuhv1 Dsduw iurp
wklv zh kdyh wkh sureohp zlwk ryhuwudlqlqj1 E| wxqlqj wkh sdudphwhuv lq wkh duwl�fldo wudghu
wr pd{lpl}h wkh shuirupdqfh rq klvwrulfdo gdwd/ zh dozd|v uxq d ulvn ri �wwlqj wkh dojrulwkp
wrr forvho| wr wkh gdwd vhw1 Hyhq li wkh wudghu*v ehkdylru lv d udwkhu �vpdoo� prgho + l1h1 lw kdv
uhodwlyho| ihz ghjuhhv ri iuhhgrp,/ wkh sureohp pxvw qrw eh ryhuorrnhg1 Looxvwudwlyh h{dpsohv
fdq eh irxqg lq ^:`1

D wklug sureohp lv wkh idfw wkdw wkh surfhvv lv qrq0vwdwlrqdu|/ l1h1 wkh shuirupdqfh ri d wudglqj
ehkdylru ydulhv ryhu wlph gxh wr ydu|lqj joredo frqglwlrqv d�hfwlqj wkh vwrfn pdunhw dv d zkroh1
Rqh vwudwhj| pd| zrun �qh lq d wuhqglqj pdunhw/ zkloh dqrwkhu zrunv ehvw lq d qrq0wuhqglqj
pdunhw1

Ehiruh vwduwlqj wr rswlpl}h wkh ehkdylru ru rxu duwl�fldo wudghu zh pxvw ghflgh wkuhh wklqjv=

� Zkdw shuirupdqfh phdvxuh lv uhohydqwB Vhyhudo rswlrqv h{lvw1
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� Zkdw lv wkh ehvw zd| wr phdvxuh wkh vhohfwhg shuirupdqfh phdvxuhB

� Zlwk zkdw gr zh frpsduh rxu duwl�fldo wudghu*v shuirupdqfh zkhq zh vd| wkdw lw lv jrrgB
Zh qhhg d jrrg ehqfkpdun1

Zh vwduw e| lqyhvwljdwlqj dowhuqdwlyh shuirupdqfh phdvxuhv1

614 Shuirupdqfh phdvxuhv

61414 Wrwdo Sur�w1

Dq lqwxlwlyho| dsshdolqj dqg yhu| frpprq phdvxuh lv wkh wrwdo zhdowk dfklhyhg e| wkh wudghu
zkhq vlpxodwlqj wudglqj ryhu wkh dydlodeoh wudlqlqj gdwd shulrg1 Wkh zhdowk lv riwhq suhvhqwhg
dv d ixqfwlrq ri wlph lq d vr fdoohg htxlw| gldjudp1 Iru frpsdulvrq/ d joredo vwrfn lqgh{ lv
riwhq suhvhqwhg lq wkh vdph gldjudp1 Wkh fxuyhv duh vfdohg vr wkh ohiwprvw srlqw kdv d zhdowk
ri 4 iru erwk wkh wudghu dqg wkh lqgh{1 Wkh ydoxhv iru rwkhu srlqwv dorqj wkh gdwh d{lv fdq eh
wkhq lqwhusuhwhg dv zhdowk uhodwlyh wr wkh rqh dw wkh vwduwlqj srlqw1 D ydoxh 5143 zloo phdq/
iru h{dpsoh/ wkdw wkh lqlwldo fdslwdo kdv lqfuhdvhg wr 543( ri wkh vwduw fdslwdo1 Wkhuhiruh/ wkh
�qdo ydoxh rq wkh yhu| uljkw ri wkh gldjudp zloo eh wkh qhw uhvxow diwhu frpsohwhg wudglqj iru wkh
hqwluh wlph shulrg1 Rqh h{dpsoh ri dq htxlw| fxuyh fdq eh vhhq rq wkh wrs gldjudp lq �jxuh 41
Wkh pdmru gudzedfn ri wklv phwkrg lv wkdw wkh wudghv lq wkh ehjlqqlqj ri wkh wlph shulrg d�hfw
wkh hqg uhvxow pruh wkdq wkh wudghv lq wkh hqg ri wkh wlph shulrg1 Wklv lv d frqvhtxhqfh ri wkh
fxpxodwlyh qdwxuh ri wkh vlpxodwlrq1 Wkh sur�wv lq wkh ehjlqqlqj ri wkh wlph shulrg duh ehlqj
uhlqyhvwhg dqg wkhuhiruh zloo dsshdu �vhyhudo wlphv� lq wkh wrwdo zhdowk uhvxowlqj iurp wudglqj
gxulqj wkh hqwluh wlph shulrg1 Wklv lv d qlfh h�hfw li |rx zdqw wr vkrz r� |rxu wudglqj dqg vwxq
shrsoh zlwk dq h{srqhqwldo lqfuhdvh lq zhdowk1 Lwv frpprqo| xvhg zkhq wkh �qdqfldo lqvlwxwhv
suhvhqw uhvxowv iru wkhlu pxwxdo ixqgv ryhu wkh |hduv1 Krzhyhu/ wkh lqgh{ fxuyh lv riwhq qrw
lqfoxghg lq wkhvh fdvhv vlqfh wkh| zrxog uhyhdo wkdw wkh pxwxdo ixqg dfwxdoo| kdvq*w shuiruphg
dq| ehwwhu wkdq wkh pdunhw lq jhqhudo1 Rqh kdv wr uhdol}h wkdw d frqvwdqw hfrqrplfdo jurzwk ri
vd| 8( ryhu d shulrg ri 43 |hduv jlyhv ulvh wr d vhhplqjo| lpsuhvvlyh h{srqhqwldo zhdowk fxuyh
iru wkh dyhudjh vwrfn1 Zlwk ru zlwkrxw fohyhu wudglqj v|vwhpv1

61415 Dyhudjh Sur�w Shu Gd|

Wr jhw durxqg wkh fxpxodwlyh h�hfw lq wkh wrwdo0sur�w phdvxuh/ rqh frxog frpsxwh wkh dyhudjh
sur�w shu gd| +shufhqwdjh, dqg xvh wkdw dv d phdvxuh ri wkh wudglqj shuirupdqfh1 E| wklv zh
orvh wkh srvvlelolw| wr hydoxdwh wkh wudghu*v ehkdylru gxulqj wkh ydu|lqj joredo pdunhw frqglwlrqv
wkdw dulvh gxulqj dq| orqjhu vlpxodwlrq shulrg1

61416 Sur�w Shu \hdu1

D frpsurplvh ehwzhhq xvlqj wkh wrwdo sur�w dqg wkh dyhudjh sur�w shu gd| zrxog eh r�huhg e|
frpsxwlqj wkh dqqxdo sur�w dfklhyhg e| dsso|lqj wkh wudglqj dojrulwkp1 Wkh phdq dqqxdo sur�w
frxog eh xvhg dv wrwdo phdvxuh iru wkh hqwluh wlph shulrg1 Krzhyhu/ lw*v dovr yhu| lpsruwdqw wr
sd| dwwhqwlrq wr wkh shuirupdqfh lq hdfk lqglylgxdo |hdu1

61417 Vwdwlvwlfdo Vljql�fdqfh

Dv glvfxvvhg lq vhfwlrq 515/ wkh sur�w iurp d Wudglqj Uxoh edvhg v|vwhp kdv d yhu| zhdn
vwdwlvwlfdo vljql�fdqfh li wkh qxpehu ri wudghv surgxfhg gxulqj wkh vlpxodwlrq lv wrr orz1 Wkh
qxpehu ri wudghv duh wkhuhiruh ri fhqwudo lpsruwdqfh dqg vkrxog eh suhvhqwhg dorqj zlwk wkh
wudglqj uhvxowv1

615 Zkdw lv wkh ehvw zd| wr phdvxuh wkh vhohfwhg shuirupdqfh phd0
vxuhB

Lwv lpsruwdqw wr uhdol}h wkdw wkh sur�w phdvxuh zh vhohfw iru rswlpl}dwlrq dqg hydoxdwlrq lv d
vwrfkdvwlf yduldeoh zklfk kdv qrw jrw dq| vlqjoh �ydoxh� wkdw fdq eh phdvxuhg1 Lqvwhdg lw kdv d
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suredelolw| glvwulexwlrq zklfk fdq eh ghvfulehg e| lwv vwdwlvwlfdo prphqwv vxfk dv wkh h{shfwdwlrq
ydoxh dqg wkh yduldqfh1 Zkdw zh jhw zkhq zh frpsxwh h1j1 wkh dqqxdo sur�w iru d |hdu/ lv
phuho| rqh vdpsoh iurp wklv glvwulexwlrq +dvvxplqj lw lv vwdwlrqdu| ryhu wkh |hduv,1 Wkh wdvn ri
�pd{lpl}lqj� wkh sur�w e| fkdqjlqj wkh sdudphwhuv lq wkh prgho qrz ehfrphv ohvv zhoo gh�qhg1
Reylrxvo|/ wkh frpprq zd| ri xvlqj wkh phdq ydoxh lv mxvw rqh rswlrq1 Rwkhu fkrlfhv frxog
eh wkh orzhu olplw ri d frq�ghqfh lqwhuydo/ wkh phgldq ydoxh ru wkh Vkdush Udwlr1 Wkh lvvxh lv
ixuwkhu glvfxvvhg lq vhfwlrq ; zkhuh wkh sur�w lv h{dplqhg dv d ixqfwlrq ri ydulrxv sdudphwhuv
lq wkh prgho1

616 Ehqfkpdunv

Dsduw iurp d shuirupdqfh phdvxuh/ zh dovr qhhg vrphwklqj wr zklfk wr frpsduh wkh shuiru0
pdqfh1 Zkdw lv jrrg dqg edg shuirupdqfh ghshqgv rq wkh dowhuqdwlyhv1 Wkh qdwxudo ehqfkpdun
lv wr xvh vrph nlqg ri vwrfn lqgh{/ zklfk lv dovr wkh prvw frpprq phwkrg xvhg e| surihvvlrqdo
eurnhu frpsdqlhv1 D eurnhu zkr rxwshuirupv wkh lqgh{ jhwv erqxvhv dqg wkh rqh zkr grhvq*w
pljkw ulvn klv mre1 Pxwxdo ixqgv lq sduwlfxodu duh jryhuqhg e| wkhvh zd|v ri wklqnlqj1 Hyhq
li wkh lqglylgxdo wudghuv zrqw orvh wkhlu mrev/ wkh pdqdjhuv nqrz wkdw wkhlu ixqgv zloo orvh fxv0
wrphuv li wkh| vwduw grlqj zruvh wkdq wkh joredo vwrfn lqgh{1 Wklv lv rqh ri wkh uhdvrqv wkdw vr
pdq| pxwxdo ixqgv dfwlqj rq rqh sduwlfxodu pdunhw shuirup doprvw lghqwlfdoo|1

Iru rxu sxusrvhv krzhyhu/ lw*v d uhdvrqdeoh ehqfkpdun vlqfh lw frpsduhv wkh shuirupdqfh wr d
yhu| dydlodeoh dowhuqdwlyh= wkdw ri ex|lqj d pxwxdo ixqg lqvwhdg ri grlqj wkh wudglqj rxuvhoyhv1

Wkh iroorzlqj wzr nlqgv ri lqgh{hv kdyh ehhq wulhg=

� Wkh Vzhglvk lqgh{ Jhqhudolqgh{1

� Dq duwl�fldo lqgh{ zlwk htxdo sduwv iru doo wkh vwrfnv dydlodeoh iru wkh duwl�fldo wudghu1

Qr vljql�fdqw gl�huhqfhv d�hfwlqj wkh shuirupdqfh hydoxdwlrq kdyh ehhq irxqg ehwzhhq wkh wzr
nlqgv ri lqgh{hv dqg wkh r!fldo Jhqhudolqgh{ kdv wkhuhiruh ehhq fkrvhq wkh dv ehqfkpdun1

617 Frqfoxvlrqv Uhjduglqj Shuirupdqfh Hydoxdwlrq

Wkh duwl�fldo wudghu*v uhvxow lv suhvhqwhg dv dqqxdo sur�wv wrjhwkhu zlwk wkh lqfuhdvh lq lqgh{1
Wkh phdq gl�huhqfh ehwzhhq wkhvh wzr �jxuhv frqvwlwxwhv wkh qhw shuirupdqfh iru wkh wudghu1
Wkh shuirupdqfh lv glvsod|hg lq erwk wdexodu dqg judsklfdo irupdwv dv vkrzq lq wkh wdeoh sduw
ri �jxuh 6 dqg lq �jxuh 41 Wkh vhfrqg odvw olqh ri wkh wdeoh suhvhqwv wkh dqqxdo sur�w deryh wkh
lqgh{1 Wkh phdq ydoxh ri wklv hqwlw| lv suhvhqwhg lq wkh vhfrqg uljkwprvw froxpq dqg uhsuhvhqwv
d rqh0�jxuh shuirupdqfh phdvxuh1 Krzhyhu/ wkh lqglylgxdo �jxuhv iru hdfk |hdu vkrxog dovr eh
frqvlghuhg1 Wkh txhvwlrq zkhwkhu wkh rswlpl}dwlrq dqg vhohfwlrq ri wudglqj dojrulwkpv vkrxog
eh edvhg rq wkh phdq ydoxh ru/ iru h{dpsoh/ rq wkh zruvw ydoxh iru wkh lqyhvwljdwhg |hduv/
uhpdlqv rshq1 Wkh Vkdush Udwlr jlyhv d ulvn ghshqghqw phdvxuh dqg lv glvfxvvhg ixuwkhu lq
vhfwlrq ;1

7 Ghvljq ri wkh Duwl�fldo Wudghu

Lq wklv vhfwlrq zh glvfxvv wkh ghvljq dqg lpsohphqwdwlrq ri wkh DVWD v|vwhp1 Wkh wdvn ri wkh
Duwl�fldo Wudghu lv wr dfw rq dq duwl�fldo pdunhw zlwk d odujh qxpehu ri dydlodeoh vwrfnv wkdw
ydu| lq sulfhv ryhu wlph1 Wkh Wudghu kdv wr h{hfxwh wkh wudglqj uxoh W +w, dw hyhu| wlph vwhs
dqg ghflgh zkhwkhu wr ex| ru vhoo vwrfnv1 Wkh vroh dlp ri wkh Wudghu lv wr surgxfh dv kljk d
sur�w dv srvvleoh1 Ydulrxv dvshfwv ri wkh fdofxodwlrq ri wkh shuirupdqfh zhuh glvfxvvhg lq wkh
suhylrxv vhfwlrq 7141 Wkh suhvhqwdwlrq dqg hydoxdwlrq ri wkh wudglqj uhvxowv duh d pdmru sduw ri
wkh DVWD v|vwhp1
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Iljxuh 4= Suhvhqwdwlrq ri shuirupdqfh iru d +vxffhvvixo, wudglqj vwudwhj|

714 Shuirupdqfh Hydoxdwlrq

Wkh uhvxow ri wkh duwl�fldo wudghu lv suhvhqwhg dv dqqxdo sur�wv wrjhwkhu zlwk wkh lqfuhdvh lq
lqgh{1 Wkh phdq gl�huhqfh ehwzhhq wkhvh wzr �jxuhv frqvwlwxwhv wkh qhw shuirupdqfh iru wkh
wudghu1 Wkh shuirupdqfh lv glvsod|hg lq erwk wdexodu dqg judsklfdo irupdwv dv vkrzq lq wkh wdeoh
sduw ri Iljxuh 7 dqg lq Iljxuh 81 Wkh vhfrqg odvw olqh ri wkh wdeoh suhvhqwv wkh dqqxdo sur�w
deryh wkh lqgh{1 Wkh phdq ydoxh ri wklv hqwlw| lv suhvhqwhg lq wkh vhfrqg uljkwprvw froxpq
dqg uhsuhvhqwv d rqh0�jxuh shuirupdqfh phdvxuh1 Krzhyhu/ wkh lqglylgxdo �jxuhv iru hdfk |hdu
vkrxog dovr eh frqvlghuhg1

Zh qrz wxuq wr wkh jhqhudo dufklwhfwxuh ri wkh ghyhorshg v|vwhp1

715 Edvlf Dufklwhfwxuh

Wkh dufklwhfwxuh ri DVWD lv edvhg rq dq remhfw0rulhqwhg dssurdfk zlwk wzr pdmru remhfwv> wkh
Pdunhw dqg wkh Wudghu1 Wkh wzr remhfwv kdyh d qxpehu ri dwwulexwhv dqg rshudwlrqv wkdw fdq
eh dssolhg rq wkh remhfwv1 Wkh edvlf frpsrqhqwv dqg wkhlu uhodwlrqv duh suhvhqwhg lq Iljxuh 51

71514 Wkh Pdunhw Remhfw

Wkh Pdunhw Remhfw frqvlvwv hvvhqwldoo| ri wkh wrwdo qxpehu ri vwrfnv wkdw vkrxog sduwlflsdwh lq
wkh wudglqj vlpxodwlrq1 D vwrfn lv gh�qhg e| irxu wlph vhulhv> Forvh/ Kljk/ Orz dqg Yroxph1
Hdfk ri wkhvh wlph vhulhv kdv d qxphulf ydoxh +ru QdQ lq wkh fdvh ri d xqdydlodeoh ydoxh, iru hdfk
gdwh lq wkh wlph shulrg ri lqwhuhvw1 Wkh edvlf rshudwlrq rq wkh Pdunhw Remhfw lv wkh vlpxodwlrq
ri fkdqjlqj sulfhv dv wkh gdwh pryhv iurp vwduw gdwh wr hqg gdwh1 Wkh dwwulexwh W lv xsgdwhg
e| wkh Vwhs lq wlph rshudwlrq dssolhg wr wkh Pdunhw Remhfw1

71515 Wkh Wudghu Remhfw

Wkh Wudghu Remhfw lv pruh frpsoh{ wkdq wkh Pdunhw Remhfw/ dv idu dv erwk dwwulexwhv dqg
doorzhg rshudwlrqv duh frqfhuqhg1 Wkh Sruwirolr dwwulexwh nhhsv wudfn ri wkh srvvhvvlrq ri
vwrfnv gxulqj wkh vlpxodwlrq1 Wkh Fdvk dwwulexwh lv lqlwldol}hg wr d fhuwdlq ydoxh dqg wkhuhdiwhu
prgl�hg dxwrpdwlfdoo| dv vwrfnv duh erxjkw dqg vrog1 Wkh Ex| uxoh dqg Vhoo uxoh duh wkh pdlq
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dwwulexwhv wkdw d�hfw wkh ehkdylru ri wkh Wudghu1 Wkh| duh h{suhvvhg lq d kljk0ohyho odqjxdjh
dqg pd| lqfoxgh fdoov wr d odujh qxpehu ri suhgh�qhg Pdwode ixqfwlrqv wkdw dffhvv wkh vwrfn
gdwd lq wkh Pdunhw Remhfw1 Xvhu0gh�qhg ixqfwlrqv fdq dovr eh fdoohg gluhfwo|1 Wkh ydoxhv ri wkh
Ex| uxoh dqg Vhoo uxoh dwwulexwhv duh vhw lqwhudfwlyho| wr hqdeoh idvw h{shulphqwdwlrq zkhq
ghyhorslqj wudglqj dojrulwkpv1

Wkh edvlf rshudwlrqv rq wkh Wudghu Remhfw duh Ex|buhfrpphqgdwlrqv wkdw hydoxdwhv wkh
Ex| uxoh dqg Vhoobuhfrpphqgdwlrqv wkdw hydoxdwhv wkh Vhoo uxoh1 Wkh uhvxow lv yhfwruv
zlwk ex| dqg vhoo uhfrpphqgdwlrqv iru doo uhohydqw vwrfnv1 Wkhvh uhfrpphqgdwlrqv duh wkhq
fduulhg rxw e| wkh Ex| dqg Vhoo rshudwlrq1 Wkh ehkdylru ri wkh Wudghu lv prgl�hg e| d qxpehu
ri Rwkhu sdudphwhuv/ h1j1 plqlpxp dqg pd{lpxp ydoxhv iru rqh lqglylgxdo wudgh1
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Iljxuh 5= Edvlf Frpsrqhqwv ri wkh DVWD V|vwhp

71516 Rwkhu Sduwv ri wkh V|vwhp

Wkh Pdunhw dqg Wudghu Remhfwv kdyh wr eh frqwuroohg e| d vxssruw v|vwhp wkdw wdnhv fduh ri
wkh iroorzlqj �phwd� rshudwlrqv=

� Vlpxodwlrq1

Wkh Vwhs lq wlph rshudwlrq kdv wr eh dssolhg wr wkh Pdunhw Remhfw lq d orrs iru wkh
vhohfwhg wlph shulrg1 Iru hdfk wlph vwhs/ wkh Wudghu Remhfw vkrxog dovr eh dfwlydwhg1 Wkh
iroorzlqj svhxgr frgh ghvfulehv wkh ixoo DVWD v|vwhp=

Wudghu1Lqlwldol}h
Pdunhw1Lqlwldol}h
orrs xqwlo Pdunhw1W�HqgGdwh

v @ Wudghu1VhoobUhfrpphqgdwlrqv
Wudghu1Vhoo+v, ( Vhoo doo vwrfnv ri w|sh v
v @ Wudghu1Ex|bUhfrpphqgdwlrqv
q @ W1dydlodeohbfdvk 2 ohqjwk+v,
Wudghu1Ex|+v/ q, ( Ex| q vwrfnv ri w|sh v

Pdunhw1Vwhs lq wlph
hqg orrs
Wudghu1Hydoxwh

� Xvhu lqwhuidfh1
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Wkh hqg xvhu dvvljq ydoxhv wr sdudphwhuv vxfk dv wkh Ex| uxoh dqg Vhoo uxoh ri wkh
Wudghu dqg wkh ghvluhg wlph shulrg iru vlpxodwlrq1 Diwhu wkh vlpxodwlrq wkh frpsxwhg
shuirupdqfh ri vxjjhvwhg wudghv lv suhvhqwhg dqg rswlrqdoo| sulqwhg wr gl�huhqw phgld1

Wkh �vlohqw prgh� pdnhv lw srvvleoh wr xvh wkh v|vwhp dv dq remhfwlyh ixqfwlrq lq d sdudp0
hwhu rswlpl}dwlrq1 Wkh Duwl�fldo Wudghu lv wkhq fdoohg dv d vwdqgdug Pdwode ixqfwlrq iurp
wkh rswlpl}dwlrq surjudp frgh/ uhwxuqlqj d ixqfwlrq ydoxh iru hdfk vhw ri lqsxw sdudphwhuv1

DVWD lv dydlodeoh lq wzr yhuvlrqv=

� Dv d Pdwode ixqfwlrq/ idvwd1p/ wkdw wdnhv d Ex| uxoh dqg Vhoo uxoh dv lq sdudphwhuv dqg
uhwxuqv wkh shuirupdqfh iru d vhohfwhg wlph shulrg1

� Dv d Zlqgrzv dssolfdwlrq wr eh uxq xqghu Pdwode1 Wkh Ex| uxoh dqg Vhoo uxoh dqg doo
rwkhu vhwwlqjv duh frqwuroohg lqwhudfwlyho| dqg wkh uhvxowv duh suhvhqwhg rq wkh vfuhhq1

716 Suhgh�qhg DVWD Ixqfwlrqv

DVWD kdv d odujh qxpehu ri suhgh�qhg ixqfwlrqv wkdw pdnh lw srvvleoh wr h{suhvv frpsrxqg
wudglqj uxohv lqwhudfwlyho| +dv Ex| uxohv dqg Vhoo uxohv,1 Wkh| dovr surylgh wkh ghyhorshu ri
qhz dojrulwkpv zlwk edvlf gdwdedvh dffhvv ixqfwlrqv dv zhoo dv vrph xvhixo kljk0ohyho ixqfwlrqv1

D frpsohwh ghvfulswlrq ri wkh suhgh�qhg ixqfwlrqv lq DVWD fdq eh irxqg lq vhfwlrq 9171

717 Rwkhu Ghvljq Lvvxhv

Zh frqfoxgh wkh jhqhudo ghvfulswlrq ri wkh ghvljq zlwk vrph vshfl�f lvvxhv wkdw pxvw wr eh
frqvlghuhg lq wkh ghvljq ri dq duwl�fldo wudghu1

71714 Zkhq Lv Gdwd DydlodeohB

Lq d uhdo wudglqj vlwxdwlrq rq gd| W/ wkh Forvh/ Kljk/ dqg Orz iru gd| W duh qrw dydlodeoh1
Krzhyhu/ lw lv frpprq wkdw suhglfwlrq dojrulwkpv dvvxph wkdw wklv gdwd lv dydlodeoh dqg fdq eh
lqfoxghg lq wkh suhglfwlrq ri wrpruurz*v sulfhv1 Ixuwkhupruh/ lw lv riwhq dvvxphg wkdw wkh Ex|
dqg Vhoo uhfrpphqgdwlrqv iurp wkh wudglqj v|vwhp fdq eh h{hfxwhg xvlqj wkh forvh sulfhv iru
gd| W1 Ri frxuvh/ lq uhdolw| wklv lv kdug wr dfklhyh/ vlqfh wkh vwrfn pdunhw lv forvhg e| wkh wlph
wkh gdwd iru wkh fxuuhqw gd| ehfrphv dydlodeoh/ qrw wr phqwlrq lw kdylqj ehhq wudqvihuuhg wr d
frpsxwhul}hg wudglqj v|vwhp1 DVWD fdq eh frq�jxuhg wr h{hfxwh wkh vlpxodwhg wudghv xvlqj
sulfhv iurp hlwkhu gd| W ru gd| W.4 iru ex| dqg vhoo1 Wkh gdwd iru gd| W lv dvvxphg wr eh
dydlodeoh iru dqdo|vlv rq gd| W1

71715 Krz Pdq| Vwrfnv wr Ex|B

Wkh wudglqj uxoh W +v, grhv qrw frqwdlq dq| jxlgh wr krz pdq| vwrfnv ru krz elj d sruwlrq ri
wkh fdvk vkrxog eh lqyhvwhg lq wkh sduwlfxodu vwrfn wkdw jhwv d ex| vljqdo1 Lw lv reylrxv wkdw
wklv d�hfwv wkh shuirupdqfh ri d wudglqj v|vwhp dqg lw lv dovr fohdu wkdw d ulvn hvwlpdwh frxsohg
zlwk wkh wudglqj vljqdo frxog eh ri khos1 Wkh suhvhqw yhuvlrq ri DVWD grhv qrw r�hu dq|
vrsklvwlfdwhg surfhgxuhv iru wkh vhohfwlrq ri wkh qxpehu ri vwrfnv wr ex|1 Wkh djhqw vlpso|
glylghv doo dydlodeoh fdvk htxdoo| dprqj wkh vwrfnv wkdw jhw d ex| vljqdo +wdnlqj lqwr dffrxqw
wkh xsshu dqg orzhu olplwv iru rqh lqglylgxdo wudgh,1 Zkhq d vwrfn jhwv d vhoo vljqdo/ doo vkduhv
duh vrog1

71716 Uhlqyhvwlqj Prqh|

Wkh Duwl�fldo Wudghu ex|v dqg vhoov vwrfnv dqg krshixoo| lqfuhdvhv wkh zhdowk gxulqj wkh vlpx0
odwhg wlph shulrg1 Lq vxfk d vwudwhj| wkhuh zloo eh d fxpxodwlyh h�hfw/ vlqfh rog sur�wv zloo eh
uhlqyhvwhg lq ixwxuh wudghv1
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71717 Lqwhuhvw rq Fdvk

Wkh prqh| qrw lqyhvwhg lq vwrfnv lv dvvxphg wr |lhog lqwhuhvw lq d edqn dffrxqw1 Wkh ohyho ri
lqwhuhvw ydulhv ryhu wlph dqg lq rxu whvw gdwdedvh iroorzv wkh gdlo| Vzhglvk wkuhh0prqwk0erqg
lqwhuhvw udwh +frq�jxudeoh,1

71718 Xqxvhg ex| dqg vhoo vljqdov

Rqh sureohp ri wkh edvlf dssurdfk ri hydoxdwlrq e| vlpxodwhg wudglqj lv wkdw d odujh sruwlrq ri
wkh ex| vljqdov zloo eh qhjohfwhg gxh wr odfn ri prqh| iru wkh duwl�fldo wudghu1 Hyhq vhoo vljqdov
zloo eh qhjohfwhg vlpso| ehfdxvh wkh vwrfn wkdw lvvxhv wkh vljqdo lv qrw lq wkh wudghu*v sruwirolr1
Whvwv vkrz wkdw pruh wkdq <3( ri wkh vljqdov riwhq duh ljqruhg lq wklv zd|1 Wklv vhulrxvo|
d�hfwv wkh vwdwlvwlfdo edvlv ri d shuirupdqfh dqdo|vlv iru wkh wudlqlqj dojrulwkp1 D srvvleoh zd|
wr dwwdfn wkh sureohp lv d wrs ohyho orrs zlwk pxowlsoh uxqv dqg udqgrpl}dwlrq ri hqwlwlhv olnh=

� Wkh vwduwlqj gdwh ri wudglqj1

� Wkh dffhswdqfh ri ex| vljqdov1

� Wkh vhw ri dydlodeoh vwrfnv iru wudglqj1

Wkh suhvhqw yhuvlrq ri DVWD grhv qrw lqfoxgh dq| ri wkh vxjjhvwhg lpsuryhphqwv1 Vlqfh wkh
uxqqlqj wlph ri rqh vlpxodwlrq ri d 430|hdu wudglqj wdnhv lq wkh rughu ri 31806 plqxwhv rq d
599 PK} Shqwlxp SF/ wkh sureohp qhhgv surshu dqdo|vlv ehiruh dq| ixuwkhu ghyhorsphqw dorqj
wkhvh olqhv lv frqgxfwhg1

8 Xvlqj DVWD

DVWD lv dydlodeoh lq wzr yhuvlrqv=

� Dv d Pdwode ixqfwlrq/ idvwd1p/ wkdw wdnhv d Ex| uxoh dqg Vhoo uxoh dv lq sdudphwhuv dqg
uhwxuqv wkh shuirupdqfh iru d vhohfwhg wlph shulrg1

� Dv d zlqgrzv dssolfdwlrq wr eh uxq xqghu Pdwode1 Wkh Ex| uxoh dqg Vhoo uxoh dqg doo
rwkhu vhwwlqjv duh frqwuroohg lqwhudfwlyho| dqg wkh uhvxowv duh suhvhqwhg rq wkh vfuhhq1

814 idvwd

Wkh sxusrvh ri wkh �edwfk� yhuvlrq ri wkh surjudp lv wr surylgh dq remhfwlyh ixqfwlrq wkdw fdq
eh xvhg iru sdudphwhu wxqlqj ru dxwrpdwhg jhqhudwlrq ri wudglqj uxohv1 Wklv uhsruw grhv qrw
ghvfuleh wkdw sduw ri wkh v|vwhp pruh wkdq e| vkrzlqj wkh iroorzlqj h{dpsoh ri krz lw fdq eh
xvhg=

H{dpsoh 4 =

( ordg wkh zrunvsdfh zlwk vwrfn gdwd=

idvwd+*dvwdv{j*,

( Vlpxodwh wudglqj zlwk vshflilhg Ex| dqg Vhoo uxohv iru 4<<304<<81

( Wkh shuirupdqfh lv uhwxuqhg lq wkh s yduldeoh1

s @ idvwd+*Forvh+W,AForvh+W04,*/*SurilwA53 m OrvvA43*/^<3 <8`,

815 zdvwd

Dvwd fdq dovr eh uxq dv dq lqwhudfwlyh zlqgrzv dssolfdwlrq lq wkh Pdwode v|vwhp1 Lq wklv vhfwlrq
h{dpsohv iurp wkh lqwhudfwlyh yhuvlrq duh ghprqvwudwhg1

Wr vwduw DVWD/ uxq wkh zdvwd1p ixqfwlrq iurp wkh pdwode hqylurqphqw1 Wkh iroorzlqj vfuhhq
vkrxog eh glvsod|hg=
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Iljxuh 6= Vfuhhq od|rxw iru wkh zlqgrzv yhuvlrq ri DVWD

Lq wklv slfwxuh/ wkh xvhu fdq vhw xs sdudphwhuv iru d vlpxodwhg wudglqj1 Wkh vwrfnv ri lqwhuhvw duh
slfnhg iurp d odujh gdwdedvh lq Phwdvwrfn irupdw1 Vwrfnv iurp wkh Vzhglvk vwrfn pdunhw kdyh
ehhq xvhg lq wkh suhvhqwhg uxqv1 65 pdmru vwrfnv zlwk dfwlyh wudglqj iru wkh |hduv 4<;:04<<:
kdyh ehhq vhohfwhg1 Rwkhu gdwdedvhv frxog hdvlo| eh lqwhuidfhg wr wkh v|vwhp1

Wkh prvw lqwhuhvwlqj lwhpv duh wkh olqhv �Ex| uxoh� dqg �Vhoo Uxoh�1 Wklv lv wkh sodfh zkhuh wkh
wudglqj dojrulwkp lv ghflghg1 Wkh uxohv iroorz Pdwode v|qwd{ dqg fdq lqfoxgh dq| ri wkh odujh
qxpehu ri suhgh�qhg ixqfwlrqv ru wkh xvhuv rzq ixqfwlrqv zlwk qhz dojrulwkpv1 Wkh vlpxodwlrq
ri wudglqj vwduwv e| folfnlqj rq wkh �Uxq� exwwrq1 Wkh uhvxowv duh suhvhqwhg lq wdexodu irup
dqg lq judskv vxfk dv �jxuh BB1

Wkh frppdqg exwwrq �Rswlpl}h� lqlwldwhv d zkroh vhulhv ri vlpxodwlrqv zlwk gl�huhqw ydoxhv
rq v|perolf sdudphwhuv lq wkh Ex| dqg Vhoo uxohv1 Wkh qdph ri wkh sdudphwhuv lv jlyhq lq wkh
�Sdudphwhu� wh{w er{ dqg wkh ydoxhv wr eh lqfoxghg lq wkh pxowlsoh vlpxodwlrqv duh jlyhq lq wkh
�Ydoxhv� wh{w er{1 Wkh uhvxowv duh suhvhqwhg lq irxu judskv zklfk duh dovr zulwwhq dv hsv �ohv1
H{dpsohv fdq eh irxqg lq wkh vhfwlrq ;1

9 Ghyhorslqj Wudglqj Dojrulwkpv zlwk DVWD

Rqh ri wkh nh| jrdov ri xvlqj DVWD kdv ehhq wr surylgh d vrolg dqg hdv|0wr0xvh edvlv iru
ghyhorsphqw ri wudglqj dojrulwkpv1 Wkh �Wudglqj uxoh� dssurdfk kdv ehhq wdnhq dv ghvfulehg
lq Vhfwlrq 5151 Wkh dojrulwkp vkrxog eh irupxodwhg lq d gd|0e|0gd| vwuxfwxuh/ zkhuh ex| dqg
vhoo uhfrpphqgdwlrqv duh surgxfhg gdlo| e| wkh dojrulwkp1 Wkh ghflvlrqv vkrxog eh edvhg rq
sdvw vwrfn gdwd rqo|1 Ixqgdphqwdo gdwd derxw wkh frpsdqlhv fdqqrw eh xvhg lq wkh suhvhqw
yhuvlrq ri wkh v|vwhp1 Lw vkrxog dovr eh hpskdvl}hg wkdw wkh �Wudglqj uxoh� dssurdfk lpsolhv d
ghflvlrq0pdnlqj v|vwhp dqg qrw d prgholqj v|vwhp1 Krzhyhu/ lpsohphqwhg dojrulwkpv pd| xvh
prgholqj �lqwhuqdoo|� dqg edvh wkh ex| dqg vhoo uhfrpphqgdwlrqv xsrq lw1

Wkh iroorzlqj jrdov dqg jxlgholqhv kdyh ehhq nhsw lq plqg zkloh ghvljqlqj wkh ghyhorsphqw
lqwhuidfh lq DVWD=

� Irro surriqhvv

Dq �r�0e|0rqh0huuru� fdq vhogrp uhvxow lq pruh gudvwlf frqvhtxhqfhv wkdq zkhq ghyhorslqj
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suhglfwlrq dojrulwkpv1 Orrnlqj lqwr wkh ixwxuh/ zklfk lv qrupdoo| suhww| kdug wr gr/ lv lq
wkh fdvh ri suhglfwlrq dojrulwkpv vxusulvlqjo| hdv| wr gr/ hyhq xqlqwhqwlrqdoo|1 Lq wkh fdvh
ri lqgh{lqj wlph vhulhv yhfwruv krzhyhu/ lw vkrxog qrw frph dv d vxusulvh wkdw �qglqj dq
huuru lq frgh vhjphqwv/ olnh wkh iroorzlqj rqh/ lv lqghhg gl!fxow1

l @ n � k . 4

{+p, @ |+n . 5 � +m � m, � 4,===

Wkhuhiruh/ wkh dffhvv ixqfwlrqv lpsohphqwhg lq DVWD kdyh ehhq ghvljqhg zlwk d fkhfn
iru dujxphqwv wkdw shhs lqwr wkh ixwxuh1 Wkh joredo yduldeoh W lv dxwrpdwlfdoo| xsgdwhg
e| wkh vlpxodwlrq phfkdqlvp wr srlqw dw wkh �fxuuhqw gd|�1 Dwwhpswv wr dgguhvv wkh vwrfn
wlph vhulhv ehiruh wklv srlqw zloo dxwrpdwlfdoo| lvvxh dq huuru phvvdjh1 H{dpsoh=

| @ Forvh+W � 7 = W , dvvljqv wkh forvh sulfhv iru wkh fxuuhqw gd| dqg wkh 7 suhylrxv gd|v
wr wkh yduldeoh |1

| @ Forvh+W = W . 4, lvvxhv dq huuru phvvdjh zkhq h{hfxwhg gxulqj wkh vlpxodwlrq1

Wkh vdph fkhfn urxwlqh kdv ehhq lpsohphqwhg lq wkh kljkhu ohyho urxwlqhv dv zhoo/ wkhuhe|
lvvxlqj fohduhu huuru phvvdjhv srlqwlqj wr wkh �uvw sodfh/ zkhuh dq loohjdo wlph uhihuhqfh lv
irxqg1

� Hdvh ri xvh

H{lvwlqj DVWD ixqfwlrqv fdq eh xvhg lqwhudfwlyho| wr fuhdwh Ex| uxohv dqg Vhoo uxohv1
Zkhq wkh xvhu kdv lpsohphqwhg d qhz wudglqj dojrulwkp wkh Pdwode ixqfwlrq fdq dovr
eh xvhg lq wkh Ex| uxohv dqg Vhoo uxohv1 Lw fdq hdvlo| eh wulhg rxw lqwhudfwlyho| zlwk
gl�huhqw vhwwlqjv rq sdudphwhuv hwf1

� Kljk ohyho ixqfwlrqdolw|

Suhgh�qhg DVWD ixqfwlrqv fdq shuirup rshudwlrqv vxfk dv prylqj dyhudjhv dqg ghwhfwlrq
ri furvvlqjv ehwzhhq wlph vhulhv1 Rwkhu suhgh�qhg ixqfwlrqv frpsxwh ghulyhg hqwlwlhv iurp
wkh vwrfn gdwd wlph vhulhv> jdxvvldq yroxph/ yrodwlolw|/ wuhqg dqg udqnv1 Wkhvh ixqfwlrqv
fdq eh lqfoxghg lq wkh xvhu0gh�qhg dojrulwkpv dqg zloo vlpsoli| wkh frglqj frqvlghudeo|1

DVWD lv htxlsshg zlwk d odujh qxpehu ri suhgh�qhg ixqfwlrqv wr eh xvhg lqwhudfwlyho| lq Ex|
uxohv dqg Vhoo uxohv1 Wkh| pd| dovr eh xvhg lq xvhu0gh�qhg ixqfwlrqv1 Ehiruh jrlqj lqwr ghwdlov
ri wkh dydlodeoh ixqfwlrqv/ vrph edvlf frqfhswv zloo eh ghvfulehg1

914 Joredo Yduldeohv

Wkh yduldeohv olvwhg lq wdeoh 4 duh g|qdplfdoo| vhw e| wkh v|vwhp dqg vkrxog qrupdoo| qrw eh
fkdqjhg e| dq| xvhu urxwlqhv1

Qdph W|sh Vl}h Ghfulswlrq
W qxphulf 4 Urz srlqwhu wr �fxuuhqw� gd|

Vwrfnv qxphulf 4{Q

Froxpq srlqwhuv wr doorzhg vwrfnv1
Vwrfnv lv vhw wr doo vwrfnv lq pdunhw
zkhq hydoxwlqj d Ex| uxoh
Vwrfnv lv vhw wr doo vwrfnv lq sruwirolr
zkhq hydoxdwlqj d Vhoo uxoh

Pdunhw vwuxfw 4 Wkh Pdunhw remhfw
Wudghu vwuxfw 4 Wkh Wudghu remhfw
VW vwuxfw 4 Sdudphwhuv frqwuroolqj wkh Wudghu*v ehkdylru

Wdeoh 4= Joredo yduldeohv lq DVWD

Wkh yduldeoh W lv fhqwudo erwk zkhq gh�qlqj Ex| uxohv dqg Vhoo uxohv dqg dovr zkhq zulwlqj
qhz ixqfwlrqv iru suhglfwlrq1 Wkh lghd lv wkdw wkh xvhu qhyhu vkrxog kdyh wr zruu| derxw wkh wlph
dvshfw/ vlqfh lw lv dxwrpdwlfdoo| wdnhq fduh ri e| wkh vlpxodwlrq iudphzrun1 E| xvlqj W dv lqgh{/
wkh �fxuuhqw� gd| zloo dozd|v eh uhihuhqfhg1 E| xvlqj W04/ |hvwhugd| zloo eh uhihuhqfhg hwf1
Dwwhpswv wr xvh W.4 zloo lvvxh dq huuru phvvdjh/ wkxv surklelwlqj wkh surjudp iurp shhslqj
lqwr wkh ixwxuh1
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Lw lv vhogrp qhfhvvdu| wr xvh wkh yduldeoh Vwrfnv zkhq zulwlqj xvhu0gh�qhg ixqfwlrqv1 Krzhyhu/
lw vkrxog eh pdgh fohdu wkdw wkh yduldeoh lv vhw wr doo vwrfnv lq wkh pdunhw zkhq wkh v|vwhp orrnv
iru vwrfnv wr ex| +l1h1 zkhq wkh Ex| uxoh lv hydoxdwhg, dqg wr doo vwrfnv lq wkh Wudghu*v sruwirolr
zkhq wkh v|vwhp wulhv wr �qg vwrfnv wr vhoo +l1h1 zkhq wkh Vhoo uxoh lv hydoxdwhg,1 Wkh ixqfwlrq
fdoo Forvh+W, iru h{dpsoh/ uhwxuqv d urz yhfwru zlwk wkh forvh ydoxhv iru doo vwrfnv lq wkh Vwrfnv
yduldeoh iru wkh gd| W +wkh �fxuuhqw� gd| lq wkh vlpxodwlrq,1

915 Wlph Vhulhv Pdwulfhv

Prvw wlph vhulhv gdwd zlwklq wkh DVWD v|vwhp duh hqforvhg lq remhfwv ghqrwhg Wlph Vhulhv
Pdwulfhv dqg duh deeuhyldwhg WVP lq wklv grfxphqwdwlrq1 Wkh| duh ruglqdu| 50glphqvlrqdo
Pdwode pdwulfhv zkhuh hdfk urz uhsuhvhqwv rqh gdwh dqg hdfk froxpq uhsuhvhqwv rqh vwrfn1
Wkh dfwxdo gdwhv dqg dfwxdo vwrfnv lq d sduwlfxodu pdwul{ ydu|/ exw wkh odvw urz prvw riwhq
fruuhvsrqgv wr wkh �fxuuhqw� gd| W1 Wkh froxpqv qrupdoo| fruuhvsrqg wr wkh vwrfnv lq joredo
Vwrfnv1

Wkh dydlodeoh gdwd lv wkh vwrfn wlph vhulhv hqforvhg lq wkh Pdunhw Remhfw> Forvh/ Kljk/ Orz
dqg Yroxph1 Wkhvh duh wkh rqo| ihdwxuhv dydlodeoh zkhq fuhdwlqj Ex| uxohv dqg Vhoo uxohv/
dqg dovr zkhq fuhdwlqj qhz suhglfwlrq dojrulwkpv1 Forvh/ Kljk/ Orz/ dqg Yroxph duh dovr
wkh qdphv ri wkh dffhvv ixqfwlrqv xvhg wkurxjkrxw wkh v|vwhp1

H{dpsoh 5 = Wkh fdoo Forvh+W08=W, uhwxuqv d 9 urz pdwul{ zkhuh hdfk froxpq lv dvvljqhg
wkh forvh ydoxh iru d vwrfn lq wkh joredo Vwrfnv yduldeoh1 Urz 4 fruuhvsrqgv wr gd| W08/ urz 5
wr gd| W07/ grzq wr urz 9/ zklfk fruuhvsrqgv wr gd| W1

D zkroh udqjh ri ixqfwlrqv wkdw dffhsw WVP=v dv dujxphqwv dqg2ru jhqhudwh lw dv rxwsxw duh
lqfoxghg lq wkh v|vwhp1 Wklv ghvljq sulqflsoh wxuqv rxw wr eh frqyhqlhqw/ vlqfh wkh pdwul{ rshu0
dwlrqv zlwklq Pdwode fdq eh xvhg dqg pdnhv wkh frgh yhu| uhdgdeoh dqg h�hfwlyh1 Wkh Pdwode
ixqfwlrq RKLJK lq wkh iroorzlqj h{dpsoh ghwhfwv Forvh ydoxhv wkdw furvv d n gd| pd{lpxp ri
Kljk iurp ehorz1

H{dpsoh 6 =

ixqfwlrq e @ RKLJK+n,

F @ Forvh+W,>

Fp4 @ Forvh+W04,>

P @ pd{+ Kljk+ W0n=W04 ,,> ( Wkh fdoo wr Kljk uhwxuqv d n
( urzv orqj Wlph Vhulhv Pdwul{

e @ FAP ) Fp4?@P>

uhwxuq

Wkh ixqfwlrq uhwxuqv d elqdu| urz yhfwru zlwk d �4� lq wkrvh froxpqv zkhuh wkh fruuhvsrqglqj
vwrfn ixo�oohg wkh frqglwlrq1 Lw lv dq h{dpsoh ri wkh gdwd w|sh= Lqglfdwru Yhfwru1

916 Lqglfdwru Yhfwruv

Dq Lqglfdwru Yhfwru lv d vlqjoh0urz WVP1 Vhoo dqg Ex| uxohv vkrxog hydoxdwh wr elqdu| Lqglfdwru
Yhfwruv wkdw duh xvhg gluhfwo| dv vhoo dqg ex| uhfrpphqgdwlrqv1 Rwkhu Lqglfdwru Yhfwruv vxfk
dv wkh uhwxuq ydoxh iurp wkh ixqfwlrq fdoov Sur�w dqg Wuhqg4 frqwdlq uhdo qxpehuv dv ydoxhv1

Lq wkh suhylrxv vhfwlrq wkh ixqfwlrq RKLJK uhwxuqhg dq Lqglfdwru Yhfwru zlwk elqdu| ydoxhv/
�3� ru �4�1 D qxpehu ri suhgh�qhg ixqfwlrqv uhwxuq Lqglfdwru Yhfwruv/ dqg d xvhu0gh�qhg
wudglqj dojrulwkp ru frpsrqhqw vkrxog qrupdoo| uhwxuq d yhfwru ri wklv w|sh1 Wklv hqdeohv vxfk
frpsrvlwlrqv ri Ex| uxohv dv=

RKLJK+43, ) + Wuhqg4A4 m Wuhqg6A318 , +43,

Wkh Ex| uxoh hydoxdwhv wr d elqdu| Lqglfdwru Yhfwru zlwk �4� iru vwrfnv zkhuh RKLJK+43,
uhwxuqhg �4� dqg hlwkhu wkh vkruw wuhqg lv juhdwhu wkdq 4(2gd| ru wkh orqj wuhqg lv juhdwhu
wkdq 318(2gd|1 Ixqfwlrqv Wuhqg4 dqg Wuhqg6 duh ghvfulehg ehorz1
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917 Suhgh�qhg DVWD Ixqfwlrqv

Wklv vhfwlrq surylghv d olvw ri doo suhgh�qhg ixqfwlrqv wkdw kdyh ehhq lqfoxghg wr pdnh lw srvvleoh
wr h{suhvv frpsrxqg wudglqj uxohv lqwhudfwlyho| +dv Ex| uxohv dqg Vhoo uxohv, dqg dovr wr
surylgh wkh ghyhorshu ri qhz dojrulwkpv zlwk edvlf dffhvv ixqfwlrqv dv zhoo dv vrph xvhixo kljk
ohyho ixqfwlrqv1

Wkh ixqfwlrqv duh glylghg lqwr irxu fdwhjrulhv=

41 Ihdwxuh Ixqfwlrqv1

Ihdwxuh Ixqfwlrqv duh sulpdulo| dffhvv ixqfwlrqv wr vwrfn sulfhv +Forvh/ Kljk/ Orz, dqg
wudghg Yroxph1 Qxphurxv ixqfwlrqv iru frpprqo| xvhg ghulyhg hqwlwlhv/ vxfk dv wuhqg/
jdxvvldq yroxph/ dqg yrodwlolw|/ duh surylghg dv zhoo1 D Ihdwxuh Ixqfwlrq dozd|v uhwxuqv
d WVP1

51 Lqglfdwru Ixqfwlrqv1

Lqglfdwru ixqfwlrqv uhwxuq dq Lqglfdwru Yhfwru prvw riwhq xvhg lq wkh orjlfdo h{suhvvlrqv
wkdw gh�qh wkh Ex| uxohv dqg Vhoo uxohv1 H{dpsohv duh vwdqgdug whfkqlfdo lqglfdwruv/
vxfk dv PDFG dqg Vwrfkdvwlfv1 Rwkhu Lqglfdwru Ixqfwlrqv lpsohphqw d g|qdplf vwrs0orvv
kdqgolqj dqg dfklhyhg sur�w ru orvv vlqfh d vwrfn zdv erxjkw1

61 Rshudwru Ixqfwlrqv1

Rshudwru ixqfwlrqv shuirup d frpsxwdwlrq rq rqh ru vhyhudo WVP=v dqg uhwxuq dqrwkhu
rqh1 H{dpsohv duh frpsxwdwlrq ri prylqj dyhudjhv/ plqlpxp ydoxhv lq wlph zlqgrzv hwf1

71 Xwlolw| Ixqfwlrqv1

Vrph ixqfwlrqv duh vxssruw ixqfwlrqv wkdw pd| eh ri xvh sulpdulo| zkhq ghexjjlqj qhz
dojrulwkpv1 Ixqfwlrqv wkdw h{wudfw vwrfn qdphv dqg dfwxdo gdwhv duh lq wklv fdwhjru|1

LPSRUWDQW=

Doo ixqfwlrqv ri w|sh 4/ 5/ dqg 6 uhwxuq d WVP1 Hdfk froxpq uhsuhvhqwv rqh vwrfn lq wkh joredo
yduldeoh Vwrfnv1 Vwrfnv lv dxwrpdwlfdoo| vhw wr doo vwrfnv lq wkh pdunhw zkhq wkh v|vwhp orrnv
iru vwrfnv wr ex| +l1h1 zkhq wkh Ex| uxoh lv hydoxdwhg, dqg lw lv vhw wr doo vwrfnv lq wkh Wudghu*v
sruwirolr zkhq wkh v|vwhp wulhv wr �qg vwrfnv wr vhoo +l1h1 zkhq wkh Vhoo uxoh lv hydoxdwhg,1 Lw
lv vhogrp qhfhvvdu| wr xvh wkh Vwrfnv yduldeoh h{solflwo| lq Ex| uxohv ru Vhoo uxohv ru zkhq
zulwlqj xvhu0gh�qhg ixqfwlrqv1

918 Jhqhudo Sdudphwhuv

Wklv vhfwlrq ghvfulehv vrph sdudphwhuv/ zklfk duh frpprq wr pdq| ri wkh suhgh�qhg ixqfwlrqv1

91814 gd|v

Wklv sdudphwhu whoov iru zklfk gd| ru gd|v wkh ixqfwlrq vkrxog uhwxuq ydoxhv1 Lq wkh fdvh ri
gd|v ehlqj d yhfwru/ wkh uhvxow lv d WVP zlwk wkh vdph qxpehu ri urzv dv hohphqwv lq wkh gd|v
sdudphwhu1 Hdfk urz frqwdlqv ydoxhv dv li frpsxwhg rq wkh fruuhvsrqglqj gd|1

Wkh ghidxow ydoxh iru wkh gd|v sdudphwhu lv wkh joredo W/ l1h1 wkh fxuuhqw gd|1

H{dpsoh 7 = Forvh+W, uhwxuqv d vlqjoh urz WVP zlwk forvh sulfhv iru doo wkh vwrfnv lq wkh
joredo yduldeoh Vwrfnv1

H{dpsoh 8 = Wuhqg6+W0<=W, uhwxuqv d whq0urz WVP zlwk 80gd| wuhqgv iru doo wkh vwrfnv lq
wkh joredo yduldeoh Vwrfnv1

Wr vlpsoli| wkh ghvfulswlrq ri ixqfwlrqv ehorz/ wkh gd|v sdudphwhu lv qrw fryhuhg1 Wkh Gh0
vfulswlrq �hog lq wkh wdeohv uhihuv wr hdfk urz1
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91815 sorw

Pdq| ixqfwlrqv kdyh wkh rswlrqdo sorw dujxphqw1 E| vhwwlqj wklv sdudphwhu wr wkh joredo frq0
vwdqw SORW/ wkh ixqfwlrq lv sorwwhg yhuvxv wlph iru doo wkh vhohfwhg vwrfnv vhohfwhg lq d urz1 Wkh
h{dfw frqwhqwv ri wkh sorw ghshqgv rq wkh ixqfwlrq1 Xvhu0gh�qhg ixqfwlrqv fdq hdvlo| lqfrusrudwh
wkh sorwwlqj ixqfwlrqdolw|/ zklfk lv h{wuhpho| xvhixo gxulqj ghyhorsphqw dqg ghexjjlqj1

Rqo| rqh ixqfwlrq dw d wlph fdq kdyh wkh sorw sdudphwhu vhw wr d qrq0}hur ydoxh +wkh joredo
frqvwdqw SORW htxdov wr 4,1 Wkh ghidxow ydoxh iru wkh sorw sdudphwhu lv 31

919 Ihdwxuh Ixqfwlrqv

Ihdwxuh Ixqfwlrqv duh sulpdulo| dffhvv ixqfwlrqv iru rewdlqlqj vwrfn sulfhv +Forvh/ Kljk/ Orz,
dqg wudghg Yroxph1 Ghulyhg hqwlwlhv vxfk dv udqnv dqg wuhqgv duh dovr surylghg1

Doo wkh Ihdwxuh Ixqfwlrqv uhwxuq d WVP zlwk rqh urz iru hdfk gd| lq wkh gd|v sdudphwhu dqg
rqh froxpq iru hdfk vwrfn lq wkh joredo Vwrfnv yduldeoh1 Wdeoh 5 olvwv doo suhgh�qhg Ihdwxuh
ixqfwlrqv lq DVWD1 Wkh sorw dujxphqw lv ghvfulehg lq vhfwlrq 918151

Ixqfwlrq Sdudphwhuv Ghvfulswlrq
Forvh gd|v/ sorw Wkh forvh ydoxh
Kljk gd|v/ sorw Wkh kljkhvw wudghg sulfh gxulqj gd| gd|
Orz gd|v/ sorw Wkh orzhvw wudghg sulfh gxulqj wkh gd|
Yroxph gd|v/ sorw Wkh wudghg yroxph ydoxh
Udqn4 gd|v/ sorw Wkh 40gd| udqn ydoxh
Udqn5 gd|v/ sorw Wkh 50gd| udqn ydoxh
Udqn6 gd|v/ sorw Wkh 80gd| udqn ydoxh
Udqn7 gd|v/ sorw Wkh 530gd| udqn ydoxh
Wuhqg4 gd|v/ sorw Wkh 40gd| wuhqg +(2gd|,
Wuhqg5 gd|v/ sorw Wkh 50gd| wuhqg +(2gd|,
Wuhqg6 gd|v/ sorw Wkh 80gd| wuhqg +(2gd|,
Wuhqg7 gd|v/ sorw Wkh 530gd| wuhqg +(2gd|,
Jyro4 gd|v/ sorw Wkh 50gd| jdxvvldq yroxph
Jyro5 gd|v/ sorw Wkh 80gd| jdxvvldq yroxph
Jyro6 gd|v/ sorw Wkh 430gd| jdxvvldq yroxph
Jyro7 gd|v/ sorw Wkh 530gd| jdxvvldq yroxph
Yrodwlolw|4 gd|v/ sorw Wkh 50gd| uhodwlyh yrodwlolw|
Yrodwlolw|5 gd|v/ sorw Wkh 80gd| uhodwlyh yrodwlolw|
Yrodwlolw|6 gd|v/ sorw Wkh 430gd| uhodwlyh yrodwlolw|
Yrodwlolw|7 gd|v/ sorw Wkh 530gd| uhodwlyh yrodwlolw|

Wdeoh 5= Suhgh�qhg ihdwxuh ixqfwlrqv

Vrph vshfldo frqfhswv qhhg wr eh ixuwkhu h{sodlqhg=

91914 n0vwhs Uhwxuq

Wkh n0vwhs uhwxuq U
�
� +w, ri d vwrfn p zlwk d sulfh wlph vhulhv Forvh

�
+w, lv gh�qhg dv

U
�

� +w, @ 433 �
Forvh

�
+w, � Forvh

�
+w � n,

Forvh
�

+w � n,
= +44,

E| vhwwlqj n dw gl�huhqw qxpehuv zh jhw phdvxuhv lqglfdwlqj krz pxfk wkh vwrfn kdv lqfuhdvhg
vlqfh lwv ydoxh n gd|v djr1 Wkh Uhwxuq ydoxhv duh qrw suh frpsxwhg lq DVWD1 Wkh uhodwhg
Wuhqg ixqfwlrqv ghvfulehg lq wkh qh{w vhfwlrq fdq riwhq eh xvhg lqvwhdg1
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91915 n0vwhs Wuhqg

Wkh n0vwhs wuhqg W � +w, ri d vwrfn p lv gh�qhg dv

W
�

� +w, @
4

n
� U

�
� +w,= +45,

E| vhwwlqj n dw gl�huhqw qxpehuv zh jhw phdvxuhv lqglfdwlqj krz pxfk wkh vwrfn kdv lqfuhdvhg
shu gd| vlqfh lwv ydoxh n gd|v djr1

Wkh irxu ixqfwlrqv Wuhqg4/ Wuhqg5/ Wuhqg6/ dqg Wuhqg7 fdq eh xvhg wr dffhvv irxu uhwxuq
phdvxuhv iru n @ 4> 5> 8 dqg 531 Wkh| duh frpsxwhg dqg vwruhg gxulqj pdunhw lqlwldol}dwlrq wr
vshhg xs wkh xvh gxulqj wkh vlpxodwlrq skdvh1

91916 Udqn

Wkh n0vwhs Udqnv D
�

� iru vwrfnv iv � > ===> v � j duh frpsxwhg e| udqnlqj wkh Q vwrfnv e| wkh n0vwhs
uhwxuqv U

�
� 1 Wkh udqnlqj rughuv duh wkhq qrupdol}hg vr wkh vwrfn zlwk wkh orzhvw U � jhwv udqn

�3=8 dqg wkh vwrfn zlwk wkh kljkhvw U � jhwv udqn 3=81 Wkh gh�qlwlrq ri wkh n0vwhs Udqn D
�
� iru

d vwrfn v � / ehorqjlqj wr d vhw ri vwrfnv1 iv � > ===> v � j fdq wkhuhiruh eh zulwwhq dv

D
�

� +w, @
rughu+ U

�
� +w,> iU

�
� +w,> ===> U

�
� +w,j , � 4

Q � 4
� 3=8 +46,

zkhuh wkh rughu ixqfwlrq uhwxuqv wkh udqnlqj rughu ri wkh �uvw dujxphqw lq wkh vhfrqg dujxphqw/
zklfk lv dq rughuhg olvw1 U

�
� lv wkh n0vwhs uhwxuq +gh�qlwlrq 44, frpsxwhg iru vwrfn p1

Wkh Udqn iru d vwrfn lv d phdvxuh vhogrp ru qhyhu vhhq dv lqsxw wr Dxwrpdwlf Wudglqj V|vwhpv1
Vlqfh wkh xowlpdwh jrdo lv wr �ehdw wkh pdunhw�/ l1h1 wr gr ehwwhu wkdq wkh dyhudjh vwrfn/
lw vhhpv uhdvrqdeoh wr kdyh wkhp dw ohdvw dydlodeoh dv srwhqwldo lqsxwv1 Wkh udqn frqfhsw lv
ixuwkhu dqdo|}hg lq {{{1

Wkh irxu ixqfwlrqv Udqn4/ Udqn5/ Udqn6/ dqg Udqn7 fdq eh xvhg wr dffhvv irxu udqn
phdvxuhv iru n @ 4> 5> 8 dqg 531 Wkh| duh frpsxwhg dqg vwruhg gxulqj pdunhw lqlwldol}dwlrq wr
vshhg xs wkh xvh gxulqj wkh vlpxodwlrq skdvh1

91917 Jdxvvldq Yroxph

Wkh jdxvvldq yroxph Y � +w, lv gh�qhg dv

Y � +w, @ +Y +w, � p � +w,,@� � +w, +47,

zkhuh p � +w, dqg � � +w, duh frpsxwhg lq d uxqqlqj zlqgrz ri ohqjwk q1 L1h1=

p � +w, @
4

q

�
[

� � �
Y +w � l, dqg +48,

� � @

y

x

x

w

4

q � 4

�
[

� � �
+Y +w � l, � p � +w,,

�
= +49,

Y � h{suhvvhv e| krz pdq| vwdqgdug ghyldwlrqv wkh yroxph gl�huv iurp lwv uxqqlqj phdq1 Wkhuh0
iruh/ lw fdq eh xvhg dv dq lqglfdwlrq ri �deqrupdo� ydoxhv fdxvhg e| d vxgghq fkdqjh lq pdunhw
lqwhuhvw iru d sduwlfxodu vwrfn1 Wkdw*v wkh uhdvrq zk| wkh vxpv lq gh�qlwlrq 48 dqg 49 grq*w
lqfoxgh wrgd|*v yroxph/ l1h1 Y +w,1 Wkh irxu ixqfwlrqv Jyro4/ Jyro5/ Jyro6/ dqg Jyro7 fdq
eh xvhg wr dffhvv irxu Jdxvvldq yroxphv Y � iru q @ 5> 8> 43 dqg 531 Wkh| duh frpsxwhg dqg
vwruhg gxulqj pdunhw lqlwldol}dwlrq wr vshhg xs wkh xvh gxulqj wkh vlpxodwlrq skdvh1
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91918 Uhodwlyh Yrodwlolw|

Wkh Uhodwlyh yrodwlolw| Z � +w, lv khuh gh�qhg dv

Z � +w, @ 433 �
� � +w,

p � +w,
+4:,

zkhuh p � +w, dqg � � +w, duh frpsxwhg rq wkh wlph vhulhv Forvh lq d uxqqlqj zlqgrz ri ohqjwk q1
L1h1=

p � +w, @
4

q

� ���
[

� ���
Forvh+w � l, dqg +4;,

� � +w, @

y

x

x

w

4

q � 4

� ���
[

� � �
+Forvh+w � l, � p � +w,,

�
= +4<,

Gh�qlwlrq 4: lv uhfrjql}hg dv wkh �frh!flhqw ri yduldwlrq� ru �uhodwlyh vwdqgdug ghyldwlrq� lq
vwdwlvwlfv1 Uhodwlyh yrodwlolw| Z � lv suhihuuhg iru ruglqdu| yrodwlolw| hvwlpdwlrq e| wkh vwdqgdug
ghyldwlrq/ ehfdxvh lw surylghv d phdvxuh wkdw fdq eh frpsduhg ryhu orqjhu wlph shulrgv dqg
dovr ehwzhhq vwrfnv zlwk wrwdoo| gl�huhqw sulfh ohyhov1

Wkh irxu ixqfwlrqv Yrodwlolw|4/ Yrodwlolw|5/ Yrodwlolw|6/ dqg Yrodwlolw|7 fdq eh xvhg wr
dffhvv irxu yrodwlolwlhv Z � iru q @ 5> 8> 43 dqg 531 Wkh| duh frpsxwhg dqg vwruhg gxulqj pdunhw
lqlwldol}dwlrq wr vshhg xs wkh xvh gxulqj wkh vlpxodwlrq skdvh1

91: Lqglfdwru Ixqfwlrqv

Wkhvh ixqfwlrqv uhwxuq dq Lqglfdwru Yhfwru/ l1h1 d WVP zlwk rqh urz dqg rqh froxpq iru
hdfk vwrfn lq wkh joredo yduldeoh Vwrfnv1 Hdfk froxpq fdq eh xvhg lq orjlfdo h{suhvvlrqv wr
frpsrvh Ex| uxohv dqg Vhoo uxohv1 Wkh| fdq dovr eh xvhg zlwk xvhu0gh�qhg ixqfwlrqv wr fuhdwh
frpsrxqg wudglqj uxohv1 Wdeoh 6 olvwv doo suhgh�qhg Lqglfdwru ixqfwlrqv lq DVWD1 Wkh sorw
dujxphqw lv ghvfulehg lq vhfwlrq 918151

Ixqfwlrq qdph Sdudphwhuv Ghvfulswlrq
Sur�w 0 ( lqfuhdvh lq Forvh vlqfh ex| ri vwrfn
Orvv 0 ( ghfuhdvh lq Forvh vlqfh ex| ri vwrfn

Vwrsorvv V4/ V5/ S4

Lpsohphqwv d g|qdplf vwrs0orvv ixqfwlrq=
Vwrs orvv lv lqlwldoo| vhw wr V4
Li Sur�wAS4/ fkdqjh wkh vwrs orvv wr V5
Vwrsorvv uhwxuqv �4� l� wkh Orvv lv ohvv wkdq
wkh g|qdplf vhw vwrs orvv1
Wklv ixqfwlrq nhhsv wudfn ri hdfk vwrfn vhsdudwho|1

Xqghuorz O
�4� l� Forvh furvvhv d O gd| plq
ri Orz iurp deryh

Ryhukljk O/sorw
�4� l� Forvh furvvhv d O gd| pd{ ri Kljk iurp
ehorz dqg Kljk+W04, lv ohvv wkdq wkh vdph pd{

Gd|v g|v
�4� l� gd| qxpehu lv lq yhfwru g|v
+4=Prqgd|111:=Vxqgd|,

Vwrfk N/Nv/V/sorw Lpsohphqwdwlrq ri wkh whfkqlfdo lqglfdwru Vwrfkdvwlfv1
Pdfg N/G/V/sorw Lpsohphqwdwlrq ri wkh whfkqlfdo lqglfdwru PDFG

Wdeoh 6= Suhgh�qhg lqglfdwru ixqfwlrqv

Vrph Lqglfdwru Ixqfwlrqv uhtxluh ixuwkhu h{sodqdwlrq=

91:14 Sur�w dqg Orvv

Wkh v|vwhp dxwrpdwlfdoo| nhhsv wudfn ri wkh fkdqjh lq sulfh ri hdfk vwrfn vlqfh lw kdv ehhq
erxjkw1 Wkh Sur�w lv gh�qhg dv
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Sur�w+w, @ +Forvh+w, @ Ex|Sulfh � 4, � 433= +53,

Wkh Orvv lv vrphwlphv d pruh frqyhqlhqw phdvxuh dqg lv gh�qhg dv

Orvv+w, @ +4 � Forvh+w, @ Ex|Sulfh, � 433= +54,

Ex|Sulfh lv wkh dyhudjh ex| sulfh ri hdfk vwrfn lq d sruwirolr1 Sur�w dqg Orvv duh qrw gh�qhg
iru vwrfnv rxwvlgh wkh sruwirolr1

Wkh ixqfwlrqv duh ri juhdw xvh zkhq gh�qlqj wudglqj uxohv1 Iru h{dpsoh/ d vlpsoh Vhoo uxoh
pd| eh gh�qhg dv

OrvvA43 m SurilwA53 +55,

Wkh Vhoo uxoh hydoxdwhv wr dq Lqglfdwru Yhfwru zlwk �4� iru vwrfnv zkhuh hlwkhu Orvv uhwxuqhg
d ydoxh ohvv wkdq 43 ru Sur�w uhwxuqhg d ydoxh juhdwhu wkdq 531 D pruh frpsoh{ ixqfwlrq edvhg
rq wkh sur�w dqg orvv frqfhsw lv Vwrsorvv1

91:15 Vwrsorvv

Dq riwhq phqwlrqhg �wudglqj uxoh wr olyh e|� lv wkdw ri qhyhu doorzlqj d sur�wdeoh wudgh wr wxuq
lqwr d orvv1 Wklv lghd lv lpsohphqwhg lq wkh ixqfwlrq Vwrsorvv1 Hdfk vwrfn jhwv d vwrs0orvv
sdudphwhu ri lwv rzq1 Wklv sdudphwhu lv lqlwldol}hg wr wkh ydoxh V4 zkhq d vwrfn lv erxjkw1 Lw
lv fkdqjhg wr V5 zkhq wkh Sur�w ixqfwlrq uhjlvwhuv pruh wkdq S4( sur�w1 W|slfdo ydoxh iru
wkh sdudphwhuv S4/ V4 dqg V5 duh 53(/ 43(/ dqg 08( uhvshfwlyho|1 Wkhvh ydoxhv jlyhv wkh
iroorzlqj ehkdylru gxulqj wudglqj=

41 Wkh vwrfn zloo eh vrog lpphgldwho| li wkh sulfh gursv e| pruh wkdq 53( ehorz sxufkdvh
sulfh/ wkxv fxwwlqj wkh pd{lpxp orvv1

51 Li wkh sulfh hyhu ulvhv e| 43( deryh wkh sxufkdvh sulfh/ d frqvhfxwlyh gurs lq sulfh wr 8(
deryh sxufkdvh sulfh zloo lvvxh d vhoo vljqdo1 Lq wklv zd|/ d sur�wdeoh wudgh zloo qhyhu wxuq
lqwr d orvv1

91; Rshudwru Ixqfwlrqv

Wkhvh ixqfwlrqv shuirup dq rshudwlrq rq rqh ru vhyhudo WVP=v dqg uhwxuq dqrwkhu WVP zlwk
wudqviruphg ydoxhv1

Doo Rshudwru Ixqfwlrqv uhwxuq d WVP zlwk rqh urz iru hdfk gd| lq wkh gd|v sdudphwhu dqg rqh
froxpq iru hdfk vwrfn lq wkh joredo Vwrfnv yduldeoh1 Wkh sdudphwhu { +vdph dssolhv wr {4 dqg
{5, fdq eh hlwkhu d WVP ru d vwulqj zlwk wkh qdph ri d ixqfwlrq uhwxuqlqj d WVP1

Wkh sdudphwhu gd|v=

� Li { lv d WVP/ wkh gd|v sdudphwhu vkrxog eh urz qxpehuv lq wkh pdwul{1 Wkh ghidxow
ydoxh iru gd|v lv wkh odvw urz lq wkh pdwul{1

� Li { lv d vwulqj/ wkh gd|v sdudphwhu vkrxog eh d yhfwru zlwk gd| qxpehuv vxfk dv W/ W04
hwf1 Wkh ghidxow ydoxh iru gd|v lv W1

Wkh Rshudwru Ixqfwlrq shuirupv lwv rshudwlrq rq hdfk ri wkh olqhv lq wkh { pdwul{ dqg uhwxuqv
d WVP zlwk wkh uhvxow iru hdfk urz1 Lq wkh iroorzlqj ghvfulswlrq ri Rshudwru Ixqfwlrqv/ wkh
g yduldeoh lv lpsolflwo| dvvxphg wr uxq wkurxjk wkh ixoo udqjh gh�qhg e| wkh gd|v sdudphwhu1
Hdfk ydoxh rq g uhvxowv lq rqh urz lq wkh rxwsxw WVP1

Wdeoh 7 olvwv doo suhgh�qhg Rshudwru ixqfwlrqv lq DVWD1
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Ixqfwlrq qdph Sdudphwhuv Ghvfulswlrq
Plqq {/ O4/ gd|v/ sorw Wkh O40gd|0plqlpxp ydoxh lq wkh urzv ri {
Pd{{ {/ O4/ gd|v/ sorw Wkh O40gd|0pd{lpxp ydoxh lq {
Pdy {/ O4/ gd|v/ sorw Wkh O40gd|0prylqj dy1 iru froxpqv lq {
Vwghy {/ O4/ gd|v/ sorw Wkh O40gd|0vw1ghyldwlrq iru froxpqv lq {

Pdy{
{4/O4/{5/O5/D/
gd|v/sorw

�4� l� Pdy+{4/O4, furvvhv Pdy+{5/O5,
iurp ehorz1 Wkh D dujxphqw +rswlrqdo, lv wkh
plq uhtxluhg dqjoh iru wkh furvvlqj1

Wdeoh 7= Suhgh�qhg rshudwru ixqfwlrqv

91;14 Plqq

Frpsxwhv wkh plqlpxp ydoxh lq d O4 gd|v orqj zlqgrz edfnzdugv1

Li { lv d vwulqj/ Plqq lv gh�qhg dv=Plqq @ plq+{^g � O4 . 4 = g`, zkhuh wkh vtxduh
eudfnhwv ghqrwh ixqfwlrq lqyrfdwlrq ri wkh ixqfwlrq {1

H{dpsoh 9 Plqq+
�

Forvh
�

> 7> W ,= Zloo jhqhudwh d 4 urz WVP= plq+Forvh+W � 6 = W ,,=

H{dpsoh : Plqq+
�

Forvh
�

> 7> W �4 = W ,1 Zloo jhqhudwh d 5 urz WVP=

�

plq+Forvh+W � 7 = W � 4,,
plq+Forvh+W � 6 = W ,,

�

=

Li { lv d qrw d vwulqj/ Plqq lv gh�qhg dv=Plqq @ plq+{+g � O4 . 4 = g> =,,=

H{dpsoh ; Plqq+]> 7> 43, zkhuh ] lv d 43 urzv orqj WVP1 Zloo jhqhudwh d 4 urz WVP=
plq+]+: = 43 > =,,=

H{dpsoh < Plqq+]> 7> < = 43, zkhuh ] lv d 43 urzv orqj WVP1 Zloo jhqhudwh d 5 urz orqj

WVP=

�

plq+]+43 � 7 . 4 = 43 > =,,
plq+]+43 � 7 . 4 = 43 > =,,

�

=

91;15 Pd{{/ Pdy dqg Vwghy

Wkhvh ixqfwlrqv kdyh wkh vdph sdudphwhuv dqg ehkdylru dv Plqq deryh1 Mxvw vxevwlwxwh plq
iru pd{/ phdq/ dqg vwg1

91;16 Pdy{

Furvvlqjv ehwzhhq prylqj dyhudjhv ri ydulrxv vljqdov duh riwhq xvhg lq wkh gh�qlwlrq ri wudglwlrqdo
whfkqlfdo lqglfdwruv1 Wkh Pdy{ ixqfwlrq vxssolhv d frqyhqlhqw zd| wr lpsohphqw wkh ghwhfwlrq
ri vxfk furvvlqjv1 Wkh rswlrqdo dujxphqw D pdnhv lw srvvleoh wr vshfli| wkh plqlpxp dqjoh iru
wkh furvvlqj1 Furvvlqjv dw orzhu dqjohv wkdq wkh vshfl�hg rqh zloo qrw jhqhudwh d orjlfdo �4� dw
wkdw srlqw1 Pdy{ fdq eh xvhg wr ghwhfw erwk furvvlqjv iurp ehorz dqg deryh e| fkdqjlqj wkh
rughu ri O4 dqg O5 dujxphqwv1

H{dpsoh 43 Pdy{+*Forvh*/5/*Forvh*/53/78, uhwxuqv d elqdu| Lqglfdwru Yhfwru zlwk �4� l� d 5
gd| prylqj dyhudjh ri Forvh furvvhv d 53 gd| prylqj dyhudjh ri Forvh iurp ehorz lq dq
lqwhuvhfwlrq dqjoh qr ohvv wkdq 78 ghjuhhv1 Wkh frpsxwdwlrq lv shuiruphg �wrgd|� vlqfh wkh
gd|v sdudphwhu ghidxowv wr W1

91< Xwlolw| Ixqfwlrqv

Wkhvh ixqfwlrqv duh vxssruw ixqfwlrqv wkdw pd| eh ri xvh sulpdulo| zkhq ghexjjlqj qhz dojr0
ulwkpv1 Wkh| fdq qrw eh lqfoxghg lq Ex| uxohv dqg Vhoo uxohv vlqfh wkh| grq*w uhwxuq Wlph
Vhulhv Pdwulfhv1 Wdeoh 8 olvwv doo suhgh�qhg Lqglfdwru ixqfwlrqv lq DVWD1
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Gdwh gd|v Yhfwru zlwk wkh uhdo gdwh +||ppgg, iru gd|v
Vwrfnqdph v Vwulqj zlwk wkh qdph ri vwrfn v1

Wdeoh 8= Suhgh�qhg xwlolw| ixqfwlrqv

: H{dpsohv

Lq wklv vhfwlrq rqh h{dpsoh iurp wkh Zlqgrzv yhuvlrq ri DVWD lv suhvhqwhg1 65 pdmru vwrfnv
zlwk dfwlyh wudglqj iurp wkh Vzhglvk vwrfn pdunhw iru wkh |hduv 4<;:04<<: kdyh ehhq vhohfwhg iru
dqdo|vlv1 Wkh pdlq DVWD vfuhhq lv vkrzq lq Iljxuh 71 Wkh prvw lqwhuhvwlqj lwhpv duh wkh olqhv
�Ex| uxoh� dqg �Vhoo Uxoh�1 Wklv lv wkh sodfh zkhuh wkh wudglqj dojrulwkp lv gh�qhg1 Wkh uxohv
iroorz wkh Pdwode v|qwd{ dqg fdq lqfoxgh wkh suhgh�qhg ixqfwlrqv ru wkh xvhuv* rzq ixqfwlrqv
zlwk qhz dojrulwkpv1

Wkh h{dpsoh vkrzv d whvw ri wkh Vwrfkdvwlfv lqglfdwru Vwrfk^ w> N> NV> G> Ex|ohyho > Vhoohyho`/
frpprq lq whfkqlfdo wudglqj/ dqg khuh gh�qhg dv

Vwrfk+w, @ pdy+433 � +Forvh+w, � O, @ +K � O,> G, zlwk +56,

O @ pdy+plq+Orz+W � N = W ,,> NV, dqg

K @ pdy+pd{+Kljk+W � N = W ,,> NV,=

Wkh sdudphwhu N lv wkh ohqjwk ri wkh zlqgrz/ dqg NV dqg G wkh ohqjwk ri wkh prylqj dyhudjh
ixqfwlrq pdy1 D Ex| vljqdo lv lvvxhg zkhq Vwrfk+w, AEx|ohyho dqg d Vhoo vljqdo zkhq Vwrfk+w, ?
Vhoohyho= Wkh sdudphwhuv N> NV> G/ Vhoohyho dqg Ex|ohyho frqwuro wkh shuirupdqfh ri d wudglqj
vwudwhj| edvhg rq wkh lqglfdwru dqg zloo eh vxemhfw wr dqdo|vlv lq wkh qh{w vhfwlrq1

Lq Iljxuh 7/ wkh �vwdqgdug� ydoxhv 63> 6> 6> 53> ;3 duh xvhg iru wkh sdudphwhuv1 Wkh uhvxowv vkrzq
lq Iljxuh 7 dqg Iljxuh 8 duh txlwh vwxqqlqj/ zlwk dq dyhudjh dqqxdo sur�w ri 8617( frpsduhg
wr wkh 4916( dfklhyhg e| wkh lqgh{1 Lw lv qrwhzruwk| wkdw wkh rqo| qhjdwlyh uhvxow lv iru wkh |hdu
4<<:/ zkhuh wkh vwudwhj| rqo| pdgh 41:( zkhuhdv wkh lqgh{ lqfuhdvhg e| 561;(1

Iljxuh 7= DVWD frppdqg zlqgrz zlwk Vwrfkdvwlfv ex| dqg vhoo uxohv
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Iljxuh 8= Shuirupdqfh ri wkh Vwrfkdvwlfv lqglfdwru1

; Ylhzlqj wkh Wudghu dv dq Remhfwlyh Ixqfwlrq

Wkh reylrxv zlvk wr pd{lpl}h wkh sur�w ri d wudglqj v|vwhp fdq eh wdfnohg lq wzr zd|v=

41 Sdudphwhul}lqj wkh Ex| uxoh dqg Vhoo uxoh/ l1h1 lqwurgxflqj sdudphwhuv zlwklq wkh uxohv1
H{dpsoh=

Ex| uxoh @ *Forvh+W , A Pd{{+*Kljk*> Qkljk> W � 4,*

Vhoo uxoh @ *Orvv A O m +S urilw A S ) Forvh+W , ? Forvh+W � 4,,*

Wkh ixqfwlrq Pd{{ ghwhuplqhv wkh pd{lpxp wlph vhulhv ydoxh lq wkh lqwhuydo ^W �Qkljk> W �
4`1 Lw lv qrz srvvleoh wr rswlpl}h wkh sur�w S zlwk uhvshfw wr wkh sdudphwhuv Qkljk> O
dqg S 1

51 Ylhzlqj wkh Ex| uxoh dqg Vhoo uxoh dv v|perolf h{suhvvlrqv1 Wkh rswlpl}dwlrq wkhq
wxuqv lqwr d vhdufk sureohp/ prvw qdwxudoo| lpsohphqwhg lq d jhqhwlf iudphzrun ru xvlqj
Lqgxfwlyh Orjlf Surjudpplqj1

Dq rswlpl}dwlrq ri rqh ri wkh sdudphwhuv lq wkh Vwrfkdvwlfv lqglfdwru zloo vhuyh dv dq h{dpsoh
iru dssurdfk 41 Zh vhw xs dq rswlpl}dwlrq zlwk ex| dqg vhoo uxohv dffruglqj wr=

Ex| uxoh @ *Vwrfk+63> 6> 6> Vhoohyho> ;3,*

Vhoo uxoh @ *Vwrfk+63> 6> 6> Vhoohyho> ;3,*

Wkh h{fhvv sur�w S fdq qrz eh rswlpl}hg zlwk uhvshfw wr Vhoohyho= Wkh judskv lq Iljxuh < duh
dxwrpdwlfdoo| jhqhudwhg e| wkh �Rswlpl}h� ixqfwlrq lq wkh DVWD v|vwhp1 Wkh qdph ri wkh
sdudphwhu lv jlyhq lq wkh �Sdudphwhu� wh{w er{ dqg wkh udqjh lq wkh �Ydoxhv� wh{w er{1

Lw pxvw eh hpskdvl}hg wkdw rswlpl}dwlrq ri wkh shuirupdqfh lv pxowl0glphqvlrqdo sdudphwhu
hvwlpdwlrq sureohp1 Wkh judskv suhvhqwhg vkrz wkh sur�w S dv d ixqfwlrq ri rqh ri wkh lqyroyhg
sdudphwhuv zkhuhdv wkh uhvw ri wkh sdudphwhuv duh �{hg1 Wkh pdlq sxusrvh lv wr looxvwudwh wkh
srvvlelolwlhv dqg sureohpv lqyroyhg/ hyhq lq d rqh0glphqvlrqdo rswlpl}dwlrq1
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Iurp wkh vxppdu| judsk +wrs ohiw, ri wkh hqwluh wudlqlqj shulrg zh fdq ghgxfh wkdw wkh kljkhvw
sur�w lv dfklhyhg iru d Vhoohyho vrphzkhuh durxqg 681 Krzhyhu/ orrnlqj dw wkh gdwd dw d kljkhu
uhvroxwlrq uhyhdov d pruh frpsolfdwhg vlwxdwlrq1 Lq wkh erwwrp ohiw gldjudp wkh vdph uhodwlrq
lv sorwwhg zlwk rqh fxuyh iru hdfk |hdu lq wkh wudlqlqj gdwd vhw1 Lw lv fohdu wkdw wkh phdq sur�w
lv wrwdoo| grplqdwhg e| wkh uhvxowv iurp rqh ri wkh |hduv +4<<6,1

Iurp wkhvh fxuyhv zh fdq ohduq dw ohdvw wzr lpsruwdqw srlqwv=

41 Wkh vsuhdg ehwzhhq lqglylgxdo |hduv lv yhu| kljk1

51 Wkh orfdwlrq ri wkh pd{lpxp lv qrw reylrxv1

Wklv ehkdylru ri gdwd lv w|slfdo iru prvw yduldeohv1 Wkh sur�w fdqqrw eh hdvlo| ghvfulehg dv
d ixqfwlrq ri phdvxudeoh yduldeohv zlwkrxw lqwurgxflqj d grplqdqw qrlvh whup lq wkh ixqfwlrq1
Ohw xv ylhz wkh dqqxdo h{fhvv sur�w dv d vwrfkdvwlf yduldeoh S +�,/ zkhuh � vwdqgv iru rqh
sduwlfxodu vhwwlqj ri wkh sdudphwhuv wkdw d�hfw wkh sur�w1 Lq wkh vkrzq h{dpsoh/ � lv wkh
Vhoohyho sdudphwhu1 S +�, kdv ehhq vdpsohg rqfh shu |hdu gxulqj wkh hohyhq |hduv lq wkh gdwd
vhw

iS � +�,> S � +�,> S � +�,> S � +�,> S � +�,> S � +�,> S � +�,> S � +�,> S � +�,> S � � +�,> S ��� +�,j= +57,

Ylhzhg wklv zd|/ wkh wdvn ri wxqlqj wkh sdudphwhu � wr �qg wkh �pd{lpxp� sur�w S lv qrw zhoo
gh�qhg1 S lv d vwrfkdvwlf ixqfwlrq dqg frqvhtxhqwo| kdv qr �pd{lpxp�1 Lw kdv d suredelolw|
glvwulexwlrq zlwk dq h{shfwdwlrq ydoxh H dqg d yduldqfh Y 1 Lw*v lpsruwdqw wr uhdol}h wkdw wxqlqj
� lq rughu wr pd{lpl}h H^S +�,` lv mxvw rqh ri wkh dydlodeoh rswlrqv1 Pd{lpl}lqj H^S +�,` surylghv
wkh kljkhvw phdq shuirupdqfh1 Dqrwkhu srvvlelolw| lv wr pd{lpl}h wkh orzhu olplw ri d frq�ghqfh
lqwhuydo1 Vlqfh wkh ulvn idfwru lv dozd|v d pdmru frqfhuq lq lqyhvwphqwv/ dqg vlqfh wkh vsuhdg
ehwzhhq lqglylgxdo |hduv reylrxvo| fdq eh yhu| kljk/ wklv vrxqgv olnh d surplvlqj lghd1 D orzhu
olplw S � �
	 iru d frq�ghqfh lqwhuydo frxog eh gh�qhg dv

S � �
	 @ H^S +�,` �
s

Y ^S +�,`> +58,

zkhuh Y ^S +�,` lv wkh yduldqfh ri wkh vwrfkdvwlf yduldeoh S +�,1 \hw dqrwkhu srvvlelolw| lv wr xvh
wkh Vkdush Udwlr VU/ zklfk h{suhvvhv wkh h{fhvv uhwxuq lq xqlwv ri lwv vwdqgdug ghyldwlrq dv

VU @
H^S +�,`

s

Y ^S +�,`
= +59,

Wkh Vkdush Udwlr lv qrupdoo| xvhg wr hydoxdwh wkh shuirupdqfh ri d wudglqj vwudwhj| +Vkdush
^43/ 44`,1 Krzhyhu/ Fkrh| dqg Zhljhqg ^7` vxjjhvw wr xvh wkh Vkdush Udwlr dv dq remhfwlyh
ixqfwlrq lq sruwirolr rswlpl}dwlrq dqg ghulyh d ohduqlqj dojrulwkp iru duwl�fldo qhxudo qhwzrunv1
Wkh Vkdush Udwlr vkrxog eh dv kljk dv srvvleoh iru dq rswlpdo wudglqj dojrulwkp1

Gxh wr wkh kljk qrlvh ohyho lq wkh gdwd zh kdyh dgghg d prgl�hg Vkdush Udwlr zkhuh wkh rxwolhuv
kdyh ehhq uhpryhg1 Wkh odujhvw dqg vpdoohvw S � +�, lq h{suhvvlrq 57 kdyh ehhq uhpryhg ehiruh
wdnlqj wkh h{shfwhg ydoxh dqg vwdqgdug ghyldwlrq iru hdfk �1 Wkh xqprgl�hg Vkdush Udwlr lv
vkrzq lq wkh wrs uljkw gldjudp dqg wkh rqh zlwk rxwolhuv uhpryhg lq wkh plg uljkw gldjudp1
Dv zh fdq vhh/ wkh rqh zlwk wkh rxwolhuv uhpryhg fohduo| uhyhdov d pd{lpxp dw durxqg 53058
iroorzhg e| d fohdu ghfolqh1 Wkh xqprgl�hg Vkdush Udwlr vkrzv qr vxfk sdwwhuq1

< Rwkhu DVWD ihdwxuhv

E| dgglqj d SORW sdudphwhu lq wkh fdoo wr pdq| ri wkh suhgh�qhg DVWD ixqfwlrqv/ looxplqdwlqj
judskv zloo eh jhqhudwhg1 Wkh fdoo wr wkh suhylrxvo| xvhg Vwrfk ixqfwlrq pd| iru h{dpsoh orrn
olnh

Vwrfk+63/6/6/53/;3/SORW,A31 +5:,

Wkh hqdeohg SORW rswlrq dqg zloo jhqhudwh vhsdudwh judskv zlwk wkh vljqdov iurp wkh Vwrfk
ixqfwlrq1 Lq �jxuh : wkh frpsrqhqwv ri wkh Vwrfkdvwlfv lqglfdwru duh glvsod|hg1 Wkh wzr krul0
}rqwdo olqhv pdun wkh ex| ohyho +;3(, dqg wkh vhoo ohyho +53(,1 Zkhq wkh �Rvfloodwru (N� ydoxh
sdvvhv wkhvh olqhv/ d ex| ru vhoo vljqdo lv lvvxhg1
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Wr dqdo|}h wkh jhqhudwhg wudghv lq hyhq pruh ghwdlo/ wkh �gxps wudghv wr zlqgrz� exwwrq kdv
ehhq fkhfnhg1 Doo jhqhudwhg wudghv zloo eh gxpshg lq dvfll irup lq wkh Pdwode frppdqg zlqgrz1
Wkh uhvxow lv suhvhqwhg lq �jxuh ;1 E| �Gxps wudghv wr �oh�/ d gdwd �oh iru srvw0surfhvvlqj
zlwk fodvvl�fdwlrq wrrov zloo eh zulwwhq wr glvn1 Lw fdq eh xvhg wr lpsuryh wkh shuirupdqfh iru
wkh xvhg wudglqj dojrulwkp1

Iljxuh 9= DVWD frppdqg zlqgrz zlwk Vwrfkdvwlfv ex| dqg vhoo uxohv1 Wkh SORW rswlrq lq wkh
Ex| uxoh jhqhudwhv vhsdudwh sorwv zlwk vljqdov iru hdfk vwrfn1 Wkh �Gxps wudghv wr zlqgrz�
fkhfn er{ jhqhudwhv d olvw ri doo wudghv lq wkh Pdwode frppdqg zlqgrz1

43 Uhvxowv dqg Ixuwkhu Ghyhorsphqw

Wkh suhvhqwhg v|vwhp surylghv d srzhuixo wrro iru wkh ghyhorsphqw dqg hydoxdwlrq ri wudglqj
dojrulwkpv1 Sdudphwhu vhwwlqjv fdq eh whvwhg dqg gdwd vfuhhqlqj fdq eh hdvlo| shuiruphg lqwhu0
dfwlyho|1 Dv zdv phqwlrqhg lq vhfwlrq 414/ rqh ri wkh uhdvrqv ri wkh ghyhorsphqw ri wkh DVWD
v|vwhp zdv wr xvh lw dv dq remhfwlyh ixqfwlrq zkhq wxqlqj prgho sdudphwhuv dqg wr �qg wkh
jhqhudo vwuxfwxuh ri wudglqj uxohv/ iru h{dpsoh zlwklq d jhqhulf iudphzrun1 Wkh suholplqdu|
uhvxowv vkrz erwk srvvlelolwlhv dqg gl!fxowlhv1 Wkh wudfn fdq eh h{dplqhg frqvlghudeo|1

Wkh gdqjhuv zlwk �gdwd vqrrslqj� jrw kljkoljkwhg e| euhdnlqj grzq wkh shuirupdqfh phdvxuhv
lqwr vkruwhu lqwhuydov1 Krzhyhu/ wkh lqkhuhqw xqfhuwdlqw| uhvxowlqj iurp wkh qrlv| surfhvvhv
lqyroyhg fdoov iru pruh frpsxwhu0lqwhqvlyh vlpxodwlrq vfkhphv lq rughu wr dfklhyh vwdwlvwlfdoo|
vljql�fdqw shuirupdqfh phdvxuhv1 Phwkrgv vxfk dv wkrvh ghvfulehg lq vhfwlrq 71718 zloo eh
lpsohphqwhg dqg hydoxdwhg1

44 Dfnqrzohgjphqwv

L zrxog olnh wr wkdqn Nhqqhwk Kropvwuùp iru klv hqwkxvldvwlf ihhgedfn dqg hyhu vwlpxodwlqj
frqyhuvdwlrqv1 Wklv zrun zdv vsrqvruhg lq sduw e| ghsduwphqw ri Pdwkhpdwlfv dqg Sk|vlfv dw
Pçodugdohq Xqlyhuvlw|/ Yçvwhuèv Vzhghq1
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Iljxuh := Vwrfkdvwlfv ex| dqg vhoo vljqdov iru wkh DEE vwrfn1 Xsjrlqj edu ghqrwhv d ex| vljqdo
dqg grzqjrlqj edu ghqrwhv d vhoo vljqdo1

Iljxuh ;= Gxps ri jhqhudwhg wudghv iurp Vwrfkdvwlfv wudglqj uxohv iru wkh |hdu 4<<61



59

0 10 20 30 40 50 60 70 80
-5

0

5

10

15

20

25

30

35

40

45

Sellevel

M
ea

n 
ex

ce
ss

 p
ro

fit
 %

0 10 20 30 40 50 60 70 80
-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

Sellevel

S
ha

rp
e 

ra
tio

0 10 20 30 40 50 60 70 80
0

2

4

6

8

10

12

14

16

18

20
Outliers removed

Sellevel

M
ea

n 
ex

ce
ss

 p
ro

fit
 %

0 10 20 30 40 50 60 70 80
0

0.2

0.4

0.6

0.8

1

1.2

1.4
Outliers removed

Sellevel

S
ha

rp
e 

ra
tio

0 10 20 30 40 50 60 70 80
-50

0

50

100

150

200

250

300

350

Sellevel

A
nn

ua
l M

ea
n 

ex
ce

ss
 p

ro
fit

 %

0 10 20 30 40 50 60 70 80
0

500

1000

1500

2000

2500

Sellevel

T
ot

al
 n

um
be

r 
of

 tr
ad

es

Iljxuh <= Wudglqj uhvxowv dv d ixqfwlrq ri wkh Vhoohyho sdudphwhu1 Vwrfnv= V[J1 \hduv=;:0<:1
Ex| uxoh= Vwrfk+63/6/6/Vhoohyho/;3,A31 Vhoo uxoh= Vwrfk+63/6/6/Vhoohyho/;3,?3
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Uhihuhqfhv

^4` V1 E1 Dfkholv1 Whfkqlfdo Dqdo|vlv iurp D wr ]1 Luzlq Surihvvlrqdo Sxeolvklqj/ Fklfdjr/ 5qg
hglwlrq/ 4<<81

^5` D1 Dwl|d1 Ghvljq ri wlph0yduldeoh vwrs orvvhv dqg sur�w remhfwlyhv xvlqj qhxudo qhwzrunv1
Lq D1 V1 Zhljhqg/ \1 V1 Dex0Prvwdid/ dqg D10S1 Q1 Uhihqhv/ hglwruv/ Ghflvlrq Whfkqrorjlhv
iru Ilqdqfldo Hqjlqhhulqj +Surfhhglqjv ri wkh Irxuwk Lqwhuqdwlrqdo Frqihuhqfh rq Qhxudo
Qhwzrunv lq wkh Fdslwdo Pdunhwv/ QQFP0<9,/ sdjhv :9�;6/ Vlqjdsruh/ 4<<:1 Zruog Vflhq0
wl�f1

^6` \1 Ehqjlr1 Wudlqlqj d qhxudo qhwzrun zlwk d �qdqfldo fulwhulrq udwkhu wkdq d suhglfwlrq
fulwhulrq1 Lq D1 V1 Zhljhqg/ \1 V1 Dex0Prvwdid/ dqg D10S1 Q1 Uhihqhv/ hglwruv/ Ghflvlrq
Whfkqrorjlhv iru Ilqdqfldo Hqjlqhhulqj +Surfhhglqjv ri wkh Irxuwk Lqwhuqdwlrqdo Frqihuhqfh
rq Qhxudo Qhwzrunv lq wkh Fdslwdo Pdunhwv/ QQFP0<9,/ sdjhv 69�7;/ Vlqjdsruh/ 4<<:1
Zruog Vflhqwl�f1

^7` P1 Fkrh| dqg D1 V1 Zhljhqg1 Qrqolqhdu wudglqj prghov wkurxjk Vkdush Udwlr pd{lpl}d0
wlrq1 Lq D1 V1 Zhljhqg/ \1 V1 Dex0Prvwdid/ dqg D10S1 Q1 Uhihqhv/ hglwruv/ Ghflvlrq Whfk0
qrorjlhv iru Ilqdqfldo Hqjlqhhulqj +Surfhhglqjv ri wkh Irxuwk Lqwhuqdwlrqdo Frqihuhqfh rq
Qhxudo Qhwzrunv lq wkh Fdslwdo Pdunhwv/ QQFP0<9,/ sdjhv 6�55/ Vlqjdsruh/ 4<<:1 Zruog
Vflhqwl�f1

^8` J1Ohlwfk dqg M1Wdqqhu1 Hfrqrplf iruhfdvw hydoxdwlrq= Sur�w yhuvxv wkh frqyhqwlrqdo huuru
phdvxuhv1 Wkh Dphulfdq Hfrqrplf Uhylhz/ sdjhv 8;3�8<3/ 4<<41

^9` W1 Khoovwuùp1 Dvwd 0 d whvw ehqfk dqg ghyhorsphqw wrro iru wudglqj dojrulwkpv1 Whfkqlfdo
Uhsruw LPd0WRP04<<;044/ 4<<;1

^:` W1 Khoovwuùp dqg N1 Kropvwuùp1 Suhglfwlqj wkh Vwrfn Pdunhw1 Whfkqlfdo Uhsruw LPd0
WRP04<<:03:/ Ghsduwphqw ri Pdwkhpdwlfv dqg Sk|vlfv/ Pçodugdohq Xqlyhuvlw|/ Vzhghq/
4<<:1

^;` M1 H1 Prrg|1 Vkrrwlqj fudsv lq vhdufk ri dq rswlpdo vwudwhj| iru wudlqlqj frqqhfwlrqlvw
sdwwhuq fodvvl�huv1 Lq M1 H1 Prrg|/ V1 M1 Kdqvrq/ dqg U1 S1 Olsspdqq/ hglwruv/ Dgydqfhv lq
Qhxudo Lqirupdwlrq Surfhvvlqj V|vwhpv 7/ Surfhhglqjv ri wkh 4<<4 QLSV Frqihuhqfh/ sdjhv
;7:�;87/ Vdq Pdwhr / FD/ 4<<51 Prujdq Ndxipdqq Sxeolvkhuv1

^<` M1 H1 Prrg| dqg O1 ]1 Zx1 Rswlpl}dwlrq ri wudglqj v|vwhpv dqg sruwirolrv1 Lq D1 V1 Zhljhqg/
\1 V1 Dex0Prvwdid/ dqg D10S1 Q1 Uhihqhv/ hglwruv/ Ghflvlrq Whfkqrorjlhv iru Ilqdqfldo
Hqjlqhhulqj +Surfhhglqjv ri wkh Irxuwk Lqwhuqdwlrqdo Frqihuhqfh rq Qhxudo Qhwzrunv lq
wkh Fdslwdo Pdunhwv/ QQFP0<9,/ sdjhv 56�68/ Vlqjdsruh/ 4<<:1 Zruog Vflhqwl�f1

^43` Z1 I1 Vkdush1 Pxwxdo ixqg shuirupdqfh1 Mrxuqdo ri Exlvqhvv/ sdjhv 44<�46;/ Mdqxdu|
4<991

^44` Z1 I1 Vkdush1 Wkh Vkdush Udwlr1 Mrxuqdo ri Sruwirolr Pdqdjhphqw/ 54=7<�8;/ 4<<71


