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Devwudfw

Wklv wkhvlv ghdov zlwk wkh zhoo0nqrzq sureohp ri suhglfwlrq ri vwrfn sulfhv1 Wkh
glvfxvvlrq lv doprvw hqwluho| frq�qhg wr whfkqlfdo dqdo|vlv/ l1h1 suhglfwlrqv duh edvhg
rq sdvw sulfh gdwd rqo|1

Wkh pdwhuldo lv glylghg lqwr irxu sduwv1 Wkh �uvw sduw lv dq lqwurgxfwlrq/ zkhuh
wkh qhdu0udqgrp0zdon ehkdylru ri wkh surfhvvhv lv looxvwudwhg1 Lq wkh vhfrqg sduw wkh
suhglfwlrq wdvn lv irupdol}hg1 H{lvwlqj ehqfkpdunv dqg whvwlqj phwulfv duh vxuyh|hg/
dqg vrph qhz phdvxuhv duh lqwurgxfhg1

Wkh wklug sduw suhvhqwv vwdwlvwlfdo lqyhvwljdwlrqv lqwr wkh suhglfwdelolw| ri vwrfn
uhwxuqv1 Wkh uhohydqfh ri wuhqgv duh whvwhg/ dqg d qhz udqn phdvxuh lv vwdwlvwlfdoo|
h{dplqhg iru suhglfwdelolw|1

Sduw irxu frqwdlqv d vxuyh| ri frpprq whfkqltxhv xvhg iru vwrfn suhglfwlrqv/
dqg dovr d glvfxvvlrq ri jhqhudo ohduqlqj lvvxhv uhohydqw wr wkh suhglfwlrq wdvn1 Vrph
qhz wrrov duh dovr suhvhqwhg1 Wkh vwrfn wuhqgv duh xvhg dv lqsxw yduldeohv lq d n0
qhduhvw qhljkeru dqdo|vlv/ wr �qg sdwwhuqv ri wuhqg ydoxhv wkdw uhvxow lq qrq0udqgrp
ixwxuh uhwxuqv1 Wkh dojrulwkp lv h{whqghg zlwk d vhohfwlrq surfhgxuh wr �qg uhjlrqv
lq wkh lqsxw vsdfh/ zkhuh wkh ixwxuh uhwxuqv duh dv|pphwulfdoo| glvwulexwhg1 Wkh
vxjjhvwhg dojrulwkp lv qdwxudoo| dssolfdeoh lq duhdv rwkhu wkdq vwrfn suhglfwlrq dv
zhoo1 Lw dgguhvvhv vlwxdwlrqv/ lq zklfk wkh ryhudoo suhglfwdelolw| lv orz dqg fdq rqo|
eh h{shfwhg wr dsso| lq lqghwhuplqdwh uhjlrqv ri wkh lqsxw vsdfh1

Wkh odvw Fkdswhu ri wkh wkhvlv ghvfulehv wkh sulqflsohv ehklqg/ dqg wkh lpsoh0
phqwdwlrq ri DVWD/ dq Duwl�fldo Vwrfn Wudglqj Djhqw zulwwhq lq wkh PDWODE
odqjxdjh1 Wkh sulpdu| sxusrvh ri wkh surmhfw lv wr surylgh dq hdv|0wr0xvh hqylurq0
phqw iru hydoxdwlrq dqg ghyhorsphqw ri pxowl0vwrfn wudglqj dojrulwkpv1 WkhDVWD
v|vwhp kdv ehhq dssolhg vxffhvvixoo| wr klvwrulfdo vwrfn gdwd/ dqg uhvxowv fryhulqj
44 |hduv ri wkh Vzhglvk vwrfn pdunhw duh suhvhqwhg1
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Dfnqrzohgjphqwv

Zkr �qgv wkh prqh| zkhq |rx sd| wkh uhqw
Glg |rx wklqn wkdw prqh| zdv khdyhq vhqw

Odg| Pdgrqqd/ Ohqqrq2PfFduwqh|

L zlvk wr wkdqn p| vxshuylvruv/ Surihvvru Sdwuln Hnoxqg dqg Gu1 Nhqqhwk Krop0
vwuùp1 Sdwuln iru kdylqj wkh jxwv wr hquroo d uhvhdufk vwxghqw roghu wkdq klpvhoi/
dqg Nhqqhwk iru �qglqj wkh �qdqfldo uhvrxufhv1 Sdwuln lqwurgxfhg ph wr wkh �hog
ri frpsxwdwlrqdo lqwhooljhqfh dqg kdv ehhq hqfrxudjlqj doo wkh zd|1 Nhqqhwk dqg L
kdyh ehhq revhvvhg e| wkh lghd ri frpsxwhul}lqj rxu vwrfn wudglqj iru pdq| |hduv1
Vlqfh zh vwduwhg wr zrun dfwlyho| zlwk wkh sureohp derxw wkuhh |hduv djr/ zh kdyh
lqyhvwljdwhg prvw rog dqg qhz whfkqltxhv vxjjhvwhg iru wkh wdvn1 Nhqqhwk irfxvhg
rq wkh pdwkhpdwlfdo phwkrgv/ zkloh L wxuqhg p| lqwhuhvw wr wkh gdwd plqlqj dv0
shfwv/ dqg wkh xvh ri pdfklqh ohduqlqj whfkqltxhv1 Nhqqhwk lv wkh fr0dxwkru ri irxu
ri wkh sdshuv lqfoxghg lq wklv wkhvlv1

L zrxog dovr olnh wr wkdqn doo wkh oryho| shrsoh zkr khoshg ph zlwk surriuhdglqj1
Dq| uhpdlqlqj huuruv duh/ dv dozd|v/ wkh dxwkru*v uhvsrqvlelolw|1 Frpsodlqwv derxw
qrq0uhpdlqlqj huuruv vkrxog/ krzhyhu/ eh dgguhvvhg gluhfwo| wr Wkrpdv Mrkdqvvrq/
zkr reylrxvo| pdqdjhg wr uhdg wkh zkroh wkhvlv dqg �qg pdq| orjlfdo huuruv +wr wkh
h{whqw dq huuru fdq eh orjlfdo,1 Ehvlghv oliwlqj wkh v|qwdfwlfdo ohyho ri p| zrun +kh
vnlsv doo irupxodv111,/ kh dovr oliwhg wkh wrwdo qxpehu ri uhdghuv wr deryh 4 +dxwkru
lqfoxghg,/ zklfk lv kljkhu wkdq wkh dyhudjh dfdghplf ohyho1

Vlqfh wkh vxemhfw ri wkh wkhvlv lv forvho| uhodwhg wr prqh|/ lw ihhov xujhqw wr vd|
wkdw wkh �qdqfldo vxssruw iru p| zrun kdv ehhq ri fuxfldo lpsruwdqfh iru lwv uhdo0
l}dwlrq1 L*p wkhuhiruh juhdwo| wkdqnixo wr wkh Dssolhg Rswlpl}dwlrq dqg Prgholqj
surmhfw/ Ghsduwphqw ri Pdwkhpdwlfv dqg Sk|vlfv/ Pçodugdohqv Xqlyhuvlw| iru kdylqj
�qdqfhg wkh pdmrulw| ri wkh zrun odlg grzq lq wklv wkhvlv1

Xphè/ Ghf 43 4<<;
Wkrpdv Khoovwuùp
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Suhidfh

Lq uhfhqw |hduv wkh dssolfdwlrq ri whfkqltxhv/ vxfk dv pdfklqh ohduqlqj/ gdwd plqlqj/
nqrzohgjh glvfryhu|/ dqg qrqolqhdu rswlpl}dwlrq wr �qdqfldo suhglfwlrq sureohpv/
kdv vhhq h{flwlqj uhvxowv1 Vhyhudo frqihuhqfhv duh wrwdoo| ghyrwhg wr wkh vxemhfw/
lqfoxglqj FI +Frpsxwdwlrqdo Ilqdqfh, vlqfh 4<<6/ FLIHu +Frpsxwdwlrqdo Lqwhool0
jhqfh lq Ilqdqfldo Hqjlqhhulqj, vlqfh 4<<81 Ixuwkhupruh/ prvw pdmru frqihuhqfhv
lq wkh ydulrxv �hogv ri pdfklqh ohduqlqj/ dqg dovr lq �hogv vxfk dv pdwkhpdwlfdo
surjudpplqj/ kdyh zrunvkrsv dqg vhvvlrqv ghdolqj zlwk phwkrgrorjlhv iru �qdqfldo
suhglfwlrqv1

Wklv wkhvlv lqyhvwljdwhv wkh vshfldo fdvh ri sulfh iruhfdvwlqj iru vwrfnv1 Wkh
glvfxvvlrq lv doprvw hqwluho| frq�qhg wr whfkqlfdo dqdo|vlv/ l1h1 suhglfwlrqv duh edvhg
rq sdvw sulfh gdwd rqo|1

Wkh wkhvlv lv glylghg lqwr irxu sduwv ghdolqj zlwk ydulrxv dvshfwv ri wkh vwrfn
suhglfwlrq sureohp1 Lq wkh �uvw sduw/ sureohpv ri shuirupdqfh hydoxdwlrq ri qhdu0
udqgrp0zdon surfhvvhv duh looxvwudwhg zlwk h{dpsohv/ dorqj zlwk jxlgholqhv iru dyrlg0
lqj wkh ulvn ri gdwd0vqrrslqj1

Wkh vhfrqg sduw ghvfulehv wkh ydulrxv dssurdfkhv ri whfkqlfdo dqg ixqgdphq0
wdo dqdo|vlv dqg wkh suhglfwlrq sureohp lv irupxodwhg dv d vshfldo fdvh ri lqgxfwlyh
ohduqlqj1 Wkh frqqhfwlrqv wr frqfhswv olnh wkh eldv2yduldqfh glohppd/ ryhuwudlqlqj/
dqg prgho frpsoh{lw| duh ixuwkhu fryhuhg1 H{lvwlqj ehqfkpdunv dqg whvwlqj phwulfv
duh vxuyh|hg dqg vrph qhz phdvxuhv duh lqwurgxfhg1 Wkh wklug sduw suhvhqwv vwd0
wlvwlfdo lqyhvwljdwlrqv uhjduglqj wkh suhglfwdelolw| ri vwrfn uhwxuqv1 Wkh h{dplqhg
gdwd fryhuv pruh wkdq 533 vwrfnv rq wkh Vzhglvk vwrfn pdunhw iru wkh wlph shulrg
4<;:04<<91 Wkh uhvxowv vkrz d zhdn wuhqg ehkdylru dqg dxwrfruuhodwlrq ydoxhv wkdw
duh vwdeoh hyhq zkhq wkh hqwluh wlph lqwhuydo lv eurnhq grzq wr |hduo| lqwhuydov1
D sursrvhg frqfhsw ri gdlo| uhwxuqv -( dqg d frpsdulvrq zlwk wkh ruglqdu| vwhs
uhwxuqv -7/ vkrz d vljql�fdqw gl�huhqfh lq wkh gdwd/ fdxvhg e| wkh krolgd| h�hfw1 Lw
lv dovr vkrzq wkdw vhdvrqdo yduldeohv/ vxfk dv wkh prqwk ri wkh |hdu/ d�hfw wkh vwrfn
uhwxuqv pruh wkdq wkh dyhudjh gdlo| fkdqjhv1 Wklv lv frqvhtxhqwldo iru doo phwkrgv/
zkhuh wkh vhdvrqdo yduldeohv duh qrw wdnhq lqwr dffrxqw lq suhglfwlqj gdlo| vwrfn
uhwxuqv1

Wkh irxuwk sduw vxuyh|v vrph ri wkh vwdqgdug phwkrgv xvhg iru suhglfwlrqv ri
vwrfn sulfhv/ dqg dovr jhqhudo ohduqlqj lvvxhv/ vxfk dv ryhu�wwlqj/ eldv2yduldqfh dqg
jhqhudol}dwlrq delolw|1 Vrph qhz phwkrgv dqg wrrov duh dovr suhvhqwhg1 Wkh vwrfn
wuhqgv duh xvhg dv lqsxw yduldeohv lq d n0qhduhvw qhljkeru dqdo|vlv/ wr �qg sdwwhuqv
ri wuhqg ydoxhv wkdw uhvxow lq qrq0udqgrp ixwxuh uhwxuqv1 Wkh n0qhduhvw qhljkeru
dojrulwkp lv h{whqghg zlwk d vhohfwlrq surfhgxuh wr �qg uhjlrqv lq wkh lqsxw vsdfh
zkhuh wkh ixwxuh uhwxuqv duh dv|pphwulfdoo| glvwulexwhg1 Wkh qhz dojrulwkp lv vxf0
fhvvixoo| whvwhg rq duwl�fldo vwrfn gdwd/ dqg zlwk wuhqglqj sdwwhuqv duh lqwurgxfhg1
Wkh dojrulwkp lv dssolhg wr d qxpehu ri qdwlrqdo vwrfn lqgh{hv dv zhoo= wkh Dphulfdq
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{ll FRQWHQWV

Grz Mrqhv/ wkh Jhupdq GD[/ wkh Eulwlvk IWVH/ dqg wkh Vzhglvk Jhqhudolqgh{1
Wkh uhvxowv duh srvlwlyh iru vrph ri wkh whvwhg lqgh{hv dqg qhjdwlyh iru rwkhuv1 Wkh
vxjjhvwhg dojrulwkp lv qdwxudoo| dssolfdeoh wr duhdv rwkhu wkdq vwrfn suhglfwlrq dv
zhoo1 Lw dgguhvvhv vlwxdwlrqv/ lq zklfk wkh ryhudoo suhglfwdelolw| lv orz dqg fdq rqo|
eh h{shfwhg wr dsso| lq lqghwhuplqdwh uhjlrqv ri wkh lqsxw vsdfh1

Wkh odvw Fkdswhu ri wkh wkhvlv ghvfulehv wkh sulqflsohv ehklqg dqg wkh lpsoh0
phqwdwlrq ri DVWD/ dq Duwl�fldo Vwrfn Wudglqj Djhqw zulwwhq lq wkh PDWODE
odqjxdjh1 Wkh sulpdu| sxusrvh ri wkh surmhfw lv wr surylgh dq hdv|0wr0xvh hqylurq0
phqw iru ghyhorslqj pxowl0vwrfn wudglqj dojrulwkpv1 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 suhglfwlrq1 Wkh ehkdylru ri wkh
djhqw lv frqwuroohg e| ex| dqg vhoo uxohv/ zklfk fdq eh frpsrvhg lqwhudfwlyho| ru
zulwwhq dv xvhu0gh�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 ghyhorsphqw wrro dqg whvw ehqfk/ wkh
v|vwhp fdq uxq lq edwfk prgh/ zkhuh d vxssolhg remhfwlyh ixqfwlrq pdsv d wudglqj
vwudwhj| wr d sur�w phdvxuh1 Wkh edwfk prgh 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}}| uxoh edvhv1 WkhDVWD v|vwhp kdv ehhq dssolhg vxffhvvixoo|
wr klvwrulfdo vwrfn gdwd/ dqg uhvxowv fryhulqj 44 |hduv ri wkh Vzhglvk vwrfn pdunhw
duh suhvhqwhg1

Wkh frqwhqw ri wkh wkhvlv lv d ixuwkhu ghyhorsphqw ri zrun uhsruwhg lq wkh iro0
orzlqj sdshuv=

41 W1 Khoovwuùp dqg N1 Kropvwuùp1 Suhglfwlqj wkh Vwrfn Pdunhw1 Rsxvfxod LVUQ
KHY0ELE0RS�590VH/ Pçodugdohq Xqlyhuvlw|/ Vzhghq1 Suhvhqwhg dw PO5333
+Zrunvkrs rq Pdfklqh Ohduqlqj, lq Uljd/ Odwyld1 Qryhpehu 5;/ 4<<:1

51 W1 Khoovwuùp dqg N1 Kropvwuùp1 Wkh Uhohydqfh ri Wuhqgv iru Suhglfwlrq ri
Vwrfn Uhwxuqv1 Suhvhqwhg dw HFPO0<; +wkh 43wk Hxurshdq Frqihuhqfh rq
Pdfklqh Ohduqlqj, lq Fkhpqlw}/ Jhupdq|1 Dsulo 57/ 4<<;1

61 W1 Khoovwuùp dqg N1 Kropvwuùp1 Suhglfwdeoh Sdwwhuqv lq Vwrfn Uhwxuqv1 Dx0
jxvw 9/ 4<<;1 Rsxvfxod LVUQ KHY0ELE0RS�630VH/ Pçodugdohq Xqlyhuvlw|/
Vzhghq1

71 W1 Khoovwuùp1 DVWD 0 d Whvw Ehqfk dqg Ghyhorsphqw Wrro iru Wudglqj Do0
jrulwkpv1 XPLQI0<;145 LVVQ0367;038751 Suhvhqwhg dw HXILW*<; +9wk Hxur0
shdq Frqjuhvv rq Lqwhooljhqw Whfkqltxhv ) Vriw Frpsxwlqj, lq Ddfkhq/ Jhu0
pdq|1 Vhswhpehu :043/ 4<<;1

81 W1 Khoovwuùp dqg N1 Kropvwuùp1 Sdudphwhu Wxqlqj lq Wudglqj Dojrulwkpv
xvlqj DVWD1
Dffhswhg iru suhvhqwdwlrq dw Frpsxwdwlrqdo Ilqdqfh FI<< lq Qhz \run/ XVD1
Mdqxdu| 90;/ 4<<<1



Sduw L

Zkdw*v Vr Vshfldo Derxw Vwrfn
SuhglfwlrqvB
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Fkdswhu 4

Lqwurgxfwlrq

Rxw ri froohjh/ prqh| vshqw
Vhh qr ixwxuh/ sd| qr uhqw

Doo wkh prqh|*v jrqh/ qrzkhuh wr jr
\rx Qhyhu Jlyh Ph \rxu Prqh|/ Ohqqrq2PfFduwqh|

Vwrfn wlph vhulhv kdyh d qxpehu ri vshfl�f surshuwlhv wkdw/ dowkrxjk qrw xqltxh
zkhq h{dplqhg rqh e| rqh/ wrjhwkhu pdnh wkh suhglfwlrq wdvn udwkhu xqxvxdo dqg
fdoov iru vshfldo frqvlghudwlrqv zkhq ghyhorslqj dqg hydoxdwlqj d suhglfwlrq v|vwhp1

� Suhglfwlrq ri vwrfnv lv jhqhudoo| eholhyhg wr eh d yhu| gl!fxow wdvn1 Wkh prvw
frpprq ylhzsrlqw/ hvshfldoo| dprqj dfdghplfv/ lv wkdw wkh wdvn ri suhglfw0
lqj vwrfnv lv frpsdudeoh wr wkdw ri lqyhqwlqj d shushwxxp preloh ru vroylqj
sureohpv olnh wkh txdgudwxuh ri wkh flufoh1

� Wkh surfhvv ehkdyhv yhu| pxfk olnh d udqgrp0zdon surfhvv1 Wkh dxwrfruuhod0
wlrq iru gd| wr gd| fkdqjhv lv yhu| orz1 Kdzdzlql dqg Nhlp ^49` frqfoxgh rq
vhyhudo vwxglhv/ wkdw wkh vhuldo fruuhodwlrq lq vwrfn0sulfh wlph vhulhv lv hfrqrp0
lfdoo| dqg vwdwlvwlfdoo| lqvljql�fdqw1

� Wkh surfhvv lv �uhjlph vkliwlqj�/ lq wkh vhqvh wkdw wkh xqghuo|lqj surfhvv
lv wlph0ydu|lqj1 Wkh qrlvh ohyho dqg yrodwlolw| lq wkh wlph vhulhv fkdqjh dv
wkh vwrfn pdunhwv pryh lq dqg rxw ri shulrgv ri �wxuexohqfh�/ �kdxvvh� dqg
�edlvvh�1 Wklv fdxvhv juhdw sureohpv iru wudglwlrqdo dojrulwkpv iru wlph vhulhv
suhglfwlrqv1

Wkh reylrxv frpsoh{lw| ri wkh sureohp dqg wkh vwurqj uhvhpeodqfh wr udqgrp0
zdon surfhvvhv kdv/ dv zh vkdoo vhh lq wkh iroorzlqj fkdswhuv/ gluhfw lpsolfdwlrqv rq
wkh suhglfwlrq/ hydoxdwlrq/ dqg dssolfdwlrq wdvnv1

Rq wkh srvlwlyh vlgh/ wkh dssolfdwlrq ri d suhglfwlrq v|vwhp iru vwrfn sulfhv lv
vrphzkdw vshfldo=

� D vxffhvvixo suhglfwlrq dojrulwkp grhv qrw kdyh wr surylgh suhglfwlrqv iru doo
srlqwv lq wkh wlph vhulhv1 Wkh lpsruwdqw phdvxuh ri vxffhvv lv wkh klw udwh dqg
wkh jhqhudwhg sur�w dw wkh srlqwv zkhuh wkh dojrulwkp surgxfhv suhglfwlrqv1
Wkh ehkdylru lq0ehwzhhq wkhvh srlqwv lv qrw htxdoo| lqwhuhvwlqj1 D plvvhg
rssruwxqlw| wr sur�w grhv qrw phdq orvw prqh|1

6



7 FKDSWHU 41 LQWURGXFWLRQ

Wkh qhdu0udqgrp0zdon ehkdylru dovr lpsolhv d vrphzkdw gl�huhqw hydoxdwlrq
vlwxdwlrq wkdq qrupdoo| hqfrxqwhuhg=

� Wkh hydoxdwlrq ri d suhglfwlrq dojrulwkp pxvw eh grqh zlwk juhdw fduh wr
dyrlg erwk �W|sh L huuruv� +idlolqj wr dffhsw d fruuhfw k|srwkhvlv, dqg �W|sh
LL huuruv� +dffhswlqj d idovh k|srwkhvlv,1 Wkh sureohp lv glvfxvvhg lq pruh
ghwdlo lq Fkdswhu 61

Dqrwkhu lqwhuhvwlqj surshuw| ri wklv sureohp duhd lv wkdw wkh suhglfwlrq dojr0
ulwkpv wkhpvhoyhv jhw lqwhjudwhg lq wkh gdwd jhqhudwlqj surfhvv1 Dvvxph dv dq
h{dpsoh/ wkdw d qhz vrsklvwlfdwhg dojrulwkp vkrzv d vxshulru dqg xqtxhvwlrqdeoh
suhglfwlyh srzhu/ zkhq dssolhg wr erwk klvwrulfdo gdwd dqg uhdo wudglqj1 Dv wklv
whfkqltxh ehfrphv sxeolf nqrzohgjh dqg frpprqo| xvhg/ wkh pdunhw sduwlflsdqwv
lqfoxgh wkh qhz dojrulwkp dv d qhz wrro dgmrlqlqj doo wkh suhylrxvo| vxjjhvwhg dqg
xvhg vwrfn hydoxdwlrq phwkrgv1 Wkh suhglfwlyh srzhu ri wkh qhz dojrulwkp wkhq gh0
fuhdvhv/ xqwlo lw ehfrphv xvhohvv1 Ylhzhg wklv zd|/ zkdw uhpdlqv wr pdnh sur�w rq lq
wudglqj/ lv qr pruh wkdq wkh uhvlgxdo iurp wkh vxshulpsrvhg suhglfwlrq dojrulwkpv
wkdw frpsulvh wkh surfhvv ri sulfh jhqhudwlrq1 Li wkh vxshulpsrvhg dojrulwkpv gr d
jrrg mre/ wkh uhvlgxdo vkrxog eh lqghhg wkh qhdu0udqgrp zdon wkdw zh duh idflqj1



Fkdswhu 5

Frpprq Ylhzsrlqwv

Lw lv yhu| hdv| wr jhw rslqlrqv iurp shrsoh derxw zkdw �kdv wr eh� vxffhvvixo vwudwh0
jlhv lq vwrfn wudglqj1 Lw lv htxdoo| gl!fxow/ e| uhdvrqlqj/ wr vkrz wkdw d sursrvhg
vwudwhj| lv qrw vxffhvvixo hyhq li wkdw uhdoo| lv wkh fdvh1 Dv zh vkdoo vhh lq Fkdswhu
6/ lw lv yhu| olnho| hyhq iru d udqgrp vwudwhj| wr dsshdu vxffhvvixo/ dowkrxjk lw kdv
ehhq whvwhg iru d vhhplqjo| orqj shulrg1

514 Wkh H!flhqw Pdunhw K|srwkhvlv
Uroo ph dqg fdoo ph wkh wxpeolq* glfh

Wxpeolq* Glfh/ Mdjjhu2Ulfkdugv

Wkh H!flhqw Pdunhw K|srwkhvlv +HPK, vwdwhv/ wkdw wkh fxuuhqw pdunhw sulfh
uh hfwv wkh dvvlplodwlrq ri doo wkh lqirupdwlrq dydlodeoh1 Wklv phdqv/ wkdw jlyhq
wkh lqirupdwlrq/ qr suhglfwlrq ri ixwxuh fkdqjhv lq wkh sulfh fdq eh pdgh1 Dv qhz
lqirupdwlrq hqwhuv wkh v|vwhp wkh xqedodqfhg vwdwh lv lpphgldwho| glvfryhuhg dqg
txlfno| holplqdwhg e| d �fruuhfw� fkdqjh lq pdunhw sulfh1 Ghshqglqj rq wkh w|sh ri
lqirupdwlrq frqvlghuhg/ wkhuh h{lvw wkuhh irupv ri HPK=

� Wkh zhdn irup= Rqo| sdvw sulfh gdwd lv frqvlghuhg1 Wklv nlqg ri HPK uxohv
rxw dq| irup ri suhglfwlrqv edvhg rq wkh sulfh gdwd rqo|/ vlqfh wkh sulfhv iroorz
d udqgrp zdon lq zklfk vxffhvvlyh fkdqjhv kdyh }hur fruuhodwlrq41

� Wkh vhplvwurqj irup= Doo sxeolfo| dydlodeoh lqirupdwlrq lv frqvlghuhg1 Wklv
lqfoxghv dgglwlrqdo wudglqj lqirupdwlrq/ vxfk dv yroxph gdwd +h1j1 qxpehu
ri wudghg vwrfnv/, dqg ixqgdphqwdo gdwd/ vxfk dv sur�w surjqrvhv dqg vdohv
iruhfdvwv1

� Wkh vwurqj irup= Doo lqirupdwlrq/ erwk sxeolfo| dqg sulydwho| dydlodeoh/ lv
frqvlghuhg1

Wkh dssolfdwlrq ri wkh zhdn dqg vhplvwurqj irupv ri HPK kdv ehhq idluo| zhoo
vxssruwhg lq d qxpehu ri uhvhdufk vwxglhv/ h1j1 Zklwh ^74`/ Orzh dqg Zhovk ^55`/
dqg kdv ehhq iru orqj wkh �r!fldo� ylhzsrlqw lq wkh dfdghplf vrflhw|1 Krzhyhu/ lq
uhfhqw |hduv pdq| sxeolvkhg uhsruwv vkrz/ wkdw wkh h!flhqw pdunhw k|srwkhvlv lv idu

4D pruh h{kdxvwlyh ghvfulswlrq ri wkh uhodwlrq ehwzhhq udqgrp zdon dqg wkh fruuhodwlrq lv
surylghg lq Fkdswhu 61
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9 FKDSWHU 51 FRPPRQ YLHZSRLQWV

iurp fruuhfw1 Idpd ^45` jrhv dv idu dv vwdwlqj/ lq d uhylhz/ wkdw wkh h!flhqw pdunhw
k|srwkhvlv vxuho| pxvw eh idovh1

Wkh vwurqj irup kdv ehhq/ iru reylrxv uhdvrqv/ gl!fxow wr whvw vwdwlvwlfdoo| gxh
wr vkruwdjh lq dydlodeoh gdwd1 Krzhyhu/ lqgluhfw phwkrgv dqdo|}lqj wkh shuirupdqfh
ri pxwxdo ixqg pdqdjhuv glg qrw suryh lw wr eh vxshulru wr rwkhu lqyhvwru w|shv ^69`1

515 Wudghuv Ylhzsrlqw
Zkhq wkh vklw klwv wkh idq/
L*oo eh vlwwlqj rq wkh fdq

Zkhq wkh zkls frphv grzq/
L*oo eh uxqqlqj wklv wrzq

Zkhq wkh Zkls Frphv Grzq/ Mdjjhu2Ulfkdugv

Ghvslwh wkh wudglwlrqdoo| pdvvlyh vxssruw iru HPK/ zh kdyh d pdmrulw| ri wkh
pdunhw dfwruv eholhylqj/ ru dw ohdvw fodlplqj/ wkdw wkh| fdq suhglfw wkh sulfhv vr wkdw
wkh| fdq pdnh sur�wv1 Doprvw doo surihvvlrqdo wudghuv uho| wr vrph h{whqw rq hlwkhu
whfkqlfdo ru ixqgdphqwdo dqdo|vlv ri sdvw lqirupdwlrq1 Wkh| ex| zkhq wkh pdunhw lv
�exoolvk� dqg vhoo zkhq lw lv �ehdulvk�/ wkhuhe| dvvxplqj d gluhfw fruuhodwlrq ehwzhhq
wkh fxuuhqw wuhqg dqg ixwxuh sulfhv1

Wkhuh duh dovr qxphurxv uhvhdufk sdshuv fodlplqj wkdw dsso|lqj qrqolqhdu prg0
hov/ vxfk dv qhxudo qhwzrunv dqg jhqhwlf dojrulwkpv/ fdq surylgh vxffhvvixo suhglf0
wlrqv1 Krzhyhu/ wklv pd| qrw frqwudglfw wkh HPK li qhz xvhixo phwkrgv duh qrw lp0
phgldwho| dvvlplodwhg e| wkh joredo wudglqj frppxqlw|1 OhEdurq ^4<`/ dqg Vzhhqh|
dqg Vxudumdudv ^66`/ kdyh lqyhvwljdwhg whfkqlfdo wudglqj vwudwhjlhv/ dqg irxqg vrph
hylghqfh ri d gurs0r� lq sur�w lq uhfhqw |hduv1

Dqrwkhu uhdvrqdeoh dujxphqw djdlqvw wkh HPK ghdov zlwk wkh gl�huhqw wlph
shuvshfwlyhv gl�huhqw wudghuv kdyh zkhq wkh| gr exvlqhvv1 Iru h{dpsoh/ d pdmrulw|
vwrfn rzqhu uhdfwv txlwh gl�huhqwo| wkdq d  rru gd| wudghu/ zkhq d vwrfn vxgghqo|
gursv lq ydoxh1 Wkhvh gl�huhqfhv lq wlph shuvshfwlyhv fdxvh dqrpdolhv lq wkh pdunhw
sulfhv/ hyhq li qr qhz lqirupdwlrq kdv hqwhuhg wkh vfhqh1 Lw pd| eh srvvleoh wr
lghqwli| wkhvh vlwxdwlrqv dqg dfwxdoo| suhglfw ixwxuh fkdqjhv1

Lq vxppdu|/ prvw dujxphqwv lq idyru ri wkh HPK uho| rq vwdwlvwlfdo whvwv vkrzlqj
qr suhglfwlyh srzhu lq wkh whvwhg prghov dqg whfkqlfdo lqglfdwruv1 Prvw dujxphqwv
djdlqvw wkh HPK uhihu wr d wlph ghod| ehwzhhq wkh srlqw zkhq qhz lqirupdwlrq
hqwhuv wkh v|vwhp dqg wkh srlqw zkhq wkh lqirupdwlrq kdv ehhq dvvlplodwhg joredoo|/
dqg d qhz htxloleulxp zlwk d qhz pdunhw sulfh kdv ehhq uhdfkhg1



Fkdswhu 6

Udqgrp Zdon

Ilqdqfldo wlph vhulhv duh riwhq fodlphg wr eh d wrwdo ru �qhdu0wr� wrwdo udqgrp zdon1
D udqgrp0zdon surfhvv lv qrupdoo| gh�qhg dv=

+E|� ' +E|� �� n @E|� +614,

zkhuh/ + lv wkh wlph vhulhv lq txhvwlrq/ dqg @ lv dq huuru whup/ zklfk kdv }hur
phdq/ dqg zkrvh ydoxhv duh lqghshqghqw ri hdfk rwkhu1 Wkh fkdqjh {+E|� ' +E|��
+E|� �� lv wkxv @E|� dqg lv khqfh lqghshqghqw ri suhylrxv fkdqjhv {+E|� ��c{+E|�
2����1 Lw fdq dovr eh vkrzq wkdw +614, lpsolhv wkdw hyhq kljkhu frqglwlrqdo prphqwv
ri {+ +h1j1 wkh yduldqfh ri {+, duh lqghshqghqw1 Wklv frqvhtxhqfh kdv ohg wr
glvfxvvlrqv derxw wkh ydolglw| ri wkh udqgrp0zdon k|srwkhvlv dv d wkhruhwlfdo prgho
ri �qdqfldo pdunhwv dqg wr dowhuqdwlyh irupxodwlrqv1 Rqh vxfk irupxodwlrq lv wkh
pduwlqjdoh/ zklfk lv gh�qhg dv=

{+E|� '
+E|� n(E|�� +E|� ��

+E|�
c +615,

zkhuh/ (E|� lv wkh glylghqg sdlg gxulqj shulrg |1 D vwrfkdvwlf surfhvv iroorzlqj
+615, uxohv rxw wkh frqglwlrqdo ghshqghqfh ri {+/ exw qrw dq| kljkhu prphqwv ri
{+/ dv vkrzq lq Ploov ^56`1 Wklv lv frqvlvwhqw zlwk wkh revhuydwlrqv wkdw �qdqfldo
wlph vhulhv jr wkurxjk txlhw shulrgv dv zhoo dv shulrgv ri wxuexohqfh1 Dv Ploov srlqwv
rxw/ wklv fdq eh prghohg e| d surfhvv/ lq zklfk vxffhvvlyh frqglwlrqdo yduldqfhv duh
dxwrfruuhodwhg/ exw qrw zlwk wkh pruh uhvwulfwlyh udqgrp zdon1

Lq dq| fdvh/ suhglfwlqj vwrfn sulfhv lv jhqhudoo| dffhswhg wr eh d yhu| gl!fxow
wdvn1 Wkh vwrfn sulfhv gr ehkdyh yhu| pxfk olnh d udqgrp0zdon surfhvv/ dw ohdvw
zkhq wkh klw udwhv jhqhudwhg e| prvw suhglfwlrq phwkrgv lq xvh duh ylhzhg1 Ri
frxuvh/ wklv kdv gluhfw lpsolfdwlrqv rq wkh suhglfwlrq/ hydoxdwlrq/ dqg dssolfdwlrq
wdvnv1

614 Suhglfwlqj dq Doprvw Udqgrp0Zdon Wlph Vh0
ulhv

Wkh suhglfwlrq wdvn lv lpsrvvleoh/ li wkh wlph vhulhv wr suhglfw lv dq devroxwh udqgrp
zdon1 Lq vxfk d fdvh dq| dojrulwkp iru suhglfwlrq ri wkh vljq ri{+E|� surgxfhv d DfI
klw udwh lq wkh orqj uxq1 Wkh ehvw zh fdq krsh iru lv wkdw wkh wlph vhulhv zh dwwhpsw
wr suhglfw kdyh d �qhdu wr� udqgrp0zdon ehkdylru/ exw zlwk olplwhg suhglfwdelolw|1

:



; FKDSWHU 61 UDQGRP ZDON

Ghjuhhv ri dffxudf| ri DeI klw udwh lq wkh suhglfwlrqv duh riwhq uhsruwhg dv vdwlvi|lqj
uhvxowv iru vwrfn suhglfwlrqv ^6:/ 7`1

615 Hydoxdwlqj Suhglfwlrq Dojrulwkpv iru Doprvw
Udqgrp0Zdon Wlph Vhulhv

Wkh sxusrvh ri hydoxdwlqj d suhglfwlrq dojrulwkp lv wr surgxfh dq dqvzhu �\hv� ru
�Qr� dv wr zkhwkhu wkh dojrulwkp uhdoo| kdv suhglfwlyh srzhu1 Wkh hydoxdwlrq wdvn lv
gluhfwo| d�hfwhg e| wkh uhodwlyho| orz ghjuhh ri dffxudf| wkdw fdq eh h{shfwhg/ hyhq
iurp d �vxffhvvixo� prgho1 Vrph vlpsoh vwdwlvwlfdo h{huflvhv vkrz wkh vlwxdwlrqv
wkdw pd| dulvh zkhq wu|lqj wr hydoxdwh d suhglfwlrq dojrulwkp1

616 Vfhqdulr 4

Dvvxph wkdw zh duh grlqj rqh0gd| suhglfwlrqv ri d vwrfn wlph vhulhv frqvlvwlqj ri
htxdo qxpehuv ri gdlo| pryhv xs dqg grzq gxulqj rqh |hdu ri 583 wudglqj gd|v1 Wklv
lv d uhdolvwlf dvvxpswlrq1 Wkh dyhudjh �R*E�Rn _J�?� udwlrv iru d odujh qxpehu ri
Vzhglvk vwrfnv lv vkrzq wr eh ehwzhhq 83( dqg 84(/ uhihu wr Vhfwlrq ;141

D wrwdoo| udqgrp suhglfwlrq dojrulwkp lv dssolhg iru hdfk gd|1 Wkh dojrulwkp
vlpso| surgxfhv d �4� +suhglfwhg pryh xs lq vwrfn sulfh, dqg d �3�+rwkhuzlvh,
wrwdoo| dw udqgrp1 Wkh suredelolw| wkdw %suhglfwlrqv duh fruuhfw lv jlyhq e|=

� Eklw udwh ' %� '

#
2Df

%

$
f�D% � f�D2Df3%� +616,

Wklv phdqv wkdw � Eklw udwh � %� iroorzv wkh elqrpldo glvwulexwlrq
elqrpE2Dfc f�D� dqg wkhuhiruh=

� Eklw udwh : %� ' �� � Eklw udwh � %� ' �� elqrp fgiE%c 2Dfc f�D�� +617,

Khuh elqrp fgi ghqrwhv wkh elqrpldo fxpxodwlyh glvwulexwlrq ixqfwlrq1 Lqvhuwlrq
ri % ' f�De � 2Df ' ��D |lhogv � Eklw udwh : ��D� ' f�fb2 dv wkh suredelolw| wkdw
wkh udqgrp suhglfwlrq dojrulwkp zrxog uhvxow lq d klw udwh kljkhu wkdq DeI1 Wkxv
zh duh uxqqlqj d bI ulvn ri fodvvli|lqj wkh udqgrp dojrulwkp dv d xvhixo suhglfwlyh
prgho1 Wklv fruuhvsrqgv wr zkdw vwdwlvwlfldqv fdoo d �W|sh LL huuru�/ l1h1 dffhswlqj d
idovh k|srwkhvlv1 Orzhulqj wkh uhtxluhg klw udwh olplw wr D2I klw udwh zrxog lqfuhdvh
wkh ulvn iru d W|sh LL huuru wr � � elqrp fgiEf�D2 � 2Dfc 2Dfc f�D� ' 2e���1 Qrw d
yhu| dgylvdeoh wklqj wr gr/ dssduhqwo|1

617 Vfhqdulr 5

Dvvxph wkdw zh duh hydoxdwlqj whfkqlfdo lqglfdwruv wkdw surgxfh vhoo dqg ex| vljqdov
rqfh d zhhn rq dyhudjh1 Zh kdyh vhohfwhg rqh kxqguhg gl�huhqw lqglfdwruv dqg zdqw
wr frqgxfw d surshu whvw/ dqg ghflgh li dq| ri wkhp kdv suhglfwlyh srzhu/ zklfk zh
gh�qh wr eh d klw udwh ri : DDI1 Iru d whvw shulrg ri 43 |hduv zh jhw 833 suhglfwlrqv
iurp hdfk lqglfdwru1 Wkh| duh frpsduhg wr wkh dfwxdo vwrfn fkduw/ dqg wkhq klw udwhv
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duh frpsxwhg iru wkh lqglfdwruv1 Zkdw lv wkh suredelolw| wkdw d udqgrp lqglfdwru
zrxog vols wkurxjk wklv whvwB

Dv ehiruh/ zh fdq frpsxwh wkh suredelolw| wkdw d sxuho| udqgrp lqglfdwru sur0
gxfhv % ru ihzhu fruuhfw vljqdov +klwv, zkhq dssolhg wr d vwrfn= � Eklw udwh � %�
iroorzv wkh elqrpldo glvwulexwlrq elqrpEDffc f�D� dqg wkxv=

� Eklw udwh : %� ' �� � Eklw udwh � %� ' �� elqrp fgiE%c Dffc f�D�� +618,

Zh frpsxwh � Eklw udwh : f�DD � Dff� ' f�f��2 dv wkh suredelolw| wkdw d udqgrp
lqglfdwru zrxog surgxfh d klw udwh kljkhu wkdq DDI1 Exw vlqfh zh vwduwhg r� zlwk
433 gl�huhqw lqglfdwruv/ zh pxvw fdofxodwh wkh suredelolw| wkdw zh idovho| dffhsw
DQ\ ri wkh 433 udqgrp lqglfdwruv1 Wklv ulvn lv �� E��f�f��2��ff/ zklfk fdofxodwhv
wr SHI1 Lw vkrxog eh qrwlfhg/ wkdw wkhuh duh pdq| kxqguhgv ri vxjjhvwhg lqglfdwruv
dqg uxohv/ fodlphg wr uhdoo| suhglfw ixwxuh vwrfn sulfhv1 Lq wkh oljkw ri zkdw zh kdyh
mxvw vhhq/ wkh phuh vhohfwlrq ri rqh ri wkhvh lqglfdwruv/ edvhg rq lwv sdvw shuirupdqfh/
fdq eh vwdwlvwlfdoo| wrwdoo| xqdffhswdeoh1

618 Zk| Gr Zh Jhw wkhvh Uhvxowv

Wkh sulpdu| uhdvrq iru rewdlqlqj uhvxowv olnh wkh rqhv vkrzq deryh/ lv wkdw wkh
olplwv vhw iru dffhswhg suhglfwlrq klw udwhv duh wrr orz1 Lqfuhdvlqj wkhp wr/ vd| SfI
zrxog surylgh frqvlghudeo| vdihu uhvxowv1 Krzhyhu/ wkhq wkh sureohp zrxog eh wr
�qg suhglfwlrq dojrulwkpv wkdw uhdoo| surgxfh vxfk kljk klw udwhv iru wkh uhtxluhg
whvw shulrg1 Wkh uhdvrq wkdw vr pdq| sdshuv suhvhqw klw udwhv lq wkh uhjlrq ehorz
DDI pd| eh vlpso| wkdw wkh suhglfwlrq wdvn lv lpsrvvleoh +dw ohdvw zlwk wkh uhsruwhg
phwkrg/, dqg wkh rqo| zd| wr rewdlq uhvxowv wkdw vhhp wr eh vljql�fdqw/ lv wr nhhs
wkh uhtxluhg klw udwh rq d ohyho zkhuh hyhq d udqgrp suhglfwru zrxog surgxfh wkhp1

Vfhqdulr 5 deryh/ slqsrlqwv dovr dqrwkhu lpsruwdqw lvvxh wr eh eruqh lq plqg/
hvshfldoo| zkhq vhohfwlqj wkh ehvw shuiruplqj dojrulwkp ru whfkqlfdo lqglfdwru1 Wkh
gudpdwlf lqfuhdvh wr SHI lq Vfhqdulr 5/ lv gxh wr wkh idfw wkdw wkh vhohfwlrq lv grqh
lq vdpsoh1 Jlyhq hqrxjk gl�huhqw lqglfdwruv/ lw zrxog eh srvvleoh wr �qg rqh zlwk
dq| klw udwh1 Lw fruuhvsrqgv wr ryhu�wwlqj d srzhuixo prgho wr d vhw ri gdwd srlqwv1
Wkh frqfoxvlrq lv wkdw d whvw vhw ri gdwd srlqwv pxvw eh nhsw xqwrxfkhg gxulqj wkh
hqwluh sdudphwhu hvwlpdwlrq dqg prgho vhohfwlrq surfhvv1 Dowkrxjk wklv pd| vrxqg
wulyldo/ lw lv lq idfw txlwh gl!fxow wr ixo�oo frpsohwho|1 Prgho vhohfwlrq lv lq h�hfw hyhq
diwhu wkh whvw uhvxowv kdyh ehhq sxeolvkhg/ vlqfh jrrg suhglfwlrq uhvxowv suredeo| jhw
pruh dwwhqwlrq wkdq edg rqhv1 Iru d wkrurxjk dqdo|vlv ri uhodwhg sureohpv uhihu wr
^54`1
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Sureohp Irupxodwlrq
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Dydlodeoh Gdwd

D suhglfwlrq dojrulwkp xvhv d vhw ri nqrzq hqwlwlhv wr surgxfh d suhglfwlrq ri ixwxuh
ydoxhv iru wkh vdph ru rwkhu hqwlwlhv1 Lq wkh fdvh ri vwrfn suhglfwlrqv/ wkh hqwlwlhv
fdq eh glylghg lqwr wzr fdwhjrulhv= sxuh whfkqlfdo gdwd dqg ixqgdphqwdo gdwd1 Wkh
whfkqlfdo gdwd lv wkh rqo| rqh xvhg e| wkh whfkqlfdo dqdo|vwv1 Wkhlu surjqrvhv duh
edvhg rq sdvw vwrfn gdwd rqo|1 Wkh ixqgdphqwdo dqdo|vwv lqfoxgh/ lq dgglwlrq wr
wkh sxuh whfkqlfdo gdwd/ gdwd uhodwhg wr wkh frpsdqlhv* dfwxdo dfwlylw| dqg wkh
pdunhw vlwxdwlrq1 Lq dgglwlrq wr wkhvh wzr fdwhjrulhv ri gdwd/ ghulyhg hqwlwlhv fdq
eh surgxfhg e| wudqviruplqj dqg frpelqlqj whfkqlfdo dqg ixqgdphqwdo gdwd1 Wklv
vhfwlrq ghvfulehv wkh prvw frpprq hqwlwlhv xvhg hlwkhu dv lqsxw ru rxwsxw lq wkh
suhglfwlrq ri vwrfnv1

714 Whfkqlfdo Gdwd
Wkh gdlo| dydlodeoh gdwd iru hdfk vwrfn lv uhsuhvhqwhg lq wkh iroorzlqj irxu wlph
vhulhv/ zlwk gdwd iru hdfk gd| ri wudglqj +qrupdoo| Prqgd|0Iulgd|,=

� +� ru + = Forvh ydoxh> wkh sulfh ri wkh odvw shuiruphg wudgh gxulqj wkh gd|

� +M = Kljkhvw wudghg sulfh gxulqj wkh gd|

� +u = Orzhvw wudghg sulfh gxulqj wkh gd|

� T = Yroxph> wkh wrwdo qxpehu ri wudghg vwrfnv gxulqj wkh gd|

Gdwd iru hdfk lqglylgxdo wudgh gxulqj wkh gd| lv vrphwlphv dydlodeoh dv zhoo1
Krzhyhu/ wklv gdwd lv vhogrp xvhg lq gdwd prgholqj ri vwrfn sulfhv/ exw lv riwhq xvhg
iru wlplqj sxusrvhv ehiruh �sxoolqj wkh wuljjhu� lq uhdo wudglqj1

Wkh prvw reylrxv fkrlfh ri hqwlw| wr suhglfw lv wkh wlph vhulhv +� ru +1 Vrph ri
wkh gudzedfnv ri wklv dssurdfk duh=

� Wkh sulfhv + qrupdoo| ydu| juhdwo|/ pdnlqj lw gl!fxow wr fuhdwh d ydolg prgho
iru d orqjhu shulrg ri wlph1

� + iru gl�huhqw vwrfnv pd| hdvlo| gl�hu ryhu vhyhudo ghfdghv/ dqg wkhuhiruh fdq
qrw eh xvhg dv wkh vdph w|sh ri lqsxw lq d prgho1

Wkhuhiruh wkh uhwxuqv/ gh�qhg lq +714,/ duh riwhq xvhg lqvwhdg1

46
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715 Ixqgdphqwdo Gdwd

Dsduw iurp wkh gdlo| vdpsohg gdwd ghvfulehg deryh/ wkhuh lv d orw ri lqirupdwlrq
frqfhuqlqj wkh dfwlylwlhv dqg �qdqfldo vlwxdwlrq ri hdfk frpsdq|1 Prvw frpsdqlhv
txrwhg dw d vwrfn pdunhw/ duh dqdo|}hg rq d uhjxodu edvlv e| wkh surihvvlrqdo pdunhw
dqdo|vwv dw wkh �qdqfldo lqvwlwxwhv1 Wkh dqdo|vhv duh riwhq suhvhqwhg dv qxphulfdo
lwhpv/ zklfk duh vxssrvhg wr klqw dw wkh �wuxh� ydoxh ri wkh frpsdq|*v vwrfn1 Wkh
ex| dqg vhoo uhfrpphqgdwlrqv duh wkhq iruphg/ hlwkhu lqwxlwlyho| ru zlwk vrph vruw
ri pdwkhpdwlfdo zhljkwlqj ri wkhvh qxphulfdo lwhpv1 D ixqgdphqwdo dqdo|vlv ri d
frpsdq| w|slfdoo| irfxvhv rq wkh iroorzlqj wkuhh idfwruv +Dfkholv ^4`,=

4 Wkh jhqhudo hfrqrp|=

� lq dwlrq1

� lqwhuhvw udwhv1

� wudgh edodqfh/ hwf1

5 Wkh frqglwlrq ri wkh lqgxvwu|> Wkh vwdwh ri wkh lqgxvwu|/ wr zklfk wkh frpsdq|
ehorqjv=

� Rwkhu vwrfn sulfhv qrupdoo| suhvhqwhg dv lqgh{hv +l1h1 zhljkwhg phdqv,
vxfk dv wkh XV �Grz Mrqhv�/ wkh Jhupdq �GD[� dqg wkh Vzhglvk �Jhq0
hudolqgh{�1

� Wkh sulfhv ri uhodwhg frpprglwlhv vxfk dv rlo/ gl�huhqw phwdov/ dqg fxu0
uhqflhv1

� Wkh ydoxh ri wkh frpshwlwruv* vwrfnv1

6 Wkh frqglwlrq ri wkh frpsdq|/ h{wudfwhg iurp wkh frpsdq|*v �qdqfldo vwdwh0
phqwv1 Iurp wkhvh d qxpehu ri xvhixo yduldeohv fdq eh fdofxodwhg=

� s2h udwlr1 Wkh vwrfn sulfh glylghg e| wkh hduqlqj shu vkduh gxulqj wkh
odvw 45 prqwkv1

� Errn ydoxh shu vkduh> qhw dvvhwv +dvvhwv plqxv oldelolwlhv, glylghg e| wkh
wrwdo qxpehu ri vkduhv1

� Qhw sur�w pdujlq> qhw lqfrph glylghg e| wkh wrwdo vdohv1

� Ghew udwlr> oldelolwlhv glylghg e| wkh wrwdo dvvhwv1

� Surjqrvhv ri ixwxuh sur�wv1

� Surjqrvhv ri ixwxuh vdohv1

Ri frxuvh/ prvw ri wkh zrun shuiruphg e| wkh surihvvlrqdo �qdqfldo dqdo|vwv lv
qrw sxeolfo| dydlodeoh1 Krzhyhu/ sohqw| ri kljk txdolw| gdwd lv sxeolvkhg zhhno| lq
vhyhudo �qdqfldo pdjd}lqhv1 Lq dq| fdvh/ wkh dydlodelolw| ri kxjh dprxqwv ri gdwd lq
pdfklqh uhdgdeoh irup lv pxfk ehwwhu iru whfkqlfdo gdwd wkdq iru ixqgdphqwdo gdwd1
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716 Ghulyhg Gdwd

71614 Uhwxuq

Wkh rqh0vwhs uhwxuqv -E|� duh gh�qhg dv wkh uhodwlyh lqfuhdvh lq sulfh vlqfh wkh
suhylrxv srlqw lq wkh wlph vhulhv=

-E|� ' �ff � +E|�� +E|� ��

+E|� ��
� +714,

D frpprq yduldqw lv wkh orj0uhwxuq

-E|� ' *L}
+E|�

+E|� ��
� +715,

Wkh orj0uhwxuqv duh riwhq xvhg lq dfdghplf uhvhdufk/ zkloh wkh iruphu yhuvlrq lv
prvw frpprq lq wkh wudglqj frppxqlw|1 Li wkh qdwxudo orjdulwkp lv xvhg/ wkh wzr
phdvxuhv duh yhu| vlplodu iru vpdoo fkdqjhv/ vlqfh *?E@

K
� � @

K
� � ' @3K

K
1

-E|� fdq eh jhqhudol}hg wr fryhu pruh wkdq rqh0gd| lqwhuydov1 Wkh &0vwhs uhwxuq
-&E|� lv frqvhtxhqwo| gh�qhg dv=

-&E|� ' �ff � +E|�� +E|� &�

+E|� &�
� +716,

71615 Wuhqg

Wkh uhwxuq -&E|� fdq eh lqwhusuhwhg dv wkh &0gd| sulfh wuhqg iru wkh vwrfn1 Lw lv
frqyhqlhqw wr glylgh e| & lq rughu wr jhw wkh gdlo| lqfuhdvh lq sulfh1 Wuhqg ydoxhv
iru gl�huhqw ydoxhv ri & fdq wkhq eh dqdo|}hg rq dq htxdo edvlv1 Zh vxjjhvw wkh
iroorzlqj gh�qlwlrq iru wkh &0wuhqg A&E|�=

A&E|� '
�ff

&
� +E|�� +E|� &�

+E|� &�
� +717,

71616 Yrodwlolw|

Yrodwlolw| lv d frpprq frqfhsw lq �qdqfldo dqdo|vlv1 Lw ghvfulehv wkh yduldelolw| lq
d vwrfn sulfh + dqg lv xvhg dv dq hvwlpdwh ri lqyhvwphqw ulvn/ exw dovr iru sur�w
srvvlelolwlhv1 Wkhuh h{lvw vhyhudo gh�qlwlrqv/ vhh wkh wkhvlv e| Dqghuvvrq ^5`1 Wkh
vwdqgdug gh�qlwlrq lv=

T '

yxxw �

� � �

�[
|'�

#
*?

#
+E|�

+E|� ��

$
�6

$2

+718,

zkhuh 6 lv wkh phdq ydoxh/

6 '
�

�

�[
|'�

*?

#
+E|�

+E|� ��

$
� +719,

Lq wklv fdvh wkh yrodwlolw| htxdov wkh vwdqgdug ghyldwlrq ri wkh orj0uhwxuq vhulhv
-E|�1 Li wkh yrodwlolw| lv wr eh xvhg dv lqsxw lq d prgho lghqwl�fdwlrq/ d volglqj
zlqgrz lv qrupdoo| xvhg iru wkh vxpv lq wkh gh�qlwlrq1 Lw kdv ehhq vkrzq hpslulfdoo|
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wkdw yrodwlolw| dqg suhglfwdelolw| ri �qdqfldo wlph vhulhv duh frqqhfwhg/ dowkrxjk d
wkhruhwlfdo h{sodqdwlrq grhv qrw h{lvw ^65`1 Wkh yrodwlolw| lv ri juhdw lqwhuhvw iru
�qdqfldo dqdo|vwv dqg surylghv xvhixo lqirupdwlrq zkhq hvwlpdwlqj lqyhvwphqw ulvn
lq uhdo wudglqj1 Wkh yrodwlolw| pd| eh xvhg erwk dv lqsxw dqg rxwsxw lq suhglfwlrq
prghov1

71617 Yroxph lqfuhdvh

Wkh lqfuhdvh ri wkh wudghg yroxph T lv riwhq ylhzhg dv dq lqglfdwlrq ri qhz lq0
irupdwlrq uhdfklqj wkh pdunhw1 Wkhuhiruh/ lw pd| eh xvhixo wr lqfoxgh wkh udwh ri
fkdqjh ri T dv dq dgglwlrqdo lqsxw yduldeoh1

71618 Wxuqlqj Srlqwv

Wxuqlqj srlqwv lq d vwrfn sulfh fkduw fdq eh ylhzhg dv srvlwlrqv/ zkhuh htxloleulxp
ehwzhhq ghpdqg dqg vxsso| kdv ehhq uhdfkhg1 Wkhuhiruh/ wkh| pd| eh ylhzhg dv
pruh vljql�fdqw wkdq wkh gdwd lq ehwzhhq/ zklfk frxog eh uhjdughg dv qrlvh lq wklv
frqwh{w1 Wkxv/ rqh dssurdfk pd| eh wr xvh wkh glvwdqfh lq wlph dqg sulfh dv lqsxw
wr wkh odwhvw wxuqlqj srlqwv1

71619 Whfkqlfdo Lqglfdwruv

Whfkqlfdo vwrfn dqdo|vlv ghdov h{whqvlyho| zlwk ghulyhg hqwlwlhv1 Iru d wkrurxjk
ghvfulswlrq ri wkh prvw frpprq whfkqlfdo lqglfdwruv/ vhh ^4`1

7161: Duwl�fldo Gdwd

Jhqhudwlqj duwl�fldo gdwd e| dgglqj qrlvh wr + +ru e| vkliwlqj gdwd voljkwo|, lqwur0
gxfhv d ghjuhh ri wlph lqyduldqfh1 Lw lv d zd| ri whoolqj wkh prgholqj dojrulwkp wr
frqfhqwudwh rq wkh ixqgdphqwdo surshuwlhv ri wkh gdwd lqvwhdg ri wu|lqj wr prgho
zkdw uhdoo| lv qrlvh1 Elvkrs ^9` kdv vkrzq/ wkdw dgglqj qrlvh wr gdwd lv htxlydohqw
wr Wlnkrqry uhjxodul}dwlrq1

7161; Uhodwlyh Vwrfn Shuirupdqfh

Lqvwhdg ri dwwhpswlqj wr suhglfw lqglylgxdo vwrfn sulfhv/ rqh pd| dgguhvv wkh sure0
ohp ri shuiruplqj dqg frpsdulqj suhglfwlrqv iru pdq| vwrfnv dw wkh vdph wlph1 Rqh
pxowl0vwrfn dssurdfk lv wr suhglfw wkh uhodwlyh ohyhov ru d udqnlqj olvw ri d jlyhq vhw
ri vwrfnv1 Wkh udqn frqfhsw lv lqwurgxfhg irupdoo| lq Fkdswhu 441

717 Gdwd Wudqvirupdwlrqv

Wkh lqsxw gdwd ghvfulehg deryh lv riwhq wudqviruphg ehiruh wkh dfwxdo prgholqj
wdnhv sodfh1 Wkh sxusrvhv ri wkh wudqvirupdwlrqv fdq eh glylghg lqwr wkh iroorzlqj
fdwhjrulhv=
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71714 Glphqvlrqdolw| Uhgxfwlrq

Lw lv dgydqwdjhrxv wr kdyh dv ihz lqsxw yduldeohv dv srvvleoh zkhq prgholqj wkh
vwrfn sulfhv1 Lw lv wkhuhiruh vrphwlphv xvhixo wr frpsxwh djjuhjdwhg hqwlwlhv wkdw
h{suhvv pdq| srlqwv lq wkh wlph vhulhv lqwr rqh ydoxh1 Wkhvh hqwlwlhv wkhq fdq eh
xvhg dv wkh dfwxdo lqsxwv lq wkh prgholqj1 H{dpsohv duh uxqqlqj phdqv ri +/ +M /
+u dqg T 1

71715 Qrupdol}dwlrq

Wkh sxusrvh ri qrupdol}dwlrq lv wr uhgxfh udqjh gl�huhqfhv lq wkh lqsxw yduldeohv1
Wzr pdmru w|shv fdq eh glvwlqjxlvkhg=

41 Uhgxfwlrq ri vl}h gl�huhqfhv ehwzhhq gl�huhqw lqsxw yduldeohv wr hqirufh vlplodu
ehkdylru xsrq wkh prgholqj dojrulwkpv1 Iru h{dpsoh/ ehiruh hqwhulqj yduldeohv
lqwr dq duwl�fldo qhxudo qhwzrun/ doo yduldeohv duh riwhq vfdohg wr fryhu wkh udqjh
3041 Wklv vfdolqj/ dqg wkh fruuhvsrqglqj uh0vfdolqj ri wkh qhwzrun rxwsxw/ lv
riwhq shuiruphg dxwrpdwlfdoo| lq qhxudo qhwzrun vriwzduh sdfndjhv1

51 Uhgxfwlrq ri vl}h gl�huhqfhv ryhu wlph lq dq lqsxw wlph vhulhv/ zklfk uhgxfhv
wkh qrq0vwdwlrqdu| h�hfw1 Iru h{dpsoh/ qrupdol}hg +/ +M dqg +u= Wkh phd0
vxuhg wlph vhulhv +/ +M dqg +u riwhq ydu| e| vhyhudo kxqguhg shufhqw/ li phd0
vxuhg iru vrph |hduv1 Wkhuhiruh/ lw lv riwhq qhfhvvdu| wr qrupdol}h wkh gdwd
wr uhgxfh wkh qrq0vwdwlrqdu| h�hfw1 Wkhuh h{lvw vhyhudo surfhgxuhv1 Vrph
h{dpsohv duh=

� Wudqvirupdwlrq wr uhodwlyh fkdqjhv +uhwxuqv, dv gh�qhg lq +714,1

� Wudqvirupdwlrq wr orj0uhwxuqv dv gh�qhg lq +715,1

� Qrupdol}dwlrq xvlqj wkh phdq1

� Qrupdol}dwlrq xvlqj erwk wkh phdq dqg wkh vwdqgdug ghyldwlrq1

Dv h{sodlqhg lq Vhfwlrq 716/ wkh �uvw wzr phdvxuhv duh txlwh vlplodu iru vpdoo
gdlo| fkdqjhv1 Wkh prwlydwlrq iru xvlqj wkh orj0uhwxuq lv vwdwlvwlfdo> wkh yduldqfh
ehfrphv vwdelol}hg dqg rxwolhuv ehfrph ohvv grplqdqw1 Erwk wudqvirupdwlrqv duh
yhu| iuhtxhqw lq wlph vhulhv suhglfwlrqv ri �qdqfldo gdwd1

Qrupdol}dwlrq xvlqj wkh phdq lv gh�qhg dv=

+?E|� ' +E|�*+6e@?E|� +71:,

zkhuh wkh phdq ydoxh +6e@?E|� lv frpsxwhg xvlqj d uxqqlqj zlqgrz ri �{hg
ohqjwk ?/ h1j1 63 gd|v edfnzdugv1 Wkh qrupdol}dwlrq zlwk wkh phdq dqg vwdqgdug
ghyldwlrq lv gh�qhg dv=

+?E|� ' E+E|�� +6e@?E|��*j+E|� +71;,

zkhuh wkh hvwlpdwhg vwdqgdug ghyldwlrq j+E|�/ olnh +6e@?E|�/ lv frpsxwhg lq d uxqqlqj
zlqgrz ri ohqjwk ?1 Wkh yduldeoh +?E|� h{suhvvhv wkh qxpehu ri vwdqgdug ghyldwlrqv
wkh + ydoxhv pd| gl�hu iurp wkhlu uxqqlqj phdq1 Vlploduo|/ wkh qrupdol}hg yroxph
T?E|� lv frpsxwhg dv=

T?E|� ' ET E|�� T6e@?E|��*jT E|� +71<,
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zkhuh wkh phdq T6e@?E|� dqg wkh vwdqgdug ghyldwlrq jT E|� ri wkh yroxph duh frp0
sxwhg lq d uxqqlqj zlqgrz ri �{hg ohqjwk ?T 1 D frpprq edfnzdug zlqgrz vl}h lv
?T ' �f gd|v1 T?E|� h{suhvvhv wkh qxpehu ri vwdqgdug ghyldwlrqv wkh yroxph �jxuh
gl�huv iurp lwv uxqqlqj phdq1

71716 Olqhdul}dwlrq

Lw lv riwhq suhihudeoh wr uhpryh reylrxv qrqolqhdu idfwruv/ zklfk zrxog rwkhuzlvh kdyh
wr eh wdnhq fduh ri lq wkh prgholqj1 Rqh h{dpsoh lv wkh yroxph T E|�/ riwhq glvwruwhg
e| h{wuhpho| kljk �jxuhv uhvxowlqj iurp lqglylgxdo wudghv e| odujh lqvwlwxwlrqdo
wudghuv/ vxfk dv pxwxdo ixqgv1 Wkh olqhdul}dwlrq lq wklv fdvh pd| eh d suh0surfhvvlqj
vtxdvklqj ixqfwlrq wkdw vxssuhvvhv ydoxhv rxwvlgh d vhw erxqgdu|1 Iru h{dpsoh/ wkh
lqsxw T E|� pd| eh wudqviruphg wr T

�

E|� dffruglqj wr=

T
�

E|� '
�

� n e3T E|�
+7143,

71717 Sulqflsdo Frpsrqhqw Dqdo|vlv +SFD,

Sulqflsdo Frpsrqhqw Dqdo|vlv surylghv dq h!flhqw whfkqltxh iru glphqvlrqdolw| uh0
gxfwlrq ri d gdwd vhw1 Lw zrunv e| �qglqj d olqhdu wudqvirupdwlrq A / zklfk lv dssolhg
wr wkh ruljlqdo gdwd vhw ri R glphqvlrqdo yhfwruv1 Wkh wudqviruphg yhfwruv duh vwloo R
glphqvlrqdo/ exw A lv frpsxwhg lq d zd| wkdw wkh yduldqfhv dorqj hdfk ri wkh qhz R
glphqvlrqv duh vruwhg e| wkhlu vl}hv lq d ghvfhqglqj rughu1 Wkhuhiruh/ d glphqvlrq0
dolw| uhgxfwlrq ri wkh gdwd vhw fdq eh shuiruphg e| vlpso| ljqrulqj wkh glphqvlrqv
zlwk wkh vpdoohvw yduldqfhv1 Wkh phdq0vtxduhg huuru lq vxfk d wuxqfdwlrq fdq eh
vkrzq wr eh wkh vxp ri wkh yduldqfhv ri wkh wuxqfdwhg glphqvlrqv1 A lv frpsxwhg e|
vroylqj dq hljhqydoxh sureohp/ frpprqo| hqfrxqwhuhg lq olqhdu dojheud1 Wkh hljhq0
yhfwruv ri wkh fruuhodwlrq pdwul{ - fruuhvsrqg wr wkh d{hv lq wkh qhz wudqviruphg
frruglqdwh v|vwhp/ dqg wkh hljhqydoxhv fruuhvsrqg wr wkh yduldqfhv phdvxuhg dorqj
hdfk rqh ri wkhvh d{hv1 Sulqflsdo frpsrqhqw dqdo|vlv kdv ehhq vxffhvvixoo| dssolhg
iru glphqvlrqdolw| uhgxfwlrq lq pdq| duhdv/ vxfk dv lpdjh uhfrjqlwlrq dqg vshhfk
uhfrjqlwlrq ^4:`1



Fkdswhu 8

Gh�qlqj wkh Suhglfwlrq Wdvn

Dv wkh suhvhqw qrz zloo odwhu eh sdvw/
Wkh rughu lv udslgo| idglq*

Wkh Wlphv wkh| duh D0fkdqjlq*/ E1 G|odq

D suhglfwlrq sureohp lqyroylqj vwrfnv fdq ghdo zlwk wklqjv rwkhu wkdq sxuh
suhglfwlrqv ri sulfh ohyhov ru sulfh fkdqjhv1 Lw lv vrphwlphv ri lqwhuhvw wr pdnh suh0
glfwlrqv ri ixwxuh wudghg yroxphv ru ri ixwxuh yrodwlolw| phdvxuhv1 D qhz lqwhuhvwlqj
dssurdfk/ lq zklfk wkh udqn ri wkh vwrfnv lv suhglfwhg/ lv suhvhqwhg lq Fkdswhu 441
Krzhyhu/ wklv wkhvlv pdlqo| ghdov zlwk suhglfwlrqv ri vwrfn sulfh ohyhov/ ru suhglfwlrqv
ri wkh uhwxuqv -&E|� dv gh�qhg lq +716, ru +715,1

Rqh riwhq fkrrvhv wr suhglfw -&E|� lqvwhdg ri wkh ruljlqdo sulfhv +1 Vrph ri wkh
uhdvrqv iru wklv duh=

41 -E|� kdv d uhodwlyho| frqvwdqw udqjh hyhq li gdwd lv ehlqj xvhg dv lqsxw iru
pdq| |hduv1 Wkh sulfhv + reylrxvo| ydu| pxfk pruh/ dqg pdnh lw gl!fxow wr
fuhdwh d ydolg prgho iru d orqjhu shulrg ri wlph1

51 -E|� iru gl�huhqw vwrfnv pd| dovr eh frpsduhg rq dq htxdo edvlv +krzhyhu/
wklv lv vhogrp grqh lq sxeolvkhg uhvhdufk sdshuv1,

61 Lw lv hdvlhu wr hydoxdwh d suhglfwlrq dojrulwkp iru -&E|�/ e| frpsxwlqj wkh
suhglfwlrq dffxudf| +klw udwh, ri wkh vljq ri -&E|�1

D suhglfwlrq sureohp iru -&E|� ru +E|� fdq eh irupxodwhg lq pdq| gl�huhqw zd|v1
Zh lqyhvwljdwh wzr pdmru w|shv=

� Il{hg suhglfwlrq0krul}rq phwkrgv

� Wudglqj vlpxodwlrq phwkrgv

Wkh iruphu dssurdfk lqfoxghv exloglqj prghov wkdw dwwhpsw wr suhglfw wkh ydoxhv
d �{hg qxpehu ri gd|v dkhdg1 Wkh odwwhu dssurdfk vlpxodwhv d uhdo wudglqj vlwxdwlrq/
zkhuh vwrfnv/ srvvleo| pdq| lq sdudooho/ duh doorzhg wr lvvxh �ex| vljqdov� dqg �vhoo
vljqdov� dffruglqj wr d wudglqj uxoh wkdw fruuhvsrqgv wr wkh prgho lq wkh �{hg
krul}rq fdvh1

D jhqhudo sureohp zlwk d �{hg suhglfwlrq krul}rq lv wkdw lw grhv qrw uh hfw wkh
zd| �qdqfldo suhglfwlrqv duh ehlqj xvhg1 Wkh delolw| ri d prgho wr suhglfw vkrxog

4<
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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 ixwxuh1
Dqg wkh prvw frpprqo| xvhg 40gd| krul}rq gh�qlwho| grhv qrw fruuhvsrqg wr d
uhdolvwlf zd| iru vwrfn wudglqj1

D jhqhudo sureohp zlwk phwkrgv edvhg rq wudglqj uxohv lv wkdw ri vwdwlvwlfdo
vljql�fdqfh1 Wkh wudglqj uxoh 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 lv hdv| wr �qg d wudglqj uxoh wkdw klvwrulfdoo| rxwshuirupv
dq| vwrfn lqgh{/ dv orqj dv lw grhv qrw kdyh wr surgxfh pruh wkdq d ihz vljqdov1
Lw lv fohdu wkdw wkh shuirupdqfh phdvxuhv iru d wudglqj uxoh 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 lv qrw fohdu krz wklv wudgh0r� ehwzhhq
sur�w dqg qxpehu ri vljqdov vkrxog eh vhwwohg lq dq rswlpdo zd|1 Wkh vhohfwlrq
eldv zkhq fkrrvlqj �jrrg� wudglqj uxohv/ uhqghuv d frpsoh{lw| dujxphqw zruwkohvv/
vlqfh hyhq d yhu| vlpsoh wudglqj uxoh fdq surgxfh yhu| kljk sur�w li lw kdv wr vljqdo
mxvw d ihz wlphv1 Wkh jhqhudo sureohp lv ohiw xqvroyhg lq wkh suhvhqw zrun/ zlwk wkh
vlqjoh exw lpsruwdqw revhuydwlrq/ wkdw wkh qxpehu ri surgxfhg vljqdov vkrxog eh dv
kljk dv srvvleoh wr uhqghu wkh wudglqj uxoh fuhgleoh1 Wkh wudglqj v|vwhp dssurdfk lv
h{dplqhg ixuwkhu lq Fkdswhu 49141

814 Il{hg Krul}rq Phwkrgv
Wlph zdlwv iru qr rqh/

Dqg lw zrq*w zdlw iru ph
Wlph Zdlwv iru Qr Rqh/ Mdjjhu2Ulfkdugv

Wkh phwkrgv zlwk d �{hg suhglfwlrq krul}rq fdq eh ixuwkhu vxeglylghg lqwr zkdw
L fdoo �Wkh Wlph Vhulhv Dssurdfk� dqg �Wkh Wudglqj Uxoh Dssurdfk�1 Erwk fdq
eh ghvfulehg dv vshfldo fdvhv ri jhqhudo lqgxfwlyh ohduqlqj1

81414 Suhglfwlrq dv Lqgxfwlyh Ohduqlqj

D jhqhudo suhglfwlrq wdvn pd| eh irupxodwhg dv d vshfldo fdvh ri lqgxfwlyh ohduqlqj1
Zh gh�qh d wlph rughu dqg slfn h{dpsohv iurp wlph vhulhv dv iroorzv=

Jlyhq d vhw ri � h{dpsohv/ iEjE|�c 5E| n ���c | ' �c ���c �j/ zkhuh 5E| n �� '
sEjE|��c ;|/ uhwxuq d ixqfwlrq }EjE|�� wkdw dssur{lpdwhv sEjE|�� lq wkh vhqvh wkdw
wkh qrup ri wkh huuru yhfwru . ' Ee�c ���c e�� lv plqlpl}hg1 Iru vlpsolflw|/ }EjE|��
lv ghqrwhg }E|�1 Hdfk e| lv gh�qhg dv e| ' eE}E|�c 5E| n ���/ zkhuh e lv dq duelwudu|
huuru ixqfwlrq1 Wkxv zh duh dlplqj dw dssur{lpdwlqj 5E|n �� zlwk }E|�/ zkhuh � lv
wkh suhglfwlrq krul}rq1 Wkh suhglfwlrq huuru lq wlph vwhs | lv d ixqfwlrq e ri h{dpsoh
rxwsxw 5E| n ��/ dqg wkh ixqfwlrq ydoxh }E|�1

Wr eh pruh frqfuhwh zh kdyh wr vshfli| wkh iroorzlqj hqwlwlhv=

� Wkh �Lqsxw�/ l1h1 wkh jE|� yhfwru1

� Wkh �Rxwsxw�/ l1h1 wkh 5E| n �� yhfwru1

� Wkh huuru ixqfwlrq eE}c 5�1



8141 IL[HG KRUL]RQ PHWKRGV 54

� Wkh huuru qrup/ edvhg rq vrph yhfwru qrup/ iru frpsxwlqj n.n1
� Sulru nqrzohgjh +eldv, ri wkh dssur{lpdwlqj ixqfwlrq }1

Lw lv lqwhuhvwlqj wr qrwh wkdw wkh ixqfwlrq } wkdw zh hyhqwxdoo| ohduq/ ghshqgv rq
doo wkhvh hqwlwlhv1 Hyhq wkh huuru ixqfwlrq/ zklfk riwhq lv uhjdughg dv d phuh phdvxuh
ri jrrgqhvv ri �w/ lv kljko| lqyroyhg lq wkh prgho vhohfwlrq1 E| vshfli|lqj wkh deryh
�yh hqwlwlhv �Wkh Wlph Vhulhv Dssurdfk� dqg �Wkh Wudglqj Uxoh Dssurdfk� fdq
eh h{suhvvhg dv vkrzq ehorz1

81415 Wkh Wlph Vhulhv Dssurdfk

Wkh lqsxw sduw j dqg rxwsxw sduw 5 ri hdfk h{dpsoh EjE|�c 5E| n ��� kdyh wkh
iroorzlqj irup lq wklv dssurdfk=

jE|� ' E+E|�c +E|� ��c ���c +E|� & n ��� +814,

dqg

5E| n �� ' +E| n ��� +815,

Wkh lqsxwv duh wkxv iruphg dv odjjhg ydoxhv ri wkh wlph vhulhv +E|�/ wkdw zh zdqw
wr suhglfw � vwhsv dkhdg1 Lq wkh fdvh ri vwrfn suhglfwlrqv/ wkh wlph vhulhv +E|� lv
w|slfdoo| wkh �0gd| uhwxuqv dffruglqj wr +714, ru wkh forvlqj sulfh hdfk gd| iru wkh
vwrfn1 Wkh suhglfwlrq huuru e lq hdfk vwhs lv wdnhq dv wkh gl�huhqfh ehwzhhq zkdw }
surylghv dqg zkdw wkh h{dpsohv vxjjhvw1 L1h1=

e| ' }E|�� 5E|n ��� +816,

Wkh urrw phdq vtxduh huuru +UPVH, lv xvhg dv wkh yhfwru qrup=

n.n '
yxxw �

�

�[
|'�

e2| � +817,

Wkh ohduqlqj wdvn lv wr �qg d ixqfwlrq } wkdw plqlpl}hv n.n1 Wkh eldv iru } fdq
eh fkrvhq lq pdq| zd|v1 Frpprq fkrlfhv duh=

� D olqhdu DU prgho=

}E|� '
&[

6'�

@6+E|�6� �� n @f +818,

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

}E|� '
[
�

#
�� �

#
&[

6'�

�6c�+E|�6� �� n �fc�

$
n �f

$
+819,

zkhuh � lv d qrqolqhdu ixqfwlrq/ vxfk dv wkh vljprlg ixqfwlrq �E%� ' �
�ne3%

1
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Wkh ohduqlqj frpsulvhv �qglqj wkh sdudphwhu ydoxhv zklfk plqlpl}h wkh huuru
qrup +817,1

Lw lv prvw frpprq wr ohw wkh plqlpl}hg UPVH phdvxuh +817, 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 zkhq suhglfwlqj uhwxuqv lv=

(E|� '

;A?
A=

Ex| G li }E|� : k
Vhoo G li }E|� 	 �q
Gr qrwklqj G rwkhuzlvh

c +81:,

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

Wkh UPVH phdvxuh +817, lv qrw dozd|v lghdo iru suhglfwlrqv ri �qdqfldo wlph
vhulhv iru wkh iroorzlqj uhdvrqv=

41 Wkh UPVH 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

51 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 lvvxh d ex| vljqdo1

61 Vhyhudo sdshuv uhsruw d srru fruuhodwlrq ehwzhhq wkh UPVH phdvxuh dqg wkh
sur�w pdgh e| dsso|lqj d suhglfwlrq dojrulwkp/ h1j1 Ohlwfk ) Wdqqhu ^48` dqg
Ehqjlr ^8`1 D vwudwhj| wkdw vhsdudwhv wkh prgholqj iurp wkh ghflvlrq0wdnlqj
uxoh/ vxfk dv wkh rqh lq +81:,/ lv ohvv rswlpdo wkdq prgholqj wkh ghflvlrq wdnlqj
gluhfwo| ^58`1 Dujxphqwv 4 dqg 5 erwk r�hu vrph h{sodqdwlrqv wr wkhvh uhvxowv1

81416 Wkh Wudglqj Uxoh Dssurdfk

Lqvwhdg ri suhglfwlqj vwrfn sulfhv iru doo srlqwv � wr� / dojrulwkpv fdq eh frqvwuxfwhg
wr uhfrjql}h vlwxdwlrqv zkhuh rqh vkrxog ex| dqg vhoo vwrfnv1 Wklv dssurdfk fdq dovr
ghdo zlwk wkh glvdgydqwdjhv ri wkh Wlph Vhulhv Dssurdfk ghvfulehg deryh1

Wkh wdvn fdq eh gh�qhg dv d fodvvli|lqj sureohp zlwk wkuhh fodvvhv= �Ex|�/ �Vhoo�
dqg �Gr qrwklqj�1 Vlqfh zh zdqw fodvvl�fdwlrqv iru doo srlqwv �c ���c � / zh vwloo qhhg
wr xvh wkh wlph vhulhv iudphzrun1 D wudglqj uxoh fdq eh ghvfulehg dv d wlph vhulhv
A E|� gh�qhg dv=

A E|� '

;A?
A=

Ex| G li }E|� ' �
Vhoo G li }E|� ' ��
Gr qrwklqj G li }E|� ' f

� +81;,

Wkh xqvshfl�hg ixqfwlrq } ghwhuplqhv wkh w|sh ri wkh wudglqj uxoh1 Wkh jhqhudo
sureohp ri jhqhudwlqj wkh ixqfwlrq } fdq eh irupxodwhg zlwklq wkh iudphzrun ri
lqgxfwlyh ohduqlqj1

Wkh lqsxw sduw j ri hdfk h{dpsoh EjE|�c 5E|n��� kdv wkh vdph irup dv lq +814,=

jE|� ' E+E|�c +E|� ��c ���c +E|� & n ��� +81<,
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zkhuh +E|� w|slfdoo| lv wkh �0gd| uhwxuqv ru wkh forvlqj sulfh iru wkh vwrfn1
Wkh rxwsxw sduw 5 ri hdfk h{dpsoh kdv wkh iroorzlqj irup=

5E|n �� ' -�E|n �� +8143,

zkhuh -�E| n �� lv wkh �0vwhs uhwxuq gh�qhg lq +714, frpsxwhg � gd|v dkhdg1
Wkh suhglfwlrq huuru e| lq hdfk vwhs | lv vrphzkdw gl�huhqw iurp wkh wlph vhulhv

dssurdfk1 Rqh dowhuqdwlyh/ zklfk dlpv dw pd{lpl}lqj wkh klw udwh iru wkh wudglqj
uxoh/ lv=

e| '

;A?
A=

� G }E|� ' � DQG 5E|n �� 	 f
� G }E|� ' �� DQG 5E|n �� : f
f G rwkhuzlvh

� +8144,

Wkh prgho lv khqfh shqdol}hg li wkh suhglfwhg uhwxuq kdv d gl�huhqw vljq wkdq
wkdw ri wkh dfwxdo uhwxuq 5E|n ��1

Dqrwkhu dowhuqdwlyh/ zklfk dlpv dw pd{lpl}lqj wkh wkhruhwlfdo sur�w iru wkh
wudglqj uxoh/ lv=

e| '

;AAAAAA?
AAAAAA=

�5E| n �� G }E|� ' � DQG 5E|n �� 	 f
5E| n �� G }E|� ' �� DQG 5E|n �� : f

�5E| n �� G }E|� ' � DQG 5E|n �� : f
5E| n �� G }E|� ' �� DQG 5E|n �� 	 f

f G rwkhuzlvh

� +8145,

Wklv huuru phdvxuh htxdov wkh orvv fdxvhg li wudglqj zdv shuiruphg dffruglqj wr
wkh wudglqj uxoh1

Wkh phdq huuru iru wkh qrq0}hur fdvhv lv xvhg dv wkh yhfwru qrup1 L1h1=

n.n '
�3�S
|'&

e|

�3�S
|'&

@|

+8146,

zkhuh

@| '

+
� �s e| 9' f
f J|�eo��re

� +8147,

Dv ehiruh/ wkh ohduqlqj wdvn lv wr �qg d ixqfwlrq } wkdw plqlpl}hv n.n1 Wkh eldv
iru } lv qrupdoo| yhu| vwurqj/ dv glvsod|hg lq wkh iroorzlqj h{dpsoh=

H{dpsoh=
Lqsxwv= Odjjhg vwrfn sulfhv duh xvhg dv lqsxw=

jE|� ' E+E|�c +E|� ��c ���c +E|� & n ���� +8148,

Rxwsxwv= Wkh 80gd|0uhwxuq frpsxwhg dw |n D=

5E|n D� ' -DE| n D�� +8149,

Wkh huuru ixqfwlrq lv fkrvhq dffruglqj wr +8144, dqg wkh huuru qrup dffruglqj wr
+8146,1 Wkh xqnqrzq ixqfwlrq } lv uhvwulfwhg dffruglqj wr=
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}E|� '

;A?
A=

� G li 6@�7E|� : 6@�uE|� DQG 6@�7E|� �� � 6@�uE|� ��
�� G li 6@�7E|� 	 6@�uE|� DQG 6@�7E|� �� � 6@�uE|� ��
f G rwkhuzlvh

+814:,

zkhuh 6@�&E|� lv d prylqj dyhudjh ri ohqjwk &1 L1h1=

6@�&E|� '
�

&

&3�[
6'f

+E|�6� +814;,

Wkh wudglqj uxoh lv looxvwudwhg lq �jxuh 8141
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Iljxuh 814= D wudglqj uxoh edvhg rq prylqj dyhudjhv

Wkh ohduqlqj lq wklv h{dpsoh frqvlvwv ri �qglqj rswlpdo ydoxhv wr vshfli| wkh
ixqfwlrq }/ l1h1= wkh ohqjwk yduldeohv lq wkh prylqj dyhudjhv 7 dqg u1 W|slfdo ydoxhv
duh 7 ' 2 dqg u ' �f1 Wkh wudglqj uxoh +81;, vljqdov �Ex|/� li wkh vkruw prylqj
dyhudjh 6@�7 furvvhv wkh orqj prylqj dyhudjh 6@�u iurp ehorz1 D �Vhoo� vljqdo lv
lvvxhg zkhq 6@�7 furvvhv wkh 6@�u iurp deryh1 Wkh rswlpdo vhwwlqjv iru 7 dqg u
duh ghwhuplqhg e| wkh ohduqlqj surfhvv1

Qrwh wkh gl�huhqfh ehwzhhq wklv dqg wkh Wlph Vhulhv Dssurdfk/ zkhuh wkh suh0
glfwlrq huuru dw doo srlqwv zdv dgghg xs wr wkh phdq huuru n.n1 Dovr qrwh/ wkdw n.n/
ylhzhg dv d ixqfwlrq ri wkh sdudphwhuv lq }/ pd| jhw d orw ri orfdo dqg hyhq joredo
plqlpd zkhq wkhuh duh yhu| ihz srlqwv zkhuh e| 9' f1 Wkhvh plqlpd duh fohduo|
qrw zkdw zh duh orrnlqj iru zkhq dwwhpswlqj wr plqlpl}h n.n/ dqg vr wkh| kdyh
wr eh dyrlghg1 Lw lv qhfhvvdu| lq wkhvh fdvhv wr uhjxodul}h wkh sureohp e| dgglqj
frqvwudlqwv wr wkh qxpehu ri suhglfwlrqv1

Wklv irupxodwlrq fryhuv wkh vr0fdoohg whfkqlfdo lqglfdwruv wkdw duh yhu| frpprq
lq sudfwlfdo wudglqj1 Hyhq li wkh| duh vhogrp ghvfulehg lq wklv irupdo zd|/ wkh| fdq
riwhq eh uhirupxodwhg dv d wudglqj uxoh A E|� dv ghvfulehg deryh1 Wkh jhqhudo wudglqj
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uxoh irupxodwlrq fdq eh dovr ri lqwhuhvw zkhq ghyhorslqj qhz suhglfwlrq dojrulwkpv1
Wkh idfw wkdw wkh suhglfwlrq huuru }E|� � 5E| n �� iru wkh �Gr qrwklqj� vlwxdwlrqv
lv vhw wr }hur lq wkh huuru phdvxuh e|/ srlqwv rxw wkh srvvlelolw| wr ghyhors prghov
wkdw wdnh lqwr dffrxqw wkh ydu|lqj qrlvh frqwhqwv dqg suhglfwdelolw| ri wkh gdwd0
jhqhudwlqj surfhvv1 Lq wklv zd|/ uhjlrqv zlwk orz suhglfwdelolw| surgxfh pruh �Gr
qrwklqj� fdvhv1

815 Wudglqj Vlpxodwlrq Phwkrgv

D wudglqj vlpxodwlrq lpsohphqwv d wudglqj0uxoh0edvhg suhglfwlrq dojrulwkp lq d v|v0
whp/ zkhuh uhdo wudglqj lv vlpxodwhg dv forvho| dv srvvleoh1 Wklv phdqv wkdw wkh
wudglqj uxoh*v Ex| sduw lqlwldwhv ex| dfwlrqv/ dqg wkh Vhoo sduw lqlwldwhv vhoo dfwlrqv1
Lq wklv zd| d pruh uhdolvwlf vlwxdwlrq lv dfklhyhg wkdq wkh suhylrxvo| ghvfulehg rqh
ri kdylqj d �{hg krul}rq1 Wudqvdfwlrq frvwv iru wkh wudghv fdq eh dovr hdvlo| lqfru0
srudwhg1 D frpsohwh wudglqj vlpxodwlrq lqfoxghv pxfk pruh wkdq d sxuh suhglfwlrq
dojrulwkp1 Ghflvlrq vxssruw lv qhhghg wr ghflgh krz pdq| vwrfnv wr ex| dqg vhoo
dqg/ lq wkh fdvh ri d pxowl0vwrfn vlpxodwlrq/ zklfk vwrfnv wr suhihu/ li pdq| vwrfnv
vkrz d suhglfwhg lqfuhdvh lq sulfh1 Wkh wudglqj vlpxodwlrq dssurdfk lv h{dplqhg
ixuwkhu lq Fkdswhu 49141

816 Uhpdunv

Iurp wkh suhvhqwhg irupdol}dwlrq ri wkh suhglfwlrq wdvn zh revhuyh wkh iroorzlqj=

� Wkh UPVH phdvxuh/ frpprqo| xvhg lq �{hg0krul}rq suhglfwlrq wdvnv/ lv mxvw
rqh ri pdq| fkrlfhv/ dqg e| qr phdqv lv �jlyhq e| wkh jrgv� dv d xqlyhuvdo
ehvw dowhuqdwlyh1 Wkh fkrlfh ri huuru phdvxuh dqg huuru qrup ghwhuplqhv fhq0
wudo surshuwlhv olnh klw udwh/ sur�w/ dqg ulvn frpshqvdwlrq iru wkh surgxfhg
suhglfwlrqv1

� Prgholqj d wudglqj uxoh e| orrnlqj dw �{hg krul}rq ydoxhv pd| eh uhjdughg/
rq jrrg jurxqgv/ dv lqdssursuldwh1 D pruh qdwxudo phwkrg lv d wudglqj vlpx0
odwlrq/ zkhuh erwk ex| dqg vhoo vljqdov duh revhuyhg lq uhodwlrq wr hdfk rwkhu1
Wkh v|vwhpDVWD/ ghvfulehg lq Fkdswhu 4914/ vxssolhv dq hqylurqphqw zkhuh
wudglqj uxohv fdq eh ghyhorshg dqg hydoxdwhg lq wklv idvklrq1

� L zrxog olnh wr srlqw rxw/ wkdw wkh vhsdudwlrq ri wkh gh�qlwlrq ri wkh wdvn
dqg wkh shuirupdqfh phdvxuh lv grqh sxuho| wr �w lqwr wkh frpprqo| xvhg
phwkrgv iru suhglfwlrq dqg hydoxdwlrq1 Dv ghvfulehg ixuwkhu rq/ wkhvh wzr
frqfhswv vkrxog eh lqwhuwzlqhg lq rughu wr uhdfk dq rswlpdo vroxwlrq ri d
suhglfwlrq sureohp1



Fkdswhu 9

Shuirupdqfh

Krz fdq L jr iruzdug zkhq L grq*w nqrz zklfk zd| L*p idflqjB
Krz/ M1 Ohqqrq

D zd| wr phdvxuh wkh shuirupdqfh ri d prgho lv qhhghg lq wzr skdvhv ri wkh
ghyhorsphqw f|foh ri wkh suhglfwlrq v|vwhp1 Iluvw/ gxulqj wkh prgholqj skdvh/ zkhuh
d prgho lv vhohfwhg ru zkhuh rswlpdo vhwwlqjv rq xqnqrzq sdudphwhuv lq wkh prgho
ru lq wkh wudglqj uxohv kdyh wr eh ghflghg xsrq1 Vhfrqgo|/ zkhq wkh frpsohwh
dojrulwkp lv sxw wr whvw rq klvwrulfdo gdwd/ wr vhh li lw vhuyhv wkh ruljlqdo jrdo ri wkh
ghyhorsphqw surmhfw1 Dv zdv phqwlrqhg lq Fkdswhu 81415/ wkhuh duh jrrg uhdvrqv wr
xvh wkh vdph shuirupdqfh phdvxuh lq wkhvh wzr skdvhv1 Rwkhuzlvh/ wkh �qdo uhvxow
pd| eh ohvv wkdq rswlpdo1

Hydoxdwlrq ri suhglfwlrq shuirupdqfh lv dq lpsruwdqw/ gl!fxow/ dqg riwhq ryhu0
orrnhg vwdjh lq wkh ghyhorsphqw ri �qdqfldo suhglfwlrq dojrulwkpv1 Lq wkh fdvh ri
dq dojrulwkp edvhg rq wudglqj uxohv/ rqh sureohp lv wkh frpsdudwlyho| orz qxpehu
ri surgxfhg wudghv/ zklfk frqvwlwxwhv d vrphzkdw zhdn vwdwlvwlfdo edvlv iru rxu shu0
irupdqfh phdvxuhv1 Dsduw iurp wklv/ zh kdyh wkh sureohp zlwk ryhuwudlqlqj dqg
vhohfwlrq eldv1 E| wxqlqj wkh sdudphwhuv lq wkh dojrulwkp wr pd{lpl}h wkh shuiru0
pdqfh rq klvwrulfdo gdwd/ zh dozd|v uxq d ulvn ri �wwlqj wkh dojrulwkp wrr forvho| wr
wkh gdwd vhw1 Hyhq iru d udwkhu �vpdoo� prgho +l1h1 rqh zlwk uhodwlyho| ihz ghjuhhv
ri iuhhgrp,/ wkh sureohp pxvw qrw eh ryhuorrnhg1 Wkh qhdu0udqgrp0zdon ehkdylru
lq wkh gdwd/ frpelqhg zlwk wkh frpsdudwlyho| orz uhtxluhg suhglfwlrq dffxudf| +d
olwwoh kljkhu wkdq fkdqfh lv qrupdoo| uhjdughg dv vx!flhqw/, pdnh wkh vlwxdwlrq yhu|
gholfdwh1 Looxvwudwlyh h{dpsohv zhuh vkrzq lq Fkdswhu 61

D jhqhudo sureohp zlwk �qdqfldo suhglfwlrqv lv wkh qrq0vwdwlrqdu| qdwxuh ri wkh
surfhvv/ l1h1 wkh shuirupdqfh ri d wudglqj vwudwhj| ydulhv ryhu wlph/ gxh wr fkdqjlqj
joredo frqglwlrqv d�hfwlqj wkh pdunhw dv d zkroh1 Rqh vwudwhj| pd| zrun �qh lq d
wuhqglqj pdunhw/ zkloh dqrwkhu zrunv ehvw lq d qrq0wuhqglqj pdunhw1 Hyhq li wklv
vkrxog uhdoo| eh wdnhq fduh ri e| wkh prgholqj skdvh/ lw riwhq fdxvhv sureohpv lq
wkh �qdo hydoxdwlrq pdgh rq klvwrulfdo gdwd1

Ehiruh vwduwlqj wr rswlpl}h wkh ehkdylru ri rxu suhglfwlrq dojrulwkp/ zh pxvw
vhwwoh wkuhh lvvxhv=

� Zkdw shuirupdqfh gr zh zdqw/ ru zklfk shuirupdqfh phwulfv duh uhohydqwB

� Zkdw lv wkh ehvw zd| wr phdvxuh wkh shuirupdqfhB

5:
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� Wr zkdw gr zh frpsduh rxu v|vwhp*v shuirupdqfh zkhq zh vd| wkdw lw lv jrrgB
Zh qhhg d jrrg ehqfkpdun1

Ohw xv vwduw e| lqyhvwljdwlqj dowhuqdwlyh shuirupdqfh phdvxuhv1

914 Shuirupdqfh Phwulfv

Lq ^5;` Uhihqhv surylghv d vxuyh| ri d odujh qxpehu ri phdvxuhv ri shuirupdqfh iru
�qdqfldo suhglfwlrqv1 Lq wklv vhfwlrq L suhvhqw wkh rqhv L kdyh irxqg hvvhqwldo/ dv
zhoo dv vrph qhz phwulfv eholhyhg wr eh qhfhvvdu|1 Wzr surshuwlhv duh frqvlghuhg
sduwlfxoduo| lpsruwdqw= uhohydqfh wr wkh suhglfwlrq wdvn dqg wkh dydlodelolw| ri d
ehqfkpdun1 Wkh odwwhu lv h{wuhpho| lpsruwdqw/ vlqfh zh duh ghdolqj zlwk +dw ohdvw,
qhdu0udqgrp0zdon surfhvvhv/ lq zklfk iru d suhglfwlrq v|vwhp wr eh vxffhvvixo/ lw
eduho| kdv wr rxwshuirup sxuh fkdqfh1

91414 Wkh Wlph Vhulhv Dssurdfk

Ohw ph irujhw derxw wrgd| xqwlo wrpruurz
Pu1 Wdperxulqh Pdq/ E1 G|odq

Wkh phwulfv iru whvwlqj dojrulwkpv frqvwuxfwhg dffruglqj wr wkh Wlph Vhulhv Ds0
surdfk zrun e| frpsdulqj wkh suhglfwhg ydoxhv wr wkh dfwxdo rxwfrph lq wkh wlph
vhulhv1 Wkh suhglfwlrqv ri vwrfn sulfhv iru wlph | duh h{suhvvhg e| wkh wlph vhulhv
i	+E|�c | ' �c ���c �j1 Wkh dfwxdo sulfhv duh ghqrwhg e| wkh wlph vhulhv i+E|�c | '
�c ���c �j1 Wkh suhglfwlrqv ri uhwxuqv dw wlph | duh ghqrwhg e| wkh wlph vhulhv
i 	-E|�c | ' �c ���c �j1 Wkh dfwxdo uhwxuqv duh ghqrwhg e| wkh wlph vhulhv i-E|�c | '
�c ���c �j1 Zh dvvxph dq � vwhs krul}rq lq wkh suhglfwlrqv1 L1h1= Wkh suhglfwlrqv 	+E|�
dqg 	-E|� duh surgxfhg dw wlph |� �1 Wkh iroorzlqj phwulfv duh uhohydqw dv shuiru0
pdqfh phdvxuhv iru dojrulwkpv frqvwuxfwhg dffruglqj wr wkh Wlph Vhulhv Dssurdfk1

Vwrfn Sulfh UPVH

Wkh UPVH iru wkh suhglfwhg vwrfn sulfhv + lv gh�qhg dv=

-�7. '

yxxxw �

�

�

[
|'�

E+E|�� 	+E|��2� +914,

Uhwxuq UPVH-

Wkh UPVH iru wkh suhglfwhg uhwxuqv - fdq eh irupxodwhg fruuhvsrqglqjo|=

-�7.- '

yxxxw �

�

�

[
|'�n�

E-E|�� 	-E|��2� +915,
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Klw Udwh M-

Wkh klw udwh ri d uhwxuq suhglfwru lqglfdwhv krz riwhq wkh vljq ri wkh uhwxuq lv
fruuhfwo| suhglfwhg1 Lw lv frpsxwhg dv wkh udwlr ehwzhhq wkh qxpehu ri fruuhfw qrq0
}hur suhglfwlrqv 	-E|� dqg wkh wrwdo qxpehu ri qrq }hur pryhv lq wkh vwrfn wlph
vhulhv1 L1h1=

M- '

���q|m-E|� 	-E|� : fc | ' �c ���c �
r������q|m-E|� 	-E|� 9' fc | ' �c ���c �
r��� � +916,

Wkh qrup ri wkh vhw lq wkh gh�qlwlrq lv vlpso| wkh qxpehu ri hohphqwv lq wkh vhw1

Wkh uhdvrq iru dyrlglqj erwk }hur suhglfwlrqv dqg }hur uhwxuqv lq wkh frpsxwdwlrq
ri wkh klw udwh lv wkh iroorzlqj= li }hurv zhuh lqfoxghg/ zh zrxog kdyh wr ghflgh
zkhwkhu wkh iroorzlqj �yh frpelqdwlrqv vkrxog eh uhjdughg dv �klwv� ru qrw=

	-E|� ' f -E|� : f
	-E|� ' f -E|� 	 f
	-E|� ' f -E|� ' f
	-E|� : f -E|� ' f
	-E|� 	 f -E|� ' f

Uhjdugohvv ri wkh fkrlfh pdgh iru wkh fodvvl�fdwlrq ri wkhvh vlwxdwlrqv/ wkh uhvxow
lv lqyduldeo| dq dv|pphwulf wuhdwphqw ri wkh srvlwlyh dqg qhjdwlyh uhwxuqv1 Vlqfh
wkh }hur0ydoxhg rqh0gd| uhwxuqv fdq dffrxqw iru pruh wkdq 53( ri wkh vdpsohv lq
w|slfdo vwrfn gdwd +vhh wdeohv ;15/ ;16/, wkh| zrxog uhvxow lq �Xs iudfwlrqv� duelwudulo|
hlwkhu juhdwhu ru ohvv wkdq 83(1 Vxfk d uhvxow zrxog frqfhdo wkh udqgrp0zdon qdwxuh
ri wkh wlph vhulhv1 E| uhprylqj doo }hurv iurp erwk suhglfwlrqv dqg rxwfrph/ �Xs
iudfwlrqv� yhu| forvh wr 83( duh dfklhyhg1 Wkhuhiruh/ lq wkh fdvh ri rqh0gd| uhwxuqv
+l1h1 � ' �,/ d klw udwh M-/ vljql�fdqwo| juhdwhu wkdq f�D/ fdq eh uhjdughg dv wuxh
suhglfwlrqv ri wkh vljq ri wkh uhwxuqv1 Uhihu wr Vhfwlrq ;14 iru ixuwkhu glvfxvvlrq1

Phdq Sur�w shu Wudglqj Gd|

Wkh xowlpdwh phdvxuh ri vxffhvv iru d suhglfwlrq dojrulwkp lv lwv delolw| wr surgxfh
sur�w li dssolhg wr uhdo wudglqj1 Wklv sur�w fdq eh dssur{lpdwhg iru d Wlph Vhulhv
Dssurdfk phwkrg/ e| dvvxplqj d wudgh dw hyhu| wlph vwhs/ lq wkh gluhfwlrq ri wkh
suhglfwhg fkdqjh1 Wkh phdq sur�w � shu wudglqj gd| iru d wlph vhulhv suhglfwlrq lv
frpsxwhg dv=

� ' �ff � �
�
� �

� � �

�

� [
|'�n�

r�}?E	+E|�� +E|� ��� E+E|�� +E|� ���

+E|� ��
+917,

zkhuh

r�}?E%� '

;A?
A=

� �s % : f
�� �s % 	 f
f �s % ' f

� +918d,
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91415 Wkh Wudglqj Vlpxodwlrq Dssurdfk

Wkh iroorzlqj phwulfv duh uhohydqw iru dojrulwkpv frqvwuxfwhg dffruglqj wr wkh Wudg0
lqj Vlpxodwlrq Dssurdfk1

Wrwdo Sur�w

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 vr0fdoohg htxlw| gldjudp1

Dyhudjh Sur�w shu Gd|

Wr jhw durxqg wkh fxpxodwlyh h�hfw lq wkh wrwdo0sur�w phdvxuh +pruh derxw wkdw
lq Vhfwlrq 91715/, 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 ryhu dq| orqjhu vlpxodwlrq shulrg1

Sur�w shu \hdu

Frpsxwlqj wkh dqqxdo sur�w dfklhyhg e| dsso|lqj wkh wudglqj dojrulwkp/ zrxog
surylgh d frpsurplvh ehwzhhq xvlqj wkh wrwdo sur�w dqg wkh dyhudjh sur�w shu gd|1
Wkh phdq dqqxdo sur�w frxog eh xvhg dv wrwdo phdvxuh iru wkh hqwluh wlph shulrg1
Krzhyhu/ lw lv dovr yhu| lpsruwdqw wr sd| dwwhqwlrq wr wkh shuirupdqfh lq hdfk
lqglylgxdo |hdu1

Vwdwlvwlfdo Vljql�fdqfh

Wkh sur�w iurp d Wudglqj0Uxoh0edvhg 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 lv wkhuhiruh ri fhqwudo lpsruwdqfh/ dqg vkrxog eh suhvhqwhg dorqj zlwk wkh
wudglqj uhvxowv1 Klvwrjudpv/ vxfk dv wkh rqh vkrzq lq �jxuh 914/ jlyh d jrrg ryhuylhz
ri wkh dqqxdo shuirupdqfh1

915 Zkdw Lv wkh Ehvw Zd| wr Phdvxuh wkh Shu0
irupdqfhB

Iru wkh orvhu qrz zloo eh odwhu wr zlq
Wkh wlphv wkh| duh d0fkdqjlq*/ E1 G|odq

Lw lv lpsruwdqw wr uhdol}h wkdw wkh sur�w phdvxuh zh vhohfw iru rswlpl}dwlrq dqg
hydoxdwlrq lv d vwrfkdvwlf yduldeoh/ zklfk grhv qrw kdyh dq| vlqjoh �ydoxh� wkdw fdq
eh phdvxuhg1 Lqvwhdg/ lw kdv d suredelolw| glvwulexwlrq wkdw fdq eh ghvfulehg e| lwv
vwdwlvwlfdo prphqwv/ vxfk dv wkh h{shfwdwlrq ydoxh dqg wkh yduldqfh1 Zkdw zh jhw
zkhq zh frpsxwh wkh dqqxdo sur�w iru d |hdu ri wudglqj vlpxodwlrq iru h{dpsoh/ 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 zhoo0gh�qhg1 Reylrxvo|/ wkh frpprq zd| ri xvlqj wkh phdq ydoxh lv



9161 EHQFKPDUNV 64

mxvw rqh rswlrq1 Rwkhu fkrlfhv frxog eh wkh orzhu olplw ri d frq�ghqfh lqwhuydo/
wkh phgldq ydoxh ru wkh Vkdush Udwlr1 Wkh lvvxh frqqhfwhg wr wudglqj vlpxodwlrq
lv ixuwkhu glvfxvvhg lq Vhfwlrq 4919/ zkhuh wkh sur�w lv h{dplqhg dv d ixqfwlrq ri
ydulrxv sdudphwhuv lq wkh prgho1 Krzhyhu/ wkh vlwxdwlrq lv wkh vdph/ uhjdugohvv
ri wkh shuirupdqfh phdvxuh1 Dq UPVH frpsxwhg iru rqh0gd| krul}rq suhglfwlrqv
pd|/ iru h{dpsoh/ ydu| frqvlghudeo| ghshqglqj rq wkh ghjuhh ri vwdwlrqdulw| ri wkh
surfhvv1 Lw lv wkhuhiruh hvvhqwldo wr suhvhqw shuirupdqfh phdvxuhv qrw rqo| iru wkh
zkroh lqyhvwljdwhg wlph shulrg/ exw dovr dv dqqxdo ydoxhv/ iru h{dpsoh1 Lq wklv zd|/
wkh vsuhdg lq uhvxowv dqg wkh ghshqghqflhv rq lglrv|qfudvlhv lq wkh gdwd ehfrph
kljkoljkwhg1

916 Ehqfkpdunv

Ehvlghv d shuirupdqfh phdvxuh/ zh qhhg vrphwklqj wr zklfk wr frpsduh wkh shuiru0
pdqfh1 Zkhwkhu lw lv d jrrg ru edg shuirupdqfh ghshqgv rq wkh dowhuqdwlyhv1 Hyhq
d suhglfwlrq dojrulwkp wkdw orvhv prqh| vrphwlphv/ pd| wxuq rxw wr eh vxffhvvixo
zkhq frpsduhg wr vrph ri wkh dowhuqdwlyhv1

Wkh fruuhfw zd| wr hydoxdwh suhglfwlrq shuirupdqfh ghshqgv rq wkh dssurdfk
fkrvhq iru wkh sureohp irupxodwlrq1 Vxlwdeoh ehqfkpdunv iru wkh Wlph Vhulhv Ds0
surdfk dqg wkh Wudglqj Vlpxodwlrq Dssurdfk duh ghvfulehg vhsdudwho| ehorz1

91614 Wkh Wlph Vhulhv Dssurdfk

Lq wklv vhfwlrq wkh qhz ehqfkpdunv 0� �?Soe@re suhglfwlrq dqg Qdlyh Suhglfwlrq ri
Uhwxuqv duh lqwurgxfhg dv h{whqvlrqv wr wkh zhoo0nqrzq Qdlyh Suhglfwlrq ri Vwrfn
Sulfhv1 Wkh qhz phdvxuhv Ao/ M-"/ M-� / dqg �o duh vxjjhvwhg dv whvwlqj phwulfv
iru shuirupdqfh hydoxdwlrq uhodwlyh wr wkhvh ehqfkpdunv1

Qdlyh Suhglfwlrq ri Vwrfn Sulfhv

Wkh qdlyh sulfh suhglfwru dvvhuwv wkdw wkh ehvw hvwlpdwh ri wkh iroorzlqj sulfh +E|n��
lv wrgd|*v sulfh +E|�1 Wklv lv d gluhfw frqvhtxhqfh ri wkh udqgrp0zdon k|srwkhvlv1
Lw lv dozd|v d jrrg lghd wr phdvxuh wkh txdolw| ri d suhglfwru lq uhodwlrq wr wklv
wulyldo suhglfwru1 Wklv lv grqh lq wkh Wkhlo frh!flhqw ri lqhtxdolw| A+/ gh�qhg dv wkh
txrwlhqw ehwzhhq wkh -�7. iru wkh lqyhvwljdwhg suhglfwru dqg wkh -�7. iru wkh
qdlyh sulfh suhglfwru 1 L1h1=

A+ '
-�7.+

-�7.+�

'

v
�S

|'�n�
E+E|�� 	+E|��2

v
�S

|'�n�
E+E|�� +E|� ���2

� +919,

Wkh Wkhlo frh!flhqw lv riwhq uhihuuhg wr dv wkh lqirupdwlrq frh!flhqw ru wkh w0
whvw1 Iru A+ : � wkh suhglfwru lv zruvh wkdq wkh qdlyh sulfh suhglfwru/ zkloh A+ 	 �
lpsolhv wkdw wkh suhglfwru lv pdnlqj ehwwhu suhglfwlrqv1
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%� �?Uhi@ti Suhglfwlrq

Wkh " � �?Soe@re suhglfwru dvvhuwv wkdw wkh ehvw hvwlpdwh ri wkh iroorzlqj sulfh
+E| n �� lv wrgd|*v sulfh +E|� n 01 Wkh sxusrvh ri dgglqj d vpdoo srvlwlyh qxpehu 0
wr wrgd|*v sulfh lv vlpso| wr hqdeoh frpsxwdwlrq ri wkh klw udwh iru wklv suhglfwru1
Wkh klw udwh ri wklv suhglfwru surylghv d phdvxuh iru wkh ryhudoo srvlwlyh wuhqg wkdw
�qrupdoo|� pdnhv dq lqfuhdvh lq sulfh pruh olnho| wkdq d ghfuhdvh1 Wkh klw udwh iru
wkh "� �?Soe@re suhglfwru lv gh�qhg dv=

M" '
mi|m-�E|� : fc | ' �n �c ���c �jm
mi|m-�E|� 9' fc | ' �n �c ���c �jm � +91:,

Wkh phdvxuh M-" lv gh�qhg dv wkh udwlr ehwzhhq wkh suhglfwru*v klw udwh M- +dv
gh�qhg lq +916,, dqg M"1 L1h1=

M-" '
M-

M"

� +91;,

M-" frpsduhv wkh klw udwh ri wkh suhglfwru wr wkdw ri wkh "� �?Soe@re suhglfwru1
Iru M-" 	 � wkh suhglfwru lv zruvh wkdq wkh "� �?Soe@re suhglfwru/ zkloh M-" : �
lpsolhv wkdw wkh suhglfwru lv pdnlqj ehwwhu suhglfwlrqv1

Qdlyh Suhglfwlrq ri Uhwxuqv

Wkh Wkhlo frh!flhqw +919, frpsduhv wkh shuirupdqfh wr wkdw ri wkh qdlyh sulfh
suhglfwru1 Zh sursrvh d vlplodu phdvxuh wr frpsduh wr wkh shuirupdqfh ri wkh qdlyh
uhwxuq suhglfwru1 Wkh qdlyh suhglfwlrq ri vwrfn uhwxuqv dvvhuwv wrgd|*v uhwxuq -�E|�
+sulfh lqfuhdvh vlqfh |��, dv wkh ehvw hvwlpdwh ri -�E|n��1 Wklv qdlyh suhglfwlrq lv
iruphg iurp wkh revhuydwlrq ri d rqh0vwhs phpru| lq wkh sulfh jhqhudwlqj surfhvv1
Lq Vhfwlrq ;15 wkh dxwrfruuhodwlrq ri vwrfn uhwxuqv lv vkrzq wr h{klelw d vljql�fdqw
�uvw odj frpsrqhqw wkdw lqglfdwhv d fruuhodwlrq ehwzhhq dgmdfhqw uhwxuqv1 Lw lv d
jrrg lghd wr phdvxuh wkh -�7. ri d uhwxuq suhglfwru lq uhodwlrq wr wkh -�7. iru
wklv qdlyh uhwxuq suhglfwru1 Wklv lv grqh lq Wkhlo frh!flhqw iru uhwxuqv Ao gh�qhg
dv=

Ao '
-�7.o

-�7.o�

'

v
�S

|'�n�
E-�E|�� 	-�E|��2v

�S
|'�n�

E-�E|��-�E|� ���2
� +91<,

Iru Ao : � wkh suhglfwru lv zruvh wkdq wkh qdlyh uhwxuq suhglfwru/ zkloh Ao 	 �
lpsolhv wkdw wkh suhglfwru lv pdnlqj ehwwhu suhglfwlrqv1

Wkh Qdlyh Suhglfwlrq ri Uhwxuqv fdq dovr eh frpsduhg rq wkh edvlv ri klw udwh1
Wklv lv wkh sxusrvh ri rxu vxjjhvwhg phdvxuh M-� +�Klw udwh uhodwlyh wr wkh Qdlyh
Suhglfwru�, dqg lv ghvfulehg ehorz1 Wkh klw udwh M� iru wkh qdlyh uhwxuq suhglfwru
lv �uvw frpsxwhg dv=

M� '
mi|m-�E|�-�E|� �� : fc | ' � n �c ���c �jm
mi|m-�E|�-�E|� �� 9' fc | ' � n �c ���c �jm � +9143,

Wkh Qdlyh Suhglfwlrq ri Uhwxuqv dvvxphv/ wkdw dq xsvzlqj lv iroorzhg e| |hw
dqrwkhu xsvzlqj wkh qh{w gd|/ dqg d grzqvzlqj e| |hw dqrwkhu grzqvzlqj1
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Wkh Uhodwlyh Klw Udwh M-� lv gh�qhg dv wkh udwlr ehwzhhq wkh klw udwh ri wkh
suhglfwru M- +dv gh�qhg lq +916,/, dqg wkdw ri wkh qdlyh uhwxuq suhglfwru1 L1h1=

M-� '
M-

M�

� +9144,

M-� frpsduhv wkh klw udwh ri wkh suhglfwru uhodwlyh wr wkdw ri wkh qdlyh uhwxuq
suhglfwru1 Iru M-� 	 � wkh suhglfwru lv zruvh wkdq wkh qdlyh uhwxuq suhglfwru/
zkloh M-� : � lpsolhv wkdw wkh suhglfwru lv pdnlqj ehwwhu suhglfwlrqv1

Ex|0dqg0Krog

Wkh Ex|0dqg0Krog uhwxuq oK iru d wlph shulrg i|���|n ?j ri d vwrfn lv gh�qhg dv=

oK ' �ff � E+|n? � +|�

+|
c +9145,

L1h1 wkh sur�w +h{suhvvhg lq shufhqwdjh, pdgh zkhq ex|lqj dw wkh vwduw dqg
vhoolqj dw wkh hqg ri wkh wlph shulrg1 Wkh Sur�w Uhodwlyh wr Ex|0dqg0Krog �o lv
gh�qhg dv wkh udwlr ehwzhhq wkh suhglfwru*v dffxpxodwhg Phdq Sur�w shu Wudglqj
Gd| � +dv gh�qhg lq +917,/, dqg wkh Ex|0dqg0Krog uhwxuq� L1h1=

�o '
E� n �*�ff�? � �

oK*�ff
� +9146,

Iru �o 	 � wkh suhglfwru*v sur�w lv zruvh wkdq wkh Ex|0dqg0Krog dowhuqdwlyh/
zkloh �o : � lpsolhv wkdw wkh suhglfwru lv pdnlqj kljkhu sur�wv1

91615 Wkh Wudglqj Vlpxodwlrq Dssurdfk

Wkh qdwxudo ehqfkpdun zkhq grlqj Wudglqj Vlpxodwlrq lv vrph nlqg ri vwrfn lqgh{/
zklfk lv dovr prvw riwhq xvhg e| surihvvlrqdo eurnhu frpsdqlhv1 D eurnhu zkr
rxwshuirupv wkh lqgh{ jhwv erqxvhv/ dqg wkh rqh zkr grhv qrw pljkw ulvn klv mre1
Pxwxdo ixqgv lq sduwlfxodu duh jryhuqhg e| wkhvh dwwlwxghv1 Hyhq li wkh lqglylgxdo
wudghuv grq*w orvh wkhlu mrev/ wkh pdqdjhuv nqrz wkdw wkhlu ixqgv zloo orvh fxvwrphuv/
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 lv d uhdvrqdeoh ehqfkpdun ehfdxvh 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{/ lq zklfk doo wkh vwrfnv dydlodeoh iru wkh duwl�fldo wudghu duh
dvvljqhg htxdo sduwv1

Qr vljql�fdqw gl�huhqfhv d�hfwlqj wkh shuirupdqfh hydoxdwlrq kdyh ehhq irxqg
ehwzhhq wkh wzr nlqgv ri lqgh{hv/ dqg wkhuhiruh wkh r!fldo Jhqhudolqgh{ kdv ehhq
fkrvhq dv d ehqfkpdun1 Lw fdq eh dujxhg/ wkdw wkh fkdqjh lq wkh lqgh{ xqghuhv0
wlpdwhv wkh dyhudjh sur�w dfklhyhg iru wkh vwrfnv wkdw frqvwlwxwh wkdw lqgh{1 Wkh
uhdvrq iru wklv/ zrxog eh wkdw wkh glylghqgv iru wkh vwrfnv duh qrw wdnhq lqwr dffrxqw
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lq wkh fdofxodwlrq ri lqgh{41 Rq wkh rwkhu kdqg/ wkh glylghqgv duh qrw lqfoxghg lq wkh
sur�w fdofxodwlrqv iru wkh whvwhg suhglfwlrq dojrulwkpv hlwkhu/ zklfk phdqv/ wkdw lw
lv vxemhfw wr wkh vdph xqghuhvwlpdwlrq1 Wkhuhiruh/ wkh fkdqjh lq lqgh{ lv frqvlghuhg
d uhohydqw ehqfkpdun zkhq frpsdulqj gl�huhqw suhglfwlrq phwkrgv51

917 Frqfoxvlrqv Uhjduglqj Shuirupdqfh Hydoxd0
wlrq

Wkh iroorzlqj suhvhqwdwlrq ri uhvxowv lv uhfrpphqghg iru d surshu shuirupdqfh hydo0
xdwlrq ri suhglfwlrq dojrulwkpv1 Jhqhudo jxlgholqhv duh dovr r�huhg lq Vhfwlrq :151

91714 Wkh Wlph Vhulhv Dssurdfk

Wkh uhvxowv iurp d suhglfwlrq v|vwhp ghvljqhg dffruglqj wr wkh Wlph Vhulhv Dssurdfk
vkrxog eh suhvhqwhg zlwk dqqxdo �jxuhv iru wkh iroorzlqj hqwlwlhv=

� Li devroxwh sulfhv + duh suhglfwhg= wkh Wkhlo frh!flhqw ri lqhtxdolw| A+ +ru
-�7.+ dqg -�7.+� vhsdudwho|,

� Li uhwxuqv - duh suhglfwhg= wkh Wkhlo frh!flhqw iru uhwxuqv Ao +ru -�7.o

dqg -�7.o� vhsdudwho|,

� Wkh klw udwh uhodwlyh wr wkh "0lqfuhdvh suhglfwruM-" +ruM- dqg M" vhsdudwho|,

� Wkh klw udwh uhodwlyh wr wkh qdlyh lqfuhdvh suhglfwru M-� +ru M- dqg M�

vhsdudwho|,

� Wkh Sur�w Uhodwlyh wr Ex|0dqg0Krog �o +ru � dqg oK vhsdudwho|,

� Wkh qxpehu ri suhglfwlrqv

Lq dgglwlrq wr wkh dqqxdo ydoxhv/ vxppdu| dqg phdq ydoxhv iru wkh hqwluh wlph
shulrg duh dovr xvhixo iru idvw frpsdulvrq ri phwkrgv1

91715 Wkh Wudglqj Vlpxodwlrq Dssurdfk

Wkh uhvxow ri d wudglqj v|vwhp vkrxog eh suhvhqwhg dv dqqxdo sur�wv wrjhwkhu zlwk
wkh lqfuhdvh lq lqgh{1 Wkh phdq gl�huhqfh ehwzhhq wkhvh wzr �jxuhv frqvwlwxwhv
wkh qhw shuirupdqfh ri wkh v|vwhp1 Wkh shuirupdqfh pd| eh glvsod|hg lq vr0fdoohg
htxlw| gldjudpv/ dv vkrzq lq �jxuh 914 +h{dpsohv iurp wkh DVWD v|vwhp,1

D joredo vwrfn lqgh{ lv suhvhqwhg lq wkh vdph gldjudp iru frpsdulvrq1 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 phdqv/ iru h{dpsoh/
wkdw wkh vwduw fdslwdo kdv jurzq wr 543( ri lwv ruljlqdo ydoxh1 Wkhuhiruh/ wkh �qdo

4Iru wkh Vzhglvk vwrfn pdunhw/ wklv xqghuhvwlpdwlrq kdv ehhq durxqg 6( shu |hdu iru wkh shulrg
4<;;04<<:

5Vrph r!fldo lqgh{hv/ iru h{dpsoh wkh Vzhglvk D�çuvyçuoghqv Lqgh{/ duh dxwrpdwlfdoo| frp0
shqvdwhg iru wklv h�hfw1
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ydoxh dw wkh yhu| uljkw ri wkh gldjudp lv wkh qhw uhvxow diwhu wudglqj iru wkh hqwluh
wlph shulrg kdv ehhq frpsohwhg1 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 rqhv
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 dsshdu �vhyhudo wlphv� lq wkh wrwdo zhdowk uhvxowlqj iurp wudglqj gxulqj
wkh hqwluh wlph shulrg 61

Wkh shuirupdqfh fdq eh dovr glvsod|hg lq d wdexodu irupdw/ dv vkrzq lq wkh wdeoh
sduw ri �jxuh 49151 Wkh vhfrqg odvw olqh ri wkh wdeoh lq �jxuh 4915 suhvhqwv wkh dqqxdo
sur�w wr eh deryh wkh lqgh{1 Wkh phdq ydoxh ri wklv hqwlw| lv suhvhqwhg lq wkh vhf0
rqg uljkwprvw froxpq/ dqg uhsuhvhqwv d rqh0�jxuh shuirupdqfh phdvxuh1 Krzhyhu/
wkh lqglylgxdo �jxuhv iru hdfk |hdu vkrxog dovr eh frqvlghuhg1 Wkh Vkdush Udwlr
surgxfhv d ulvn0ghshqghqw phdvxuh/ dqg lv glvfxvvhg ixuwkhu lq Vhfwlrq 49191 Wkh
qxpehu ri wudghv iru hdfk |hdu lv dovr kljko| lpsruwdqw iru wkh vwdwlvwlfdo vljql�fdqfh
ri wkh uhvxowv1
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Iljxuh 914= Suhvhqwdwlrq ri shuirupdqfh iru d +vxffhvvixo, wudglqj vwudwhj|

6Wklv lv d qlfh h�hfw li |rx zdqw wr vkrz r� |rxu wudglqj dqg vwxq shrsoh zlwk dq h{srqhqwldo
lqfuhdvh lq zhdowk1 Lw lv frpprqo| xvhg e| wkh �qdqfldo lqvwlwxwhv zkhq suhvhqwlqj uhvxowv iru wkhlu
pxwxdo ixqgv ryhu wkh |hduv1 Krzhyhu/ wkh lqgh{ fxuyh lv riwhq qrw lqfoxghg lq wkhvh suhvhqwdwlrqv/
vlqfh lw zrxog uhyhdo wkdw wkh pxwxdo ixqg dfwxdoo| kdv qrw 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/ wxuqv rxw d vhhplqjo| lpsuhvvlyh h{srqhqwldo zhdowk fxuyh iru wkh dyhudjh vwrfn1 Zlwk ru
zlwkrxw fohyhu wudglqj v|vwhpv1



Fkdswhu :

Jxlgholqhv iru Dojrulwkpv

Wkh qhdu0udqgrp0zdon ehkdylru ri wkh vwrfn0sulfh wlphv vhulhv fdoov iru h{huwlqj
h{wuhph suhfdxwlrq/ zkhq ghyhorslqj dqg hydoxdwlqj wkh rxwsxwv iurp dq| suhglfwlrq
v|vwhp1 Lq wklv fkdswhu vrph jxlgholqhv duh suhvhqwhg/ iru olplwlqj wkh ulvn ri gdwd0
vqrrslqj lq wkh ghyhorsphqw dqg hydoxdwlrq skdvhv1

:14 Ghyhorslqj Suhglfwlrq Dojrulwkpv

Wkh suhglfwlrqv ri wlph vhulhv zlwk qhdu0udqgrp0zdon ehkdylru hpskdvl}h vrph lv0
vxhv wkdw vkrxog eh frqvlghuhg zkhq ghyhorslqj d suhglfwlrq v|vwhp=

� Hqvxuh kljk gdwd txdolw|/ ehfdxvh d ihz huuruv lq wkh lqsxw gdwd pd| yhu|
zhoo fdxvh plvlqwhusuhwdwlrqv ri wkh uhvxowv lq hlwkhu gluhfwlrq1 Zdwfk rxw iru
rxwolhuv lq wkh gdwd1

� Kdqgoh plvvlqj gdwd fruuhfwo|1 Zkhq dqdo|}lqj kxqguhgv ri wlph vhulhv zlwk
gdlo| gdwd iru pdq| |hduv/ lw lv xqdyrlgdeoh wr kdyh plvvlqj gdwd srlqwv1 Eh0
vlghv ehlqj d sureohp lq wkh dfwxdo lqihuhqfh pdfklqhu|/ wkh plvvlqj gdwd pd|
dovr lqwurgxfh xqzdqwhg eldvhv zkhq dqdo|}lqj wkh rxwsxw uhvxowv1 Wkh hdv|
zd| ri vroylqj wklv vlwxdwlrq lv wr uhpryh wkh plvvlqj gdwd ehiruh grlqj wkh
dqdo|vlv1 Wklv vroxwlrq lv qrw dozd|v dgylvdeoh/ iru h{dpsoh/ zkhq d vhw ri
vwrfnv lv dqdo|}hg vlpxowdqhrxvo|1 Wkh lqglylgxdo vwrfn wlph vhulhv riwhq kdyh
plvvlqj gdwd dw gl�huhqw orfdwlrqv/ zklfk uhvxowv lq d udwkhu pdqjohg gdwd vhw
diwhu uhprydo ri doo srlqwv zkhuh dq| ri wkh vwrfn gdwd lv plvvlqj1 D ehwwhu
dssurdfk lv wr pdnh wkh dojrulwkp dffhsw plvvlqj gdwd/ dqg gr dv zhoo dv
srvvleoh zkhq sduwv ri wkh lqsxw gdwd duh plvvlqj1

� Zkhq suhglfwlqj rqh vwhs dkhdg/ pdnh vxuh wklv lv zkdw |rx duh uhdoo| grlqj1
�r�0e|0rqh� huuruv duh vhogrp pruh idwdo wkdq lq �qdqfldo suhglfwlrqv1

:15 Hydoxdwlqj Suhglfwlrq Dojrulwkpv

Dv srlqwhg rxw hduolhu/ wkh ulvn ri lqwhusuhwlqj udqgrp  xfwxdwlrqv dv uhvxowv ri
d vxffhvvixo suhglfwlrq dojrulwkpv lv dozd|v suhvhqw dqg lv vrphwlphv vxusulvlqjo|
kljk1 Zh sursrvh wkh iroorzlqj jxlgholqhv iru wkh whvwlqj dqg hydoxdwlrq ri suhglfwlrq
dojrulwkpv wkdw duh sduwv ri d wudglqj v|vwhp=

6:
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� Ehzduh ri wkh gdwd0vqrrslqj sureohp1 Hqvxuh wkdw doo sdudphwhu wxqlqj/
gdwd vhohfwlrq/ dqg dojrulwkp vhohfwlrq duh grqh lq vdpsoh1 Gr qrw lqyroyh
wkh whvw gdwd1 Wkh �qdo hydoxdwlrq rq wkh whvw gdwd vhw vkrxog eh wkh odvw
rshudwlrq lq wkh zkroh ghyhorsphqw f|foh 41 H{shulhqfh vkrzv wkdw wklv lv dv
gl!fxow dv lw lv lpsruwdqw1 Wkh rxwvwdqglqj vroxwlrq lv wr dgg d �qdo whvw ri
wkh dojrulwkp rq gdwd wkdw vlpso| glgq*w h{lvw dw wkh wlph ri wkh ghyhorsphqw1
Lq wklv zd|/ d wuxh hvwlpdwlrq ri wkh suhglfwdelolw| lv dfklhyhg1

� Whvw wkh suhglfwlrqv rq dv pxfk gdwd dv srvvleoh> rq pdq| vwrfnv dqg iru orqj
wlph shulrgv1

� Glylgh wkh dydlodeoh wlph shulrg lqwr vpdoohu shulrgv +h1j1 dqqxdo, dqg shuirup
wkh hydoxdwlrq rq wkhvh vpdoohu sduwv dv zhoo dv rq wkh wrwdo wlph shulrg1 Wkh
sxusrvh lv wkuhhirog=

41 Wkh vwdwlvwlfdo ohyho ri vljql�fdqfh lv lqfuhdvhg e| hydoxdwlqj pdq| vdp0
sohv lqvwhdg ri rqh judqg wrwdo1

51 Lw lv frpprq wkdw �qdqfldo suhglfwlrq dojrulwkpv wxuq rxw wr ghshqg rq
joredo surshuwlhv/ vxfk dv orqj wlph wuhqgv ru f|folf ehkdylru lq wkh wlph
vhulhv1 E| vsolwwlqj wkh gdwd/ vxfk eldvhv fdq eh uhyhdohg1

61 Wkh yduldqfh ri wkh suhglfwlrq dffxudf| lv hvwlpdwhg1 Lw lv lpsruwdqw wr
uhdol}h wkdw d suhglfwlrq v|vwhp wkdw surgxfhv d pdvvlyh orvv gxulqj lwv
�uvw |hdu lq rshudwlrq lv prvw olnho| wr eh vfudsshg/ suredeo| dorqj zlwk
wkh ghyhorslqj whdp1

� Whvw wkh suhglfwlrq dojrulwkp rq udqgrp0zdon wlph vhulhv1 Li |rx pdqdjh wr
suhglfw udqgrp zdon/ wkhuh lv hlwkhu d exj lq wkh surjudp ru d zhdn hydoxdwlrq
surfhgxuh1 Wzr whvwv fdq eh shuiruphg=

41 Jhqhudwh dqg whvw wkh vdph dprxqw ri udqgrp gdwd dv wkh dydlodeoh uhdo
gdwd1 Uhshdw wkh whvwlqj vhyhudo wlphv +zlwk gl�huhqw udqgrp �vhhgv�,
dqg uhfrug wkh whvw shuirupdqfh1 E| revhuylqj wkh vsuhdg ehwzhhq wkh
gl�huhqw uxqv dqg wkh uhvxowv iurp wkh uhdo gdwd suhglfwlrq/ wkh vljql�0
fdqfh ri wkh odwwhu fdq eh hvwlpdwhg1

51 Whvw wkh dojrulwkp rq d kxjh udqgrp whvw gdwd vhw1 Wkh suhglfwlrq uhvxowv
vkrxog frqyhujh wr }hur suhglfwdelolw| +}hur sur�w dqg 83( klw udwh, dv
wkh vl}h ri wkh whvw gdwd vhw lqfuhdvhv1

� Xvh surshu ehqfkpdunv1 Li d kljko| vrsklvwlfdwhg dqg frpsolfdwhg suhglfwlrq
dojrulwkp grhv qrw rxwshuirup wkh qdlyh suhglfwlrq phwkrg/ wkh dssolfdwlrq
+ru sxeolfdwlrq, ri wkh dojrulwkp vkrxog eh wdnhq xqghu frqvlghudwlrq1 Olnh0
zlvh/ d wrwdo dffxpxodwhg sur�w ehorz wkh �ex| dqg krog� sur�w lpsolhv wkdw
wkh dojrulwkp lv udwkhu xvhohvv dv d uhdo wudglqj wrro1

4Wkh sxeolfdwlrq ri qhz phwkrgv lv yhu| pxfk d sduw ri wkh ghyhorsphqw f|foh +hydoxdwlrq,1
Wr eh vwulfw/ wkh rqo| zd| wr dyrlg gdwd vqrrslqj zrxog eh wr sxeolvk doo sursrvhg suhglfwlrq
dojrulwkpv/ dqg sursrvh doo whvwhg rqhv111
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Gdwd Plqlqj wkh Vwrfn Pdunhw
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Fkdswhu ;

Edvlf vwdwlvwlfv

Lw wrrn ph vr orqj wr �qg rxw/ dqg L irxqg rxw/ Dk/ dk/ dk/ dk/ dk/ dk
Gd| Wulsshu/ Ohqqrq2PfFduwqh|

Wklv sduw suhvhqwv uhvxowv iurp d vwdwlvwlfdo dqdo|vlv ri vwrfnv ri wkh Vzhglvk
vwrfn pdunhw iru wkh shulrg 4<;:04<<91 Wkh sxusrvh ri wkh surmhfw lv wr h{dplqh/
lq jhqhudo whupv/ wkh vwdwlvwlfdo surshuwlhv uhohydqw wr wkh ghyhorsphqw ri suhglfwlrq
dojrulwkpv1 Wkhuhiruh/ dw wklv vwdjh/ zh duh qrw dlplqj dw h{wudfwlqj sdwwhuqv ru
ghshqghqflhv wkdw fdq eh xwlol}hg gluhfwo| iru wudglqj sxusrvhv1

Uhvxowv iru wzr vhwv ri vwrfnv duh qrupdoo| suhvhqwhg> V[J zklfk lv d frpslodwlrq
ri 65 pdmru vwrfnv zlwk dfwlyh wudglqj dqg V[ELJ zklfk lv d frpslodwlrq ri 53:
pdmru dqg plqru vwrfnv +lqfoxglqj wkrvh lq V[J,1 Wkh vwrfnv lqfoxghg lq V[J duh
olvwhg lq Wdeoh ;141

;14 Uhwxuqv
Wkh &0vwhs uhwxuq -&E|� ri d vwrfn0sulfh wlph vhulhv +E|� zdv suhylrxvo| gh�qhg dv=

-&E|� ' �ff � +E|�� +E|� &�

+E|� &�
� +;14,

Wkh edvlf vwdwlvwlfdo surshuwlhv ri -&E|� iru wkh wzr vhwv ri vwrfnv duh olvwhg lq
Wdeohv ;15 dqg ;161 Wkh ydoxhv lq wkh wdeohv duh phdq ydoxhv iru wkh lqfoxghg vwrfnv1
Hdfk froxpq vkrzv gdwd iru rqh sduwlfxodu ydoxh ri &1

Wkh odvw vl{ olqhv lq wkh wdeohv vkrz wkh glvwulexwlrq ri vljqv iru wkh uhwxuqv1
R-e|�o? ' f� lv wkh iudfwlrq ri uhwxuqv htxdo wr }hur1 R-e|�o? : f� lv wkh iudfwlrq
ri uhwxuqv juhdwhu wkdq }hur dqg R-e|�o? 	 f� lv wkh iudfwlrq ri uhwxuqv ohvv wkdq
}hur1 �Xs iudfwlrq� lv frpsxwhg dv=

�ff � R-e|�o? : f�

R-e|�o? : f� n R-e|�o? 	 f�
c +;15,

zklfk lv wkh srvlwlyh iudfwlrq ri doo qrq0}hur pryhv1 �Xs iudfwlrq� lv d uhohydqw
phdvxuh/ zkhq lw frphv wr hydoxdwlqj wkh klw udwh ri suhglfwlrq dojrulwkpv1 Orrnlqj
dw rqh0vwhs uhwxuqv lq wkh wdeohv/ wkh RLR so@S|�J?� iru wkh V[J vwrfnv lv 831;(
dqg iru wkh V[ELJ vwrfnv lv 8319(1 Wkh R�e@? LR� dqg R�e@? (J�?� froxpqv
vkrz wkh phdq ydoxh ri wkh srvlwlyh dqg qhjdwlyh uhwxuqv uhvshfwlyho|1 Wkh iudfwlrqv
ri }hur uhwxuqv lq wkh gdwd pdwhuldo duh vrphzkdw vxusulvlqjo| kljk/ �e��I iru wkh
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Wdeoh ;14= Vwrfnv lq vhw V[J

Iurp Wr
DJD D ;:3435 <94563
DEE D ;:3435 <94563
DvvlGrpdq <7373; <94563
Dvwud D ;:3435 <94563
Dwodv Frsfr D ;:3435 <94563
Dxwroly <7393< <94563
Dyhvwd Vkh!hog ;:3459 <94563
Hohfwurox{ E ;:3435 <94563
Hulfvvrq E ;:3435 <94563
Khqqhv ) Pdxulw} ;:3435 <94563
Lqfhqwlyh D ;:3435 <94563
Lqgxvwulydug D ;:3449 <94563
Lqyhvwru D ;:3435 <94563
Nlqqhyln E ;:3438 <94563
PrGr E ;:3435 <94563
Skdup ) Xs VGE ;:4348 <94563
VH0Edqnhq D ;:3435 <94563
Vdqgyln D ;:3435 <94563
VFD E ;:3435 <94563
VKE D ;:3435 <94563
Vndqgld ;:3435 <94563
Vndqvnd E ;:3435 <94563
VNI E ;:3435 <94563
Vsduedqnhq D <8393< <94563
VVDE D ;<3:36 <94563
Vwrud D ;:3435 <94563
V|gnudiw F ;:3435 <94563
Wuhooheruj E ;:3435 <94563
Wu|jj0K VSS E ;<453; <94563
Yroyr E ;:3435 <94563
Doojrq E ;;385: <94563
Qrnld D ;:3435 <94563
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V[J vwrfnv dqg 2��eI iru wkh V[ELJ vwrfnv1 Wkh kljkhu ydoxh lq wkh odwwhu vhw
lv uhodwhg wr wkh orzhu ghjuhh ri dfwlylw| lq wkh vpdoohu vwrfnv lqfoxghg lq V[ELJ1
Wkh }hur uhwxuqv pxvw eh ghdow zlwk lq d surshu zd| zkhq hydoxdwlqj klw udwhv iru
suhglfwlrq dojrulwkpv1 Wkh RLR so@S|�J?� flufxpyhqwv wkh }hur uhwxuqv e| vlpso|
uhprylqj wkhp ehiruh fdofxodwlqj wkh klw udwh1 Lq wklv zd|/ wkh }hur uhwxuqv duh
frxqwhg dv erwk lqfuhdvhv dqg ghfuhdvhv/ lq htxdo sursruwlrqv1 D vlplodu surfhgxuh
lv sursrvhg lq vhfwlrq 91414 iru d whvw phwulf/ zkhq grlqj vwrfn suhglfwlrqv1

;15 Dxwrfruuhodwlrq

Pxfk ri wkh olwhudwxuh derxw pdunhw h!flhqf| dqg vwrfn sulfh suhglfwdelolw| lv ir0
fxvhg rq wkh surshuwlhv ri wkh dxwrfruuhodwlrq ixqfwlrq ri wkh vwrfn uhwxuqv1 Idpd
^45` vxuyh|v d qxpehu ri lqyhvwljdwlrqv dqg frqfoxghv wkdw �Wkh qhz uhvhdufk sur0
gxfhv suhflvh hylghqfh rq wkh suhglfwdelolw| ri gdlo| dqg zhhno| uhwxuqv iurp sdvw
uhwxuqv�1 Lq wklv vhfwlrq zh suhvhqw rxu rzq uhvxowv iurp lqyhvwljdwlrqv ri gdwd iurp
wkh Vzhglvk vwrfn pdunhw1

Wkh dxwrfruuhodwlrq iru d wlph vhulhv f ghvfulehv krz zhoo f lv fruuhodwhg wr
lwvhoi dw wzr gl�huhqw wlphv1 Iru d vwdwlrqdu| f wkh dxwrfruuhodwlrq lv gh�qhg dv d
ixqfwlrq ri wkh wlph gl�huhqfh � dv=

�fE� � '
�J�dfE|�cfE|n � �o

j2f
+;16,

zkhuh

�J�dfE|�c fE| n ��o ' .dEfE|�fE| n ��o� >2f� +;17,

>f dqg jf duh wkh phdq dqg vwdqgdug ghyldwlrq uhvshfwlyho| iru wkh wlph
vhulhv f1 Wkh . ghqrwhv wkh h{shfwhg ydoxh ri wkh dujxphqw1

Wkh dxwrfruuhodwlrq �fE�� fdq eh ylhzhg dv d phdvxuh ri wkh � 0vwhs phpru| lq
wkh surfhvv jhqhudwlqj f/ frpsxwhg dv d phdq ydoxh ryhu wkh hqwluh wlph vhulhv1 E|
frpsxwlqj �fE� � iru � ' �c 2c �c ���/ wkh dxwrfruuhodwlrq fdq eh sorwwhg dv d ixqfwlrq
ri � 1 Lw vkrxog eh qrwlfhg/ wkdw rqo| olqhdu ghshqghqflhv duh ixoo| uhyhdohg e| wkh
dxwrfruuhodwlrq1 Krzhyhu/ lw lv riwhq xvhg dv d jhqhudo lqglfdwru ri suhglfwdelolw|/
hyhq iru qrqolqhdu ixqfwlrqv1

Zh zdqw wr lqyhvwljdwh wkh dxwrfruuhodwlrq iru wkh rqh0vwhs vwrfn uhwxuqv -�E|�
gh�qhg lq +;14,1 Wkh dxwrfruuhodwlrq iru -�E|� +ghqrwhg DFI, lv frpsxwhg xvlqj
+;16,1

Iljxuh ;14 vkrzv wkh DFI iru wkh V[J vwrfnv1 Iru hdfk odj +ydoxh rq � ,/ wkh
phdq ydoxh ri wkh DFI iru wkh 65 vwrfnv lv sorwwhg1 Wr whvw wkh vwdwlrqdu| vwdwh
dvvxpswlrq iru wkh xqghuo|lqj surfhvv/ wkh gdwd lv eurnhq grzq wr �yh htxdo eorfnv/
hdfk fryhulqj derxw wzr |hduv ri vwrfn gdwd1 Wkh judsk wr wkh ohiw lq Iljxuh ;14
vkrzv wkh DFI iru wkh hqwluh wlph shulrg1 Wkh judsk wr wkh uljkw vkrzv rqh fxuyh
iru hdfk wzr0|hdu shulrg1

Wkh dxwrfruuhodwlrq ydoxhv duh ryhudoo yhu| orz1 Wkh dxwrfruuhodwlrq iru odj 4
lv fohduo| srvlwlyh/ zkhuhdv wkh iroorzlqj odjv/ 5 dqg 6/ duh qhjdwlyh1 Wkh iroorzlqj
odjv vhhp wr ydu| lq d udwkhu udqgrp idvklrq durxqg }hur1

Wkh vdph w|sh ri gldjudp iru wkh odujhu V[ELJ vhw lv vkrzq lq Iljxuh ;151
Vxusulvlqjo|/ wkh uhvxow iru wkhvh 53: vwrfnv vkrzv d vljql�fdqwo| qhjdwlyh fruuhodwlrq
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lq wkh �uvw odj/ zkhuhdv srvlwlyh fruuhodwlrq lv irxqg iru wkh 65 pdmru vwrfnv lq V[J1
Zh gr qrw jlyh dq| h{sodqdwlrq iru wklv revhuydwlrq/ exw lw lv uhdvrqdeoh wr vxvshfw d
�vpdoo0frpsdq| h�hfw� lq wkh odujhu V[ELJ vhw1 Dv d uhihuhqfh/ wkh fruuhvsrqglqj
judskv iru 433 vlpxodwhg udqgrp0zdon vwrfnv duh suhvhqwhg lq Iljxuh ;161 Wkh
dxwrfruuhodwlrq lv yhu| forvh wr }hur lq d vwdwlvwlfdoo| vwdeoh zd|1 Wklv uhlqirufhv wkh
uhvxowv vkrzq lq wkh suhylrxv judskv iru wkh uhdo vwrfn gdwd1

Wdeoh ;15= Phdq &0vwhs uhwxuqv iru 65 pdmru Vzhglvk vwrfnv +V[J,

n
4 5 8 43 53 83 433

Phdq 313<4 314;6 31778 31;<5 41;64 718;8 <1475
Phgldq 31333 3134: 31473 317<7 4177: 71358 :1466
Vwg1 ghy 514; 614: 813< :15< 43198 4;156 5;175
Vnhzqhvv 3185 31:3 31:; 31:4 3189 3186 3197
Nxuwrvlv 451:: 45169 45179 431;9 ;194 9145 8184
Qr ri srlqwv 54:; 54:8 54:5 5498 5486 5457 53:7
Uhwxuqv@3 +(, 4714 <16 818 619 517 415 31;
UhwxuqvA3 +(, 7619 7914 7<18 8514 8914 9315 9519
Uhwxuqv?3 +(, 7515 7719 7813 7716 7418 6;18 6919
Xs iudfwlrq +(, 831; 831< 8516 8713 8:18 9413 9614
Phdq Xs 41; 519 714 81< ;19 4816 571;
Phdq Grzq 0419 0515 0618 071; 0:13 04418 04913

Wdeoh ;16= Phdq &0vwhs uhwxuqv iru 53: Vzhglvk vwrfnv +V[ELJ,

n
4 5 8 43 53 83 433

Phdq 31476 315:7 318;8 4138; 5133: 718;7 ;1984
Phgldq 31333 3133: 31393 3157; 31<79 51;<8 8147;
Vwg1 ghy 6135 7148 9148 ;175 441;3 4;1;5 5:1;3
Vnhzqhvv 31:< 4139 4135 31<6 31;6 31:; 31;5
Nxuwrvlv 481:; 4917< 44188 <15: :18; 81<< 818<
Qr ri srlqwv 469: 4696 4689 467: 4666 4639 458<
Uhwxuqv@3 +(, 5617 4:13 431; :18 71< 51: 41<
UhwxuqvA3 +(, 6;1: 7513 7819 7;18 8514 8914 8:19
Uhwxuqv?3 +(, 6:1< 7414 7619 7714 7613 7415 7318
Xs iudfwlrq +(, 8319 8319 8414 8516 871: 8:19 8;1:
Phdq Xs 51: 618 815 :14 4314 491; 5918
Phdq Grzq 0516 051< 0713 0816 0:16 04416 04818
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Iljxuh ;14= Wkh dxwrfruuhodwlrq iru 65 pdmru Vzhglvk vwrfnv +V[J, iru wkh |hduv
4<;: wr 4<<91 Wkh judsk rq wkh uljkw lv eurnhq grzq wr �yh wzr0|hdu fxuyhv
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Iljxuh ;15= Wkh dxwrfruuhodwlrq iru 53: Vzhglvk vwrfnv +V[ELJ, iru wkh |hduv 4<;:
wr 4<<91
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Iljxuh ;16= Wkh dxwrfruuhodwlrq iru 433 vlpxodwhg udqgrp0zdon vwrfnv iru wkh |hduv
4<;: wr 4<<9



Fkdswhu <

Wuhqgv

D wuhqg0iroorzlqj wudglqj vwudwhj| phdqv ex|lqj vwrfnv wkdw kdyh vkrzq d srvlwlyh
wuhqg iru wkh odvw gd|v/ zhhnv ru prqwkv1 Lw dovr vxjjhvwv vhoolqj vwrfnv wkdw kdyh
vkrzq d qhjdwlyh wuhqg1 Lq wklv vhfwlrq wkh uhohydqfh iru vxfk d vwudwhj| lv whvwhg
vwdwlvwlfdoo|1

D wuhqg A&E|� zdv gh�qhg lq +717, xvlqj wkh &0vwhs uhwxuq1 E| vhwwlqj gl�huhqw
ydoxhv wr &/ zh jhw phdvxuhv lqglfdwlqj wkh jurzwk ri wkh vwrfn shu gd|/ vlqfh lwv
ydoxh & gd|v djr1

Wr vhh li A&E|� lv frqqhfwhg wr ixwxuh fkdqjhv/ gh�qh wkh sur�w ��E|� frpsxwhg
� gd|v dkhdg dv=

��E|� ' �ff � +E| n ��� +E|�

+E|�
� +<14,

��E|� lv reylrxvo| htxdo wr -�E| n �� +l1h1 lw lv dfklhyhg e| vkliwlqj wkh uhwxuqv �
gd|v edfnzdugv,1

Lq Wdeoh <14 wkh phdq sur�w ��E|� lv wdexodwhg dv d ixqfwlrq ri wkh wuhqg A&E|�/
l1h1 �0vwhs0iruzdug sur�w yhuvxv &0vwhs0edfnzdug wuhqgv1 Uhvxowv duh suhvhqwhg iru
wkh V[J vwrfnv iru wkh |hduv 4<;:04<<91 Wdeoh <15 vkrzv wkh RLR so@S|�J?� ++;15,,
dqg Wdeoh <16 wkh qxpehu ri revhuydwlrqv lq hdfk wdeoh hqwu|1 Wkh odeho iru hdfk
froxpq lv wkh plg0ydoxh ri dv|pphwulfdo lqwhuydo1 Iru h{dpsoh/ wkh froxpq odehohg
3133 lqfoxghv srlqwv zlwk n0gd| wuhqg lq wkh lqwhuydo d�f�2D f�2Dd1 Wkh lqwhuydov
iru wkh rxwhuprvw froxpqv duh rshq hqghg rq rqh vlgh1 Wdeohv <17/ <18/ dqg <19
vkrz wkh vdph/ exw zlwk �DE|� dqg A&E|� / l1h1 D0vwhs0iruzdug sur�w shu gd| yhuvxv
&0vwhs0edfnzdug wuhqgv shu gd|1 Wkh vl{ Wdeohv <1:/ <1;/ <1</ <143/ <144/ dqg <145/
uhshdw wkh vdph dqdo|vlv iru wkh odujhu V[ELJ vhw1

Wr hqvxuh wkdw irxqg sdwwhuqv uh hfw ixqgdphqwdo surshuwlhv ri wkh surfhvv jhq0
hudwlqj wkh gdwd/ dqg qrw rqo| lglrv|qfudvlhv lq wkh gdwd/ wkh uhodwlrqv ehwzhhq
wuhqgv dqg ixwxuh uhwxuqv duh dovr suhvhqwhg lq judskv/ lq zklfk rqh fxuyh uhsuh0
vhqwv rqh |hdu1 Iljxuh <14 vkrzv �0vwhs sur�wv yhuvxv �0vwhs wuhqgv iru V[J dqg
V[ELJ uhvshfwlyho|1 Iljxuh <15 vkrzv 20vwhs sur�w yhuvxv &0vwhs wuhqgv1 Iljxuh <16
vkrzv D0vwhs sur�w yhuvxv &0vwhs wuhqgv1

7:



7; FKDSWHU <1 WUHQGV

Ohw xv gudz vrph frqfoxvlrqv iurp wkhvh vwdwlvwlfdo h{dplqdwlrqv ri wuhqgv1

� Wkh pdvvlyh ehwwhu sduw ri uhwxuqv idoov lqwr d uhjlrq/ zkhuh lw lv yhu| gl!fxow
wr fodlp dq| fruuhodwlrq ehwzhhq sdvw dqg ixwxuh sulfh fkdqjhv1 Wkh uhjlrqv/
zkhuh dq| fruuhodwlrq pd| eh vljql�fdqw/ duh wkh vsduvho| srsxodwhg h{wuhph
rqhv1 Krzhyhu/ vrph lqwhuhvwlqj h�hfwv fdq eh revhuyhg1 Orrnlqj dw Wdeoh <1;/
zh revhuyh wkdw d 8( ghfuhdvh lq sulfh vlqfh wkh suhylrxv gd|/ vwdqgv d 9415(
suredelolw| ri vkrzlqj dq lqfuhdvh e| wkh iroorzlqj gd|1 Wkh vdph qhjdwlyh
fruuhodwlrq krogv iru erwk vhwv ri lqyhvwljdwhg vwrfnv1

� Wkh fdvhv zlwk odujh lqfuhdvh vlqfh wkh suhylrxv gd| fdoo iru d pruh frpsoh{ lq0
whusuhwdwlrq1 Orrnlqj dw Iljxuh <15/ d gl�huhqfh ehwzhhq wkh wzr lqyhvwljdwhg
vhwv ri vwrfnv ehfrphv dssduhqw1 Iru wkh vwrfnv lq V[J/ d 8( lqfuhdvh lq
sulfh vlqfh wkh suhylrxv gd| vwdqgv d 871<( suredelolw| ri vkrzlqj dq lqfuhdvh
e| wkh qh{w gd|1 Iru wkh vwrfnv lq V[ELJ/ d 8( lqfuhdvh lq sulfh vlqfh wkh
suhylrxv gd| vwdqgv d 8616( suredelolw| ri vkrzlqj d ghfuhdvh e| wkh iroorzlqj
gd|1 Wklv lv lq dffrugdqfh zlwk wkh revhuyhg gl�huhqfh lq wkh �uvw odj ri wkh
DFI/ uhsruwhg lq Vhfwlrq ;151



7<

Wdeoh <14= Phdq 40vwhs uhwxuqv iru 65 vwrfnv lq V[J

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 3185 03136 03138 03138 03145 0313; 3133 3144 314< 315; 316: 3173 31:6

5 414< 3153 3146 0313< 03139 0313; 3136 3146 3157 3164 315; 3164 3176

6 41;: 3139 3148 3149 03137 0313: 3136 3148 3153 3158 315: 03135 316;

7 614: 317; 03136 3145 03133 03137 3136 3149 3153 3149 3175 03137 31;6

8 617: 31<6 314< 03136 3135 03134 3138 3148 3153 3147 3154 318: 4145

43 43197 :16< 316; 03144 3133 03133 3139 3148 314: 3163 315< 3177 3189

53 ;158 4156 03147 03139 313< 3147 3154 3164 3139 615; 415<

63 5196 3135 0313: 313< 3146 3155 3166 514< 4157 417<

83 317; 0313; 313; 3146 3144 4143 0314: 41<8 4154

433 719; 314; 3138 3146 3159 318: 31:; 315< 31;4

Wdeoh <15= Iudfwlrq xs2+xs.grzq, pryhv +( , iru vwrfnv lq V[J

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 881< 8319 7<19 7;18 7:14 7:16 7<14 8417 8616 871< 8819 8813 871<

5 8;16 841< 8614 7<18 7:19 7:1; 7<18 841; 8718 8717 851< 841; 7;1;

6 9515 8417 7<18 8616 7;1: 7:16 7<1; 8519 8619 8619 8418 7517 7:1<

7 971; 881: 7;1< 8317 7<1< 7:1< 8313 851; 8714 831; 7<17 7613 8319

8 9319 8;1< 8413 7<1; 8313 7;1< 8314 851; 851: 8313 7;16 7<14 861;

43 43313 :616 8519 8316 7<16 7;1; 831; 851; 8317 841; 8315 7:18 7618

53 ::1; 8914 7:14 7:18 8417 8516 831: 7;19 7<14 8313 8819

63 8914 7:19 7:16 8418 841: 8315 831: 881; 9414 871;

83 8516 7916 8415 841; 7;1; 8717 851; 8:14 8313

433 :417 7<18 8318 8419 7<15 871; 971: 8313 8618

Wdeoh <16= Qxpehu ri srlqwv +V[J,

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 46<9 44:; 586< 975: ;:34 :876 456:6 :64: ;83; 9776 637; 4837 4;3:

5 7<5 894 4886 7977 <667 43;55 45;33 4354< <668 86<< 533; :8< :<9

6 577 679 <;8 6847 ;;3: 44;6: 4869< 4474< <56; 78:8 4748 7:; 789

7 449 548 :49 5:4: ;579 457;8 4:5<8 45455 <5:5 6;98 <83 64: 643

8 :4 469 886 54:; :7:; 46557 4;837 45;:4 <4;8 6548 :35 577 54;

43 6 63 498 <8: 7:<7 469:3 56<35 48976 :4:: 4869 5<5 <6 :<

53 3 3 < 68< 587; 4565: 5<<:3 4:6<6 7774 :75 456 4; 5:

63 3 3 3 :3 4;88 43;5< 66;;7 4:5:; 6489 7:6 7; 4; 65

83 3 3 3 3 :98 ;;35 6<65; 48;9: 4<:4 549 74 57 75

433 3 3 3 3 : 8:<; 795<6 4547; ;94 58; 73 8 7;



83 FKDSWHU <1 WUHQGV

Wdeoh <17= Phdq 80vwhs uhwxuqv iru 65 vwrfnv lq V[J

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 4147 3138 3177 314; 3154 3147 3164 3176 3198 319: 3197 31:7 4155

5 41;: 31;3 319: 315< 3156 3156 3159 3183 3195 319; 3177 3194 4169

6 5199 319; 31;; 3195 3163 3148 315< 3185 3193 3198 3193 3163 418:

7 715; 31;< 4178 3185 315: 314: 3168 3185 3199 3183 4148 03174 5188

8 9163 4177 413< 3163 315; 3156 3168 3189 3195 3189 3185 419< 514:

43 <1;7 813< 415: 3134 3154 3149 3174 318; 31:7 31:5 4136 3184 519<

53 49135 6138 0315: 0313< 3177 3199 31:; 415: 04138 51;3 ;17:

63 9137 03146 03154 317: 3193 31;9 419: 91:3 04139 91:9

83 41;7 03159 316< 318< 31:9 6143 7146 <1:; 7159

433 :1<9 4134 3158 3184 4165 6158 41<4 7169 61;4

Wdeoh <18= Iudfwlrq xs2+xs.grzq, pryhv +( , iru vwrfnv lq V[J

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 891: 8416 8415 831: 8317 8313 8513 851: 8719 8714 8617 8518 8417

5 881< 8817 8816 841: 8316 8414 8418 8613 8713 8714 8319 8315 7<16

6 8917 8718 8819 8813 8418 8314 841< 8615 861: 8615 7<1; 7;1: 7914

7 9519 8816 8<14 871; 841; 8318 8514 851; 8715 831: 8419 7617 8315

8 9815 8818 8:14 8616 8513 8413 8513 8617 8618 831: 7;13 8515 7:18

43 991: 9514 8316 7<16 8417 7<1: 851< 861; 851: 8414 8317 8415 7416

53 43313 8<15 7919 7;14 8617 8716 8316 8318 7315 8313 8913

63 9<14 7914 7:17 8618 8613 841: 8515 9613 7415 9514

83 881: 781: 851; 8617 7<14 9313 9617 9619 9714

433 ;616 8413 841: 851< 8718 971; 9414 ;313 9619

Wdeoh <19= Qxpehu ri srlqwv +V[J,

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 46;5 44:6 587< 9739 ;9;5 :84< 4569: :5;; ;79: 9748 6355 47<7 4:<6

5 7;9 88; 4869 796; <648 43:;6 45:96 434:5 <633 869< 5334 :86 :<6

6 56: 673 <99 683: ;::9 44:<5 48696 446<5 <537 7874 4733 79< 78;

7 446 53< :3< 5:43 ;549 4578< 4:586 45435 <549 6;65 <67 648 645

8 :4 466 87: 54:: :775 464<6 4;7;: 45;79 <476 64;9 :34 577 544

43 6 63 497 <79 7::7 468<8 56;89 48975 :487 485< 5;< <3 ;3

53 3 3 ; 694 5866 4565< 5<;;4 4:645 7767 :68 456 4: 5:

63 3 3 3 :3 4;83 43;4< 66:<< 4:4<6 6478 79: 7; 4: 65

83 3 3 3 3 :93 ;::: 6<559 48;36 4<93 547 76 57 75

433 3 3 3 3 : 8::4 794;6 45439 ;94 58< 73 8 7;



84

Wdeoh <1:= Phdq 40vwhs uhwxuqv iru 53: vwrfnv lq V[ELJ

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 4175 3173 3163 313< 03135 0313: 3135 313< 3144 3147 3148 3149 3139

5 5168 31:8 3177 3155 3139 03133 3135 3139 313< 3146 3139 3143 3138

6 616; 31<8 3195 3168 3145 3134 3135 313: 3144 3144 03133 03145 03145

7 717: 4169 3198 3178 3147 3137 3135 313: 3145 3137 03133 313: 03136

8 8139 5154 31;: 3173 3153 3137 3137 3143 3143 3138 0313: 03136 03134

43 ;15; 8135 41;; 318: 3157 313; 3139 3143 3144 3146 314; 318; 031;<

53 73155 4418; 5176 41;7 3159 3138 313; 3144 3149 3148 03143 03135 0413:

63 ;13: 6174 316; 313< 313; 3143 314< 3154 03145 318< 0416:

83 :188 31;4 313; 3143 3147 3144 3134 316: 031:4 04138

433 5184 3155 313; 3148 3164 03148 03186 05143 03163

Wdeoh <1;= Iudfwlrq xs2+xs.grzq, pryhv +( , iru vwrfnv lq V[ELJ

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 9415 891< 8813 8514 7<19 7;13 7;1< 8315 8313 7<1; 7<1; 8313 791:

5 951; 8:19 891< 861: 8414 7<18 7<15 7<16 7<1; 8314 7;16 7:18 781:

6 9813 8;17 8918 881: 841< 7<17 7<15 7<1: 8314 7<17 7:16 7719 761;

7 9719 8;1< 8818 8815 8518 8314 7<13 7<1< 8413 7;16 7914 781; 771:

8 9817 931; 881: 8718 851; 8313 7<18 8318 8315 7:1; 771< 7818 7714

43 9813 9814 8913 8613 841< 8319 8316 831: 7;1< 7:1; 7915 7:1< 6;17

53 991: 9817 871; 891< 8315 7<18 831; 831: 7<14 7:1; 761: 7713 7319

63 8815 8:18 7<17 7<16 8413 8317 7<16 7:16 6<1; 8619 6:1:

83 8:1: 8318 7;17 831: 8413 7;15 791< 7:1< 6:18 741:

433 8517 7<14 8316 831: 7<16 791< 7:1: 6419 8313

Wdeoh <1<= Qxpehu ri srlqwv +V[ELJ,

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 43589 9588 4548; 56<<4 5<5:9 4<467 93;78 4;77: 5;595 56546 463<4 :3:: 46474

5 73:4 6539 :7:8 4<:;6 676;9 6855; 86958 66334 6584< 53:<7 <547 7668 9:36

6 5454 5434 8333 48994 66833 75666 8;9;; 6<577 65933 4;665 9;87 5<<7 7577

7 44;: 4759 6973 45764 64<78 794<5 97993 7586< 658;4 48<48 8765 5597 5<;5

8 :77 <<3 5;85 43475 5<:<4 7<34: 9<576 78434 65759 46<;< 76;7 49<; 5677

43 449 588 437: 7;6: 4<;<7 858:3 ;<744 86666 5:754 ;395 556; ;3: ;<3

53 6 5; 49; 4<74 447:8 7:946 445563 8<58; 4<5<3 7677 435< 66; 653

63 3 3 65 :3; ;66< 75959 45:338 8;:9: 47974 6354 958 53< 4:<

83 3 3 3 8< 7366 67:9< 47:3:5 876:5 4347: 4988 644 448 ;6

433 3 3 3 3 697 56<<: 49:7<3 77588 8<:5 43<7 45< 53 86



85 FKDSWHU <1 WUHQGV

Wdeoh <143= Phdq 80vwhs uhwxuqv iru 53: vwrfnv lq V[ELJ

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 5163 31;5 3199 316; 315: 314; 3174 317: 3186 3189 3187 3196 3154

5 7165 4189 31;9 318: 3165 3159 3173 317< 3188 317; 315: 3189 03149

6 81;< 419: 4169 31:3 316; 3157 3174 3184 3187 3183 3159 3194 03155

7 :184 616: 4175 31;5 316: 3159 3174 3184 3193 3174 317: 3169 03149

8 <164 61:8 41<8 31:6 316< 315; 3173 3193 3188 3179 3163 3196 03189

43 49189 45168 715< 31;9 3166 3155 317: 3193 3198 3177 31;7 317: 06149

53 :;1;< 441<: 46198 71<9 314; 3139 3177 3196 31:9 4169 3153 03175 071;8

63 561<9 ;166 3197 313; 3178 318< 31<8 415: 4194 0516< 09148

83 4514; 516< 3134 3174 31:6 31:4 31<5 31:6 051:: 081;8

433 ;166 319; 3166 319; 413; 318; 041;7 07159 5143

Wdeoh <144= Iudfwlrq xs2+xs.grzq, pryhv +( , iru vwrfnv lq V[ELJ

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 8;19 8717 861; 8416 8317 7<19 8315 8516 8417 831: 7<17 7;1: 7714

5 9419 8916 881< 8617 831: 8314 8316 8416 8415 7<1: 7918 791; 7418

6 9618 8:14 891< 871< 8419 7<1< 8319 8415 831; 7;19 7819 7717 7416

7 9618 931: 8917 8818 841< 8315 8319 8414 8415 7:17 7814 7614 731:

8 971: 9518 8918 871: 8517 8314 831: 841: 8317 791< 7718 7714 6<15

43 :713 9:18 8:17 8514 8416 7<1; 8417 841; 7<19 781< 7718 761: 6719

53 43313 8619 991< 8;19 7;16 7;18 8419 841< 7<15 7;1< 7317 6;17 6419

63 8;14 9315 7;13 7;16 841; 8413 7<17 7:1: 7419 681: 6316

83 7:17 8417 791; 8415 8516 7:16 781< 7619 6;18 6;1:

433 8;15 7;1; 8317 841< 7<1: 7816 7718 691; 8;16

Wdeoh <145= Qxpehu ri srlqwv +V[ELJ,

n0gd| wuhqg +(2gd|,
n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 43453 9536 453;8 56:;; 5<3<< 4<38: 937:: 4;5;7 5:<8; 55<78 45;;; 9<9< 45;67

5 7333 64:: :775 4<:59 67593 68336 86688 6598< 654;; 5383; <383 7588 9786

6 535< 53;4 7<49 48964 66775 753:6 8;7:: 6;;84 655:; 4:<98 9:46 5<65 737<

7 446: 46<4 68:9 45667 64<3< 78<:6 975;5 75498 6549; 48996 85:; 54<: 5;95

8 :46 <98 5:<3 43388 5<:34 7;<<; 9;;<3 779:7 64<;: 46:8< 75<3 497; 5567

43 444 589 4343 7:69 4<::8 8564: ;;;86 86333 5:434 :;;3 5533 :;5 ;95

53 5 5; 49: 4<4< 446:8 7:8;5 444987 8;994 4<367 7574 <<< 65: 638

63 3 3 64 9<6 ;565 75888 459849 8;464 4769: 5<8: 935 53: 4:8

83 3 3 3 8< 6<:4 6788; 47964< 86;96 <<<3 4956 644 444 ;6

433 3 3 3 3 68< 56;8< 49994: 769<6 8<4< 43:< 454 53 85
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Iljxuh <14= �0vwhs sur�wv yhuvxv �0vwhs uhwxuqv iru vwrfnv V[J dqg V[ELJ1 Hdfk
fxuyh uhsuhvhqwv rqh |hdu ehwzhhq 4<;: dqg 4<<91
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Iljxuh <15= 20vwhs sur�wv yhuvxv �0vwhs uhwxuqv iru vwrfnv V[J dqg V[ELJ1 Hdfk
fxuyh uhsuhvhqwv rqh |hdu ehwzhhq 4<;: dqg 4<<91
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Iljxuh <16= D0vwhs sur�wv yhuvxv D0vwhs uhwxuqv iru wkh V[J dqg V[ELJ vwrfnv1 Hdfk
fxuyh uhsuhvhqwv rqh |hdu ehwzhhq 4<;: dqg 4<<91



Fkdswhu 43

Vhdvrqdo H�hfwv

Lq wklv vhfwlrq zh suhvhqw vrph hpslulfdo lqyhvwljdwlrqv vkrzlqj krz wkh gd| ri wkh
zhhn dqg wkh prqwk ri wkh |hdu d�hfw wkh vwrfn sulfh uhwxuqv1 Wkh uhvxowv frq�up
dqg frpsohphqw vlplodu lqyhvwljdwlrqv rq rwkhu vwrfn pdunhwv zruog0zlgh1

4314 Kdqgolqj wkh Plvvlqj Zhhnhqgv

Wkh h{fkdqjhv lq prvw frxqwulhv duh forvhg rq Vdwxugd| dqg Vxqgd|1 Wkh sulfh wlph
vhulhv wkhuhiruh kdyh jdsv iru wkhvh gd|v li sorwwhg djdlqvw d fdohqgdu0wlph d{lv1 Wkh
vlwxdwlrq lv qrupdoo| dssurdfkhg lq hlwkhu ri wkh wzr iroorzlqj zd|v=

� Wkh uhwxuqv iurp Iulgd| wr Prqgd| duh dvvxphg wr eh wkuhh wlphv wkh uh0
wxuqv rq hdfk ri wkh rwkhu gd|v ri wkh zhhn1 Wklv lv fdoohg wkh fdohqgdu0wlph
k|srwkhvlv

� Uhwxuqv duh jhqhudwhg rqo| gxulqj dfwlyh wudglqj gd|v/ dqg dyhudjh uhwxuqv
duh wkh vdph iru doo �yh gd|v ri wkh zhhn1 Wklv lv fdoohg wkh wudglqj0wlph
k|srwkhvlv1

Kdzdzlql dqg Nhlp ^49` uhsruw rq qhjdwlyh Prqgd| uhwxuqv +l1h1 uhodwlyh sulfh
fkdqjhv iurp Iulgd| forvh wr Prqgd| forvh, iru vhyhudo Hxurshdq vwrfn pdunhwv1 Wklv
lv lqfrqvlvwhqw zlwk erwk wkh fdohqgdu0wlph k|srwkhvlv dqg wudglqj0wlph k|srwkh0
vlv1 D vdwlvidfwru| h{sodqdwlrq iru wklv zhhnhqg h�hfw grhv qrw h{lvw/ dffruglqj wr
Kdzdzlql dqg Nhlp/ dw suhvhqw1

Rxu rzq uhvxowv gr qrw vxssruw dq| ri wkh phqwlrqhg k|srwkhvhv hlwkhu1 Krz0
hyhu/ wkh gd|0wr0gd| uhwxuqv h{klelw d frpsoh{ sdwwhuq/ dv vkrzq lq wkh qh{w vhf0
wlrq1 Wr surfhhg zh kdyh wr gh�qh vhyhudo phwulfv iru d vwrfn sulfh wlph vhulhv
i+Ef�c +E��c +E2�c ���c +E��j1

431414 Rqh0Vwhs dqg Rqh0Gd| Uhwxuqv

Wkh rqh0vwhs uhwxuqv -7E|� duh gh�qhg dv wkh uhodwlyh lqfuhdvh lq sulfh vlqfh wkh
sulru srlqw lq wkh wlph vhulhv=

-7E|� ' �ff � +E|�� +E|� ��

+E|� ��
� +4314,

88
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Wkh phdq ri rqh0vwhs uhwxuqv -7E|� lv frpsxwhg xvlqj wkh vwdqgdug gh�qlwlrq
dv=

-7 '
�

�

�[
|'�

-7E|�� +4315,

Wr ghdo zlwk wkh krolgd| h�hfw zh sursrvh wkh frqfhsw ri rqh0gd| uhwxuqv -(E|��
Lw lv gh�qhg dv wkh uhodwlyh lqfuhdvh lq sulfh vlqfh wkh suhylrxv gd|/ li wkdw gd| lv
uhsuhvhqwhg lq wkh wlph vhulhv=

-(E|� ' �ff � BE|� � +E|�� +E|� ��

+E|� ��
c +4316,

zkhuh=

BE|� '

+
� li ��,�@?_@|eE|�� ��,�@?_@|eE|� �� ' �
f rwkhuzlvh

� +4317,

Wkh ixqfwlrq mxoldqgdwh+w, uhwxuqv wkh qxpehu ri gd|v vlqfh wkh vwduw ri wkh Mxoldq
fdohqgdu xs wr wkh gdwh iru vdpsoh w1 Lw lv lqwurgxfhg dv d phdqv wr frpsxwh wkh
qxpehu ri gd|v ehwzhhq wzr vdpsohv1

Wkh phdq ri wkh rqh0gd| uhwxuqv -(E|� lv=

-( '
�

g

�[
|'�

-(E|�c +4318,

zkhuh=

g '
�[
|'�

BE|�� +4319,

g lv urxjko| wkh qxpehu ri zhhngd|v Wxhvgd|0Iulgd| lq wkh gdwd vhw1 Krolgd|v
rffxuulqj rq zhhngd|v dv zhoo dv plvvlqj gdwd dovr jhqhudwh B ' f/ dqg wkhuhiruh d
uhgxfhg ydoxh rq N1

Wkh vwdqgdug ghyldwlrqv iru rqh0gd| uhwxuqv dqg rqh0vwhs uhwxuqv duh frpsxwhg
fruuhvsrqglqjo|1

431415 Lqfuhdvh Iudfwlrq

Zh dovr gh�qh lqfuhdvh dqg ghfuhdvh iudfwlrqv edvhg rq wkh vwdqgdug rqh0vwhs uh0
wxuqv1 Wkh rqh0vwhs Lqfuhdvh Iudfwlrq U7 lv gh�qhg dv=

U7 '
�

g7

�[
|'�

@UE|�c +431:,

zkhuh

@UE|� '

+
� li +E|� : +E|� ��
f rwkhuzlvh

+431;,

dqg

g7 '
�[
|'�

@UE|� n @(E|�� +431<,

Wkh rqh0vwhs Ghfuhdvh iudfwlrq (7 lv gh�qhg dv=

(7 '
�

g7

�[
|'�

@(E|�c +43143,
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zkhuh

@(E|� '

+
� li +E|� 	 +E|� ��
f rwkhuzlvh

� +43144,

Wr ghdo zlwk wkh krolgd| h�hfw/ zh gh�qh lq d vlplodu idvklrq lqfuhdvh dqg gh0
fuhdvh iudfwlrqv edvhg rq wkh rqh0gd| uhwxuqv1 Wkh rqh0gd| Lqfuhdvh Iudfwlrq U(
lv gh�qhg dv=

U( '
�

g(

�[
|'�

BE|� � @UE|�c +43145,

zkhuh

g( '
�[
|'�

BE|� � E@UE|� n @(E|��� +43146,

Wkh rqh0gd| Ghfuhdvh iudfwlrq (( lv gh�qhg dv=

(( '
�

g(

�[
|'�

BE|� � @(E|�� +43147,

Vrph vlpsoh vwdwlvwlfv iru wkh rqh0gd| dqg rqh0vwhs uhwxuqv duh suhvhqwhg ehorz1
Wkh uhvxowv lq Wdeoh 4314 duh phdq ydoxhv iru wkh V[J vwrfnv dqg wkh uhvxowv lq
Wdeoh 4315 duh phdq ydoxhv iru wkh V[ELJ vwrfnv1 Uhvxowv duh suhvhqwhg iru wkh
|hduv 4<;:04<<91

Wdeoh 4314= Dyhudjh gdlo| uhwxuqv iru 65 Vzhglvk vwrfnv +V[J,

Rqh0Gd|0Uhwxuqv -(E|� Rqh0Vwhs0Uhwxuqv -7E|�

Phdq Vwg1ghy1 Qr1 ri rev1 6 Phdq Vwg1ghy1 Qr1 ri rev1 6

31436 5153 879<9 313;7 5158 9<9;:

Wdeoh 4315= Dyhudjh gdlo| uhwxuqv iru 53: Vzhglvk vwrfnv +V[ELJ,

Rqh0Gd|0Uhwxuqv -(E|� Rqh0Vwhs0Uhwxuqv -7E|�

Phdq Vwg1ghy1 Qr1 ri rev1 6 Phdq Vwg1ghy1 Qr1 ri rev1 6

31465 6158 555:5: 31456 6164 5;633;

Wkh uhvxowv vkrz gl�huhqfhv lq erwk phdq uhwxuqv dqg yduldqfhv iru wkh wzr w|shv
ri uhwxuqv frpsxwhg1 Wkh gl�huhqfh lq wkh phdq ydoxhv lv fdxvhg e| d zhhnhqg h�hfw
dqg lqyhvwljdwhg lq pruh ghwdlo lq wkh qh{w vhfwlrq1 Wkh gl�huhqfh lq yduldqfhv vkrzv
wkdw wkh rqh0gd| uhwxuqv h{klelw d pruh krprjhqrxv glvwulexwlrq wkdq wkh rqh0vwhs
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uhwxuqv1 Lw fdq eh lqwhusuhwhg dv d uhgxfwlrq lq qrlvh lq wkh frpsxwdwlrq ri -(E|�
e| uhprylqj wkh zhhnhqgv/ krolgd|v/ dqg rwkhu plvvlqj gdwd1

Uhmhfwlrq ri wkh wudglqj0wlph k|srwkhvlv vkrxog fdoo iru vrph vruw ri vshfldo
wuhdwphqw zkhq fuhdwlqj prghov iru wkh suhglfwlrq ri ixwxuh uhwxuqv1 Krzhyhu/ wklv
lv vhogrp vhhq lq sxeolvkhg phwkrgv1 Vrph uhvhdufkhuv kdyh qrwlfhg wkh sureohp/
zklfk vhhpv wr eh hyhq pruh surplqhqw lq wkh fdvh ri suhglfwlrq ri h{fkdqjh udwhv1
Zhljhqg ^6<` ghdov zlwk wkh vlwxdwlrq e| vlpso| uhprylqj doo exw wkh Prqgd|0wr0
Wxhvgd| uhwxuqv dqg shuirupv wkh suhglfwlrq wdvn rq wklv djjuhjdwhg wlph vhulhv1
Dqrwkhu zd| wr ghdo zlwk wkh sureohp zrxog eh wr lqfoxgh wkh gd| ri wkh zhhn
h{solflwo| lq wkh prgho1

4315 Gd|0ri0wkh0Zhhn H�hfw

Iulgd| qljkw duulyhv zlwkrxw d vxlwfdvh
Odg| Pdgrqqd/ Ohqqrq2PfFduwqh|

Wkh gd|0ri0wkh0zhhn h�hfw kdv ehhq vwxglhg lq d qxpehu ri uhvhdufk sdshuv1
Kdzdzlql dqg Nhlp ^49` suhvhqw d vxppdu|/ zklfk ghprqvwudwhv vljql�fdqw gli0
ihuhqfhv lq dyhudjh gdlo| uhwxuqv dfurvv gd|v ri wkh zhhn1 Lq rxu lqyhvwljdwlrq ri
wkh Vzhglvk vwrfn pdunhw/ wkh gdlo| uhwxuqv duh suhvhqwhg lq d vrphzkdw gl�huhqw
idvklrq wkdq lv qrupdoo| grqh1 Wkh vwrfn uhwxuqv duh frpsxwhg iru doo wzhqw|0�yh
frpelqdwlrqv ri ex| dqg vhoo gd|v1 Wkh uhwxuqv duh suhvhqwhg dv �gdlo| uhwxuqv�/ l1h1
wkh| duh glylghg e| wkh qxpehu ri fdohqgdu gd|v ehwzhhq ex| dqg vhoo1 Iru h{dpsoh/
wkh uhwxuq iurp ex|lqj rq Iulgd| dqg vhoolqj rq Prqgd| lv glylghg e| wkuhh ehiruh
lw lv sxw lq wkh wdeoh1 D vhfrqg wdeoh zlwk wkh vdph od|rxw suhvhqwv wkh �Lqfuhdvh
Iudfwlrq� iru wkh vdph frpelqdwlrqv ri ex| dqg vhoo gd|v1 Wklv qxpehu lv wkh iudf0
wlrq ri vdpsohg ex|2vhoo vlwxdwlrqv wkdw uhvxowhg lq d srvlwlyh uhwxuq +}hur uhwxuqv
duh uhpryhg ehiruh fdofxodwlqj wkh Lqfuhdvh Iudfwlrq,1 Lq wklv zd|/ doo frpelqdwlrqv
ri ex| dqg vhoo gd|v fdq eh frpsduhg rq dq htxdo edvlv1

Dv ehiruh/ uhvxowv duh suhvhqwhg iru wkh V[J vhw ri vwrfnv1 D wlph shulrg ri 43
|hduv +4<;:04<<9, zdv xvhg wr jhqhudwh wkh uhvxowv1 Wklv surylghv vwdwlvwlfdoo| pruh
vwdeoh jurxqgv wkdq xvlqj rqh vlqjoh lqgh{ dv lq wkh lqyhvwljdwlrqv suhvhqwhg lq ^49`1
Wkh gdlo| uhwxuqv -( duh vkrzq lq Wdeoh 4316 dqg wkh Lqfuhdvh Iudfwlrq U( lq Wdeoh
43171

Wkh vdph w|sh ri wdeohv dv wkh deryh kdyh ehhq jhqhudwhg iru wkh V[ELJ vwrfnv
dv zhoo1 Wkh gdlo| uhwxuqv -( duh vkrzq lq Wdeoh 4318 dqg wkh Lqfuhdvh Iudfwlrq U(
lq Wdeoh 43191

Zh fdq h{wudfw vhyhudo lqwhuhvwlqj �dqrpdolhv� iurp wkh odvw wzr wdeohv=

� Wkh gd|0ri0wkh0zhhn d�hfwv wkh uhwxuqv vljql�fdqwo|1 Wkh uhwxuqv vsdq ehwzhhq
31336( +ex| Iulgd|2vhoo Wxhvgd|, dqg 31576( +ex| Wkxuvgd|2vhoo Iulgd|,1

� Wkh rqh0gd| uhwxuqv lqfuhdvh prqrwrqlfdoo| iurp Prqgd| wr Wkxuvgd|= 31337/
31447/ 3149:/ 31576 +ex|lqj rq d Iulgd| qhyhu |lhogv d rqh0gd| uhwxuq,1

6Wkh udwlr ehwzhhq wkh wzr Qr10ri0 rev froxpqv vkrxog eh 7@8 li rqo| Iulgd|0wr0Prqgd| uhwxuqv
kdyh ehhq uhpryhg1 Krzhyhu/ wkhuh duh dgglwlrqdo jdsv lq wkh gdwd vhulhv ruljlqdwlqj iurp krolgd|v
dqg vlpso| plvvlqj gdwd1
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Wdeoh 4316= Gdlo| uhwxuqv +(, iru frpelqdwlrqv ri Ex| dqg Vhoo gd|v iru V[J

Vhoo Gd|
Ex| Gd| Prq Wxh Zhg Wkx Iul Phdq
Prq 31378 31338 31366 313:; 313;; 31383
Wxh 31395 31389 313<7 3146; 31466 313<:
Zhg 31387 3137; 3138: 314:7 3148< 313<<
Wkx 31356 3134; 31366 3137< 3146; 31385
Iul 031346 031345 31335 3135: 31379 31343
Phdq 31367 31356 31377 313<6 31446 31394

Wdeoh 4317= Lqfuhdvh iudfwlrq +(, iru frpelqdwlrqv ri Ex| dqg Vhoo gd|v iru V[J

Vhoo Gd|
Ex| Gd| Prq Wxh Zhg Wkx Iul Phdq
Prq 8318; 7;1<< 7<1;; 84153 8419: 83179
Wxh 84146 85138 831:6 85175 85194 841:<
Zhg 8416; 841:8 851;6 8613; 851;9 8516;
Wkx 7<153 7<1:5 831;: 84194 8415: 83186
Iul 7;174 7;135 7;1<< 83157 84176 7<175
Phdq 83147 83144 83199 841:4 841<: 831<5

Wdeoh 4318= Gdlo| uhwxuqv +(, iru frpelqdwlrqv ri Ex| dqg Vhoo gd|v iru V[ELJ

Vhoo Gd|
Ex| Gd| Prq Wxh Zhg Wkx Iul Phdq
Prq 3139< 31337 31383 313:; 31438 31394
Wxh 313;4 31399 31447 31469 31485 31443
Zhg 313:9 31393 31399 3149: 314;9 31444
Wkx 31394 31377 31384 3138; 31576 313<4
Iul 31347 31336 3134; 31366 31395 31359
Phdq 31393 31368 31393 313<8 31483 313;3
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Wdeoh 4319= Lqfuhdvh iudfwlrq +(, iru frpelqdwlrqv ri Ex| dqg Vhoo gd|v iru V[ELJ

Vhoo Gd|
Ex| Gd| Prq Wxh Zhg Wkx Iul Phdq
Prq 83154 7;175 7<13: 7<1;< 83199 7<198
Wxh 831;8 8319; 8316< 84157 85137 84137
Zhg 831:< 8315: 84149 84196 85173 84158
Wkx 7<1;3 7<16; 7<1;9 83174 85138 83163
Iul 7;1:3 7:184 7;14; 7<135 83163 7;1:7
Phdq 8313: 7<158 7<1:6 83177 8417< 83153

� Wkh uljkwprvw froxpq ghvfulehv wkh phdq uhwxuqv dfklhyhg zkhq vhoolqj eh0
wzhhq rqh dqg vhyhq gd|v iurp wkh ex|lqj gd|1 Iulgd| dsshduv wr eh wkh zruvw
gd| wr ex| lq wklv uhvshfw1

� Orrnlqj dw �Lqfuhdvh Iudfwlrqv/� lw lv vwloo fohdu wkdw wkh uhdo wudglqj frqglwlrqv
duh doprvw dv edg dv ehiruh1 Hyhq li zh slfn wkh ehvw fkrlfh dqg ex| rq
Wkxuvgd| dqg vhoo rq Iulgd|/ zh orrvh prqh| lq 7:1<8( ri wkh fdvhv1 Lw zrxog
wdnh juhdw sdwlhqfh dqg d vwdeoh �qdqfldo edfnxs wr xwlol}h wkh vkrzq gd|0ri0
wkh0zhhn h�hfw1

D txhvwlrq wkdw vkrxog eh srvhg dozd|v zkhq orrnlqj iru dqg �qglqj vwuxfwxuhv
lq kxjh gdwd vhwv/ lv zkhwkhu wkh irxqg vwuxfwxuh uh hfwv vrph jhqhudo surshuw| ri
wkh gdwd jhqhudwlqj surfhvv/ ru lv vlpso| dq h�hfw ri gdwd vqrrslqj1 Wkh jhqhudo
txhvwlrq lv kdug wr dqvzhu/ dw wkh ohdvw/ dqg lv ixuwkhu glvfxvvhg lq Fkdswhu 61 Lq
wklv sduwlfxodu fdvh/ zh kdyh fdofxodwhg wkh vdph vwdwlvwlfv iru |hduo| gdwd ryhu 4<;:0
4<<91 Lq wklv zd|/ wkh uhvxowv duh whvwhg iru vwdelolw| lq wlph1 Wkh uhsruwhg h�hfwv
duh suhvhqw hyhq lq wkhvh fdvhv/ dqg wkxv surylgh dgglwlrqdo vxssruw iru wkh uhvxowv1

4316 Prqwk H�hfwv

Wkh prqwk h�hfw rq vwrfn uhwxuqv lv lqyhvwljdwhg lq d vlplodu idvklrq dv wkh gd|0ri0
wkh0zhhn h�hfw deryh1 Zh shuirup wzr vwdwlvwlfdo lqyhvwljdwlrqv=

� Dyhudjh gdlo| uhwxuqv iru hdfk prqwk

� Dyhudjh prqwko| uhwxuqv iru frpelqdwlrqv ri ex| dqg vhoo prqwkv

4317 Gdlo| Uhwxuqv iru Hdfk Prqwk

Lq wklv vwxg| zh frpsxwh dyhudjh gdlo| uhwxuqv -(E|� dqg-7E|� dv gh�qhg lq Vhfwlrq
43141 Wkh uhdvrq djdlqvw xvlqj wkh �qrupdo� -7E|� lv wkh gd|0ri0wkh0zhhn h�hfw/
vkrzq lq wkh suhylrxv wzr vhfwlrqv1 E| xvlqj wkh zhhnhqg frpshqvdwhg uhwxuq
-(E|�/ zh dfklhyh pruh vwdeoh �jxuhv zlwk wkh �qrlvh� fdxvhg e| zhhnhqgv/ krolgd|v/
dqg plvvlqj gdwd uhpryhg1 Wkh uhwxuqv duh frpsxwhg iru wkh V[J dqg V[ELJ vwrfnv
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iru wkh |hduv 4<;:04<<91 Wkh phdq uhvxowv iru V[J duh vkrzq lq Wdeohv 431: dqg
431;1 Wkh uhvxowv iru V[ELJ duh vkrzq lq Wdeohv 431< dqg 431431

Wkh uhvxowv iru wkh Vzhglvk vwrfn pdunhw �wv zhoo zlwk lqyhvwljdwlrqv rq rwkhu
pdunhwv1 Kdzdzlql dqg Nhlp ^49` suhvhqw d vxppdu| ri d uhvhdufk rq d qxp0
ehu ri vwrfn pdunhwv zruog0zlgh1 Wkh kljk uhwxuqv iru Mdqxdu| dqg orz uhwxuqv
iru Vhswhpehu duh vljql�fdqw iru prvw ri wkh pdunhwv/ lqfoxglqj wkh Vzhglvk vwrfn
pdunhw1

4318 Lqfuhdvh Iudfwlrqv
Wkh Lqfuhdvh Iudfwlrq U( iru V[ELJ ydulhv ehwzhhq 7:1;3( +Pdufk, dqg 87177(
+Mdqxdu|,1 Wkh phdq U( lv 83195(/ zklfk lv forvh wr wkh 83(/ sursrvhg e| wkh
udqgrp0zdon k|srwkhvlv1 Qrwh/ wkdw d suhglfwlrq dffxudf| +�klw udwh�, ri derxw
87( lv riwhq uhsruwhg iru hoderudwh suhglfwlrq dojrulwkpv1 Prvw dojrulwkpv gr qrw
xvh wkh gd|0ri0wkh0zhhn ru wkh prqwk0ri0wkh0|hdu dv lqsxw yduldeohv/ vhh h1j1 ^6:` ru
^7`1 Wkhvh uhvxowv duh fodlphg wr vkrz suhglfwlyh fdsdelolw| lq wkh dojrulwkpv1 Eh
wkdw dv lw pd|/ li zh fdq dfklhyh wkh vdph klw udwh e| mxvw orrnlqj dw zkdw prqwk
zh duh wudglqj lq/ lw vhhpv uhdvrqdeoh wr lqfrusrudwh lq vrph zd| wkh prqwk0ri0wkh0
|hdu lq wkh dojrulwkp1 Dqg wkh ydolgdwlrq surfhvv uhdoo| vkrxog eh uhfrqvlghuhg iru
dojrulwkpv wkdw gr qrw gr wkdw1
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Wdeoh 431:= Rqh0gd| uhwxuqv iru V[J

Phdq Vwg1ghy1 Lqfu1iudfwlrq Qr1 ri rev1
Mdq 31688 516: 881<5 766;
Ihe 314:6 5157 8514< 7643
Pdu 31398 41<8 7;195 7:7;
Dsu 3155: 41;8 871:; 7463
Pd| 31466 5139 85155 73:;
Mxq 3133: 41:8 7:1:4 7759
Mxo 314<7 4194 881;9 7;;:
Dxj 031335 514: 7;14: 838<
Vhs 03135; 516: 7<1:5 7:83
Rfw 03134< 51:6 7;166 8348
Qry 31439 51:3 7<18; 7;:5
Ghf 313:9 514; 83185 73;6
Phdq 31436 5153 84136 788;

Wdeoh 431;= Rqh0vwhs uhwxuqv iru V[J

Phdq Vwg1ghy1 Lqfu1iudfwlrq Qr1 ri rev1
Mdq 31664 517; 8813: 8:33
Ihe 31457 515< 8417< 87<<
Pdu 31367 41<; 7;164 9466
Dsu 31533 41<7 8619; 87;9
Pd| 314:; 513; 8614: 88;:
Mxq 3133: 41;8 7;144 8:3<
Mxo 314:9 41:4 8719; 9567
Dxj 031438 515: 7915< 9685
Vhs 03136; 517< 7;198 93:5
Rfw 031435 51;; 7;155 9636
Qry 313<5 51:< 7<196 94:3
Ghf 313;4 5165 831<< 88:8
Phdq 313:: 515< 83193 8<35
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Wdeoh 431<= Rqh0gd| uhwxuqv iru V[ELJ

Phdq Vwg1ghy1 Lqfu1iudfwlrq Qr1 ri rev1
Mdq 316:9 6165 87177 4:3<9
Ihe 31564 6187 84177 4:63:
Pdu 3134< 51<6 7:1;3 4<487
Dsu 31574 51;5 861;: 49557
Pd| 31476 6135 8415; 49834
Mxq 31367 51<< 7;1;3 4::83
Mxo 3156: 5197 87143 4;74:
Dxj 3134< 6143 7;1<5 53857
Vhs 31374 616; 83136 4<;::
Rfw 313:; 61:5 7;1:; 544;4
Qry 31466 6185 7<18; 536<:
Ghf 313<8 6197 7<1<: 4;636
Phdq 31465 6158 83195 4;894

Wdeoh 43143= Rqh0vwhs uhwxuqv iru V[ELJ

Phdq Vwg1ghy1 Lqfu1iudfwlrq Qr1 ri rev1
Mdq 3168: 61<3 86153 5738;
Ihe 3153; 7136 831:9 568<3
Pdu 031358 6176 7:168 59994
Dsu 31535 615; 8519: 5673;
Pd| 31485 617: 84195 57739
Mxq 031359 6156 7;143 57<47
Mxo 31553 613< 851<< 59375
Dxj 0313<9 6178 7:157 5:<74
Vhs 031375 61:; 7;17< 5:66;
Rfw 31369 718: 7;1:: 5;848
Qry 313;5 7137 7;1<4 5::97
Ghf 31444 7189 83166 5977:
Phdq 313<5 61:; 7<1<7 58<57
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4319 Prqwko| Uhwxuqv iru Frpelqdwlrqv ri Ex|
dqg Vhoo Prqwkv

Zh frqfoxgh wkh lqyhvwljdwlrqv ri vhdvrqdo h�hfwv zlwk d wudglqj0rulhqwhg vwdwlvwlfdo
whvw/ zkhuh erwk ex|lqj dqg vhoolqj duh frqvlghuhg1 Wkh �uvw wudglqj gd| lq hdfk
prqwk lv dozd|v vhohfwhg iru erwk ex|lqj dqg vhoolqj1 Diwhu ex|lqj lq wkh ehjlqqlqj
ri d prqwk/ wkh uhwxuqv iurp vhoolqj lq wkh ehjlqqlqj ri hdfk ri wkh vxffhvvlyh wzhoyh
prqwkv duh vwruhg lq d wzhoyh0e|0wzhoyh wdeoh1 Wkh vkrzq �jxuhv lq wklv wdeoh
duh gdlo| uhwxuqv wlphv 63/ wr rewdlq frpsdudeoh prqwko| uhwxuqv iru doo prqwkv/
uhjdugohvv ri wkh qxpehu ri gd|v wkh| frqwdlq1 D vhfrqg wdeoh zlwk wkh vdph od|rxw
vkrzv wkh Lqfuhdvh Iudfwlrq iru wkh vdph frpelqdwlrqv ri ex| dqg vhoo prqwkv1 Wklv
qxpehu lv wkh iudfwlrq ri vdpsohg ex|2vhoo vlwxdwlrqv wkdw uhvxowhg lq d srvlwlyh
uhwxuq +}hur uhwxuqv duh uhpryhg ehiruh fdofxodwlqj wkh Lqfuhdvh Iudfwlrq,1 Lq wklv
zd|/ doo frpelqdwlrqv ri ex| dqg vhoo prqwkv fdq eh frpsduhg rq dq htxdo edvlv1

Wdeohv 43144 dqg 43145 vkrz wkh uhvxowv iru wkh V[ELJ vwrfnv iru wkh |hduv 4<;:0
4<<91 Wdeohv 43146 dqg 43147 vkrz wkh uhvxowv iru wkh V[J vwrfnv iru wkh vdph wlph
shulrg1 Wr dyrlg idovh frqfoxvlrqv fdxvhg e| h{wuhph wuhqgv gxulqj sduwv ri vlqjoh
|hduv/ wkh gdwd lv dovr lqyhvwljdwhg lq �qhu ghwdlo1 Iljxuhv 4315/ 4316/ 4317/ 4318/
4319/ dqg 431:/ suhvhqw uhvxowv iru wkh 65 V[J vwrfnv iru wkh |hduv 4<;:04<<91 Hdfk
judsk frqwdlqv gdwd iru rqh vshfl�f ex| prqwk1 Hdfk srlqw lq wkh judskv vkrzv wkh
phdq sur�w iurp vhoolqj doo wkh vwrfnv dw wkdw sduwlfxodu prqwk lq rqh sduwlfxodu
|hdu1 Hdfk srlqw wkxv uhsuhvhqwv 65 wudghv1 Wkhuh duh 43 srlqwv sorwwhg iru hdfk vhoo
prqwk/ dqg rqh iru hdfk |hdu ehwzhhq 4<;: dqg 4<<91 Erwk ex|lqj dqg vhoolqj duh
grqh rqfh shu prqwk rq wkh �uvw wudglqj gd| ri wkh prqwk1 Wkh ghwdlohg dqdo|vlv
iru wkh V[ELJ vhw fdq eh irxqg lq ^4;`1 Wkh vdph frpelqdwlrqv ri ex| dqg vhoo
prqwkv duh vkrzq lq wkh 60G gldjudpv lq Iljxuh 43141

Wdeoh 43144= Prqwko| uhwxuqv +(, iru frpelqdwlrqv ri ex| dqg vhoo prqwkv iru
V[ELJ

Vhoo Prqwk

Ex| Prqwk Mdq Ihe Pdu Dsu Pd| Mxq Mxo Dxj Vhs Rfw Qry Ghf Phdq

Mdq 4 17: 9169 7 1:< 51:3 5 1<4 51<5 5168 5 1:3 514; 41<4 4 1;: 4 1:9 51;6

Ihe 4 147 41<4 6 1<4 4167 4 1<8 515: 41:9 5 173 41;5 4198 4 194 4 17< 41<7

Pdu 3 185 415: 4 166 0318; 4 145 4193 4143 4 1:: 4155 4134 4 133 3 1<7 4136

Dsu 3 1:6 4185 4 184 4145 6 164 51;3 41:3 5 179 418< 415: 4 156 4 146 41:3

Pd| 3168 4158 4 15: 31;: 4 14; 5189 31<3 5 13: 413< 31:; 3 1;5 3 1:6 4149

Mxq 03 139 31;< 3 1<< 3197 3 1<: 413; 03198 4 17< 3184 315: 3 159 3 15< 3189

Mxo 3 149 4153 4 165 31;8 4 14< 415; 4146 7 134 4144 3195 3 18: 3 187 4149

Dxj 03 1;5 3176 3 196 315; 3 199 31;8 31:5 4 134 04186 0413: 03 19; 03 165 3134

Vhs 03 17< 4139 4 157 31:9 4 146 4164 4148 4 187 415; 04137 03 178 3 13; 3196

R fw 03 138 41;5 5 133 415< 4 194 41;4 418: 5 139 419: 4178 3 148 3 1:7 4167

Qry 3 13: 5165 5 176 418; 4 1;9 5143 41;3 5 159 41;8 4193 4 1;5 4 158 41:8

G hf 3 168 619; 6 16; 5143 5 167 5184 513< 5 17; 41<: 41:3 4 1<3 4 1;8 5153

Phdq 3 15; 41<; 5 13: 413; 4 19< 41<5 4163 5 14< 4156 31;8 3 1;7 3 1;: 4169



43191 PRQWKO\UHWXUQV IRUFRPELQDWLRQVRI EX\DQG VHOOPRQWKV98

Wdeoh 43145= Lqfuhdvh iudfwlrq +(, iru frpelqdwlrqv ri ex| dqg vhoo prqwkv iru
V[ELJ

Vhoo Prqwk

Ex| Prqwk Mdq Ihe Pdu Dsu Pd| Mxq Mxo Dxj Vhs Rfw Qry Ghf Phdq

Mdq 861;< 98145 9913; 8<17; 9913; 99 15; 97 139 99 179 94 1;7 95159 8<15: 8<19; 95187

Ihe 8316: 8516< 88136 86135 8;19; 8< 186 8< 137 94 143 8: 183 8:185 88168 871;7 89153

Pdu 7918: 7;1;< 831;4 76136 871<8 8; 138 89 138 8; 1:8 87 174 88157 841<3 831;7 85179

Dsu 7<194 841:; 861:: 8514< 96197 9: 135 93 1:4 98 187 8< 1;7 8;157 871<8 8617; 8:189

Pd| 78156 7;187 83176 7;143 85135 89 18: 86 148 8; 186 88 159 87193 85138 7<1<6 85136

Mxq 771:6 7;1;7 7<1;6 7:165 841:7 87 15; 78 1;; 88 18; 83 1:9 86193 7<197 7;149 83136

Mxo 7:139 84187 85178 7<18; 8718< 8: 17< 89 1<5 93 1<6 85 148 8716< 8414; 831<5 8615:

Dxj 7413; 7:187 7:146 77166 7;189 85 146 85 185 86 1:7 74 1<8 79154 7819; 781:3 7:154

Vhs 771;3 85149 86159 8316: 861<8 8: 159 89 1:7 8< 138 87 193 7<197 7:164 7;1;3 85166

Rfw 79183 89135 891;6 8617; 89174 8; 195 8; 1;4 8; 169 88 1:8 88155 7:189 83186 87184

Qry 7719< 94149 9319: 88139 9414; 94 19: 93 189 94 148 89 1:3 8:164 88194 7;1;3 8:138

G hf 7<1;: 9817< 99144 8<1:4 971<3 99 133 97 17< 99 159 93 176 94145 8<15: 9413: 95139

Phdq 7:136 87145 88153 84164 8:156 8< 18; 8: 174 93 179 88 143 88178 8517; 841<3 871::

Wdeoh 43146= Prqwko| uhwxuqv +(, iru frpelqdwlrqv ri ex| dqg vhoo prqwkv iru V[J

Vhoo Prqwk

Ex| Prqwk Mdq Ihe Pdu Dsu Pd| Mxq Mxo Dxj Vhs Rfw Qry Ghf Phdq

Mdq 4 1<: :143 7 1;3 6169 6 188 61:5 6 153 6176 51;5 5 189 5 154 513< 6173

Ihe 4 167 513< 5 1:3 41;3 5 179 51:: 5 165 51:3 514; 5 137 4 195 4183 5146

Pdu 4 153 5133 4 1;7 31:7 5 14< 51:; 5 155 519< 5138 4 1:< 4 174 4167 41;9

Dsu 4 156 513< 4 1<3 41:5 6 1<7 61<6 5 1:; 6159 5165 4 1<9 4 183 4175 5167

Pd| 3199 418: 4 178 4167 4 18: 618< 4 1<7 5197 4186 4 155 3 1:7 31:9 418;

Mxq 3147 4145 4 13: 31<: 4 15; 4185 3 13; 41<< 31:7 3 18< 3 145 3157 31;5

Mxo 3 14: 415: 4 154 413; 4 175 4199 4 18; 61;5 31<7 3 18< 3 136 3158 414:

Dxj 03 1;8 3184 3 18< 3185 3 1<5 4156 4 149 417; 0513; 04 14: 04 174 0319; 3135

Vhs 03 16: 4155 4 15; 4148 4 187 41;8 4 1:7 5143 41;5 03 1<5 04 175 03163 31;4

Rfw 3 159 514; 5 14; 41;: 5 155 5185 5 166 51:5 5166 5 146 04 1;7 3159 418<

Qry 4 154 6184 6 157 5199 5 1<6 6157 5 1<7 6157 51:: 5 184 5 187 5153 51:8

Ghf 3 1<5 7193 6 196 51;3 6 133 6163 5 1;< 613; 5183 5 14< 5 148 5148 51::

Phdq 3 199 5177 5 149 419: 5 158 519; 5 143 51:9 4199 4 15< 3 197 31<7 41::

Wdeoh 43147= Lqfuhdvh iudfwlrq +(, iru frpelqdwlrqv ri ex| dqg vhoo prqwkv iru V[J

Vhoo Prqwk

Ex| Prqwk Mdq Ihe Pdu Dsu Pd| Mxq Mxo Dxj Vhs Rfw Qry Ghf Phdq

Mdq 8;1:6 9;1;9 :51<8 9:195 :814; :8 1;3 :8 133 :9 149 :5 183 :41;< 981:4 971;< :3177

Ihe 88157 93199 8;136 9413: 9716< :6 1;7 :6 135 :6 1:7 9: 159 97139 941;: 8<147 97169

Pdu 8514< 8:1;6 8;1<9 7;168 971;: :5 1:3 9; 1<3 :3 1:: 97 174 94146 89167 8619; 931;8

Dsu 85169 8816; 93157 9316< 9:147 :8 15: 9: 1<9 :6 183 99 1<3 9613: 891:< 8619; 951:5

Pd| 7:174 85133 88167 861<7 8:198 95 187 94 15: 98 1;8 93 17< 8<177 851<; 8314: 8918<

Mxq 77169 841:< 89158 8617< 8:1:8 97 153 86 195 95 1;4 88 1:8 8:15< 83133 79186 8717<

Mxo 781;; 841<; 89197 851<7 8<163 99 15; 98 183 99 1:; 87 1;9 8:1:< 7<164 7<147 8916:

Dxj 74196 7<193 8318< 7:178 841<7 8< 19< 93 164 93 1<7 74 14; 7817< 751:9 771<8 7<1:4

Vhs 76169 831<< 88197 8817: 9317: 97 17; 95 1<< 98 143 8< 1;8 84155 74173 791:4 871;4

Rfw 7;177 951;8 96137 8:186 96175 98 1;< 98 145 98 156 94 17; 8<1:: 771<4 841<5 8<146

Qry 8414; :31<: 9<174 99148 :7175 :9 187 :9 169 :8 18; 9; 13; 9:138 97156 85159 9:19<

G hf 8:193 ::15< :;154 :3164 :91<5 :; 19; ;3 19< :< 13: :4 1<5 :316; 971:6 9<168 :51<6

Phdq 7<1;: 8<14; 9415: 8:1;< 97178 9< 199 9: 189 9< 196 95 139 931:4 87158 86187 931;7
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Fkdswhu 44

Udqnv

Wkh uhwxuqv -&E|� +gh�qhg lq +716,, duh wkh sulpdu| wdujhw lq prvw uhvhdufkhv rq
wkh suhglfwdelolw| ri vwrfnv1 Lq wklv fkdswhu zh irfxv rq wkh revhuydwlrq/ wkdw d uhdo
wudglqj vlwxdwlrq lqyroyhv qrw rqo| dwwhpswv wr suhglfw wkh lqglylgxdo uhwxuqv iru d
vhw ri lqwhuhvwlqj vwrfnv/ exw dovr d frpsdulvrq dqg vhohfwlrq dprqj wkh surgxfhg
suhglfwlrqv1 Zh wkhuhiruh lqwurgxfh d udqn frqfhsw �&/ edvhg rq wkh &0vwhs uhwxuq
-& dv iroorzv1 Wkh &0vwhs udqn �6

& iru d vwrfn r6 lq wkh vhw ir�c ���c r�j lv frpsxwhg
e| udqnlqj wkh � vwrfnv lq wkh rughu ri wkh &0vwhs uhwxuqv -&1 Wkh udqnlqj rughuv
duh wkhq qrupdol}hg vr wkh vwrfn zlwk wkh orzhvw -& jhwv udqn �f�D dqg wkh vwrfn
zlwk wkh kljkhvw -& jhwv udqn f�D1 Wkh gh�qlwlrq ri wkh &0vwhs udqn �6

& iru d vwrfn
6 ehorqjlqj wr d vhw ri vwrfnv ir�c ���c r�j/ fdq wkxv eh zulwwhq dv=

�6
& E|� '

Jo_eoE-6
& E|�c i-�

&E|�c ���c -
�
& E|�j�� �

� � �
� f�D +4414,

zkhuh wkh Jo_eo ixqfwlrq uhwxuqv wkh udqnlqj rughu ri wkh �uvw dujxphqw lq wkh
vhfrqg dujxphqw/ zklfk lv dq rughuhg olvw1 Wkxv/ Jo_eo uhwxuqv dq lqwhjhu ehwzhhq
� dqg � 1 -6

& lv wkh &0vwhs uhwxuqv frpsxwhg iru vwrfn 61 Wkh vfdolqj ehwzhhq �f�D
dqg nf�D dvvljqv wkh vwrfn zlwk wkh phgldq ydoxh rq -& wkh udqn 31 D srvlwlyh udqn
�6
& phdqv/ wkdw vwrfn 6 shuirupv ehwwhu wkdq wklv phgldq vwrfn/ dqg d qhjdwlyh

udqn phdqv wkdw lw shuirupv zruvh1 Wklv qhz phdvxuh jlyhv dq lqglfdwlrq ri krz
hdfk lqglylgxdo vwrfn kdv ghyhorshg uhodwlyho| wr wkh rwkhu vwrfnv/ ylhzhg rq d wlph
vfdoh vhw e| wkh ydoxh ri &� Wkh vfdolqj durxqg 5eoJ lv dovr frqyhqlhqw zkhq gh�qlqj
d suhglfwlrq wdvn iru wkh udqn1 Lw lv fohdu wkdw dq delolw| wr lghqwli|/ dw wlph |/ d
vwrfn 6/ iru zklfk �6

& E|n �� : f phdqv dq rssruwxqlw| wr pdnh sur�w lq wkh vdph
zd| dv lghqwli|lqj d vwrfn/ iru zklfk -&E| n �� : f1 D phwkrg wkdw fdq lghqwli|
vwrfnv 6 dqg wlphv | zlwk d phdq ydoxh ri �6

& E|n �� : f/ fdq eh xvhg dv d wudglqj
vwudwhj| wkdw fdq gr ehwwhu wkdq wkh dyhudjh vwrfn1 Wkh klw udwh iru wkh suhglfwlrqv
fdq eh gh�qhg dv wkh iudfwlrq ri wlphv/ iru zklfk wkh vljq ri wkh suhglfwhg udqn
�6
& E| n �� lv fruuhfw1 D ydoxh juhdwhu wkdq DfI phdqv/ wkdw wuxh suhglfwlrq kdyh

ehhq dfklhyhg1 Wkh iroorzlqj dgydqwdjhv frpsduhg wr suhglfwlqj uhwxuqv -&E| n ��
fdq eh qrwlfhg=

41 Wkh ehqfkpdun iru suhglfwlrq shuirupdqfh ehfrphv fohduo| gh�qhg +uhihu wr
wdeohv ;15 dqg ;16,=

� D klw udwh : DfI / iru wkh suhglfwlrqv ri wkh vljq ri udqnv phdqv/ wkdw
zh duh grlqj ehwwhu wkdq wkh dyhudjh vwrfn1 Zkhq suhglfwlqj uhwxuqv

9<
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-&E|n ��/ wkh jhqhudo srvlwlyh guliw lq wkh pdunhw fdxvhv pruh wkdq DfI
ri wkh uhwxuqv wr eh : f�

� D srvlwlyh phdq ydoxh iru suhglfwhg srvlwlyh udqnv ��E|n �� +dqg d qhj0
dwlyh phdq ydoxh iru suhglfwhg qhjdwlyh udqnv, phdqv/ wkdw zh duh grlqj
ehwwhu wkdq wkh dyhudjh vwrfn� Zkhq suhglfwlqj uhwxuqv -&E| n ��/ wkh
jhqhudo srvlwlyh guliw lq wkh pdunhw fdxvhv wkh uhwxuqv wr kdyh d phdq
ydoxh : f1 Wkhuhiruh/ d phuh srvlwlyh phdq uhwxuq iru suhglfwhg srvlwlyh
uhwxuqv grhv qrw lpso| dq| xvhixo suhglfwlqj delolw|1

51 Wkh udqn ydoxhv �6
& iru d vhw ri vwrfnv duh xqlirupo| glvwulexwhg iru doo ydoxhv

ehwzhhq �f�D dqg f�D1 Uhwxuqv -& duh glvwulexwhg zlwk vsduvho| srsxodwhg
wdlov iru wkh h{wuhph orz dqg kljk ydoxhv1 Wklv pdnhv wkh vwdwlvwlfdo dqdo|vlv
ri udqn suhglfwlrqv vdihu dqg hdvlhu wkdq suhglfwlrqv ri uhwxuqv1

61 Wkh h�hfw ri joredo hyhqwv jhwv dxwrpdwlfdoo| lqfrusrudwhg lqwr wkh suhglfwru
yduldeohv1 Wkh dqdo|vlv ehfrphv wrwdoo| irfxvhg rq lghqwli|lqj ghyldwlrqv iurp
wkh dyhudjh vwrfn/ lqvwhdg ri wu|lqj wr prgho wkh joredo hfrqrplf vlwxdwlrq1

4414 Vwdwlvwlfdo Surshuwlhv

Zh vwduw e| orrnlqj dw wkh udqn yduldeohv dv gh�qhg lq +4414,1 Lq Wdeoh 4414 phdq
udqnv �6

� E| n &� duh wdexodwhg dv d ixqfwlrq ri �6
& E|�1 Wdeoh 4415 vkrzv wkh RLR

so@S|�J?�/ l1h1 Wkh qxpehu ri srvlwlyh udqnv glylghg e| wkh qxpehu ri qrq0}hur
udqnv1 Wdeoh 4416 �qdoo| vkrzv wkh qxpehu ri revhuydwlrqv lq hdfk wdeoh hqwu|1
Hdfk urz lq wkh wdeohv uhsuhvhqwv rqh sduwlfxodu ydoxh rq &/ fryhulqj wkh ydoxhv
�c 2c �c ec Dc �fc 2fc �fc Dfc �ff1 Wkh odeho iru hdfk froxpq lv wkh plg0ydoxh ri d v|p0
phwulfdo lqwhuydo1 Iru h{dpsoh/ wkh froxpq odehohg 3138 lqfoxghv srlqwv zlwk &�vwhs
udqn �6

& lq wkh lqwhuydo d f�ff f��f d1 Wkh lqwhuydov iru wkh rxwhuprvw froxpqv duh
rshq0hqghg rq rqh vlgh1 Qrwh wkdw wkh vwrfn sulfh wlph vhulhv qrupdoo| kdyh 8
vdpsohv shu zhhn/ l1h1 & ' D uhsuhvhqwv rqh zhhn ri gdwd dqg & ' 2f uhsuhvhqwv
dssur{lpdwho| rqh prqwk1

Wdeoh 4414= Phdq 40vwhs udqnv iru 53: vwrfnv

n0gd| udqn
n 03178 03168 03158 03148 03138 3138 3148 3158 3168 3178
4 3139: 3134: 031338 031344 031344 031337 031338 031343 031347 031366

5 31393 3134: 31335 031337 031343 031336 03133: 031348 03134: 031365

6 3138: 31349 31336 031338 031336 03133; 031344 031344 031348 031367

7 31387 3134; 31336 031336 031338 03133; 031344 031346 031345 031365

8 31384 31348 31337 031335 031337 03133< 031343 03133< 031349 031365

43 31373 31346 31338 031334 031336 031339 03133: 03133< 031345 031363

53 3135; 3133; 31336 031336 031335 031335 031339 031344 03133< 03134<

63 31354 3133: 31335 31337 031336 031336 031339 031339 031344 031348

83 31347 31338 31333 031333 031334 031335 031338 031337 031339 031343

433 3133: 31336 31334 031335 031336 031337 031337 031337 031336 03133;

Wr hqvxuh wkdw irxqg sdwwhuqv uh hfw ixqgdphqwdo surshuwlhv ri wkh surfhvv jhqhu0
dwlqj wkh gdwd/ dqg qrw rqo| lglrv|qfudvlhv lq wkh gdwd/ wkh uhodwlrq ehwzhhq fxuuhqw
dqg ixwxuh udqnv lv dovr suhvhqwhg lq judskv/ lq zklfk rqh fxuyh uhsuhvhqwv rqh |hdu1



44141 VWDWLVWLFDO SURSHUWLHV :4

Wdeoh 4415= Iudfwlrq xs2+xs.grzq, pryhv +( ,

n0gd| udqn
n 03178 03168 03158 03148 03138 3138 3148 3158 3168 3178
4 8<17 851< 7<14 7:16 7;13 7<19 7<18 7;15 7:1; 7917

5 8;17 851; 7<1: 7;1< 7;17 7<1: 7;1< 7:17 7:19 7915

6 8;14 8517 8316 7;1< 7<14 7<13 7;14 7;14 7:1; 7914

7 8:18 8518 8317 7<15 7<13 7;1: 7;13 7:1< 7;19 7916

8 8:14 8513 8317 7<17 7<14 7;18 7;15 7;19 7:1: 7916

43 8819 841: 8317 7<1; 7<16 7;1; 7;1: 7;18 7;15 7916

53 861; 8414 8315 7<19 7<17 7<18 7<13 7;16 7;1: 7:1;

63 851: 831< 8316 831; 7<14 7<15 7;1; 7;1< 7;18 7;17

83 8513 831: 7<19 7<1< 7<19 7<19 7<13 7<16 7<14 7;1<

433 8417 8317 7<1< 7<18 7<15 7<15 7<13 7<15 7<19 7<14

Wdeoh 4416= Qxpehu ri srlqwv

n0gd| udqn
n 03178 03168 03158 03148 03138 3138 3148 3158 3168 3178
4 63;:; 63;99 649;8 63;6: 63767 6433< 6458; 6386< 63<84 64883

5 63<59 6387; 6475: 637;4 63775 64449 64596 63768 63;74 649:8

6 63<55 63773 64535 63737 63683 64479 64394 6377< 63;47 649<:

7 63;;: 63648 64385 63653 636:4 643<: 643<: 6365; 63::: 64::9

8 63;8: 635<6 63<84 635:8 634<4 6437< 64477 63587 63:34 64;49

43 63:88 63337 6397; 5<<8; 63337 63;:8 63;;< 63488 638:4 64::8

53 63854 5<968 63639 5<8<4 5<9:< 63893 638;3 5<;69 636:: 649<5

63 636;; 5<6:4 633;6 5<6;; 5<89: 6367< 6376: 5<985 634<3 64836

83 6344: 5<339 5<:5; 5;<:< 5<639 5<;:9 6343< 5<569 5<<5: 6448<

433 5<499 5;383 5;:<3 5;344 5;56; 5<348 5<37< 5;587 5<345 63793

Iljxuh 4414 vkrzv �6
� E| n �� yhuvxv �6

� E|� lq wkh gldjudp rq wkh ohiw1 L1h1= rqh0gd|
udqn wkh iroorzlqj gd| yhuvxv rqh0gd| udqnv wkh fxuuhqw gd|1

Wkh vdph uhodwlrq iru 433 vlpxodwhg udqgrp0zdon vwrfnv lv vkrzq lq wkh gldjudp
rq wkh uljkw iru frpsdulvrq1

Iurp �jxuh 4414 zh fdq frqfoxgh wkdw wkh udqn phdvxuh h{klelwv d phdq uh0
yhuwlqj ehkdylru/ zkhuh d vwurqj qhjdwlyh udqn lq phdq lv iroorzhg e| d srvlwlyh
udqn1 Ixuwkhupruh/ d srvlwlyh udqn rq dyhudjh lv iroorzhg e| d qhjdwlyh udqn rq wkh
iroorzlqj gd|1 Orrnlqj dw wkh RLR so@S|�J?� lq Wdeoh 4415/ wkh xqfhuwdlqw| lq wkhvh
uhodwlrqv lv vwloo yhu| kljk1 D vwrfn zlwk d udqn ��E|� 	 �f�e kdv d srvlwlyh udqn
��E| n �� wkh qh{w gd| lq qr pruh wkdq Db�eI ri doo fdvhv1 Krzhyhu/ wkh jhqhudo
dgydqwdjhv ghvfulehg deryh/ frxsohg zlwk wkh vkrzq fruuhodwlrq ehwzhhq suhvhqw
dqg ixwxuh ydoxhv/ gr pdnh wkh udqn yduldeohv yhu| lqwhuhvwlqj iru ixuwkhu lqyhvwljd0
wlrqv1 Wkh udqn phdvxuh fdq eh xvhg erwk dv lqsxw dqg rxwsxw lq lqgxfwlyh ohduqlqj
phwkrgv vxfk dv qhxudo qhwzrunv/ ix}}| uxoh edvhv/ hwf1 Lq vxfk fdvhv/ rqh frxog
irupxodwh prgholqj wdvnv olnh

�6
� E|� ' }E�6

� E|� ��c �6
� E|� 2�c ���c �6

� E|� &�� +4415,

zkhuh wkh ixqfwlrq } iru h{dpsoh lv d ihhg0iruzdug qhxudo qhwzrun1 Lq wklv fdvh/
zh dwwhpsw wr suhglfw wkh 40gd|0udqn ri wkh fxuuhqw gd| e| orrnlqj dw wkh rqh0gd|0
udqn iru wkh suhylrxv gd|/ wkh gd| ehiruh/ hwf1 Dqrwkhu srvvlelolw| zrxog eh d prgho
olnh

�6
� E|� ' }E�6

� E|� ��c �6
D E|� ��c ���c �6

�fE|� ���� +4416,
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Iljxuh 4414= Rqh0gd| udqnv �6
� E|n�� yhuvxv �6

� E|�� Hdfk fxuyh uhsuhvhqwv rqh |hdu
ehwzhhq 4<;: dqg 4<<:1 Uhdo gdwd lq wkh gldjudp rq wkh ohiw dqg vlpxodwhg udqgrp
zdon lq wkh gldjudp rq wkh uljkw1

Wkh rqh0gd| udqn iru wkh fxuuhqw gd| lv suhglfwhg khuh iurp wkh 40gd| udqn/
80gd| udqn/111430gd| udqn/ frpsxwhg wkh suhylrxv gd|1 Wkh xvh ri d qhxudo qhwzrun
dv d prgho ixqfwlrq lv/ ri frxuvh/ duelwudu|1 Rwkhu fkrlfhv zrxog eh ix}}| uxoh edvhv/
udgldo0edvlv qhwzrunv/ ru hyhq olqhdu prghov1



Fkdswhu 45

Frqfoxvlrqv

Zh vxp xs wkh sduw ri gdwd plqlqj zlwk vrph ri wkh prvw lqwhuhvwlqj revhuydwlrqv1

� Wkh lqyhvwljdwlrqv uhjduglqj dxwrfruuhodwlrq vkrz yhu| orz ydoxhv zlwk wkh
srvvleoh h{fhswlrq ri wkh �uvw odj lq wkh DFI1 Vxusulvlqjo|/ wkh uhvxow iru wkh
53: vwrfnv lq V[ELJ vkrzv d vljql�fdqwo| qhjdwlyh fruuhodwlrq lq wkh �uvw odj/
zkhuhdv srvlwlyh fruuhodwlrq lv irxqg iru wkh 65 pdmru vwrfnv lq V[J1

� Wkh dqdo|vlv ri wuhqgv surgxfhv vxssruwlqj uhvxowv1 Zh revhuyh wkdw d 8(
ghfuhdvh lq sulfh vlqfh wkh suhylrxv gd|/ vwdqgv d 9415( suredelolw| ri vkrzlqj
dq lqfuhdvh e| wkh iroorzlqj gd|1 Wkh fdvhv zlwk odujh lqfuhdvh vlqfh wkh
suhylrxv gd| h{klelw d gl�huhqfh ehwzhhq wkh wzr lqyhvwljdwhg vhwv ri vwrfnv1
Iru wkh vwrfnv lq V[J/ d 8( lqfuhdvh lq sulfh vlqfh wkh suhylrxv gd|/ vwdqgv d
871<( suredelolw| ri vkrzlqj dq lqfuhdvh e| wkh iroorzlqj gd|1 Iru wkh vwrfnv
lq V[ELJ/ d 8( lqfuhdvh lq sulfh vlqfh wkh suhylrxv gd|/ vwdqgv d 8616(
suredelolw| ri vkrzlqj d ghfuhdvh e| wkh iroorzlqj gd|1

Krzhyhu/ wkh pdvvlyh ehwwhu sduw ri uhwxuqv idoov lqwr uhjlrqv/ zkhuh lw lv yhu|
gl!fxow wr fodlp dq| vlpsoh fruuhodwlrq ehwzhhq sdvw dqg ixwxuh sulfh fkdqjhv1

� Wkh suhvhqwhg vwdwlvwlfv vkrz vljql�fdqw gd|0ri0wkh0zhhn dqg prqwk0ri0wkh0
|hdu h�hfwv rq wkh vwrfn uhwxuqv1 Wkh sursrvhg frqfhsw ri gdlo| uhwxuqv-( dqg
d frpsdulvrq wr wkh ruglqdu| vwhs uhwxuqv -7/ vkrzhg d vljql�fdqw gl�huhqfh/
fdxvhg e| wkh krolgd| h�hfw1 Wkh gdlo| uhwxuqv -( ydu| ehwzhhq 31337( +ex|
Prqgd|2vhoo Wxhvgd|, dqg 31576( +ex| Wkxuvgd|2vhoo Iulgd|,1 Wkh Lqfuhdvh
Iudfwlrq U( zdv vkrzq wr ghshqg rq wkh prqwk ri wkh |hdu dqg wr ydu| ehwzhhq
7:1;3( +Pdufk, dqg 87177( +Mdqxdu|,1 Hyhq li wkh h�hfwv duh wrr vpdoo wr
eh xwlol}hg lq dfwxdo wudglqj/ wkh| duh gh�qlwho| elj hqrxjk wr lq xhqfh rwkhu
suhglfwlrq dojrulwkpv/ vxfk dv ruglqdu| wlph vhulhv dqdo|vlv ru qhxudo qhwzrun
prghov ri gdlo| uhwxuqv1 Li qrw wdnhq lqwr dffrxqw lq vxfk dojrulwkpv/ wkh
vhdvrqdo h�hfwv dsshdu dv d kljk0qrlvh ohyho lq wkh gdwd1 Lw zdv vkrzq/ wkdw
wkh prqwk0ri0wkh0|hdu h�hfwv duh ri wkh vdph vl}h dv wkh dffxudf| ri pdq|
sxeolvkhg suhglfwlrq dojrulwkpv wkdw gr qrw pdnh xvh ri dq| gdwh lqirupdwlrq1

Wkhuh duh vhyhudo zd|v wr ghdo zlwk wkh vhdvrqdo h�hfwv zkhq frqvwuxfwlqj
suhglfwlrq dojrulwkpv=

� Lqfoxgh wkh wlph glphqvlrq lq wkh prgholqj/ l1h1 lqfoxgh d wudlqdeoh
sdudphwhu ghvfulelqj krz wkh uhwxuq ghshqgv rq wkh gd| ri wkh zhhn/ ru
rq wkh prqwk1

:6
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� Djjuhjdwh gdwd1 Iru h{dpsoh/ lqvwhdg ri prgholqj wkh uhwxuq wlph vhulhv
iru doo wkh gd|v lq d jlyhq wlph shulrg/ zh fdq uhvwulfw wkh prgho wr suhglfw
iurp rqh Prqgd| wr wkh qh{w1

� Zlwkrxw kdylqj grqh wklv vwdwlvwlfdo lqyhvwljdwlrq/ wkh prvw qdwxudo zd|
wr ghdo zlwk wkh plvvlqj zhhnhqgv pljkw kdyh ehhq wr h{sdqg wkh ruljlqdo
wlph vhulhv +E|� zlwk lqwhusrodwhg gdwd iru Vdwxugd| dqg Vxqgd|1 Krz0
hyhu/ wkh revhuyhg qhjdwlyh uhwxuq ehwzhhq Iulgd| dqg Prqgd| vkrzv/
wkdw vxfk dq dssurdfk fdq qrw eh uhfrpphqghg1

� Wkh udqn frqfhsw kdv pdq| surshuwlhv wkdw pdnh lw lqwhuhvwlqj wr xvh dv erwk
lqsxwv dqg rxwsxwv lq suhglfwlrq wdvnv1



Sduw LY

Phwkrgv

:8
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Frpprq whfkqltxhv

4614 Wudglwlrqdo Wlph Vhulhv Suhglfwlrqv

Wdnh wkhvh eurnhq zlqjv dqg ohduq wr  |
Eodfnelug/ Ohqqrq2PfFduwqh|

Wudglwlrqdo wlph vhulhv dqdo|vlv pljkw kdyh ehjxq lq wkh hqg ri wkh 53*v/ zkhq
\xoh lqyhqwhg wkh dxwruhjuhvvlyh phwkrg +DU, wr suhglfw vxqvsrwv1 Wkh jhqhudo
DU0prgho h{suhvvhv ixwxuh ydoxhv ri wkh wlph vhulhv dv d olqhdu frpelqdwlrq ri sdvw
ydoxhv soxv d udqgrp qrlvh frpsrqhqw=

+E|� '
_[

6'�

@6+E|�6� n eE|� +4614,

Dqrwkhu frpprq prgho iru wlph vhulhv dqdo|vlv lv wkh prylqj dyhudjh prgho
+PD,=

+E|� '
�[
?'�

K?eE|� ?� +4615,

Wkh deryh htxdwlrq ghvfulehv d vlwxdwlrq/ zkhuh wkh wlph vhulhv + lv frqwuroohg
e| dq h{whuqdo wlph vhulhv e/ lq d olqhdu dqg ghwhuplqlvwlf uhodwlrq1

Frpelqlqj wkh wzr htxdwlrqv |lhogv wkh Dxwruhjuhvvlyh Prylqj Dyhudjh prgho
+DUPD,/ zklfk grplqdwhg wkh wlph vhulhv dqdo|vlv iru pruh wkdq 83 |hduv=

+E|� '
_[

6'�

@6+E|�6�n
�[
?'f

K?eE|� ?� +4616,

Dq lpsruwdqw vwhs eh|rqg wkhvh joredo olqhdu prghov zdv wdnhq e| Wrqj dqg
Olp ^68` lq 4<;3/ zkhq wkh| vxjjhvwhg wkh Wkuhvkrog Dxwruhjuhvvlyh prgho +WDU,1
WDU frqvlvwv ri wzr DU prghov/ vhohfwhg orfdoo|/ ghshqglqj rq wkh v|vwhp*v vwdwh1

4615 Qhduhvw Qhljkeru Whfkqltxhv

Wkh phwkrg ri &0qhduhvw0qhljkeruv lv d jhqhudo fodvvl�fdwlrq whfkqltxh wkdw pdnhv
plqlpdo dvvxpswlrqv derxw wkh xqghuo|lqj ixqfwlrq wr eh prghohg1 Wr fodvvli| d
srlqw R/ rqh vlpso| �qgv wkh vhw ri & forvhvw srlqwv iurp wkh h{dpsoh vhw1 Lq wkh fdvh

::
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ri wlph vhulhv/ wkh lqsxw srlqwv R| duh w|slfdoo| iruphg e| slfnlqj frqvhfxwlyh ydoxhv
iurp wkh wlph vhulhv +> R| ' E+E|� ��c +E| � 2����c +E| � _��1 Lq wkh jhqhudo fdvh/ wkh
lqsxw srlqwv R� fdq eh dq| w|sh ri ihdwxuh yhfwru eholhyhg wr kdyh suhglfwlyh srzhu1
Zh kdyh frqgxfwhg h{whqvlyh whvwv zlwk ihdwxuh yhfwruv/ frqvlvwlqj ri vwrfn uhwxuqv
-& gh�qhg lq +716,1 Iru h{dpsoh/ R| ' E-�E|�c -DE|�c -�fE|�c -2fE|��1 Wkh uhvxowv duh
suhvhqwhg lq Fkdswhu 48 wrjhwkhu zlwk dq h{whqvlrq ri wkh edvlf dojrulwkp1

Lq vwrfn suhglfwlrq/ wkh fodvvl�fdwlrq �&E|� iru wkh srlqwv lv w|slfdoo| wkh vljq ri
wkh &0gd| uhwxuq/ frpsxwhg & gd|v dkhdg +l1h1 -&E| n &�,=

�&E|� '

;A?
A=

n� G li +E|n &� : +E|�
�� G li +E|n &� 	 +E|�
f G li +E|n &� ' +E|�

� +4617,

Wkh forvhqhvv lv qrupdoo| frpsxwhg dv wkh Hxfolghdq glvwdqfh lq wkh lqsxw vsdfh1
Wkh phdq ru phgldq fodvvl�fdwlrq ri wkh & forvhvw srlqwv lv wkhq wdnhq dv dq hvwlpdwh
ri wkh fodvvl�fdwlrq iru srlqw R1 Lq wklv zd|/ zh fdq lpphgldwho| surgxfh fodvvl�0
fdwlrqv jlyhq d vhw ri h{dpsohv1 Wkhuh h{lvwv d pxowlwxgh ri yduldqwv ri wkh edvlf
dojrulwkp1 D glvfxvvlrq ri zhljkwlqj vfkhphv fdq eh irxqg lq Urelqvrq ^5<`1 Iru dq
hduo| zrun rq wlph vhulhv dssolfdwlrqv dqg surriv ri frqyhujhqfh/ vhh h1j1 \dnrzlw}
^76`1

Hyhq li wkh &0qhduhvw0qhljkeruv dojrulwkp lv frpsxwdwlrqdoo| h{shqvlyh lq wkh
dssolfdwlrq skdvh/ lw lv yhu| dwwudfwlyh lq lqlwldo gdwd dqdo|vlv/ zkhuh txhvwlrqv derxw
suhglfwdelolw| dqg lqsxw yduldeoh vhohfwlrq duh wkh lpsruwdqw lvvxh1 Lw fdq eh dujxhg
wkdw idloxuh lq dsso|lqj wkh &0qhduhvw0qhljkeruv dojrulwkp wr d vshfl�f sureohp
lpsolhv wkdw wkh sureohp fdq qrw eh vroyhg zlwk dq| lqgxfwlyh phwkrg1 Wkh vroh
dvvxpswlrq pdgh lq wkh phwkrg lv wkdw forvh lqsxwv duh pdsshg wr forvh rxwsxwv1 Lw
lv kdug wr vhh krz d vx!flhqw dprxqw ri gdwd iurp dq| frqwlqxrxv ixqfwlrq vkrxog
idlo lq vxfk d whvw1 Wkh frqfoxvlrq lq vxfk d fdvh zrxog eh/ wkdw d ixqfwlrqdo uhodwlrq
ehwzhhq wkh vhohfwhg lqsxw dqg wkh rxwsxw fdq qrw eh vkrzq jlyhq wkh dydlodeoh
gdwd/ zlwkrxw lpsrvlqj ixuwkhu uhvwulfwlrqv rq wkh ixqfwlrqdo uhodwlrqvkls1 Krzhyhu/
rwkhu phwkrgv xvlqj vwurqjhu prghov +ghvfulehg ixuwkhu lq Vhfwlrq 4716,/ pd| eh
pruh vxffhvvixo wkdq wkh wrwdoo| xqeldvhg &0qhduhvw0qhljkeruv dojrulwkp1 Rqh pxvw
dovr uhdol}h wkdw &0qhduhvw0qhljkeruv lq d qrupdo lpsohphqwdwlrq lv d joredo phwkrg1
Lq wkh vhdufk iru qhduhvw qhljkeruv rqh hlwkhu vfdqv wkh hqwluh wudlqlqj vhw/ ru doo
suhylrxv srlqwv lq wkh wudlqlqj vhw1 Wkh odwwhu phwkrg lv xvhg wr dyrlg shhslqj
lqwr wkh ixwxuh zkhq suhglfwlqj wlph vhulhv1 Lq hlwkhu fdvh/ wkh qhljkeruv duh slfnhg
iurp d wlph shulrg wkdw pd| yhu| zhoo eh wrr orqj/ li wkh xqghuo|lqj ixqfwlrq lv
qrq0vwdwlrqdu|1 Zhljkwlqj vfkhphv ru zlqgrzlqj whfkqltxhv pd| eh xvhixo lq vxfk
fdvhv1

4616 Qhxudo Qhwzrunv
L glgq*w nqrz zkdw L zrxog �qg wkhuh1

Dqrwkhu urdg zkhuh pd|eh L/
frxog vhh dqrwkhu nlqg ri plqg wkhuh

Jrw Wr Jhw \rx Lqwr P| Olih/ Ohqqrq2PfFduwqh|

Qhxudo qhwzrunv duh riwhq xvhg iru qrqolqhdu uhjuhvvlrq/ zkhuh wkh wdvn lv wr �qg
d vprrwk dssur{lpdwlrq ehwzhhq pxowl0glphqvlrqdo srlqwv1 Lq erwk fdvhv/ wkh lqsxw



46161 QHXUDO QHWZRUNV :<

dqg rxwsxw gdwd lv suhvhqwhg vlpxowdqhrxvo| wr wkh qhwzrun1 Lq wkh fdvh ri suhglf0
wlrqv ri wlph vhulhv/ wkh vlwxdwlrq lv vrphzkdw gl�huhqw1 Qr sdwwhuqv zlwk ihdwxuhv/
dw ohdvw lqlwldoo|/ duh dydlodeoh1 Lqvwhdg/ ixwxuh wlph vhulhv ydoxhv vkrxog eh prghohg
dv d ixqfwlrq ri suhylrxv ydoxhv1 Wklv whpsrudo glphqvlrq fdq eh lqfrusrudwhg lqwr
wkh qhwzrun vhwxs lq d qxpehu ri zd|v=

� Wkh odjjhg ydoxhv ri +E|�/ l1h1 +E|�c +E|���c +E|�2�c ��� / fdq eh xvhg wr frqvwuxfw
d ihdwxuh yhfwru/ zklfk lv lqsxw wr wkh qhxudo qhwzrun1 Wklv fdq eh ylhzhg dv
d qrqolqhdu jhqhudol}dwlrq ri wkh DU phwkrg ghvfulehg lq +4614,1 Wkh qhwzrun
rxwsxw fdq eh zulwwhq dv=

�E|� ' }d+E|� ��c +E|� 2����c +E|� _�oc +4618,

zkhuh } lv d qrqolqhdu ixqfwlrq/ fuhdwhg lq wkh wudlqlqj ri wkh qhwzrun1 Dv d

vshfldo fdvh }E|� '
_S

6'�
@6+E|�6� n eE|� lv uhfrjql}hg dv dq DU prgho1 Wkh

prwlydwlrqv iru wklv qrqolqhdu jhqhudol}dwlrq lv wkh iroorzlqj1 Iluvw/ Wdnhqv
Wkhruhp ^67` vwdwhv/ wkdw iru d zlgh fodvv ri ghwhuplqlvwlf v|vwhpv/ wkhuh h{lvwv
d +rqh0wr0rqh pdsslqj, ehwzhhq sdvw ydoxhv +E|���c +E|�2����c +E|�_� ri wkh
wlph vhulhv dqg wkh vwdwh ri wkh v|vwhp dw wlph |1 Wklv ixuwkhu lpsolhv/ wkdw
wkhuh h{lvwv d ixqfwlrq } vr +E|� ' }d+E|� ��c +E|� 2����c +E|� _�o1 Vhfrqg/ lw
kdv ehhq vkrzq/ wkdw d qhxudo qhwzrun lv d / fdsdeoh ri dssur{lpdwlqj dq| frq0
wlqxrxv ixqfwlrq ^<`1 Wkhvh vwdwhphqwv wrjhwkhu surylgh wkh edvlf prwlydwlrq
iru wkh xvh ri duwl�fldo qhxudo qhwzrunv lq wlph vhulhv suhglfwlrq1

� Uhfxuuhqw kdyh dq dufklwhfwxuh zkhuh wkh rxwsxwv iurp lqwhuphgldwh qhxurqv
duh ihg edfn wr wkh lqsxw od|hu1 Lq wklv zd| wkh qhwzrun zloo frqwdlq phpru|
ri suhylrxv ydoxhv ri wkh lqsxw gdwd1 D vlqjoh ydoxh +E|� �� lv xvhg dv lqsxw
dqg d vlqjoh ydoxh �E|� lv surgxfhg dv rxwsxw iurp wkh qhxudo qhwzrun1 Wkh
whpsrudo ghshqghqflhv duh prghohg e| wkh zhljkwv lq wkh ihhgedfn orrsv ri
wkh qhwzrun1 Dssolfdwlrqv ri uhfxuuhqw qhwzrunv fdq eh irxqg lq Hoopdq ^44`1

� Dqrwkhu vrsklvwlfdwhg phwkrg uhsodfhv wkh frqqhfwlrqv ehwzhhq qrghv lq d
ihhg0iruzdug qhxudo qhwzrun zlwk ILU �owhuv1 D ILU0�owhu lv d prylqj dyhudjh
�owhu zlwk lqsxw % dqg rxwsxw +=

+E|� '
�[
?'�

K?%E|� ?�� +4619,

Lq wklv zd|/ phpru| ri rog ydoxhv lv vwruhg lq hdfk ILU �owhu1 Wkh qxpehu
ri qhfhvvdu| zhljkwv fdq eh vrphwlphv vljql�fdqwo| uhgxfhg e| dvvxplqj dq
lpsolflw v|pphwu| lq wkh rswlpdo qhwzrun vwuxfwxuh ^6;`1

461614 Qhxudo Qhwzrunv dv Fodvvl�huv

Lq dgglwlrq wr ehlqj xvhg iru qrqolqhdu uhjuhvvlrq/ qhxudo qhwzrunv duh riwhq xvhg iru
fodvvl�fdwlrq sureohpv/ zkhuh s0glphqvlrqdo lqsxw yhfwruv duh wr eh pdsshg wr dq
60glphqvlrqdo rxwsxw yhfwru/ zlwk h{dfwo| rqh hohphqw vhw wr rqh dqg wkh uhvw vhw wr
}hur1 Wkh srvlwlrq ri wkh hohphqw vhw wr rqh uhsuhvhqwv wkh fodvv dvvrfldwhg zlwk wkh
fruuhvsrqglqj lqsxw yhfwru1 Lq wklv zd|/ h{dpsohv ri lqsxw yhfwruv dqg fruuhvsrqglqj
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rxwsxw yhfwruv fdq eh xvhg wr wudlq wkh qhwzrun wr dvvljq d fodvv odeho wr xqnqrzq
lqsxw yhfwruv1 Lw lv w|slfdoo| lpsohphqwhg zlwk d pxowlod|hu shufhswurq zlwk R lqsxwv
dqg 6 rxwsxwv1 Wkh rxwsxw od|hu riwhq xvhv wkh vljprlg dv dq dfwlydwlrq ixqfwlrq/
surgxflqj dq 60glphqvlrqdo rxwsxw yhfwru/ zlwk ydoxhv lq wkh forvhg lqwhuydo dfc �o1
Lw kdv ehhq vkrzq +vhh h1j1 ^4:`,/ wkdw wkh rxwsxw iurp d vxffhvvixoo| wudlqhg qhwzrun
lv dq dv|pswrwlf dssur{lpdwlrq ri wkh d srvwhulrul fodvv suredelolwlhv1 Wklv phdqv/
wkdw wkh rswlpxp fodvvl�fdwlrq ri dq lqsxw yhfwru lv wkh srvlwlrq lq wkh rxwsxw yhfwru
wkdw kdv wkh kljkhvw ydoxh1 Lw lv frpprq wr r�vhw wkh wdujhw rxwsxw yhfwruv e| d
vpdoo dprxqw 0 vr wkh }hur0hohphqwv duh uhsuhvhqwhg e| 0/ dqg wkh rqh0hohphqwv e|
�� 01 Wkh uhdvrq iru wklv lv wkh qhhg wr dyrlg vdwxudwlrq ri wkh dfwlydwlrq ixqfwlrq
lq wkh wudlqlqj surfhvv1 Lq wklv fdvh/ wkh rxwsxw iurp wkh wudlqhg qhwzrun fdq qrw eh
gluhfwo| lqwhusuhwhg dv d suredelolw|1 D olqhdu wudqvirupdwlrq d0c �� 0o $ dfc �o pxvw
eh �uvw dssolhg1 Krzhyhu/ wkh srvlwlrq lq wkh rxwsxw yhfwru wkdw kdv wkh kljkhvw
ydoxh lv vwloo wkh rswlpxp fodvvl�fdwlrq iru d jlyhq lqsxw yhfwru1

4617 Whfkqlfdo Vwrfn Dqdo|vlv

Rk/ Fduro/ grq*w ohw *hp vwhdo |rxu khduw dzd|/
Zhoo L*p jrqqd ohduq wr gdqfh li lw wdnhv ph doo qljkw dqg gd|

Rk/ Fduro/ F1 Ehuu|

Wkh whup Whfkqlfdo Dqdo|vlv ghqrwhv d edvlf dssurdfk wr vwrfn lqyhvwlqj/ zkhuh
wkh sdvw sulfhv duh vwxglhg/ xvlqj fkduwv dv wkh sulpdu| wrro1 Wkh urrwv ri Whfkqlfdo
Dqdo|vlv jr edfn wr wkh Grz wkhru|/ ghyhorshg lq wkh ehjlqqlqj ri wklv fhqwxu| e|
Fkduohv Grz41 Wkh edvlf sulqflsohv lqfoxgh frqfhswv/ vxfk dv wkh wuhqglqj qdwxuh
ri sulfhv/ frq�updwlrq dqg glyhujhqfh/ vxssruw2uhvlvwdqfh/ dqg wkh h�hfw ri wudghg
yroxph1 Pdq| kxqguhgv ri vr0fdoohg Whfkqlfdo Lqglfdwruv iru suhglfwlrq ri vwrfn
sulfhv kdyh ehhq ghyhorshg/ dqg vwloo duh ehlqj ghyhorshg rq wkh jurxqgv ri wkhvh
edvlf sulqflsohv1 Prvw ri wkh ghyhorshg suhglfwlrq phwkrgv kdyh d zhdn vflhqwl�f
vxssruw/ dqg lw lv suredeo| idlu wr vd|/ wkdw wkh dxwkruv ri wkh qxphurxv errnv rq
Whfkqlfdo Vwrfn Dqdo|vlv kdyh pdgh pruh prqh| vhoolqj wkhlu errnv wkdq hlwkhu
wkhpvhoyhv ru wkhlu uhdghuv kdyh pdgh dsso|lqj wkh wkhrulhv lq sudfwlfh1 Lq Vhfwlrq
81416 zh phqwlrqhg wkdw prvw whfkqlfdo lqglfdwruv fdq eh ghvfulehg dv wudglqj uxohv/
zklfk surgxfh ex| dqg vhoo vljqdov dw fhuwdlq wlphv/ dv wkh sulfh ri wkh vwrfn jrhv
xs dqg grzq1 D wkrurxjk vxuyh| ri wkh prvw frpprq whfkqlfdo lqglfdwruv fdq eh
irxqg lq ^4`1 Wkh zhoo0nqrzq vwrfkdvwlfv lqglfdwru lv dqdo|}hg lq Vhfwlrq 49181

Vrph rwkhu h{dpsohv duh=

� Uhodwlyh Vwuhqjwk Lqgh{ +UVL,1 Wkh uhodwlrq ehwzhhq wkh dyhudjh xszdug dqg
grzqzdug sulfh fkdqjhv zlwklq d wlph zlqgrz ri �{hg ohqjwk1 Wkh zlqgrz lv
qrupdoo| 47 gd|v edfnzdugv1

� Prylqj dyhudjh +PD,1 D sulfh ulvh deryh d prylqj dyhudjh lv lqwhusuhwhg dv
d ex| vljqdo/ dqg d idoo ehorz lw dv d vhoo vljqdo1

4Wkh zlgho| xvhg Grz Mrqhv Lqgxvwuldo Dyhudjh iroorzhg dv d gluhfw uhvxow ri Fkduohv Grz*v
qhz phwkrgv ri dqdo|}lqj wkh pdunhwv1
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� Prylqj dyhudjh frqyhujhqfh glyhujhqfh +PDFG,1 Wzr prylqj dyhudjhv zlwk
gl�huhqw edfnzdug zlqgrzv duh xvhg1 Wkh gl�huhqfh ehwzhhq wkh prylqj dy0
hudjhv lv dovr vprrwkhg1 Ex| dqg vhoo vljqdov duh jhqhudwhg iurp wkh furvvlqjv
dqg wuhqgv ri wkhvh �owhuhg sulfh vljqdov1



Fkdswhu 47

Jhqhudo Ohduqlqj Lvvxhv

L*yh wrog |rx rqfh dqg L*yh wrog |rx wzlfh/
\rx ehwwhu olvwhq wr p| dgylfh

+Wklv frxog eh, Wkh Odvw Wlph/ Mdjjhu2Ulfkdugv

Lq wklv fkdswhu vrph jhqhudo frqfhswv uhohydqw wr wkh suhglfwlrq wdvnv duh vxu0
yh|hg1 Wkh irfxv lv rq wkh qhdu0udqgrp0zdon fkdudfwhu ri wkh vwrfn suhglfwlrq wdvn1

4714 Vwdwlvwlfdo Lqihuhqfh

Prgho0iuhh hvwlpdwlrq dqg qrq0sdudphwulf vwdwlvwlfdo lqihuhqfh ghdo zlwk wkh sure0
ohp ri �qglqj d k|srwkhvlv ixqfwlrq/ xvlqj d vhw ri h{dpsohv dv sulpdu| lqirupdwlrq1
Wkh hvwlpdwruv fdq wdnh pdq| irupv= dojheudlf ru wuljrqrphwulf sro|qrpldov/ qhx0
udo qhwzrunv/ vwhszlvh olqhdu uhjuhvvlrq hwf1 Pdq| ri wkhvh whfkqltxhv kdyh ehhq
vkrzq wr vkduh wkh frpprq surshuw| ri ehlqj xqlyhuvdo dssur{lpdwruv/ fdsdeoh ri
dssur{lpdwlqj dq| frqwlqxrxv ixqfwlrq1 Qrwh/ wkdw wkhvh duh wkhruhwlfdo uhvxowv/
zklfk pd| uhtxluh d prgho zlwk duelwudu| frpsoh{lw| iru frqyhujhqfh1 Wkh frq0
yhujhqfh dovr dvvxphv dq lq�qlwh h{dpsoh vhw1 Ixuwkhupruh/ wkh gdwd pxvw eh iuhh
ri doo qrlvh1 Wkhvh frqglwlrqv duh vhogrp ixo�oohg lq uhdo dssolfdwlrqv1 Wkh jhqhudo
olplwdwlrqv ri vwdwlvwlfdo lqihuhqfh duh dovr fohduo| xqghuvwrrg/ dqg irupxodwhg dv wkh
�eldv2yduldqfh glohppd�^47`1

4715 Eldv dqg Yduldqfh

Wr hvwlpdwh dq xqnqrzq ixqfwlrq sE� �/ zklfk kdv surgxfhg d �qlwh vhw ri h{dpsohv
E�c A �/ wkh iroorzlqj jhqhudo surfhgxuh iru lqgxfwlyh ohduqlqj fdq eh dssolhg=

41 Gudz d udqgrp wudlqlqj vhw iurp wkh vhw ri h{dpsohv

51 Wudlq rqh hvwlpdwru ��E� � +h1j1 d qhxudo qhwzrun,

61 Hydoxdwh wkh hvwlpdwru rq d udqgrpo| slfnhg whvw vhw ri h{dpsohv

Shuirup vwhsv 406 uhshdwhgo|/ surgxflqj k|srwkhvlv ixqfwlrqv ��c ���c �� 1
Qrz frqfhqwudwh rq zkdw zh kdyh surgxfhg iru d vshfl�f srlqw R1 Zh kdyh d

qxpehu ri gl�huhqw hvwlpdwruv ��ER�c ���c ��ER�1 Vlqfh wkh| doo ghshqg rq udqgrp

;6
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vhohfwlrqv ri wudlqlqj gdwd/ wkh| wkhpvhoyhv fdq eh ylhzhg dv rxwfrphv ri d udqgrp
yduldeoh �� / zlwk phdq 6� dqg yduldqfh T� 1

Wkh phdq vtxduhg huuru iru wkh suhglfwlrqv dw wkh srlqw R fdq eh h{suhvvhg dv=

.R ' .dE�� � sER��2o ' .d�2� n sER�2 � 2��sER�o ' .d�2� o n sER�2 � 2sER�.d�� o�
+4714,

Lqvhuwlqj wkh lghqwlw| TR ' .d�2Ro�62
R uhvxowv lq=

.R ' TR n62
R n sER�2 � 2sER�.d�� o ' TR n E6R � sER��2� +4715,

Wkh phdq vtxduhg suhglfwlrq huuru .R lv wkxv d udqgrp yduldeoh zlwk wzr frpsr0
qhqwv whuphg eldv dqg yduldqfh=

� Eldv= E6R � sER��21 Wkh dprxqw/ e| zklfk wkh dyhudjh hvwlpdwru gl�huv iurp
wkh wuxh ydoxh1

� Yduldqfh= TR1 Wkh yduldwlrq dprqj wkh ydulrxv hvwlpdwruv1

Wkh phdq 6� fdq eh hvwlpdwhg dv
S

� ��ER�*� dqg wkh yduldqfh T� fdq eh
hvwlpdwhg dv

S
�E��ER� � 6� �

2*E� � ��1 Qrwh/ wkdw h{solflw hvwlpdwlrq ri .� uh0
txluhv nqrzohgjh ri wkh xqghuo|lqj ixqfwlrq s 1 Wklv lv vhogrp li hyhu/ wkh fdvh/ ru
wkhuh zrxog eh qr qhhg wr hvwlpdwh lw1 Wkhuh h{lvw vwdwlvwlfdo phwkrgv wr hvwlpdwh
.� zlwkrxw wklv nqrzohgjh ri s 1 Iru h{dpsoh/ wkh mdfnnqlih/ dqg wkh errwvwuds
whfkqltxhv ^43`1 Krzhyhu/ lw lv srvvleoh wr surfhhg zlwkrxw h{solflw fdofxodwlrq ri
.� / e| orrnlqj dw krz wkh hvwlpdwruv* frpsoh{lw| d�hfwv wkh glvwulexwlrq iru .� 1
Ghshqglqj rq wkh hvwlpdwruv* frpsoh{lw|/ zh jhw wkh iroorzlqj h{wuhph fdvhv=

� Wrr orz frpsoh{lw| +h1j1 d vwudljkw olqh ru d qhxudo qhwzrun zlwk ihz zhljkwv1,
Wkh frpsxwhg hvwlpdwruv ��ER�c ���c ��ER� surgxfh urxjko| wkh vdph ydoxhv/
ehfdxvh d orz frpsoh{lw| prgho grhv qrw kdyh wkh srzhu wr h{suhvv plqru
gl�huhqfhv ehwzhhq gl�huhqw vdpsohv ri wudlqlqj gdwd1 Khqfh wkh yduldqfh T�
lv orz1 Krzhyhu/ wkh eldv lv kljk/ ehfdxvh doo ri wkh hvwlpdwruv gl�hu lq wkh
vdph zd| iurp wkh wuxh ydoxh sE� �1

� Wrr kljk frpsoh{lw| +h1j1 d qhxudo qhwzrun zlwk vhyhudo od|huv dqg pdq|
zhljkwv, Wkh frpsxwhg hvwlpdwruv ��ER�c ���c ��ER� wudlq suhflvho| wr hdfk wudlq0
lqj vhw/ wkhuhe| surgxflqj kljk yduldqfh T� iru wkh hvwlpdwruv/ ehfdxvh hdfk
hvwlpdwru rshudwhv rq gl�huhqw udqgrp vdpsohv ri wudlqlqj gdwd1 Krzhyhu/ wkh
eldv lv orz/ ehfdxvh wkh phdq ydoxh 6� / frpsxwhg dv

S
� ��ER�*� / lv fhqwhuhg

durxqg wkh wuxh ydoxh sE� �1

Qrz wxuq wr wkh �uhdo� vlwxdwlrq/ zkhuh rqo| rqh vlqjoh hvwlpdwh �&E� � kdv ehhq
surgxfhg1 Lw lv vwloo dq rxwfrph ri wkh udqgrp yduldeoh �E� �/ zlwk lwv dvvrfldwhg
phdq dqg yduldqfh1 Vr/ iurp zkdw glvwulexwlrq rq wkh hvwlpdwhv gr zh suhihu wr slfn
wkh vlqjoh hvwlpdwh= rqh zlwk orz0yduldqfh2kljk0eldv ru rqh zlwk kljk0yduldqfh2orz0
eldvB Wkh fkrlfh lv sduwo| frqwuroohg e| wkh frpsoh{lw| ri wkh prgho1 Orrnlqj dw
Htxdwlrq +4715,/ wkh fruuhfw dqvzhu zrxog eh/ wkdw qhlwkhu ri wkh dowhuqdwlyhv lv
rswlpdo lq whupv ri surgxflqj d plqlpdo suhglfwlrq huuru .R1 Wkh ehvw fkrlfh lv d
wudgh0r� ehwzhhq orz eldv dqg orz yduldqfh1 Vlqfh wkh frpsoh{lw| d�hfwv wkh hqwlwlhv
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lq gl�huhqw gluhfwlrqv/ zh duh idflqj zkdw lv fdoohg/ wkh �eldv2yduldqfh� glohppd1 D
odujh yduldqfh kdv wr eh dffhswhg wr nhhs wkh eldv orz dqg ylfh yhuvd1

Dffruglqj wr Fdvgdjol dqg Zhljhqg ^:`/ wkh srvlwlrq wdnhq e| prvw vwdwlvwl0
fldqv lv/ �iru uhdvrqv ri frqvhuydwlvp/� wr idyru orz0yduldqfh2kljk0eldv ryhu kljk0
yduldqfh2orz0eldv1 Wklv fkrlfh uhvxowv lq qrqolqhdu prghov/ zlwk uhodwlyho| orz frp0
soh{lw|/ dqg ihz sdudphwhuv1 Wkhvh prghov zrun �qh li wkh xqghuo|lqj ixqfwlrq lv
htxdoo| vlpsoh/ dqg wkh lqwhuhvwlqj ehkdylru lv pdlqo| gxh wr rxwvlgh shuwxuedwlrqv1
Iru pruh frpsolfdwhg ixqfwlrqv/ prghov zlwk kljkhu frpsoh{lw| pxvw eh xvhg/ wr
jhw dffhswdeo| orz suhglfwlrq huuru1 Wkh sulfh wr eh sdlg iru wklv dgglwlrqdo h{suhv0
vlyhqhvv lv kljkhu yduldqfh1

Lq vrph fdvhv d orz0frpsoh{lw| prgho fdq eh ghvljqhg/ xvlqj sulru nqrzohgjh
derxw wkh vshfl�f dssolfdwlrq ri lqwhuhvw1 Lq vxfk fdvhv/ wkh eldv lv �kdupohvv/� vlqfh
lw lv gluhfwhg wrzdugv wkh uhdo ixqfwlrq sE� �1 Wkh eldv wkhq fdq eh uhgxfhg zlwkrxw
lqfuhdvlqj wkh yduldqfh1 Wklv dssurdfk fdq eh dssolhg hyhq wr eodfn0er{ prghov/ dv
qhxudo qhwzrunv1 Lq zhljkw vkdulqj vhyhudo v|qdsvhv +frqqhfwlrqv ehwzhhq qrghv,
xvh wkh vdph zhljkw1 Lq udgldo edvlv qhwzrunv wkh uhfhswlyh �hog ri wkh qhxurqv lq
wkh klgghq od|hu fdq eh suhvhw/ wr uh hfw nqrzq surshuwlhv lq wkh ixqfwlrq wr eh
prghohg1 Wkh jhqhudo vlwxdwlrqv duh ghvfulehg zlwk wkh whupv �Zhdn� dqg �Vwurqj�
prgholqj1

4716 Zhdn dqg Vwurqj Prgholqj

Lw dlq*w qr xvh wr vlw dqg zrqghu zk|/ Edeh
Grq*w Wklqn Wzlfh/ Lw*v Doo Uljkw/ E1 G|odq

Wkh whupv Zhdn dqg Vwurqj Prgholqj uhihu wr wkh ghjuhh wr zklfk d prgho
lv suhfrqglwlrqhg wr uh hfw wkh xqghuo|lqj surfhvv wr eh prghohg1 D zhdn prgho
pdnhv ihz dvvxpswlrqv rq zkdw wkh uhdo surfhvv orrnv olnh/ zkhuhdv d vwurqj prgho
pdnhv pdq| dvvxpswlrqv1 Wkh wudglwlrqdo fkrlfh lq wkh qdwxudo vflhqfhv kdv ehhq wr
suhihu vwurqj prghov wljkwo| frqqhfwhg wr wkh dfwxdo surfhvv1 Wkh sdudphwhuv lq vxfk
prghov fdq riwhq eh jlyhq d �phdqlqj� lq whupv ri vorshv/ frqvwdqwv/ wkuhvkrogv/ hwf1
Krzhyhu/ wkhuh duh dovr h{dpsohv ri zhdn prgholqj1 Lq Sk|vlfv g|qdplf v|vwhpv
duh vrphwlphv prghohg dv idluo| jhqhudo qrqolqhdu ixqfwlrqv ^:`1 Wkh fodvvlf DUPD
prghov/ ghvfulehg lq Fkdswhu 4614/ duh dovr h{dpsohv ri zhdn prghov zlwk ihz
grpdlq0vshfl�f dvvxpswlrqv1
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4717 Ryhu�wwlqj dqg Xqghu�wwlqj

Wkh whup ryhu�wwlqj lv xvhg wr ghqrwh wkh vlwxdwlrq/ zkhuh wkh vhohfwhg prgho w|sh
kdv wrr kljk d frpsoh{lw| zlwk uhvshfw wr wkh �eldv2yduldqfh� wudgh0r�1 Wkh whup
xqghu�wwlqj ghqrwhv vlwxdwlrqv zkhuh wkh prgho kdv wrr orz d frpsoh{lw|1

4718 Ryhuwudlqlqj

\rx frxog kdyh grqh ehwwhu exw L grq*w plqg/
\rx mxvw nlqgd zdvwhg p| suhflrxv wlph

Grq*w wklqn wzlfh/ lw*v doo uljkw/ E1 G|odq

Wkh whup Ryhuwudlqlqj uhihuv wr d vlwxdwlrq/ zkhuh d prgho lv �w wrr forvho| wr
wkh wudlqlqj gdwd/ wkhuhe| ghfuhdvlqj wkh frpsxwhg prghov* jhqhudol}dwlrq shuiru0
pdqfh1 Wkh sureohp lv fdxvhg e| doorzlqj wkh ohduqlqj dojrulwkp wr nhhs lwhudwlqj
lq dq dwwhpsw wr eulqj wkh wrwdo suhglfwlrq huuru rq wkh wudlqlqj gdwd wr dq devr0
oxwh plqlpxp1 Krzhyhu/ zkhq wkh suhglfwlrq huuru kdv uhdfkhg d srlqw ehorz d
fhuwdlq sureohp0vshfl�f olplw/ wkh dojrulwkp vwduwv �wwlqj surshuwlhv lq wkh wudlqlqj
gdwd wkdw duh qrw jhqhudo/ exw udwkhu wr eh frqvlghuhg dv qrlvh1 Wkh jhqhudol}dwlrq
shuirupdqfh wkhuhiruh ghfuhdvhv iurp wkdw srlqw rq lq wkh ohduqlqj surfhvv1 Wkh
skhqrphqrq lv qrupdoo| frqqhfwhg wr �zhdn prgholqj/� zkhuh wkh prgho lv wrwdoo|
xqeldvhg/ dqg fdsdeoh ri �wwlqj gdwd iurp dq| gdwd vrxufh1 Lw lv dovr frqqhfwhg wr
wkh lvvxh ri prgho frpsoh{lw|/ vlqfh wkh srlqw zkhuh wkh ryhuwudlqlqj vwduwv ghshqgv
rq wkh prgho*v h{suhvvlyhqhvv1 D prgho zlwk d orz frpsoh{lw| +h1j1 d vwudljkw olqh,
lv ohvv vhqvlwlyh wr wkh sureohpv zlwk ryhuwudlqlqj1 D kljk0qrlvh ohyho lq gdwd dovr
lqfuhdvhv wkh ulvn ri ryhuwudlqlqj/ ehfdxvh qrlv| gdwd jhwv lqwhusuhwhg pruh hdvlo|
dv uhdo gdwd e| wkh wudlqlqj surfhvv1 Wkh ulvn ri ryhuwudlqlqj lv dovr d�hfwhg e| wkh
dprxqw ri gdwd xvhg iru wkh wudlqlqj ri wkh prgho1 D kxjh dprxqw ri gdwd suhyhqwv
d prgho ri d fhuwdlq frpsoh{lw| iurp lqwhusuhwlqj qrlv| gdwd dv uhdo1

Vwdwhphqwv vxfk dv �Lq wkh vwdwlvwlfdo frqwh{w wkhuh lv qr vxfk wklqj dv ryhuwudlq0
lqj� ^75` / duh ydolg rqo| lq vlwxdwlrqv zlwk orz0qrlvh ohyhov/ frpelqhg zlwk hlwkhu d
vwurqj prgho ru d zhdn rqh zlwk orz frpsoh{lw|1 Lq rwkhu vlwxdwlrqv/ wkh lvvxh ri
ryhuwudlqlqj lv d uhdolw|/ dqg wkh wudlqlqj surfhvv/ lq rxu rslqlrq/ vkrxog eh uhjdughg
dv sduw ri wkh prgho vhohfwlrq udwkhu wkdq d phuh sdudphwhu hvwlpdwlrq sureohp1

Wkh sureohp zlwk ryhuwudlqlqj fdq eh vroyhg hlwkhu lqgluhfwo|/ e| uhgxflqj wkh
prgho frpsoh{lw|/ ru gluhfwo|/ e| lqwhuuxswlqj wkh ohduqlqj dojrulwkp1

4719 Vhohfwlrq Eldv

Wkh whup Vhohfwlrq Eldv lv xvhg wr ghqrwh vlwxdwlrqv dv wkh rqh ghvfulehg lq Vhfwlrq
615/ zkhuh wkh ehvw shuiruplqj phwkrg rxw ri 433 fdqglgdwhv lv vhohfwhg1 Wklv
vhohfwlrq surfhvv lv lghqwlfdo wr dq ryhu�wwlqj vlwxdwlrq dv ghvfulehg deryh/ zkhuh d
pxfk wrr frpsoh{ prgho fdq eh wxqhg wr �w dq| gdwd vhw1 Krzhyhu/ wkh vhohfwlrq
eldv lv pxfk pruh ghfhlwixo/ vlqfh wkh qrq0vhohfwhg phwkrgv glvdsshdu iurp wkh
vfhqh dv vrrq dv wkh| duh uhmhfwhg1 Wkh rqo| zd| wr ghdo zlwk wkh sureohp lv wr
hpskdvl}h wkh surshu xvh ri d iuhvk whvw gdwd vhw1 Krzhyhu/ lq sudfwlfh/ rqh pxvw
uhdol}h wkdw d vhohfwlrq eldv lv suhvhqw lq doprvw doo suhvhqwhg uhvhdufk dqg uhvxowv1
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Edg uhvxowv duh vlpso| qrw sxeolvkhg1 Wkh udqgrp0zdon qdwxuh ri vwrfn suhglfwlrqv
pdnhv wklv dssolfdwlrq yhu| h{srvhg wr wkh sureohp1 Vhohfwlrq eldv ri phwkrgv lv/
lq p| rslqlrq/ rqh ri wkh kdughvw dqg prvw lpsruwdqw sureohpv wr kdqgoh lq wkh
zkroh duhd ri vwrfn suhglfwlrqv1

471: Phdvxulqj Jhqhudol}dwlrq Delolw|

Wkh fuxfldo phdvxuh iru doo ohduqlqj dojrulwkpv lv wkh delolw| wr shuirup zhoo zkhq
suhvhqwhg zlwk xqvhhq gdwd +dovr fdoohg= rxw0ri0vdpsoh shuirupdqfh,1 Wkh gl�huhqfh
ehwzhhq wkh shuirupdqfh rq wkh wudlqlqj gdwd dqg rq xqvhhq gdwd lv gudpdwlfdoo|
lqfuhdvhg zkhq orz0eldv prghov/ dv duwl�fldo qhxudo qhwzrunv/ duh frqvlghuhg1 Wkh
lpsruwdqfh ri jrrg hvwlpdwhv ri wkh shuirupdqfh rq xqvhhq gdwd lq vxfk vlwxdwlrqv
fdq eh kdugo| ryhuhvwlpdwhg1 Dsduw iurp ehlqj wkh sulqflsdo shuirupdqfh phdvxuh
iru d prgholqj sureohp/ wkh jhqhudol}dwlrq delolw| lv dq lpsruwdqw wrro iru prgho
vhohfwlrq1

Wkh wkhruhwlfdo dvshfwv ri zk| dqg zkhq ohduqlqj zrunv duh fryhuhg e| Frp0
sxwdwlrqdo Ohduqlqj Wkhru|/ d �hog lq wkh lqwhuvhfwlrq ri Duwl�fldo Lqwhooljhqfh/ dqg
Frpsxwhu Vflhqfh1 D uhvxow ri wkh vxe0�hog SDF0ohduqlqj +Suredeo| Dssur{lpdwho|
Fruuhfw, surylghv wkh iroorzlqj uhodwlrq ehwzhhq wkh qxpehu ri qhfhvvdu| h{dpsohv
6/ dqg wkh vhw ri srvvleoh k|srwkhvhv M=

6 � �

0

�
*?

�

B
n *? mMm

�
c +4716,

zkhuh 0 lv wkh huuru lq d vshfl�f k|srwkhvlv dqg B lv wkh suredelolw| ri dq lqfru0
uhfw k|srwkhvlv/ ehlqj frqvlvwhqw zlwk doo wkh h{dpsohv1 Wkxv/ e| xvlqj dw ohdvw 6
h{dpsohv lq wkh wudlqlqj/ wkhq zlwk suredelolw| dw ohdvw �� B/ wkh surgxfhg k|srwk0
hvlv kdv dq huuru ri 0 dw prvw1 Hyhq li wkh sudfwlfdo uhvxowv ri SDF0ohduqlqj duh vwloo
olplwhg/ lw irfxvhv rq wzr lpsruwdqw lvvxhv=

� Wkh dlp ri ohduqlqj lv wr �qg dq dssur{lpdwho| fruuhfw k|srwkhvlv1 Wudglwlrqdo
ohduqlqj wkhru| irfxvhg rq wkh sureohp ri lghqwl�fdwlrq lq wkh olplw/ zkhuh wkh
k|srwkhvlv vkrxog pdwfk wkh wuxh ixqfwlrq h{dfwo|1

� Wkh vl}h mMm ri wkh k|srwkhvlv vsdfh/ l1h1 wkh prgho frpsoh{lw|/ lv d nh| lvvxh
iru erwk hvwlpdwlrq dqg frqwuro ri wkh jhqhudol}dwlrq delolw|1

D qxpehu ri phwkrgv wr hvwlpdwh wkh jhqhudol}dwlrq delolw| h{lvw1

471:14 Whvw0Vhw Ydolgdwlrq

Wkh vwdqgdug surfhgxuh ri ydolgdwlrq lq prvw pdfklqh ohduqlqj whfkqltxhv lv vsolw0
wlqj wkh gdwd lqwr d wudlqlqj vhw dqg d whvw vhw1 Vrphwlphv wkh wudlqlqj vhw lv ixuwkhu
glylghg wr h{wudfw d furvv0ydolgdwlrq vhw +xvhg wr ghwhuplqh wkh vwrsslqj srlqw wr
dyrlg ryhu�wwlqj,1 Wkh whvw vhw lv rqo| xvhg iru wkh �qdo hvwlpdwlrq ri wkh jhqhudo0
l}dwlrq shuirupdqfh1 Wklv dssurdfk lv zdvwhixo lq whupv ri gdwd/ vlqfh qrw doo wkh
gdwd fdq eh xvhg iru wudlqlqj1 Wkh dgydqwdjh lv wkdw qr dvvxpswlrqv kdyh wr eh
pdgh uhjduglqj huuru glvwulexwlrq/ ru prgho olqhdulw|1 Lq wkh fdvh ri qhxudo qhwzrunv/
Zhljhqg dqg OhEdurq ^73` kdyh vkrzq wkdw wkh yduldwlrq lq uhvxowv/ gxh wr krz wkh
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vsolwwlqj lq wkh wkuhh vhwv lv grqh/ lv pxfk odujhu wkdq wkh yduldwlrq gxh wr gl�huhqw
qhwzrun frqglwlrqv/ dv dufklwhfwxuh dqg lqlwldo zhljkwv1 Wkh phwkrg xvhg wr vkrz
wklv lv d yduldwlrq ri wkh surfhgxuh ghvfulehg lq Vhfwlrq 47151 E| uhdoo| jhqhudwlqj
d kxjh qxpehu ri lqghshqghqw k|srwkhvlv ixqfwlrqv/ wkh yduldqfh fdq eh h{solflwo|
hvwlpdwhg1 Zhljhqg dqg OhEdurq xvh suhglfwlrqv ri wudghg yroxph rq wkh Qhz \run
Vwrfn H{fkdqjh dv wkhlu dssolfdwlrq1 Yroxph gdwd lv nqrzq wr frqwdlq pruh iruh0
fdvwdeoh vwuxfwxuhv wkdq w|slfdo sulfh vhulhv1 Krzhyhu/ lw lv grplqdwhg e| d qrlvh
frpsrqhqw/ zklfk pdnhv wkh dqdo|vlv vhqvlwlyh wr wkh vsolwwlqj ri wkh gdwd1

Lq rxu rslqlrq/ wklv uhvxow vkrxog qrw eh uhjdughg dv d glvtxdol�fdwlrq ri wkh
phwkrg ri whvw0vhw0ydolgdwlrq/ exw udwkhu dv dq looxvwudwlrq ri wkh jhqhudo sureohp ri
doo lqgxfwlyh lqihuhqfh phwkrgv1 Zh dovr lqyhvwljdwhg wkh vwdwlvwlfdo gl!fxowlhv zlwk
suhglfwlrqv ri qrlv| gdwd lq Fkdswhu 61

471:15 Furvv0Ydolgdwlrq

Furvv0ydolgdwlrq wdnhv wkh lghd ri whvw0vhw0ydolgdwlrq wr dq h{wuhph1 Dvvxph wkdw wkh
hqwluh gdwd vhw frqwdlqv � gdwd vdpsohv1 Rqh vdpsoh lv ohiw rxw dqg wkh uhpdlqlqj
rqhv duh xvhg wr wudlq d prgho1 Wkh shuirupdqfh ri wklv prgho lv hvwlpdwhg e| wkh
vtxduhg huuru lq wkh vdpsoh ohiw rxw1 Wkh surfhgxuh lv uhshdwhg iru doo � vdpsohv
lq wkh gdwd vhw/ wkxv surgxflqj � prghov zlwk dvvrfldwhg huuru hvwlpdwhv iru wkh
vlqjoh srlqw ohiw rxw1 Wkh phdq ri wkhvh hvwlpdwhv lv xvhg dv d wrwdo hvwlpdwh ri wkh
suhglfwlrq huuru iru wkh prgho1 Li � lv odujh/ wkh phwkrg hdvlo| jhwv wrr h{shqvlyh
lq whupv ri frpsxwdwlrqv1 Yduldwlrqv zkhuh pruh wkdq rqh vdpsoh lv uhpryhg iurp
wkh gdwd vhw/ zhuh lqwurgxfhg lq ^46`1 D phwkrg vshfl�fdoo| ghyhorshg iru duwl�fldo
qhxudo qhwzrunv zdv sursrvhg lq ^57`1 Lqvwhdg ri vwduwlqj wkh wudlqlqj iurp vfudwfk
zlwk hdfk qhz wudlqlqj vhw/ wkh zhljkwv iurp suhylrxv wudlqlqj duh nhsw dqg xvhg dv
vwduwlqj ydoxhv iru wkh qh{w prgho1

471:16 Dojheudlf Hvwlpdwhv

Wkh ydulrxv phwkrgv ri furvv0ydolgdwlrq uhtxluh wkh gdwd wr eh vsolw wr vhsdudwh vhwv
iru wudlqlqj dqg hvwlpdwlrq ri jhqhudol}dwlrq huuru1 Wklv lv riwhq qrw srvvleoh wr gr
zkhq wkh wrwdo qxpehu ri gdwd srlqwv lv yhu| olplwhg/ ru wkh gdwd lv yhu| qrlv| +d
odujh wudlqlqj vhw lv wkhq qhfhvvdu|,1 Krzhyhu/ d qxpehu ri dojheudlf hvwlpdwhv ri
wkh jhqhudol}dwlrq huuru h{lvw/ dqg wkh| zrun zlwkrxw dq| vsolwwlqj ri wkh gdwd1 Wkh|
doo lpsrvh sulru dvvxpswlrqv rq wkh vwdwlvwlfdo huuru glvwulexwlrq1 Vrph zhoo0nqrzq
irupxodh duh wkh Dndlnh +ISH,=
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dqg wkh +JFY,=
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�2 +4718,

Wkh �7. lv wkh dyhudjh vtxduhg huuru/ frpsxwhg iru wkh zkroh gdwd vhw ri �
srlqwv1 Wkh phwkrgv zrun e| shqdol}lqj wkh �7. zlwk d whup wr frpshqvdwh iru
wkh frpsoh{lw| ri wkh prgho1 D vx!flhqwo| srzhuixo prgho zlwk pdq| zhljkwv fdq
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�w/ dv lv zhoo nqrzq/ dq| gdwd vhw1 D orz ydoxh ri wkh�7. lv wkhuhiruh qrw vx!flhqw
wr jxdudqwhh d orz jhqhudol}dwlrq huuru1 Wkh frpsoh{lw| lv hvwlpdwhg e| wkh qxpehu
ri iuhh sdudphwhuv '1

Krzhyhu/ lq wkh fdvh ri qhxudo qhwzrun prghov/ wkh ydoxh rq ' lv idu iurp wulyldo1
Li wkh wudlqlqj lv grqh zlwk uhjxodul}dwlrq vxfk dv hduo| vwrsslqj/ Wlnkrqry uhjxodu0
l}dwlrq ru zhljkw holplqdwlrq/ wkh qxpehu ri iuhh sdudphwhuv lv qrw wkh vdph dv wkh
qxpehu ri zhljkwv1
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Dq H{whqghg N0qhduhvw0qhljkeruv
Dqdo|vlv

Gr rqwr qhljkeruv/
Zkdw |rx gr wr |rxuvhoi/ |rxuvhoi/ |rxuvhoi

Qhljkeruv/ Mdjjhu2Ulfkdugv

Wkh phwkrg ri &0qhduhvw0qhljkeruv zdv ghvfulehg lq Vhfwlrq 46151 Lq wklv fkds0
whu wuhqg yduldeohv/ dv gh�qhg lq +717,/ duh xvhg dv lqsxw yduldeohv lq d n0qhduhvw0
qhljkeruv dqdo|vlv/ wr �qg sdwwhuqv ri wuhqg ydoxhv wkdw uhvxow lq qrq0udqgrp ixwxuh
uhwxuqv/ dv gh�qhg e| +<14,1 Wkh n0qhduhvw0qhljkeruv dojrulwkp lv h{whqghg zlwk d
vhohfwlrq surfhgxuh/ wr �qg uhjlrqv lq wkh lqsxw vsdfh zkhuh wkh ixwxuh uhwxuqv duh
dv|pphwulfdoo| glvwulexwhg1 Wkh qhz dojrulwkp lv vxffhvvixoo| whvwhg rq duwl�fldo
vwrfn gdwd/ zlwk wuhqglqj sdwwhuqv lqwurgxfhg1 Wkh dojrulwkp lv dovr dssolhg wr d
qxpehu ri qdwlrqdo vwrfn lqgh{hv= wkh Dphulfdq Grz Mrqhv/ wkh Jhupdq GD[/ wkh
Eulwlvk IWVH/ dqg wkh Vzhglvk Jhqhudolqgh{1 Wkh uhvxowv duh srvlwlyh iru vrph ri
wkh whvwhg lqgh{hv/ dqg qhjdwlyh iru rwkhuv1 Ixuwkhu whvwv pxvw eh frqgxfwhg wr
dwwdlq vwdwlvwlfdoo| vljql�fdqw uhvxowv1

4814 Ghvfulswlrq ri wkh Dojrulwkp

D surplqhqw surshuw| ri vwrfn0sulfh wlph vhulhv lv wkh kljk ohyho ri qrlvh suhvhqw1
Wkxv/ wkhuh lv uhdvrq wr vhulrxvo| grxew wkh srvvlelolw| ri suhglfwlqj ixwxuh ydoxhv/
jlyhq rqo| sdvw ydoxhv ri wkh wlph vhulhv1 Zkdw zh fdq krsh iru lv wkdw wkh wlph
vhulhv lv vrphwlphv suhglfwdeoh/ dqg wkdw lq wkhvh vlwxdwlrqv lw lv srvvleoh wr fuhdwh
d prgho wkdw suhglfwv wkh ixwxuh ehwwhu wkdq phuh fkdqfh1 Wklv dssurdfk lv qrw
dffhswdeoh lq d jhqhudo suhglfwlrq vlwxdwlrq/ exw lv shuihfwo| dffhswdeoh lq wkh fdvh
ri vwrfn suhglfwlrqv1 Wkh shuirupdqfh ri d wudglqj v|vwhp lv qrupdoo| fdofxodwhg
dv wkh vxffhvv udwh/ ru jhqhudwhg sur�w/ lq wkh vlwxdwlrqv zkhuh ex| ru vhoo dfwlrqv
duh vxjjhvwhg e| wkh dojrulwkp1 Wkh ryhudoo suhglfwlrq dffxudf| lv xvxdoo| ri plqru
lqwhuhvw1 Wklv lv d qdwxudo idfw iru wudghuv/ dqg lv lpsohphqwhg lq wkh kxjh ydulhw| ri
whfkqlfdo lqglfdwruv wkdw lvvxh ex| dqg vhoo vljqdov zkhq fhuwdlq frqglwlrqv duh phw1
D phwkrg/ zkhuh d qhxudo qhwzrun lv frpelqhg zlwk d whvw iru vwdwlvwlfdo ghshqghqfh
lq wkh wlph vhulhv/ fdq eh irxqg lq ^5:`1 Zh sursrvh ehorz dq h{whqvlrq ri wkh &0
qhduhvw0qhljkeruv dojrulwkp1 Jlyhq wkh wlph vhulhv i+E|�c | ' �c Aj/ wkh dojrulwkp
iru suhglfwlrq ri wkh vljq ri ��EA � dw wlph A orrnv dv iroorzv=

<4
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41 Jhqhudwh sdwwhuqv iRE|�c | ' �c ���c A � �j1 Lq wkh suhvhqwhg h{dpsohv wkh sdw0
whuqv duh gh�qhg dv RE|� ' EADE|�c A2fE|��1 Hdfk sdwwhuq RE|� lv dvvrfldwhg zlwk
d wdujhw ydoxh ��E|� dv gh�qhg lq +<14,1 Dovr jhqhudwh REA � zlwk dq xqnqrzq
wdujhw ydoxh ��EA � wr eh suhglfwhg1

51 Frpsxwh wkh Hxfolghdq glvwdqfh ehwzhhq REA � dqg hdfk ri wkh sdwwhuqv lq
iRE|�c | ' �c A � �j1 Vhohfw wkh &0qhduhvw sdwwhuqv dqg ghqrwh wkh vhw ri dvvr0
fldwhg wdujhw ydoxhv x1 Frpsxwh wkh krprjhqhlw| M ri x dv=

M '
4@ Eni%m% 5 xc % : fjn c ni%m% 5 xc % 	 fjn�
ni%m% 5 xc % : fjnn ni%m% 5 xc % 	 fjn� � +4814,

Wkh qrup n�n ghqrwhv wkh qxpehu ri hohphqwv lq wkh dujxphqw vhw1 Li wkh
pdmrulw| ri hohphqwv lq x lv juhdwhu wkdq }hur/ M lv wkh iudfwlrq ri hohphqwv
juhdwhu wkdq }hur1 Li wkh pdmrulw| ri hohphqwv lq x lv ohvv wkdq }hur/ M lv wkh
iudfwlrq ri hohphqwv ohvv wkdq }hur1 M lv xvhg dv d phdvxuh ri wkh ghjuhh ri
udqgrpqhvv lq wkh wdujhw ydoxhv x1 D kljk ydoxh rq M lv lqwhusuhwhg dv d kljk
srvvlelolw| wr suhglfw ��EA �/ xvlqj d &0qhduhvw0qhljkeruv phwkrg1

61 li M � Molplw/ wkhq wkh vhohfwhg qhljkerukrrg durxqg REA � lv uhjdughg dv qrq0
udqgrp/ dqg wkh phdq ydoxh ri wdujhwv lq M lv xvhg dv suhglfwhg wdujhw ydoxh
iru REA �1 Li M 	 Molplw/ wkhq wkh qhljkerukrrg durxqg REA � lv uhjdughg dv
udqgrp/ dqg d suhglfwhg wdujhw ydoxh iru REA � lv qrw hydoxdwhg1

-e6@o& G Qrwh/ wkdw wkh vhdufk iru qhduhvw qhljkeruv lq vwhs 5 pxvw qrw lqyroyh
dq| gdwd iurp wkh vhw | : A / ehfdxvh wklv gdwd lv kljko| fruuhodwhg wr wkh xqnqrzq
ydoxh ��EA �1 Wkdw lv wkh uhdvrq wkdw wkh qhduhvw qhljkeruv duh vhdufkhg xs wr
| ' A � � dqg qr ixuwkhu1 Xvlqj wdujhw ydoxhv ��E|� zkhuh | : A � � zrxog lqyroyh
shhslqj lqwr wkh ixwxuh eh|rqg wlph A / zklfk lv wkh srlqw zkhuh wkh suhglfwlrq lv
fdofxodwhg1 Ixuwkhupruh qrwh/ wkdw wkh ydoxh rq Molplw d�hfwv wkh qxpehu ri vlwxd0
wlrqv zkhuh suhglfwlrqv duh surgxfhg e| wkh dojrulwkp1 Wkh vwdwlvwlfdo vljql�fdqfh
ri wkh shuirupdqfh wkhuhiruh lv uhgxfhg li wrr kljk d ydoxh iru Molplw lv fkrvhq1 Lq
rxu whvwv/ ydoxhv ehwzhhq f�S dqg f�b kdyh ehhq xvhg1

4815 Jhqhudwlrq ri Whvw Gdwd

Whvwlqj dojrulwkpv iru vwrfn gdwd suhglfwlrqv lv d gl!fxow sureohp wkdw uhtxluhv h{0
wuhph fdxwlrq1 Wkh ulvn ri lqwhusuhwlqj udqgrp  xfwxdwlrqv dv uhvxowv ri d vxffhvvixo
suhglfwlrq dojrulwkp lv/ dv zh vdz lq Vhfwlrq 615/ dozd|v suhvhqw dqg vrphwlphv vxu0
sulvlqjo| kljk1 Wkhuhiruh/ wr surshuo| hydoxdwh wkh ghyhorshg dojrulwkp ghvfulehg
deryh/ zh frqvwuxfw dq duwl�fldo vwrfn wlph vhulhv1 Wkh sxusrvh ri wkh dojrulwkp lv wr
lghqwli| orfdwlrqv lq wkh lqsxw vsdfh/ zkhuh d fruuhodwlrq h{lvwv ehwzhhq lqsxw sdw0
whuqv dqg rxwsxw ��E|�1 Lq doo wkh h{dpsohv lq wklv uhsruw wkh suhglfwlrq krul}rq � kdv
wkh ydoxh �1 Vlqfh zh xvh sdwwhuqv zlwk wuhqg ydoxhv/ vxfk dv RE|� ' EADE|�c A2fE|��/
dv lqsxwv/ zh lqwurgxfh orfdwlrqv zlwk fruuhodwlrq lq d uhdo vwrfn lqgh{ wlph vhulhv
+E|� e| wkh iroorzlqj dojrulwkp=
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Frpsxwh wkh wlph vhulhv ADE|�c A2fE|� @?_ ��E|� dv gh�qhg lq Gh�qlwlrq +717, dqg
+<14, xvlqj uhdo vwrfn gdwd iru | ' �c ��c � 1

41 -eRe@| sJo | ' � |J �

51 li ADE|� : 2 @?_ ADE|� 	 e @?_ A2fE|� : f @?_ A2fE|� 	 D wkhq
( irufh d 4( lqfuhdvh lq vwrfn sulfh diwhu d srvlwlyh 80gd| wuhqg
( dqg srvlwlyh 530gd| wuhqg =
zlwk suredelolw| f�.D vhw ��E|� # �
hqg

61 li ADE|� : �e @?_ ADE|� 	 �2 @?_ A2fE|� : �D @?_ A2fE|� 	 f
wkhq
( irufh d 4( ghfuhdvh lq vwrfn sulfh diwhu d qhjdwlyh 80gd| wuhqg
( dqg qhjdwlyh 530gd| wuhqg =
zlwk suredelolw| f�.D vhw ��E|� # ��
hqg

71 ?e%| |

Lq wklv zd|/ wkh ruljlqdo wlph vhulhv rewdlqv d fruuhodwlrq ehwzhhq wkh lqsxwv dqg
wkh rxwsxw lqmhfwhg lqwr wzr zhoo0gh�qhg uhjlrqv ri wkh lqsxw vsdfh1 Lw vkrxog eh
phqwlrqhg/ wkdw wkh lqwurgxfhg fruuhodwlrq lv duelwudulo| fkrvhq mxvw iru looxvwudwlqj
wkh zrunlqj ri wkh dojrulwkp1 Wkh uhjlrqv lq d uhdo dssolfdwlrq duh dxwrpdwlfdoo|
ghwhfwhg e| wkh dojrulwkp1 Wkh ghwhuplqlvwlf srlqwv duh ihz frpsduhg wr wkh wrwdo
qxpehu ri jhqhudwhg srlqwv1 Iru d 430|hdu wlph vhulhv +2Dff gdwd srlqwv, rqo| DI duh
w|slfdoo| jhqhudwhg lq hdfk ri wkh wzr fruuhodwhg uhjlrqv lq wkh lqsxw vsdfh1 Vxfk
orz vljqdo wr qrlvh udwlrv lv qrupdoo| gl!fxow wr kdqgoh zlwk phwkrgv olnh joredo
uhjuhvvlrq dqdo|vlv1

4816 Vlpxodwlrq Uhvxowv
Lq wkh wzr gldjudpv lq Iljxuh 4814 wkh uhodwlrq ehwzhhq wkh lqsxwv ADE|�c A2fE|� dqg
wkh vljq ri wkh rxwsxw ��E|� lv looxvwudwhg1 Wkh wrs gldjudp vkrzv wkh ruljlqdo gdwd
iurp wkh Jhupdq vwrfn lqgh{ GD[1 Wkh orzhu gldjudp kdv fruuhodwlrq lqmhfwhg dv
ghvfulehg lq wkh suhylrxv vhfwlrq1 Wkh lqsxw uhjlrq i2 	 AD 	 e c f 	 A2f 	 Dj zdv
vhw wr srvlwlyh rxwsxw zlwk d suredelolw| ri :8( dqg wkh lqsxw uhjlrq i�e 	 AD 	 �2
c�D 	 A2f 	 fj zdv vhw wr qhjdwlyh rxwsxw zlwk d suredelolw| ri :8(1 Wkh wdvn ri
wkh suhglfwlrq dojrulwkp lv wr lghqwli| wkhvh uhjlrqv dqg dvvljq wkhp wr wkh fruuhfw
fodvv e| wkh qhduhvw0qhljkeruv sulqflsoh1 Dv rqh fdq vhh lq wkh erwwrp gldjudp/ wkh
fruuhodwlrq lv qrw reylrxv hyhq lq wklv duwl�fldo fdvh/ zkhuh h{wuhpho| kljk fruuhodwlrq
lv lqwurgxfhg lqwr wkh gdwd1 Lq wkh fdvh ri wkh xqprgl�hg GD[ gdwd wkh wdvn lv
hyhq kdughu lqghhg/ vlqfh qr reylrxv uhjlrqv zlwk fruuhodwlrq fdq eh vhhq lq wkh wrs
gldjudp1 Iljxuh 4815 vkrzv wkh vlwxdwlrq zkhq doo wkh duwl�fldo gdwd srlqwv kdyh
ehhq uxq wkurxjk wkh h{whqghg &0qhduhvw0qhljkeruv dojrulwkp1 Wkh ydoxh ri Molplw

zdv vhw wr f�H dqg wkh ydoxh ri &/ qxpehu ri vhohfwhg qhduhvw qhljkeruv/ zdv vhw wr �f1
Wkh �jxuh ghqrwhv srlqwv/ zkhuh wkh krprjhqhlw| zdv juhdwhu wkdq f�H e| furvvhv
dqg wkh rwkhu srlqwv e| grwv1 Dv fdq eh vhhq lq wkh gldjudp/ wkh uhjlrqv zkhuh
fruuhodwlrq zdv lqmhfwhg duh fohduo| lghqwl�hg e| wkh krprjhqhlw| phdvxuh M1 Wklv
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Iljxuh 4814= 40gd| uhwxuqv dv d ixqfwlrq ri 80 dqg 530gd| wuhqgv iru GD[ vwrfn lqgh{

dovr vkrzv xs lq wkh yhu| kljk shuirupdqfh suhvhqwhg lq Wdeoh 48141 Iljxuh 4816
vkrzv d vlplodu gldjudp iru wkh qrq0prgl�hg vwrfn lqgh{ GD[1 Dq| fohdu uhjlrqv
zlwk kljk krprjhqhlw| fdq eh kdugo| lghqwl�hg1

4817 Shuirupdqfh Dqdo|vlv

Hydoxdwlrq ri suhglfwlrq shuirupdqfh lv dq lpsruwdqw/ gl!fxow/ dqg riwhq ryhuorrnhg
vwdjh lq wkh ghyhorsphqw ri suhglfwlrq dojrulwkpv iru �qdqfldo gdwd1 Vlqfh zh duh
orrnlqj iru yhu| zhdn fruuhodwlrqv/ zh dozd|v uxq d vhulrxv ulvn ri lqwhusuhwlqj udq0
grp  xfwxdwlrqv lq gdwd dv uhjxodulwlhv zlwk suhglfwlyh srzhu1 Wkh sureohp zdv
ixuwkhu glvfxvvhg lq Vhfwlrq 615 dqg dovr lq iru h{dpsoh ^54`1 Lq Wdeoh 4814/ zklfk
suhvhqwv shuirupdqfh phdvxuhv iru wkh suhglfwlrqv/ zh dovr suhvhqw ydoxhv iru wzr
ehqfkpdunv= Qdlyh Suhglfwlrq ri Uhwxuqv dqg wkh "0lqfuhdvh suhglfwlrq1 Wkh iru0
phu lv edvhg rq wkh dvvxpswlrq wkdw qh{w uhwxuq zloo eh wkh vdph dv wrgd|*v1 Wkh
"0lqfuhdvh suhglfwlrq dvvxphv wkdw qh{w vwrfn sulfh zloo lqfuhdvh e| d yhu| vpdoo
dprxqw " vlqfh wrgd|1 Wkh uhdvrq wkdw zh gr qrw xvh wkh xvxdo }hur0fkdqjh ehqfk0
pdun lqvwhdg ri wkh "/ lv wkdw zh zdqw wr frpsduh klw udwh shuirupdqfh wr wklv
ehqfkpdun prgho1 Vlqfh wkh klw udwh vljql�hv wkh delolw| wr suhglfw wkh vljq ri wkh
uhwxuqv/ zh vwlsxodwh wkdw wkh ehqfkpdun suhglfwv dq " lqfuhdvh lqvwhdg ri }hur1 Wkh
ehqfkpdunv duh xvhg iru fdofxodwlrq ri wkh Wkhlo frh!flhqw A-/ M-� dqg M-"� Iru
gh�qlwlrqv ri wkh xvhg frqfhswv/ uhihu wr Vhfwlrq 9161

Wkh lqyhvwljdwhg wlph shulrg udqjhv iurp wkh ehjlqqlqj ri 4<;: xqwlo wkh hqg
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Iljxuh 4815= Krprjhqhlw| iru fruuhodwhg GD[1 n@431

ri 4<<91 Wkh olplw ri vhohfwlrq ri srlqwv/ Molplw/ lv vhw wr f�Hf iru doo h{dpsohv lq
wklv uhsruw1 Wkh sdudphwhu &/ wkh qxpehu ri vhohfwhg qhduhvw qhljkeruv/ lv vhw wr
�f1 Wkh GD[ froxpq suhvhqwv uhvxowv ri wkh uhdo GD[ lqgh{/ zkhuhdv Fruuhodwhg
GD[ suhvhqwv uhvxowv ri wkh wlph vhulhv zlwk lqmhfwhg fruuhodwlrq1 Dv zh fdq vhh
iurp wkh �uvw wkuhh olqhv/ wkh shuirupdqfh iru Fruuhodwhg GD[ lv h{fhoohqw1 Wkh
klw udwh .D�2SI fohduo| rxwshuirupv erwk ehqfkpdunv1 Wkh Wkhlo frh!flhqw lv dovr
ehorz �/ lqglfdwlqj d wuxh suhglfwlyh srzhu eh|rqg wkdw ri wkh "0lqfuhdvh suhglfwlrq
ehqfkpdun1 Wkh dojrulwkp surgxfhv �b. suhglfwlrqv/ l1h1 �fI ri wkh wrwdo qxpehu1
Wklv lv dssur{lpdwho| wkh qxpehu ri srlqwv d�hfwhg e| wkh lqmhfwlrq ri fruuhodwlrq/
ghvfulehg lq Vhfwlrq 48151 Wkh klw udwh .D�2SI dovr frqirupv qlfho| wr wkh .DI
udqgrpqhvv lq wkh dojrulwkp1 Wkh uhvxowv iru wkh uhdo GD[ lqgh{ gdwd dsshdu wr
lqglfdwh suhglfwdelolw|/ hyhq li wkh shuirupdqfh lv fohduo| pxfk orzhu wkdq lq wkh
suhylrxv froxpq zlwk duwl�fldo gdwd1 Krzhyhu/ rqh pxvw ehdu lq plqg wkdw wkh
vwdwlvwlfv duh edvhg rq 78 vhohfwhg gdwd srlqwv rqo|1 Wkh ulvn ri gdwd vqrrslqj lv
kxjh1 Wkh odvw wkuhh froxpqv suhvhqw suhglfwlrq uhvxowv iru wkuhh rwkhu lqwhuqdwlrqdo
vwrfn lqgh{hv= wkh Vzhglvk Jhqhudolqgh{/ Wkh Dphulfdq Grz Mrqhv/ dqg wkh Hqjolvk
IWVH 4331 Wkh uhvxowv duh vrphzkdw frqwudglfwlqj/ dqg d vwdwlvwlfdoo| vljql�fdqw
frqfoxvlrq fdq kdugo| eh pdgh edvhg rq wkhvh whvwv rqo|1 Krzhyhu/ wkh shuirupdqfh
iru wkh prgl�hg dojrulwkp frpsduhg wr wkh xqprgl�hg n0qhduhvw0qhljkeruv dojr0
ulwkp/ vkrzv d fohdu vxshulru shuirupdqfh iru wkh iruphu1 Wkh Wkhlo frh!flhqw lv
vljql�fdqwo| orzhu lq irxu ri wkh �yh froxpqv iru wkh prgl�hg dojrulwkp1

Dq lpsruwdqw sdudphwhu wkdw rqh fdq dowhu lq wkh &0qhduhvw0qhljkeruv dojrulwkp
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Iljxuh 4816= Krprjhqhlw| iru GD[1 n@431

lv wkh ydoxh rq &1 Wdeoh 4814 vkrzv uhvxowv ri & ' �f1 D wkrurxjk whvw zlwk ydu|lqj
ydoxhv rq & kdv ehhq frqgxfwhg iru wkh GD[ dqg iru wkh rwkhu uhsruwhg vwrfn lqgh{hv1
Wkh uhodwlyh klw udwh ydulhv exw fdqqrw eh vkrzq wr h{fhhg 4 vljql�fdqwo| iru dq|
ydoxh rq &1

4818 Frqfoxvlrqv dqg Ixuwkhu Ghyhorsphqw

Wkh dojrulwkp zrunv zhoo rq wkh v|qwkhwlf gdwd zlwk fruuhodwlrq lqmhfwhg/ dqg dovr
�qgv suhglfwdeoh sdwwhuqv lq wkh uhdo vwrfn lqgh{hv1 Krzhyhu/ wkh uhvxowv duh vrph0
zkdw zhdn dqg ixuwkhu whvwv kdyh wr eh frqgxfwhg wr rewdlq vwdwlvwlfdoo| vljql�fdqw
uhvxowv1 Ixwxuh zrun frxog lqfoxgh lqyhvwljdwlqj kljkhu glphqvlrqdo sdwwhuqv ri wuhqg
yduldeohv/ vxfk dv RE|� ' EA�E|�c A2E|�c ADE|�c A2fE|��/ dqg dovr frpelqdwlrqv ri wkhvh
zlwk qrupdol}hg yroxph ydoxhv wr whvw wkh k|srwkhvlv +vhh h1j1 ^53`, wkdw sdwwhuqv
lq wudghg yroxph ehdu uhohydqfh wr suhglfwlrqv ri ixwxuh uhwxuqv1 Wkh vl}h ri wkh
qhljkerukrrg frxog eh ghwhuplqhg lq d pruh lqwhooljhqw zd| wkdq wkh �{hg ydoxh ri
& qhljkeruv xvhg e| wkh edvlf &0qhduhvw0qhljkeruv dojrulwkp1 Vlqfh wkh lqsxw vsdfh
zlwk wuhqg sdwwhuqv/ vxfk dv RE|� ' EADE|�c A2fE|��/ lv qrw srsxodwhg lq d krprjhqrxv
idvklrq/ wkh & qhduhvw qhljkeruv pd| eh slfnhg lq vrph duhdv ri wkh lqsxw vsdfh
iurp d yhu| vpdoo yroxph/ zkhuhdv lq rwkhu duhdv/ wkh & qhduhvw qhljkeruv kdyh wr
eh slfnhg iurp d odujh yroxph/ zkhuh wkh lqsxw vsdfh lv vsduvho| srsxodwhg1 Wkh
vxjjhvwhg dojrulwkp kdv qdwxudo dssolfdwlrq lq duhdv rwkhu wkdq vwrfn suhglfwlrqv1
Lw dgguhvvhv doo vlwxdwlrqv/ lq zklfk suhglfwdelolw| fdq eh rqo| h{shfwhg wr dsso| lq



48181 FRQFOXVLRQV DQG IXUWKHU GHYHORSPHQW <:

vpdoo dqg lqghwhuplqdwh uhjlrqv ri wkh lqsxw vsdfh1

Prgl�hg NQQ Fruu1 GD[ GD[ Jhq1lqgh{ Grz Mrqhv IWVH
M-� ' M-*M� 4173 4147 31<5 4135 4135
M-" ' M-*M" 4175 4143 31<; 31<6 31<9
Wkhlo frh!flhqw A- 31<6 31:; 4133 31;9 4146
-�7.- 4136 31;9 4148 31<9 31<4
Klw udwh M- +(, :8159 8:147 851;8 83179 8319;
Qxpehu ri srlqwv 4<: 78 458 456 :7
Phdq+mRoe_�S|�J?rm, 31:< 3185 318; 3187 317<
Phdq krprjhqhlw| M 99136 95159 981;5 96179 97144
Phdq+moe|�o?rm, 31:< 31:9 31:: 3197 3194
Qdlyh suhg1
-�7.� 4187 418; 417< 4197 4143
Klw udwh M� +(, 861;3 7<1<8 8:1:5 7<196 7<1;9
Qxpehu ri srlqwv 4<63 4<63 564: 554; 4;7;
"0lqfuhdvh
-�7." 4143 4143 4148 4145 31;4
Klw udwh M" +(, 86138 85149 8713; 87158 8519;
Qxpehu ri srlqwv 4<63 4<63 564: 554; 4;7;
Vwdqgdug NQQ
M-� ' M-*M� 4137 4134 31<7 4135 4135
M-" ' M-*M" 4138 31<: 4133 31<6 31<9
Wkhlo frh!flhqw A- 4135 4138 4137 413; 4139
-�7.- 4146 4148 414< 4154 31;8
Klw udwh M- +(, 881:: 83167 87166 831:4 83196
Qxpehu ri srlqwv 4<5< 4<5< 5649 554: 4;7:

Wdeoh 4814= Suhglfwlrq shuirupdqfh iru wkh prgl�hg n0qhduhvw0qhljkeruv dojrulwkp/
wkh qdlyh suhglfwlrq ri uhwxuqv/ wkh "�lqfuhdvh suhglfwlrqv dqg d vwdqgdug n0qhduhvw0
qhljkeruv dojrulwkp1 Wlph shulrg 4<;:04<<91



Fkdswhu 49

DVWD 0 d Whvw Ehqfk dqg
Ghyhorsphqw Wrro

Vr jlyh ph doo |rxu prqh|/
jlyh ph doo |rxu jrog

Vrph Jluov/ Mdjjhu2Ulfkdugv

4914 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 lqwhuqd0
wlrqdo frqihuhqfh QQFP0<9 ghyrwhg d zkroh vhfwlrq lq wkh surfhhglqjv wr �Ghflvlrq
Whfkqrorjlhv1� Ehqjlr ^8` zulwhv derxw wkh lpsruwdqfh ri wudlqlqj duwl�fldo qhxudo
qhwzrunv zlwk d �qdqfldo fulwhulrq/ udwkhu wkdq d suhglfwlrq fulwhulrq1 Prrg| dqg
Zx ^59` xvh uhlqirufhphqw ohduqlqj wr wudlq d wudglqj v|vwhp zlwk remhfwlyh ixqf0
wlrqv/ vxfk dv sur�w/ hfrqrplf xwlolw|/ dqg Vkdush udwlr1 Dwl|d ^6` ghvfulehv d wudglqj
v|vwhp edvhg rq wlph0yduldeoh/ vwrs0orvvhv/ dqg sur�w remhfwlyhv1

Wkh jhqhudo phwkrg zlwk wudglqj uxohv zdv ghvfulehg lq Vhfwlrq 814161 Wklv fkds0
whu ghvfulehv wkh v|vwhp DVWD/ zklfk lv dq lpsohphqwdwlrq ri dq Duwl�fldo Vwrfn
Wudglqj Djhqw1 Zlwk DVWD/ wudglqj0uxoh0edvhg suhglfwlrq dojrulwkpv duh hdvlo|
hydoxdwhg/ xvlqj klvwrulfdo gdwd1 Wkh wudglqj vlpxodwlrq h{whqgv wkh vlqjoh vwrfn
suhglfwlrq sureohp wr d pxowl0vwrfn sureohp1 Lq wklv zd|/ wkh suhglfwlrq sureohp
ehfrphv irfxvhg rq uhodwlyh shuirupdqfh udwkhu wkdq lqfuhdvh ru ghfuhdvh ri lqgl0
ylgxdo vwrfnv1 Ehvlghv ehlqj dq hydoxdwlrq wrro iru h{lvwlqj dojrulwkpv/ wkh v|vwhp
lv d kljk0ohyho ghyhorsphqw wrro/ zkhuh wudglqj uxohv fdq eh ghyhorshg/ frpelqhg/
dqg wxqhg1

Wkh surjudp lv zulwwhq lq wkh PDWODE surjudpplqj odqjxdjh/ dqg lv xvhg hl0
wkhu dv dq ruglqdu| remhfwlyh ixqfwlrq fdoohg iurp d xvhu*v surjudp/ ru dv dZlqgrzv0
edvhg wrro iru pdnlqj ehqfkpdunv/ dqg ghyhorslqj wudglqj dojrulwkpv1

DVWD shuirupv d vlpxodwlrq ri pxowl0vwrfn wudglqj/ zkhuh wudglqj uxohv duh
h{hfxwhg iru d odujh qxpehu ri dydlodeoh vwrfnv hyhu| gd| lq wkh vlpxodwlrq shulrg1
Wkh vlwxdwlrq lv ixqgdphqwdoo| gl�huhqw iurp wkh vlqjoh0vwrfn suhglfwlrq dojrulwkpv
ghvfulehg lq wkh suhylrxv fkdswhuv1

<<
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491414 Remhfwlyhv

Wkh ghyhorsphqw ri DVWD zdv lqvwljdwhg 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 hyhu kdylqj ehhq vxemhfw wr dq remhfwlyh vflhqwl�f dqdo|vlv zlwk klv0
wrulfdo 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 vlpx0
odwlrq zlwk d pxowl0vwrfn 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 dovr
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| eh
wkhq 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|/ pdnh lpsohphqwdwlrq dqg
hydoxdwlrq ri pdq| wudglqj vwudwhjlhv srvvleoh �zlwkrxw surjudpplqj1�

61 D qrq0lqwhudfwlyh ghyhorsphqw wrro iru wudglqj uxohv1

Ixuwkhupruh/ lw lv srvvleoh dqg pd|eh dovr iuxlwixo/ wr dxwrpdwh wkh ghyhors0
phqw 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 vhohf0
wlrq 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

71 D gdwd jhqhudwlqj 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
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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 lv wkhq
dxwrpdwlfdoo| zulwwhq wr d �oh1 D �wdujhw� ydoxh iru hdfk wudgh lv dovr vxssolhg1
Wkhuhdiwhu lw lv 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

4915 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 A E|� 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 Vhfwlrq 4915141 Wkh
suhvhqwdwlrq dqg hydoxdwlrq ri wkh wudglqj uhvxowv duh d pdmru sduw ri wkh DVWD
v|vwhp1

491514 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 4916 dqg lq Iljxuh 49171 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

491515 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 49141

Wkh Pdunhw Remhfw

Wkh Pdunhw Remhfw hvvhqwldoo| frqvlvwv 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 Vwhs0lq0wlph
rshudwlrq dssolhg wr wkh Pdunhw Remhfw1
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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 lv prgl�hg dxwrpdwlfdoo| dv vwrfnv duh erxjkw dqg vrog1
Wkh Ex| uxoh dqg Vhoo uxoh duh wkh pdlq 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 hydo0
xdwhv 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

Attributes
•Stock data

•Index

•Current time T

Attributes
•Portfolio
•Cash
•Wealth
•Buy rule
•Sell rule
•Other parameters

Operations
•Initialize
•Buy recommendations
•Sell recommendations
•Buy
•Sell
•Evaluate

Operations
•Initialize
•Step in time

BuySell

Market

Trader

�

��

��

��

���

�� �� �� ��

Buy rule : (M=max(High,T-10:T-1); Close>M & Close(T-1)<M)

Sell rule : (Loss>10 | Profit>30)

Mean profit above index=11.3 %

Iljxuh 4914= Edvlf Frpsrqhqwv ri wkh DVWD V|vwhp

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 Vwhs0lq0wlph rshudwlrq kdv wr eh dssolhg wr wkh Pdunhw Remhfw lq d orrs
iru wkh vhohfwhg wlph shulrg1 Iru hdfk wlph vwhs/ wkh Wudghu Remhfw dovr vkrxog
eh dfwlydwhg1 Wkh iroorzlqj svhxgr frgh ghvfulehv wkh ixoo DVWD v|vwhp=
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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

Wkh hqg xvhu dvvljqv 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 sdudphwhu 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 sd0
udphwhuv 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

491516 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 49171

491517 Rwkhu Ghvljq Lvvxhv

Zh frqfoxgh wkh jhqhudo ghvfulswlrq ri wkh ghvljq zlwk vrph vshfl�f lvvxhv wkdw
pxvw eh frqvlghuhg lq wkh ghvljq ri dq Duwl�fldo Wudghu1

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 wkh iroorzlqj gd|*v sulfhv1
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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

Krz Pdq| Vwrfnv wr Ex| dqg VhooB

Wkh wudglqj uxoh A Er� grhv qrw frqwdlq dq| jxlgh dv 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

Uhlqyhvwlqj Prqh|

Wkh Duwl�fldo Wudghu ex|v dqg vhoov vwrfnv dqg krshixoo| lqfuhdvhv wkh zhdowk gxulqj
wkh vlpxodwhg wlph shulrg1 Lq vxfk d vwudwhj| wkhuh lv d fxpxodwlyh h�hfw/ vlqfh rog
sur�wv duh uhlqyhvwhg lq ixwxuh wudghv1 Wkh uhlqyhvwlqj lv qhfhvvdu| li wkh wudglqj
uhvxowv duh wr eh frpsdudeoh zlwk wkh fkdqjh lq lqgh{/ h1j1 lq htxlw| gldjudpv vxfk
dv suhvhqwhg lq Iljxuh 9141

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

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 duh qhjohfwhg gxh wr odfn ri prqh| iru wkh duwl�fldo wudghu1
Hyhq vhoo vljqdov duh 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 wudglqj 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 wudglqj

� Wkh dffhswdqfh ri ex| vljqdov

� Wkh vhw ri dydlodeoh vwrfnv iru wudglqj
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Wkh suhvhqw yhuvlrq ri DVWD grhv qrw lqfoxgh dq| ri wkh vxjjhvwhg lpsuryh0
phqwv1 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

4916 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

491614 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=
ordg+*dvwdv{j*,
( Vlpxodwh wudglqj zlwk Ex| dqg Vhoo uxohv iru 4<<304<<81
( Wkh shuirupdqfh lv uhwxuqhg lq wkh s yduldeoh1
s @ idvwd+*Forv+W,:Forv+W04,*/*Surilw:53 m Orvv:43*/^`/^<3 <8`,

491615 Zdvwd

DVWD fdq eh dovr 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
vfuhhq od|rxw lv vkrzq lq Iljxuh 49151 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 eh lqwhuidfhg wr wkh v|vwhp hdvlo|1

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 xvhu*v 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 dv lq Iljxuh
9141

Wkh frppdqg exwwrq �Vzhhs� lqlwldwhv d zkroh vhulhv ri vlpxodwlrqv zlwk gli0
ihuhqw 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
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Iljxuh 4915= Vfuhhq od|rxw iru wkh zlqgrzv yhuvlrq ri DVWD

wkh pxowlsoh vlpxodwlrqv duh jlyhq lq wkh �Ydoxhv� wh{w er{1 Wkh uhvxowv duh suh0
vhqwhg lq vl{ judskv/ zklfk duh dovr zulwwhq dv hqfdsvxodwhg srvwvfulsw +hsv, �ohv1
H{dpsohv fdq eh irxqg lq Vhfwlrq 49191

4917 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 814161 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 eh dovr
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
xvhu lqwhuidfh lq DVWD=

� Irro surriqhvv

Dq �r�0e|0rqh� huuru vhogrp uhvxowv lq pruh gudvwlf frqvhtxhqfhv wkdq zkhq
ghyhorslqj 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
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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 wr wkh �fxuuhqw
gd|�1 Dwwhpswv wr dgguhvv wkh vwrfn wlph vhulhv diwhu wklv srlqw/ dxwrpdwlfdoo|
lvvxh dq huuru phvvdjh1 H{dpsoh=

+ ' �,JrEA � e G A � dvvljqv wkh forvh sulfhv iru wkh fxuuhqw gd| dqg wkh 7
suhylrxv gd|v wr wkh yduldeoh +1

+ ' �,JrEA G A n �� lvvxhv dq huuru phvvdjh zkhq h{hfxwhg gxulqj wkh vlpx0
odwlrq1

Wkh vdph fkhfn urxwlqh kdv ehhq lpsohphqwhg lq wkh kljkhu ohyho urxwlqhv dv
zhoo/ wkhuhe| lvvxlqj fohduhu huuru phvvdjhv srlqwlqj wr wkh �uvw lqvwdqfh 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 eh xvhg dovr lq wkh Ex| uxohv dqg Vhoo uxohv1 Lw fdq eh hdvlo| 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 ghwhfwlqj furvvlqjv ehwzhhq wlph vhulhv1 Rwkhu suhgh�qhg ixqfwlrqv frp0
sxwh ghulyhg hqwlwlhv iurp wkh vwrfn gdwd wlph vhulhv= jdxvvldq yroxph/ yrodwlo0
lw|/ wuhqg dqg udqnv1 Wkhvh ixqfwlrqv fdq eh lqfoxghg lq wkh xvhu0gh�qhg
dojrulwkpv dqg vlpsoli| wkh frglqj frqvlghudeo|1

DVWD lv htxlsshg zlwk d odujh qxpehu ri suhgh�qhg ixqfwlrqv wr eh xvhg lq0
whudfwlyho| lq Ex| uxohv dqg Vhoo uxohv1 Wkh| pd| eh xvhg dovr lq xvhu0gh�qhg
ixqfwlrqv1 Ehiruh jrlqj lqwr ghwdlov ri wkh dydlodeoh ixqfwlrqv/ vrph edvlf frqfhswv
duh ghvfulehg1

491714 Joredo Yduldeohv

Wkh yduldeohv olvwhg lq Wdeoh 4914 duh g|qdplfdoo| vhw e| wkh v|vwhp dqg qrupdoo|
vkrxog qrw eh fkdqjhg e| dq| xvhu urxwlqhv1

Wkh yduldeoh W lv fhqwudo erwk zkhq gh�qlqj Ex| uxohv dqg Vhoo uxohv dqg zkhq
zulwlqj qhz ixqfwlrqv iru suhglfwlrq1 Wkh lghd lv wkdw wkh xvhu vkrxog qhyhu 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| lv dozd|v uhihuhqfhg1 E| xvlqj
W04/ wkh suhylrxv gd| lv uhihuhqfhg hwf1 Dwwhpswv wr xvh W.4 lvvxh dq huuru phvvdjh/
wkxv surklelwlqj wkh surjudp iurp shhslqj lqwr wkh ixwxuh1

Lw lv vhogrp qhfhvvdu| wr xvh wkh yduldeoh Vwrfnv zkhq zulwlqj xvhu0gh�qhg ixqf0
wlrqv1 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
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Qdph W|sh Vl}h Ghfulswlrq
W qxphulf � Urz srlqwhu wr �fxuuhqw� gd|

Vwrfnv qxphulf �%�

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

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

Wdeoh 4914= Joredo yduldeohv lq DVWD

vhoo +l1h1 zkhq wkh Vhoo uxoh lv hydoxdwhg,1 Wkh ixqfwlrq fdoo Forv+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

491715 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 vwrfnv yduldeoh1

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 Forv/ Kljk/
Orz/ dqg Yroxph duh wkh qdphv ri wkh dffhvv ixqfwlrqv xvhg wkurxjkrxw wkh v|vwhp1

H{dpsoh 5 = Wkh fdoo Forv+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 froxpq zlvh pdwul{ rshudwlrqv zlwklq PDWODE fdq eh xvhg/
dqg pdnhv wkh frgh yhu| uhdgdeoh dqg h�hfwlyh1 Wkh PDWODE ixqfwlrq RKLJK
lq wkh iroorzlqj h{dpsoh ghwhfwv Forv ydoxhv wkdw furvv d & gd| pd{lpxp ri Kljk
iurp ehorz1

H{dpsoh 6 =
ixqfwlrq e @ RKLJK+n,

F @ Forv+W,>
Fp4 @ Forv+W04,>
P @ pd{+ Kljk+ W0n=W04 ,,> ( Wkh fdoo wr Kljk uhwxuqv d n

( urzv orqj Wlph Vhulhv Pdwul{
e @ F:P ) Fp4	@P>

uhwxuq
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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

491716 Lqglfdwru Yhfwruv

Dq Lqglfdwru Yhfwru lv d vlqjoh0urz WVP1 Vhoo dqg Ex| uxohv vkrxog hydoxdwh wr
elqdu| Lqglfdwru Yhfwruv xvhg gluhfwo| dv vhoo dqg ex| uhfrpphqgdwlrqv1 Rwkhu Lq0
glfdwru Yhfwruv/ vxfk dv wkh uhwxuq ydoxhv 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 qrupdoo| vkrxog uhwxuq d yhfwru
ri wklv w|sh1 Wklv hqdeohv vxfk frpsrvlwlrqv ri Ex| uxohv dv=

RKLJK+43, ) + Wuhqg4:4 m Wuhqg8:318 , +4914,

Wkh Ex| uxoh hydoxdwhv wr d elqdu| Lqglfdwru Yhfwru zlwk �4� iru vwrfnv zkhuh
RKLJK+43, uhwxuqhg �4� dqg/ zkhuh hlwkhu wkh vkruw wuhqg lv juhdwhu wkdq 4(2gd|
ru wkh orqj wuhqg lv juhdwhu wkdq 318(2gd|1 Ixqfwlrqv Wuhqg4 dqg Wuhqg8 duh
ghvfulehg lq vhfwlrq 4917191

491717 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 kljk0ohyho ixqfwlrqv1

Wkh ixqfwlrqv duh glylghg lqwr irxu fdwhjrulhv=

41 Ihdwxuh Ixqfwlrqv

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 Ixqfwlrqv

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 Ixqf0
wlrqv lpsohphqw d g|qdplf vwrs0orvv kdqgolqj dqg dfklhyhg sur�w ru orvv vlqfh
d vwrfn zdv erxjkw1

61 Rshudwru Ixqfwlrqv

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
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71 Xwlolw| Ixqfwlrqv

Vrph ixqfwlrqv duh vxssruw ixqfwlrqv wkdw pd| eh ri xvh sulpdulo| zkhq gh0
exjjlqj qhz dojrulwkpv1 Ixqfwlrqv wkdw h{wudfw vwrfn qdphv dqg dfwxdo gdwhv
duh lq wklv fdwhjru|1

Qrwh=
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

491718 Jhqhudo Sdudphwhuv

Wklv vhfwlrq ghvfulehv vrph sdudphwhuv/ zklfk duh frpprq wr pdq| ri wkh suhgh0
�qhg ixqfwlrqv1

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 = Forv+W, uhwxuqv d vlqjoh0urz WVP zlwk forvh sulfhv iru doo wkh vwrfnv
lq wkh joredo yduldeoh Vwrfnv1

H{dpsoh 8 = Wuhqg8+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 Ghvfulswlrq �hog lq wkh wdeohv uhihuv wr hdfk urz ri wkh uhwxuqhg WVP1

Sorw

Pdq| ixqfwlrqv kdyh wkh rswlrqdo sorw dujxphqw1 E| vhwwlqj wklv sdudphwhu wr wkh
joredo frqvwdqw SORW/ wkh ixqfwlrq lv sorwwhg yhuvxv wlph iru doo wkh 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
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491719 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 4915
olvwv doo suhgh�qhg Ihdwxuh ixqfwlrqv lq DVWD1 Wkh sorw dujxphqw lv ghvfulehg lq
Vhfwlrq 4917181

Ixqfwlrq Sdudphwhuv Ghvfulswlrq
Forv gd|v/ sorw Wkh forvh ydoxh
Kljk gd|v/ sorw Wkh kljkhvw wudghg sulfh gxulqj wkh 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
Udqn8 gd|v/ sorw Wkh 80gd| udqn ydoxh
Udqn53 gd|v/ sorw Wkh 530gd| udqn ydoxh
Wuhqg4 gd|v/ sorw Wkh 40gd| wuhqg +(2gd|,
Wuhqg5 gd|v/ sorw Wkh 50gd| wuhqg +(2gd|,
Wuhqg8 gd|v/ sorw Wkh 80gd| wuhqg +(2gd|,
Wuhqg53 gd|v/ sorw Wkh 530gd| wuhqg +(2gd|,
Jyro5 gd|v/ sorw Wkh 50gd| jdxvvldq yroxph
Jyro8 gd|v/ sorw Wkh 80gd| jdxvvldq yroxph
Jyro43 gd|v/ sorw Wkh 430gd| jdxvvldq yroxph
Jyro53 gd|v/ sorw Wkh 530gd| jdxvvldq yroxph
Yrodw5 gd|v/ sorw Wkh 50gd| uhodwlyh yrodwlolw|
Yrodw8 gd|v/ sorw Wkh 80gd| uhodwlyh yrodwlolw|
Yrodw43 gd|v/ sorw Wkh 430gd| uhodwlyh yrodwlolw|
Yrodw53 gd|v/ sorw Wkh 530gd| uhodwlyh yrodwlolw|

Wdeoh 4915= Suhgh�qhg ihdwxuh ixqfwlrqv

Wkh iroorzlqj vshfldo frqfhswv vkrxog eh ixuwkhu h{sodlqhg=

N0Vwhs Uhwxuq

Wkh &0vwhs uhwxuq -6
& E|� ri d vwrfn 6 zlwk d sulfh wlph vhulhv �,Jr6E|� lv gh�qhg

dv=

-6
& E|� ' �ff � �,Jr6E|�� �,Jr6E|� &�

�,Jr6E|� &�
� +4915,

E| vhwwlqj & dw gl�huhqw qxpehuv zh jhw phdvxuhv lqglfdwlqj krz pxfk wkh vwrfn
kdv lqfuhdvhg vlqfh lwv ydoxh & gd|v djr1 Wkh Uhwxuq ydoxhv duh qrw suh0frpsxwhg
lq DVWD1 Wkh uhodwhg Wuhqg ixqfwlrqv ghvfulehg lq wkh qh{w vhfwlrq fdq eh riwhq
xvhg lqvwhdg1
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N0Vwhs Wuhqg

Wkh &0vwhs wuhqg A&E|� ri d vwrfn 6 lv gh�qhg dv=

A6
& E|� '

�

&
�-6

& E|�� +4916,

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

Wkh irxu ixqfwlrqv Wuhqg4/ Wuhqg5/ Wuhqg8/ dqg Wuhqg53 fdq eh xvhg wr dffhvv
irxu uhwxuq phdvxuhv iru & ' �c 2c D/ dqg 2f1 Wkh| duh frpsxwhg dqg vwruhg gxulqj
pdunhw lqlwldol}dwlrq wr vshhg xs wkh xvh gxulqj wkh vlpxodwlrq skdvh1

N0Vwhs Udqn

Wkh &0vwhs Udqnv �6
& iru vwrfnv ir�c ���c r�j duh frpsxwhg e| udqnlqj wkh � vwrfnv

e| wkh &0vwhs uhwxuqv -6
& 1 Wkh udqnlqj rughuv duh wkhq qrupdol}hg/ vr wkh vwrfn

zlwk wkh orzhvw -& jhwv udqn �f�D dqg wkh vwrfn zlwk wkh kljkhvw -& jhwv udqn f�D1
Wkhuhiruh/ wkh gh�qlwlrq ri wkh &0vwhs Udqn �6

& iru d vwrfn r6/ ehorqjlqj wr d vhw
ri vwrfnv ir�c ���c r�j/ fdq eh zulwwhq dv=

�6
& E|� '

Jo_eoE -6
& E|�c i-�

&E|�c ���c -
�
& E|�j �� �

� � �
� f�D +4917,

zkhuh wkh Jo_eo ixqfwlrq uhwxuqv wkh udqnlqj rughu ri wkh �uvw dujxphqw lq wkh
vhfrqg dujxphqw/ zklfk lv dq rughuhg olvw1 -6

& lv wkh n0vwhs uhwxuq +gh�qlwlrq 4915,
frpsxwhg iru vwrfn 61

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 ehw0
whu wkdq wkh dyhudjh vwrfn/ lw vhhpv uhdvrqdeoh wr kdyh wkhp dydlodeoh dw ohdvw dv
srwhqwldo lqsxwv1

Wkh irxu ixqfwlrqv Udqn4/ Udqn5/ Udqn8/ dqg Udqn53 fdq eh xvhg wr dffhvv irxu
udqn phdvxuhv iru & ' �c 2c D/ dqg 2f1 Wkh| duh frpsxwhg dqg vwruhg gxulqj pdunhw
lqlwldol}dwlrq wr vshhg xs wkh xvh gxulqj wkh vlpxodwlrq skdvh1 Wkh vhw ir�c ���c r�j
lv doo wkh vwrfnv dydlodeoh iru wudglqj1

Jdxvvldq Yroxph

Wkh jdxvvldq yroxph T?E|� lv gh�qhg dv=

T?E|� ' ET E|��6T E|��*jT E|� +4918,

zkhuh 6T E|� dqg jT E|� duh frpsxwhg lq d uxqqlqj zlqgrz ri ohqjwk ?=

6T E|� '
�

?

?[
�'�

T E|� �� dqg +4919,

jT '

yxxw �

?� �

?[
�'�

ET E|� ���6T E|��2� +491:,

T? h{suhvvhv wkh qxpehu ri vwdqgdug ghyldwlrqv e| zklfk wkh yroxph gl�huv iurp
lwv uxqqlqj phdq1 Wkhuhiruh/ lw fdq eh xvhg dv dq lqglfdwlrq ri �deqrupdo� ydoxhv/
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fdxvhg e| d vxgghq fkdqjh lq pdunhw lqwhuhvw iru d sduwlfxodu vwrfn1 Wkdw lv wkh
uhdvrq wkdw wkh vxpv lq Gh�qlwlrq +4919, dqg +491:, gr qrw lqfoxgh wkh fxuuhqw gd|*v
yroxph/ l1h1 T E|�1 Wkh irxu ixqfwlrqv Jyro5/ Jyro8/ Jyro43/ dqg Jyro53 fdq eh xvhg
wr dffhvv irxu Jdxvvldq yroxphv T? iru ? ' 2c Dc �f/ dqg 2f1 Wkh| duh frpsxwhg dqg
vwruhg gxulqj pdunhw lqlwldol}dwlrq wr vshhg xs wkh xvh gxulqj wkh vlpxodwlrq skdvh1

Uhodwlyh Yrodwlolw|

Wkh Uhodwlyh yrodwlolw| `?E|� lv khuh gh�qhg dv=

`?E|� ' �ff � j�E|�
6�E|�

+491;,

zkhuh6�E|� dqg j�E|� duh frpsxwhg rq wkh wlph vhulhv Forv lq d uxqqlqj zlqgrz
ri ohqjwk ?1 L1h1=

6�E|� '
�

?

?3�[
�'f

�,JrE|� �� +491<,

dqg

j�E|� '

yxxw �

?� �

?3�[
�'f

E�,JrE|� ���6�E|��2� +49143,

Gh�qlwlrq +491;, lv uhfrjql}hg dv wkh �frh!flhqw ri yduldwlrq� ru �uhodwlyh vwdqgdug
ghyldwlrq� lq vwdwlvwlfv1 Uhodwlyh yrodwlolw| `? lv suhihuuhg wr 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 Yrodw5/ Yrodw8/ Yrodw43/ dqg Yrodw53 fdq eh xvhg wr dffhvv
irxu yrodwlolwlhv `? iru ? ' 2c Dc �f/ dqg 2f1 Wkh| duh frpsxwhg dqg vwruhg gxulqj
pdunhw lqlwldol}dwlrq wr vshhg xs wkh xvh gxulqj wkh vlpxodwlrq skdvh1

49171: 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 4916 olvwv doo
suhgh�qhg Lqglfdwru Ixqfwlrqv lq DVWD1 Wkh sorw dujxphqw lv ghvfulehg lq Vhfwlrq
4917181 Vrph Lqglfdwru Ixqfwlrqv uhtxluh ixuwkhu h{sodqdwlrq1

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=

Sur�wE|� ' EForv+w, * Ex|Sulfh� �� � �ff� +49144,

Wkh Orvv lv vrphwlphv d pruh frqyhqlhqw phdvxuh dqg lv gh�qhg dv=
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Ixqfwlrq 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�w:S4/ 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 Wkh whfkqlfdo lqglfdwru Vwrfkdvwlfv1
Pdfg N/G/V/sorw Wkh whfkqlfdo lqglfdwru PDFG

Wdeoh 4916= Suhgh�qhg lqglfdwru ixqfwlrqv

OrvvE|� ' E�� Forv+w, * Ex|Sulfh� � �ff� +49145,

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=

Orvv:43 m Sur�w:53 +49146,

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

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 ydoxhv iru wkh sdudphwhuv V4/ V5 dqg S4 duh 53(/
08(/ dqg 43(1 Wklv uhvxowv lq wkh iroorzlqj ehkdylru gxulqj wudglqj=

41 Wkh vwrfn lv 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 lvvxhv d vhoo vljqdo1 Lq wklv zd|/ d sur�wdeoh
wudgh qhyhu wxuqv lqwr d orvv1
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49171; 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 sd0
udphwhuv {/ {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

Qrwh=
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 4917 olvwv doo suhgh�qhg Rshudwru Ixqfwlrqv lq DVWD1

Ixqfwlrq Sdudphwhuv Ghvfulswlrq
Plqq {/ O4/ gd|v/ sorw O40gd|0plq ydoxh lq wkh urzv ri {
Pd{{ {/ O4/ gd|v/ sorw O40gd|0pd{ ydoxh lq wkh urzv ri {
Pdy {/ O4/ gd|v/ sorw O40gd|0prylqj dy1 iru froxpqv lq {
Vwghy {/ O4/ gd|v/ sorw 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 4917= Suhgh�qhg rshudwru ixqfwlrqv

Plqq

Frpsxwhv wkh plqlpxp ydoxh lq dq O4 gd|v orqj zlqgrz edfnzdugv1
Li { lv d vwulqj/ ��?? lv gh�qhg dv=
��?? ' 6�?E%d_ � u� n � G _o�/ zkhuh wkh vtxduh eudfnhwv ghqrwh ixqfwlrq

lqyrfdwlrq ri {1

H{dpsoh 9 ��??E��,Jr�c ec A ��
Zloo jhqhudwh d 40urz WVP= 6�?E�,JrEA � � G A ���

H{dpsoh : ��??E��,Jr�c ec A � � G A �1

Zloo jhqhudwh d 50urz WVP=

#
6�?E�,JrEA � e G A � ���
6�?E�,JrEA � � G A ��

$
�
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Li { lv d qrw d vwulqj lw vkrxog eh d WVP1 ��?? lv gh�qhg dv=
��?? ' 6�?E%E_� u� n � G _c G���

H{dpsoh ; ��??E~c ec �f� zkhuh ~ lv d 430urz0orqj WVP1
Zloo jhqhudwh d 40urz WVP= 6�?E~E. G �f c G���

H{dpsoh < ��??E~c ec b G �f� zkhuh ~ lv d 430urz0orqj WVP1

Zloo jhqhudwh d 50urz WVP=

#
6�?E~ES G b c G��
6�?E~E. G �f c G��

$
�

Pd{{/ Pdy/ dqg Vwghy

Wkhvh ixqfwlrqv kdyh wkh vdph sdudphwhuv dqg ehkdylru dv Plqq deryh1 Mxvw vxe0
vwlwxwh plq iru pd{/ phdq/ dqg vwg1

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 dqjohv orzhu
wkdq wkh vshfl�hg rqh gr 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{+*Forv*/5/*Forv*/53/78, uhwxuqv d elqdu| Lqglfdwru Yhfwru zlwk
�4� l� d 50gd| prylqj dyhudjh ri Forv furvvhv d 530gd| prylqj dyhudjh ri Forv
iurp ehorz lq dq lqwhuvhfwlrq dqjoh qr ohvv wkdq 78 ghjuhhv1 Wkh frpsxwdwlrq lv
shuiruphg �wrgd|� vlqfh wkh ghidxow ydoxh iru wkh gd|v sdudphwhu lv W1

49171< Xwlolw| Ixqfwlrqv

Wkhvh ixqfwlrqv duh vxssruw ixqfwlrqv wkdw pd| eh ri xvh sulpdulo| zkhq ghexjjlqj
qhz dojrulwkpv1 Wkh| fdq qrw eh lqfoxghg lq Ex| uxohv dqg Vhoo uxohv/ ehfdxvh
wkh| gr qrw uhwxuq Wlph Vhulhv Pdwulfhv1 Wdeoh 4918 olvwv doo suhgh�qhg Lqglfdwru
Ixqfwlrqv lq DVWD1

Gdwh gd|v Yhfwru zlwk wkh uhdo gdwh +||ppgg, iru gd|v
Vwrfnqdph v Vwulqj zlwk wkh qdph ri vwrfn v1

Wdeoh 4918= Suhgh�qhg xwlolw| ixqfwlrqv

4918 H{dpsohv

Wklv vhfwlrq suhvhqwv rqh h{dpsoh iurp wkh Zlqgrzv yhuvlrq ri DVWD1 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 49161
Wkh �hogv �Ex| uxoh� dqg �Vhoo Uxoh� duh wkh sodfhv zkhuh wkh wudglqj dojrulwkp
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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 7|JS�d |c gc g7c (c
Ex|ohyho c 7e,,e�e,o/ frpprq lq whfkqlfdo wudglqj/ dqg khuh gh�qhg dv=

7|JS�E|� ' 6@�E�ff � E�,JrE|�� u� * EM � u�c (� zlwk +49147,

u ' 6@�E4�?EuJ�EA �g G A ��c g7� dqg

M ' 6@�E4@ EM�}�EA �g G A ��c g7��

Wkh sdudphwhuv g/ g7 dqg ( duh wkh zlqgrz ohqjwkv ri wkh prylqj dyhudjh
ixqfwlrq pdy1

D Ex| vljqdo lv lvvxhg zkhq 7|JS�E|� : ��+,e�e, dqg d Vhoo vljqdo zkhq
7|JS�E|� 	 7e,,e�e,� Wkh sdudphwhuv gcg7c(/ 7e,,e�e,/ dqg Ex|ohyho frqwuro
wkh shuirupdqfh ri d wudglqj vwudwhj| edvhg rq wkh lqglfdwru dqg duh vxemhfw wr
dqdo|vlv lq wkh qh{w vhfwlrq1

Lq Iljxuh 4916/ wkh �vwdqgdug� ydoxhv �fc �c �c 2fc Hf duh xvhg iru wkh sdudphwhuv1
Wkh uhvxowv vkrzq lq Iljxuh 4916 dqg Iljxuh 4917 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 4916= DVWD frppdqg zlqgrz zlwk Vwrfkdvwlfv ex| dqg vhoo uxohv

4919 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=
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Iljxuh 4917= Shuirupdqfh ri wkh Vwrfkdvwlfv lqglfdwru1

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

��+ o�,e ' *�,JrEA � : �@%%E*M�}�*c ���}�c A � ��*

7e,, o�,e ' *uJrr : u m E�oJs�| : � : �,JrEA � 	 �,JrEA � ���*

Wkh ixqfwlrq Pd{{ uhwxuqv wkh pd{lpxp wlph vhulhv ydoxh lq wkh lqwhuydo
dA � ���}�c A � �o1 Lw lv qrz srvvleoh wr rswlpl}h wkh sur�w � zlwk uhvshfw
wr wkh sdudphwhuv ���}�c u dqg � 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 vhuyhv dv
dq h{dpsoh iru dssurdfk 41 Zh vhw xs dq rswlpl}dwlrq zlwk ex| dqg vhoo uxohv
dffruglqj wr=

��+ o�,e ' *7|JS�E�fc �c �c 7e,,e�e,c Hf�*
7e,, o�,e ' *7|JS�E�fc �c �c 7e,,e�e,c Hf�*
Wkh h{fhvv sur�w � fdq eh rswlpl}hg qrz zlwk uhvshfw wr 7e,,e�e,� Wkh judskv

lq Iljxuh 491; duh dxwrpdwlfdoo| jhqhudwhg e| wkh �Vzhhs� 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 d pxowl0glphqvlrqdo
sdudphwhu hvwlpdwlrq sureohp1 Wkh judskv suhvhqwhg vkrz wkh sur�w � dv d ixqf0
wlrq ri rqh ri wkh lqyroyhg sdudphwhuv/ zkhuhdv wkh uhvw ri wkh sdudphwhuv duh �{hg1
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Wkh pdlq sxusrvh lv wr looxvwudwh wkh srvvlelolwlhv dqg sureohpv lqyroyhg/ hyhq lq d
rqh0glphqvlrqdo rswlpl}dwlrq1

Iurp wkh vxppdu| judsk +wrs ohiw lq Iljxuh 491;, ryhu wkh hqwluh wudlqlqj shulrg/
zh fdq ghgxfh wkdw wkh kljkhvw sur�w lv dfklhyhg iru d 7e,,e�e, vrphzkhuh durxqg
681 Krzhyhu/ d orrn 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 wkhuhiruh ylhz wkh dqqxdo h{fhvv sur�w dv d
vwrfkdvwlf yduldeoh � Ew�/ zkhuh w vwdqgv iru rqh sduwlfxodu vhwwlqj ri wkh sdudphwhuv
wkdw d�hfw wkh sur�w1 Lq wkh vkrzq h{dpsoh/ w lv wkh 7e,,e�e, sdudphwhu1 � Ew� kdv
ehhq vdpsohg rqfh shu |hdu gxulqj wkh hohyhq |hduv lq wkh gdwd vhw=

i��Ew�c �2Ew�c ��Ew�c �eEw�c �DEw�c �SEw�c �.Ew�c �HEw�c �bEw�c ��fEw�c ���Ew�j� +49148,

Ylhzhg wklv zd|/ wkh wdvn ri wxqlqj wkh sdudphwhu w wr �qg wkh �pd{lpxp�
sur�w � lv qrw zhoo gh�qhg1 � lv d vwrfkdvwlf ixqfwlrq dqg frqvhtxhqwo| kdv qr
�pd{lpxp�1 Lw kdv d suredelolw| glvwulexwlrq zlwk dq h{shfwdwlrq ydoxh . dqg d
yduldqfh T 1 Lw lv lpsruwdqw wr uhdol}h wkdw wxqlqj w lq rughu wr pd{lpl}h .d� Ew�o
lv mxvw rqh ri wkh dydlodeoh rswlrqv1 Pd{lpl}lqj .d� Ew�o 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 �,J� iru d frq�ghqfh lqwhuydo frxog eh gh�qhg dv=

�,J� ' .d� Ew�o�
t
T d� Ew�oc +49149,

zkhuh T d� Ew�o lv wkh yduldqfh ri wkh vwrfkdvwlf yduldeoh � Ew�1 \hw dqrwkhu srv0
vlelolw| lv wr xvh wkh Vkdush Udwlr 7-/ zklfk h{suhvvhv wkh h{fhvv uhwxuq lq xqlwv ri
lwv vwdqgdug ghyldwlrq dv=

7- '
.d� Ew�ot
T d� Ew�o

� +4914:,

Wkh Vkdush Udwlr lv qrupdoo| xvhg wr hydoxdwh wkh shuirupdqfh ri d wudglqj vwudwhj|
+Vkdush ^63/ 64`,1 Krzhyhu/ Fkrh| dqg Zhljhqg ^;` sursrvh 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 ��Ew� lq H{suhvvlrq
+49148, kdyh ehhq uhpryhg ehiruh wdnlqj wkh h{shfwhg ydoxh dqg vwdqgdug ghyldwlrq
iru hdfk w1 Wkh xqprgl�hg Vkdush Udwlr lv vkrzq lq wkh wrs0uljkw gldjudp/ dqg wkh
rqh zlwk rxwolhuv uhpryhg lq wkh plg0uljkw 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
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491: Rwkhu DVWD Ihdwxuhv
E| dgglqj d SORW sdudphwhu lq wkh fdoo wr pdq| ri wkh suhgh�qhg DVWD ixqfwlrqv/
looxplqdwlqj judskv duh jhqhudwhg1 Wkh fdoo wr wkh suhylrxvo| xvhg Vwrfk ixqfwlrq
iru h{dpsoh/ pd| orrn olnh=

Vwrfk+63/6/6/53/;3/SORW,:31 +4914;,

Wkh hqdeohg SORW rswlrq jhqhudwhv vhsdudwh judskv zlwk wkh vljqdov iurp wkh
Vwrfk ixqfwlrq1 Lq Iljxuh 4919 wkh frpsrqhqwv ri wkh Vwrfkdvwlfv lqglfdwru duh
glvsod|hg1 Wkh wzr krul}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

D sureohp zlwk d wudglqj0uxoh0edvhg v|vwhp olnh DVWD lv wkdw frpprqo| xvhg
phwkrgv iru prgholqj ru lqgxfwlyh ohduqlqj/ vxfk dv uhjuhvvlrq prghov dqg duwl�fldo
qhxudo qhwzrunv/ fdqqrw eh dssolhg lq d qrupdo idvklrq1 Wkh uhdvrq iru wklv lv
wkdw d vhw ri wudlqlqj gdwd zlwk sdwwhuqv dqg wdujhwv lv 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
wkh v|vwhp vljqdov 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 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 Lq Iljxuh 4918/ wkh
�Gxps wudghv wr zlqgrz� er{ kdv ehhq fkhfnhg1 Doo jhqhudwhg wudghv duh gxpshg
lq DVFLL irup lq wkh PDWODE frppdqg zlqgrz +Iljxuh 491:,1 E| �Gxps wudghv
wr �oh�/ d gdwd �oh iru srvw0surfhvvlqj zlwk fodvvl�fdwlrq wrrov lv zulwwhq wr wkh glvn1
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Iljxuh 4918= DVWD frppdqg zlqgrz zlwk Vwrfkdvwlf 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
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Iljxuh 4919= Vwrfkdvwlfv ex| dqg vhoo vljqdov iru wkh DEE vwrfn1 Xsjrlqj edu ghqrwhv
d ex| vljqdo dqg grzqjrlqj edu ghqrwhv d vhoo vljqdo1
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Iljxuh 491:= Gxps ri jhqhudwhg wudghv iurp Vwrfkdvwlf wudglqj uxohv iru wkh |hdu
4<<61
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491; 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
shuiruphg hdvlo| lqwhudfwlyho|1 Dv zdv phqwlrqhg lq Vhfwlrq 491414/ rqh ri wkh uhdvrqv
ri wkh ghyhorsphqw ri wkh DVWD v|vwhp/ zdv wr xvh lw dv dq remhfwlyh ixqfwlrq zkhq
wxqlqj prgho sdudphwhuv zlwk joredo rswlpl}dwlrq/ dqg wr �qg wkh jhqhudo vwuxfwxuh
ri wudglqj uxohv/ iru h{dpsoh zlwklq d jhqhwlf iudphzrun1 Wkh suholplqdu| uhvxowv
vkrz erwk srvvlelolwlhv dqg gl!fxowlhv1 Wkh wudfn fdq eh h{dplqhg frqvlghudeo|1

Wkh gdqjhuv ri �gdwd vqrrslqj� jrw kljkoljkwhg e| euhdnlqj grzq wkh shuiru0
pdqfh phdvxuhv lqwr vkruwhu lqwhuydov1 Krzhyhu/ wkh lqkhuhqw xqfhuwdlqw| uhvxow0
lqj 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 491517 zloo eh lpsohphqwhg dqg hydoxdwhg1

Zhoo diwhu doo lv vdlg dqg grqh/
Jrwwd pryh/ zkloh lw*v vwloo ixq/

Vr ohw ph zdon ehiruh wkh| pdnh ph uxq
Ehiruh Wkh| pdnh Ph Uxq/ Mdjjhu2Ulfkdugv
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Iljxuh 491;= 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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