
�? �TThL@U� |L �hi_�U|��i #i|iU|�L? uLh

5ih��Ui �@?@}i4i?|

aLtiT� w� Oi**iht|i�?�c 6@? ~�@?}2c @?_ �ih�i3 5�@�@M�__�?2

� W�� A�a� `@|tL? +iti@hU� �i?|ih

O@�|�Lh?ic �i� vLh!c N5�

�i**iht9�t��M4�UL4

2 W?_�t|h�@* ,?}�?iih�?} @?_ �Tih@|�L?t +iti@hU�

�L*�4M�@ N?��iht�|)

�i� vLh! ��|)c �i� vLh! N5�

iu3�@?}c Tih�i3j9�iLh�UL*�4M�@�i_�

Devwudfw

Vhuylfh surylghuv w|slfdoo| gh�qh txdolw| ri vhuylfh sureohpv xvlqj wkuhvk0

rog whvwv/ vxfk dv _Duh KWWS rshudwlrqv juhdwhu wkdq 45 shu vhfrqg rq vhuyhu

[\]B% Wklv sdshu h{soruhv wkh ihdvlelolw| ri suhglfwlqj ylrodwlrqv ri wkuhvkrog

whvwv1 Vxfk d fdsdelolw| zrxog doorz surylghuv wr wdnh fruuhfwlyh dfwlrqv lq dg0

ydqfh ri vhuylfh glvuxswlrqv1 Rxu dssurdfk hvwlpdwhv wkh suredelolw| ri wkuhvk0

rog ylrodwlrqv iru vshfl�f wlphv lq wkh ixwxuh1 Zh prgho wkh wkuhvkrog phwulf

+h1j1/ KWWS rshudwlrqv shu vhfrqg, dw wzr ohyhov= +4, qrqvwdwlrqdu| ehkdylru

+dv lv grqh lq zrunordg iruhfdvwlqj iru fdsdflw| sodqqlqj, dqg +5, vwdwlrqdu|/

wlph0vhuldo ghshqghqflhv1 Xvlqj wkhvh prghov/ zh frpsxwh wkh suredelolw| ri

wkuhvkrog ylrodwlrqv1 Zh dvvhvv rxu dssurdfk xvlqj phdvxuhphqwv ri KWWS

rshudwlrqv shu vhfrqg froohfwhg iurp d surgxfwlrq zhe vhuyhu1 Wkhvh dvvhvv0

phqwv vxjjhvw wkdw rxu dssurdfk zrunv zhoo li +d, wkh dfwxdo ydoxhv ri suhglfwhg

phwulfv duh vx�flhqwo| glvwdqw iurp wkhlu wkuhvkrogv dqg2ru +e, wkh suhglfwlrq

krul}rq lv qrw wrr idu lqwr wkh ixwxuh1

Nh|zrugv

Surdfwlyh Pdqdjhphqw/ Vhuylfh Ohyho Djuhhphqw/ Iruhfdvwlqj Prghov/ Wlph0

vhulhv Prghov
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Wkh wuhphqgrxv jurzwk lq qhwzrun0edvhg vhuylfhv kdv juhdwo| lqfuhdvhg wkh
suhvvxuh rq dgplqlvwudwruv wr udslgo| ghwhfw dqg uhvroyh vhuylfh sureohpv1 W|s0
lfdoo|/ sureohp ghwhfwlrq lv grqh e| vshfli|lqj wkuhvkrog whvwv1 H{dpsohv lq0

foxgh= _Gr slqj uhvsrqvh wlphv h{fhhg 1: vhfrqgvB% dqg _Duh KWWS rshudwlrqv
juhdwhu wkdq 45 shu vhfrqg rq vhuyhu [\]B% Xqiruwxqdwho|/ rqfh ghwhfwlrq rf0
fxuv/ wkhuh lv riwhq olwwoh wlph wr wdnh fruuhfwlrq dfwlrqv1 Wklv sdshu ghvfulehv

dq dssurdfk wr suhglfwlqj wkuhvkrog ylrodwlrqv/ wkhuhe| hqdeolqj dgplqlvwudwruv
wr wdnh fruuhfwlyh dfwlrq lq dgydqfh ri zlgh0vsuhdg vhuylfh glvuxswlrqv1

Wkuhvkrog whvwv +khuhdiwhu/ mxvw wkuhvkrogv, duh vshfl�hg e| d suhglfdwh frq0
vlvwlqj ri= d phdvxuhphqw yduldeoh ru ixqfwlrq ri phdvxuhphqw yduldeohv +h1j1/
ODQ xwlol}dwlrq ryhu wkh odvw �yh plqxwhv,/ d frpsdulvrq rshudwru +h1j1/ juhdwhu

wkdq,/ dqg d wkuhvkrog ydoxh +h1j1/ 63(,1 D wkuhvkrog ylrodwlrq rffxuv li wklv
vxfk d suhglfdwh lv vdwlv�hg1 W|slfdoo|/ wklv uhvxowv lq dq dodup/ vxfk d �dvklqj
uhg oljkw rq dq rshudwru*v glvsod|1

Zh duh lqwhuhvwhg lq suhglfwlyh ghwhfwlrq1 E| wklv/ zh phdq suhglfwlqj wkdw
d wkuhvkrog ylrodwlrq zloo rffxu1 Lq rxu ylhz/ vxfk suhglfwlrqv kdyh wzr frpsr0

qhqwv= +4, wkh suredelolw| wkdw wkh wkuhvkrog zloo eh ylrodwhg dqg +5, wkh wlph

dw zklfk lw lv dqwlflsdwhg wkdw wkh wkuhvkrog zloo eh ylrodwhg1 Dq h{dpsoh ri
suhglfwlyh ghwhfwlrq lv _Wkhuh lv d 93( suredelolw| wkdw lq 8 plqxwhv wkh uh0

txhvwv iru k|shuwh{w wudqvihu surwrfro +KWWS, rshudwlrqv rq zhe vhuyhu [\]
zloo h{fhhg 45 shu vhfrqg1% E| nqrzlqj wkh suredelolw| ri d wkuhvkrog ylrod0
wlrq/ vhuylfh surylghuv fdq dvvhvv wkh vhulrxvqhvv ri wkh vlwxdwlrq1 E| nqrzlqj

wkh wlph iudph/ vhuylfh surylghuv fdq ghwhuplqh zkdw ohyho ri lqwhuyhqwlrq lv
srvvleoh1

Zh lqyhvwljdwh suhglfwlyh ghwhfwlrq lq wkh frqwh{w ri d zhe vhuyhu1 Lq sduwlf0
xodu/ zh h{whqg rxu zrun lq ^9` wkdw frqvlghuv gdwd froohfwhg ryhu hljkw prqwkv
+Mxqh/ 4<<9 wkurxjk Mdqxdu|/ 4<<:, iurp d surgxfwlrq zhe vhuyhu dw d odujh

frusrudwlrq xvlqj wkh froohfwlrq idflolw| ghvfulehg lq ^5`1 Hdfk revhuydwlrq lq wkh
gdwd vhw frqwdlqv dssur{lpdwho| wzhqw| yduldeohv wkdw duh djjuhjdwhg ryhu �yh
plqxwh lqwhuydov> 5;; �yh plqxwh lqwhuydov duh uhsruwhg iru hdfk gd|1 Zh irfxv

rq KWWS rshudwlrqv shu vhfrqg/ zklfk lv wkh phdvxuhphqw yduldeoh kwwsrs2v1
KWWS rshudwlrqv lqfoxgh jhwv/ srvwv/ dqg wkh udwh dw zklfk fjl +frpprq jdwh0
zd| lqwhuidfh, vfulswv duh lqlwldwhg1

Pdq| uhvhdufkhuv kdyh lqyhvwljdwhg wkh ghwhfwlrq ri vhuylfh ghjudgdwlrqv1
Fhqwudo wr wklv lv fkdudfwhul}lqj qrupdo/ qrqvwdwlrqdu| ehkdylru/ dv lv grqh lq

^45` +zkr xvhv dg krf prghov wr hvwlpdwh zhhno| sdwwhuqv,/ ^<` +zkr hpsor|v
pruh irupdo wlph vhulhv phwkrgv,/ dqg ^43` +zkr xvhv nqrzohgjh ri wkh ixqf0
wlrqdo uhodwlrqvkls ehwzhhq lqsxwv dqg rxwsxwv wr ghwhfw fkdqjhv lq v|vwhp

rshudwlrq,1 Zrun rq suhglfwlyh ghwhfwlrq kdv ehhq pxfk pruh olplwhg1 Vwdwlv0
wlfdo surfhvv frqwuro +VSF, hpsor|v zduqlqj olplwv rq phdvxuhphqw yduldeohv
wr surylgh dgydqfh qrwlfh ri wkuhvkrog ylrodwlrqv +h1j1/ ^46`,1 Krzhyhu/ ylrodwlqj

d zduqlqj olplw jlyhv olwwoh lqvljkw lqwr zkhq +ru li, d wkuhvkrog ylrodwlrq zloo
rffxu1 Uhvhdufk lq gdwd plqlqj kdv dgguhvvhg zd|v wr dqwlflsdwh wkh qh{w sdw0
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whuq lq d vhtxhqfh +h1j1/ ^6`,1 Exw wkhvh h�ruwv gr qrw surylgh wkh dqwlflsdwhg
wlph ri wklv rffxuuhqfh/ dqg wkh dssurdfkhv hpsor|hg duh pruh vxlwhg wr fdwh0

jrulfdo gdwd +h1j1/ hyhqw w|sh, wkdq wr wkh frqwlqxrxv yduldwhv frqvlghuhg lq rxu
zrun +h1j1/ kwwsrs2v,1 Uhihuhqfhv ^;` dqg ^47` ghvfuleh whfkqltxhv iru ghwhfwlqj

fkdqjhv lq qhwzrunv wkdw duh ohdglqj lqglfdwruv ri vhuylfh lqwhuuxswlrqv1 Wklv
zrun frpsohphqwv rxuv lq wkdw li wkhvh lqglfdwruv fdq eh h{suhvvhg dv wkuhvkrog
whvwv/ wkhq rxu zrun surylghv d zd| wr suhglfw vhuylfh lqwhuuxswlrqv1 Rxu h�ruwv

iroorz wkh olqhv ri zrunordg dqg uhvrxufh xvdjh iruhfdvwlqj lq fdsdflw| sodq0
qlqj/ zklfk hpsor|v fxuyh h{wudsrodwlrq wr suhglfw wkuhvkrog ylrodwlrqv +h1j1/
^44`,1 Lq hvvhqfh/ zh h{whqg wkhvh dssurdfkhv wr frqvlghu vwdwlrqdu|/ wlph0vhuldo

ghshqghqflhv dqg wkh suredelolw| ri wkuhvkrog ylrodwlrqv1
Wklv sdshu h{soruhv wkh ihdvlelolw| ri suhglfwlqj wkuhvkrog ylrodwlrqv e|

vwxg|lqj kwwsrs2v lq d surgxfwlrq zhe vhuyhu1 Vhfwlrq 5 ghvfulehv wkh prgho zh
xvh iru wkh qrupdo ehkdylru ri kwwsrs2v1 Vhfwlrq 6 xvhv wklv prgho wr ghyhors
rxu dssurdfk wr suhglfwlyh ghwhfwlrq1 Vhfwlrq 7 dvvhvvhv lwv h�hfwlyhqhvv1 Rxu

frqfoxvlrqv duh frqwdlqhg lq Vhfwlrq 81

2 �L_i* Lu �Lh4@* �i�@��Lh

Wklv vhfwlrq vxppdul}hv rxu prgho ri qrupdo ehkdylru ri kwwsrs2v1 Pruh

ghwdlov fdq eh irxqg lq ^9`1
Wkh prgho frqvlvwv ri wzr vxeprghov1 Wkh �uvw dgguhvvhv wlph0ydu|lqj ru

qrqvwdwlrqdu| ehkdylru ri wkh phdvxuhphqw yduldeoh/ dv lv grqh lq zrunordg
iruhfdvwlqj iru fdsdflw| sodqqlqj1 Wkh vhfrqg dgguhvvhv vwdwlrqdu|/ wlph0vhuldo
ghshqghqflhv rqfh wkh h�hfw ri wkh �uvw prgho kdyh ehhq uhpryhg1

Zh ehjlq e| prgholqj qrqvwdwlrqdu| ehkdylru1 Dq h{dpsoh ri vxfk ehkdy0
lru lv vkrzq lq sduw +d, ri Ilj1 4/ zklfk sorwv wzr zhhnv ri kwwsrs2v froohfwhg
iurp wkh zhe vhuyhu zh vwxg|1 Revhuyh wkh surqrxqfhg dqg frqvlvwhqw wuhqg

edvhg rq wlph0ri0gd|1
Rxu dssurdfk lv vlplodu wr wkdw xvhg lq zrunordg iruhfdvwlqj iru fdsdflw|

sodqqlqj1 Zh frqvlghu wkh idfwruv wlph0ri0gd|/ gd|0ri0zhhn/ dqg prqwk1 Ohw
Vlmno eh wkh udqgrp yduldeoh iru kwwsrs2v lq wkh l0wk �yh plqxwh lqwhuydo +h1j1/

l @ 5 lv wkh lqwhuydo ^45=38dp> 45=43dp,,/ wkh m0wk gd| ri wkh zhhn +h1j1/ m @ 6 lv
Zhgqhvgd|,/ wkh n0wk prqwk +h1j1/ n @ 4 lv Mxqh,/ dqg wkh o0wk lqvwdqfh lq wkh

gdwd +vlqfh vhyhudo l dqg m rffxu zlwklq wkh vdph n,1 Ohw vlmno eh wkh revhuyhg

ydoxh ri Vlmno1 Ilj1 4 sduw +d, sorwv vlmno iru d zrun zhhn +Prqgd| wkurxjk

Iulgd|, lq Mxqh ri 4<<9 dqg d zrun zhhn lq Qryhpehu ri 4<<91 Wkh {0d{lv lv

wlph lq krxuv/ dqg wkh |0d{lv lv kwwsrs2v1
Zh surfhhg e| xvlqj qrwdwlrq iurp dqdo|vlv ri yduldqfh +DQRYD/ h1j1/ ^7`,1

Zh sduwlwlrq Vlmno lqwr �yh frpsrqhqwv= wkh ryhudoo phdq +�,/ wkh ghyldwlrq

iurp wkh phdq gxh wr wkh l0wk wlph0ri0gd| ydoxh +�l,/ wkh ghyldwlrq gxh wr

wkh m0wk gd| ri wkh zhhn +�m,/ wkh frqwulexwlrq ri wkh n0wk prqwk +�n,/ dqg d

udqgrp yduldeoh wkdw txdqwl�hv vwdwlvwlfdo huuruv +\lmno,1 E| gh�qlwlrq/
S

l
�l @S

m �m @ 31 +Wkh �n duh rewdlqhg xvlqj ohdvw vtxduhv uhjuhvvlrq dqg vr gr qrw
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Iljxuh 4= Looxvwudwh Gdwd iru Prgho ri Qrqvwdwlrqdu| Ehkdylru1 {0d{lv lv wlph
lq krxuv> |0d{lv lv kwwsrs2v1 +d, lv udz gdwd> +e, uhpryhv a� dqg a�l> +f, dovr

uhpryhv a�m> +g, dovr uhpryhv a�n

qhfhvvdulo| vxp wr 31, Rxu vxeprgho iru qrqvwdwlrqdu| ehkdylru lv=

Vlmno @ � .�l . �m . �n . \lmno= +4,

Zh hydoxdwh wkh txdolw| ri wklv prgho lq wzr zd|v1 Iluvw/ zh qrwh wkdw
wkh prgho dffrxqwv iru 9714;( shufhqw ri wkh yduldelolw| lq wkh gdwd/ zklfk lv
idluo| jrrg iru prghov ri surgxfwlrq frpsxwhu v|vwhpv1 Vhfrqg/ zh h{dplqh
wkh uhvlgxdov/ zkdw uhpdlqv diwhu wkh h�hfwv ri wkh prgho kdyh ehhq uhpryhg1

Lq hvvhqfh/ wkh uhvlgxdov hvwlpdwh ri \lmno1 Ohw/ a�/ a�l/ a�m / dqg a�n eh hvwlpdwhv ri
wkh prgho sdudphwhuv dv rewdlqhg xvlqj wkh whfkqltxhv ghvfulehg lq ^9`1 Wkhq/

a\lmno @ vlmno � a�� a�l �
a�m � a�n=

Wkhvh uhvlgxdov duh sorwwhg lq Ilj1 +4,/ sduw +g,1 Revhuyh wkdw olwwoh uhpdlqv
lq wkh zd| ri v|vwhpdwlf ehkdylru1 Wkdw lv/ rxu prgho kdv grqh d jrrg mre ri
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Iljxuh 5= Dxwrfruuhodwlrqv ri Gdwd Xvhg wr Looxvwudwh Exloglqj wkh Fkdudfwhul0
}dwlrq Prgho= +d, uhvlgxdov ri Ht1 +6, prgho iru Iluvw Zhhn lq Ilj1 4> +e, DFI
ri uhvlgxdov lq +d,> +f, Uhvlgxdov diwhu DU+5, prgho +Ht1 +7,, lv dssolhg wr +d,>
+g, DFI ri uhvlgxdov lq +f,1

uhprylqj suhglfwdeoh sdwwhuqv1
Dowkrxjk Ht1 +4, grhv zhoo zlwk uhprylqj qrqvwdwlrqdu| h�hfwv/ lw wxuqv rxw

wkdw d vrphzkdw vxewoh ehkdylru uhpdlqv1 Wkhvh duh vwdwlrqdu|/ wlph0vhuldo gh0
shqghqflhv1 Vxfk ghshqghqflhv fdq eh ghwhfwhg e| sorwwlqj wkh dxwrfruuhodwlrq
ixqfwlrq +DFI, ri wkh uhvlgxdov1

Ilj1 5 sduw +d, sorwv wkh uhvlgxdov ri Ht1 +4, iru wkh zhhn ri Mxqh 43 +l1h1/
wkh �uvw kdoi ri sduw +g, ri Ilj1 4,1 Sduw +e, ri wklv �jxuh sorwv wkh DFI ri
wkhvh uhvlgxdov1 Wkh |0d{lv lv wkh fruuhodwlrq ydoxh +zklfk olhv ehwzhhq 04 dqg
4,> wkh {0d{lv lv wkh odj +qxpehu ri wlph lqwhuydov, ehwzhhq phdvxuhphqwv wkdw
duh xvhg iru wkdw fruuhodwlrq1 DFI ydoxhv wkdw olh ehwzhhq wkh gdvkhg0olqhv
duh vwdwlvwlfdoo| lghqwlfdo wr }hur +l1h1/ zrxog qrw uhmhfw wkh k|srwkhvlv ri 3
dxwrfruuhodwlrq dw d vljql�fdqfh ohyho ri 8(,1 Wkh fruuhodwlrq dw odj 3 lv dozd|v
rqh vlqfh wklv lv wkh yduldeoh fruuhodwhg zlwk lwvhoi dw wkh vdph odj1 Qrwh wkdw lq
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sduw +e, ri wkh �jxuh/ doo fruuhodwlrqv duh deryh wkh gdvkhg olqh1 Wklv vxjjhvwv
wkdw wkh gdwd frqwdlq vljql�fdqw wlph0vhuldo ghshqghqflhv1

Wr uhpryh wkhvh ghshqghqflhv/ zh hpsor| wkh iroorzlqj prgho=

\w @ !4\w�4 . !5\w�5 . Xw> +5,

zkhuh wkh Xw duh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg +l1l1g1, udqgrp ydul0

deohv zlwk phdq 3 dqg yduldqfh �5
x
1 Ht1 +5, lv d vhfrqg rughu dxwruhjuhvvlyh

prgho +DU+5,,> !4 dqg !5 duh sdudphwhuv ri wkh prgho1 Wkh prgho sdudphwhuv
duh hvwlpdwhg iurp wkh gdwd xvlqj vwdqgdug whfkqltxhv ^4`1 Ilj1 5 sduw +f, sorwv

wkh uhvlgxdov ri Ht1 +5,/ wkdw lv= xw @ |w �
a!4|w�4 � a!5|w�5/ zkhuh a!p lv dq

hvwlpdwru ri !p1 Lq rxu gdwd/ a!4 @ =7965 dqg a!5 @ =54441 Sduw +g, glvsod|v

wkh DFI ri wkh uhvlgxdov ri Ht1 +5,1 Revhuyh wkdw doprvw doo fruuhodwlrq ydoxhv
olh zlwklq wkh gdvkhg olqhv1 Wklv vxjjhvwv wkdw wkh dxwrfruuhodwlrqv kdyh ehhq

uhpryhg/ zklfk lv frqvlvwhqw zlwk wkh Xw ehlqj lqghshqghqw udqgrp yduldeohv1
Iurp wkh xw/ zh fdq frpsxwh a�5

x
/ wkh xqeldvhg hvwlpdwru ri �5

x
+h1j1/ dv lq ^7`,1

Lq rxu gdwd/ a�5
x
@ =34443<1

� �TThL@U� |L �hi_�U|��i #i|iU|�L?

Wklv vhfwlrq ghvfulehv rxu dssurdfk wr suhglfwlyh ghwhfwlrq1 Zh ehjlq zlwk dq
ryhuylhz ri wkh dssurdfk/ iroorzhg e| d ghwdlohg ghvfulswlrq ri lwv rshudwlrq1 Zh
frqfoxgh zlwk vhyhudo revhuydwlrqv derxw wkh fkdudfwhulvwlfv ri rxu dssurdfk1

Rxu dssurdfk wr suhglfwlyh ghwhfwlrq h{whqgv h{lvwlqj whfkqltxhv hpsor|hg
lq zrunordg iruhfdvwlqj iru fdsdflw| sodqqlqj1 Wkhvh whfkqltxhv prgho wkh qrq0

vwdwlrqdu| ehkdylru ri wkh phdq ri d phwulf +h1j1/ kwwsrs2v,/ dv lq Ht1 +4,1 Zh
gr wkh vdph1 Lq dgglwlrq/ zh frqvlghu vwdwlrqdu|/ wlph0vhuldo ghshqghqflhv wkdw
uhpdlq diwhu wkh h�hfwv ri qrqvwdwlrqdulwlhv duh uhpryhg1 Vxfk wlph vhuldo gh0

shqghqflhv duh prghoohg xvlqj Ht1 +5,1 Edvhg rq wkhvh wzr prghov/ zh hvwlpdwh
wkh suredelolw| ri d wkuhvkrog ylrodwlrq1

Zh xvh wkh prgho ri qrqvwdwlrqdu| ehkdylru +d prgl�fdwlrq ri Ht1 +4,, wr

wudqvirup wkh wlph0ydu|lqj phdvxuhphqwv ri wkh vw lqwr vwdwlrqdu| |w= Vlqfh zh
wudqvirup wkh phdvxuhphqwv/ zh pxvw wudqvirup wkh wkuhvkrogv lq wkh vdph

zd|1 Dq lpsolfdwlrq ri wkh odwwhu lv wkdw wudqviruphg wkuhvkrogv ydu| zlwk
wlph +vlqfh wkh wudqvirupdwlrq lv wlph0lqgh{hg,1 Zh xvh wkw wr ghqrwh wkh
wudqviruphg ydoxh ri W dw wlph w1

Ohw a|w+k, ghqrwh d suhglfwlrq wkdw lv k wlph xqlwv lq wkh ixwxuh/ zkhuh k lv
wkh suhglfwlrq krul}rq1 a|w+k, lv frpsxwhg dv H^\w.k m \w @ |w> \w�4 @ |w�4`/
zklfk lv wkh h{shfwhg ydoxh ri \ dw wlph w.k jlyhq ydoxhv ri |w dqg |w�4 +zklfk

duh frpsxwhg iurp vw dqg vw�4,1 Ehfdxvh ri udqgrp yduldwlrqv/ a|w+k, pd| eh
odujhu wkdq wkw/ exw wkh dfwxdo ydoxh ri |w.k pd| eh ohvv wkdq wkw1 Iru wklv

uhdvrq/ rxu dssurdfk fdofxodwhv aSw+k, @ S ^\w.k ylrodwhv d wkuhvkrog m \w @

|w> \w�4 @ |w�4`1 aSw+k, lqfrusrudwhv lqirupdwlrq derxw erwk wkh h{shfwhg ydoxh
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dqg yduldqfh ri \w.k1 aSw+k, lv frpsxwhg iru k @ 4>5> ===>K wlph xqlwv lqwr wkh
ixwxuh1

Lq jhqhudo/ wkhuh pd| eh vhyhudo wkuhvkrog whvwv iru d phdvxuhphqw yduldeoh
ru ixqfwlrq ri phdvxuhphqw yduldeohv1 Iroorzlqj wkh frqyhqwlrqv ri vwdwlvwlfdo
surfhvv frqwuro/ zh frqvlghu wzr wkuhvkrogv iru vw1 W lv dq xsshu wkuhvkrog/
zklfk phdqv wkdw dq dodup lv udlvhg li vw A W 1 W 3 lv d orzhu wkuhvkrog> dq dodup
lv udlvhg li vw � W 31 Zh dvvxph wkdw W 3 � W 1

Ehiruh frqwlqxlqj/ zh gh�qh pruh suhflvho| zkdw zh phdq e| wudqviruphg

ydoxhv ri vw1 D frpprq gl�fxow| zlwk phdvxuhphqwv ri txhxhlqj v|vwhpv lv wkdw
wkh yduldqfh ri phwulfv lqfuhdvhv dv wkhlu phdq lqfuhdvhv1 Vxfk phwulfv fdqqrw eh
prghoohg dv lghqwlfdoo| glvwulexwhg Jdxvvldq +qrupdo, udqgrp yduldeohv/ zklfk
lq wxuq pdnhv lw gl�fxow wr fdofxodwh wkh suredelolw| wkdw wkh phwulf ylrodwhv d
wkuhvkrog1 Zh dgguhvv wklv gl�fxow| lq d vwdqgdug zd| e| prgli|lqj Ht1 +4,
vr dv wr vwdelol}h wkh yduldqfh ri wkh uhvlgxdov1 Wkxv/ lqvwhdg ri Ht1 +4,/ zh xvh

oq+Vlmno .4, @ �.�l . �m . �n . \lmno= +6,

+Wkh 4 lv dgghg wr hqvxuh wkdw wudqviruphg ydoxhv duh qrq0qhjdwlyh1, E| wudqv0
iruplqj wkh vw/ zh phdq frpsxwlqj wkh uhvlgxdov ri wkh deryh htxdwlrq iurp wkh
phdvxuhphqwv1 Rxu dqdo|vlv ri wkhvh uhvlgxdov iru kwwsrs2v lq wkh zhe vhuyhu
gdwd vxjjhvwv wkdw lw lv uhdvrqdeoh wr dvvxph wkdw wkh Xw duh l1l1g1 Jdxvvldqv/
zkhuh wkhvh Xw duh rewdlqhg e| dsso|lqj Ht1 +5, wr wkh \lmno lq Ht1 +6,1 Ixuwkhu/
lw wxuqv rxw wkdw xvlqj Ht1 +6, lqvwhdg ri Ht1 +4, grhv qrw fkdqjh wkh ydoxhv ri
!4> !5 lq iru rxu gdwd1

Zh qrz ghvfuleh rxu dojrulwkp iru suhglfwlyh ghwhfwlrq1 Zh frqvlghu d
vlqjoh urxwlqh/ suhglfw/ wkdw hvwlpdwhv wkh suredelolw| ri wkuhvkrog ylrodwlrqv1
suhglfw dvvxphv wkdw hvwlpdwhv kdyh ehhq rewdlqhg iru �/ �l/ �m / �n/ !4/ dqg !51
Lw lv dovr dvvxphg wkdw wkhuh lv d vhsdudwh surfhvv wkdw xvhv Ht1 +6, wr wudqvirup
vw lqwr |w xvlqj hvwlpdwhv ri wkhvh sdudphwhuv1

Wkh suhglfw urxwlqh lv lqyrnhg rq ghpdqg/ vxfk dv wr xsgdwh dq rshudwru
glvsod|1 suhglfw wdnhv dv lqsxw wkh fxuuhqw wlph lqgh{ +w,/ wkh orzhu wkuhvkrog
+W 3,/ wkh xsshu wkuhvkrog +W ,/ dqg wkh pd{lpxp wlph krul}rq +K,1 suhglfw

uhwxuqv aSw+4,> ===> aSw+K,~wkh suredelolwlhv ri ylrodwlqj hlwkhu W 3 ru W dw hdfk
wlph krul}rq k1

Ilj1 6 ghwdlov wkh irxu vwhsv lq suhglfw1 Vwhs rqh hvwlpdwhv wkh ydoxh ri ixwxuh
phdvxuhphqwv e| frpsxwlqj a|w+k,/ zkhuh a|w+k, @ H^\w.k m \w @ |w> \w�4 @
|w�4` +h1j1/ vhh ^4`,1 Vwhs wzr hvwlpdwhv wkh yduldqfh ri wkh ixwxuh phdvxuhphqw
jlyhq |w/ |w�4> wkdw lv/

�5w +k, @ Y du+\w.k m \w @ |w> \w�4 @ |w�4,=

Vwhs wkuhh hvwlpdwhv wkh suredelolwlhv ri ylrodwlqj wkh wkuhvkrogv edvhg rq wkhvh
hvwlpdwhv1 Vwhsv rqh/ wzr/ dqg wkuhh duh uhshdwhg iru k @ 4 wkurxjk K1 Vwhs
irxu uhwxuqv wkh suredelolwlhv ri wkuhvkrog ylrodwlrqv1

Vwhsv wzr dqg wkuhh uhtxluh vrph dgglwlrqdo h{sodqdwlrq1 Iru vwhs wzr/ zh
h{sodlq wkh frpsxwdwlrq ri �5w +k,1 Zh ehjlq e| h{suhvvlqj \w dv d ixqfwlrq ri
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SUHGLFWEwc W 3cW c K� hi|�h?tE aSw+4,> ===> aSw+K,,

41 Hvwlpdwh wkh iruhfdvw phdqv iru 4> 5> ===K

a|w+4, @ a!4Klvwru|^4` . a!5Klvwru|^5`

a|w+5, @ a!4a|w+4, . a!5Klvwru|^4`

� � �

a|w+K, @ a!4a|w+K � 4, . a!5a|w+K � 5,

51 Hvwlpdwh wkh iruhfdvw yduldqfhv iru k @ 4>5> ===K

a�5w +k, @ a�5x^

k�4[
q@3

+Dq.4
4 �Dq.4

5 ,5

+D4 �D5,5
`

61 Hvwlpdwh Sw+k,/ wkh suredelolw| wkdw wkh iruhfdvw ydoxh � W 3 ru A W iru

k @ 4>5> ===K1

aSw+k, @ �

�
a|w+k,� wkw.k

a�w+k,

�
.�

�
wk3w.k � a|w+k,

a�w+k,

�

� +l3> m3> n3, duh wkh lqglflhv iru w. k

� wk3w.k @ oq+4 . W 3,� a�� a�l3 � a�m3 � a�n3

� wkw.k @ oq+4 . W , � a�� a�l3 � a�m3 � a�n3

� �+{, lv wkh FGI ri wkh vwdqgdug qrupdo

71 Uhwxuq+ aSw+4,> ===> aSw+K,,

Iljxuh 6= Dojrulwkp iru Suhglfwlyh Ghwhfwlrq

Xw1 Xvlqj wkh edfnvkliw rshudwru E +l1h1 Ep[w @ [w�p, dv lq ^4`/ zh uhzulwh

Ht1 +5, dv

+4� !4E � !5E
5,\w @ Xw= +7,

Wkdw lv/

\w @ X
w

+4�D4E,+4�D5E,
>

zkhuh D4/ D5 duh wkh uhflsurfdo ri wkh }hurhv lq 4 � !4E � !5E
5 @ 31 Iru

h{dpsoh/ li !4 @ =7965 dqg !5 @ =5444/ wkhq D4 @ �3=5;5< dqg D5 @ 3=:7941

Xvlqj sduwldo iudfwlrq h{sdqvlrq/ zh kdyh=

\w @ D4Xw
+D4�D5,+4�D4E,

�
D5Xw

+D4�D5,+4�D5E,

@
S
4

q@3

+D
q.4

4
�D

q.4

5
,E

q

Xw

D4�D5

+8,
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Qrwh wkdw iru \w wr kdyh d �qlwh yduldqfh +l1h1/ eh vwdeoh,/ lw lv uhtxluhg wkdw
m Dp m? 4 ^4`1 Dovr qrwh wkdw a|w+k, $ 3 dv k ehfrphv odujh1 Wklv iroorzv iurp
wkh frpsxwdwlrq ri a|w+k, lq Vwhs 4 ri Ilj1 6 dqg wkh idfw wkdw m !p m? 4 iru
kwwsrs2v1

Wr frpsxwh �5w +k,/ zh h{suhvv \w lq whupv ri Xw.4> ===>Xw.k1 +Zh qhhg qrw
frqvlghu Xy/ y � w vlqfh wkh iruhfdvw lv frqglwlrqhg rq |w> |w�41, Qrwh wkdw k�4
lv wkh srzhu ri E wkdw vhohfwv Xw.4 iru \w.k1 Ixuwkhu/ uhfdoo wkdw wkh Xw duh
lqghshqghqw dqg lghqwlfdoo| glvwulexwhg1 Khqfh/

�5w +k, @ �5x^

k�4[
q@3

+Dq.4
4 �D

q.4
5 ,5

+D4 �D5,5
`= +9,

Zh rewdlq a�5w +k, e| vxevwlwxwlqj a�5x iru �5x1
Zh pdnh d ihz revhuydwlrqv derxw �5w +k,1 Iluvw/ revhuyh wkdw iru k @ 4/

�5w +4, @ �5x1 Wklv pdnhv vhqvh vlqfh \w.4 @ !4|w . !5|w�4 . Xw.4/ dqg rqo|
Xw.4 lv d udqgrp yduldeoh +vlqfh wkh revhuydwlrqv wkurxjk w duh dvvxphg wr eh
nqrzq,1 Vhfrqg/ qrwh wkdw �5w +k, lv qrq0ghfuhdvlqj lq k1 Wklv lv dovr lqwxlwlyh
vlqfh zh duh ohvv fhuwdlq derxw d iruhfdvw wkh ixuwkhu lw lv lq wkh ixwxuh1 Dovr/
qrwh wkdw lw lv lqwxlwlyh wkdw �5w +k, frqyhujhv wr wkh yduldqfh ri \w dv k$41

Qh{w/ zh h{sodlq wkh frpsxwdwlrq ri aSw+k,/ wkh suredelolw| ri ylrodwlqj d
wkuhvkrog dw wlph w . k jlyhq nqrzohgjh ri wkh phdvxuhphqwv wkurxjk wlph w1
D wkuhvkrog ylrodwlrq rffxuv li hlwkhu Vw � W 3 ru Vw A W 1 Wkdw lv/

aSw+k, @ S +\w.k � wk3w.k ru \w.k A wkw.k m |w> |w�4,> +:,

zkhuh wk3w.k lv W 3 wudqviruphg lqwr | xqlwv1 Vlqfh frqglwlrqlqj rq |w> |w�4 lv
dvvxphg wkurxjkrxw/ zh gr qrw h{solflwo| h{suhvv wklv lq wkh vhtxho1

Zh surfhhg lq wkh vwdqgdug pdqqhu e| dvvxplqj wkdw wkh hvwlpdwhg prgho
sdudphwhuv duh lq idfw frqvwdqwv +h1j1/ ^4`,1 Revhuyh wkdw iurp Ht1 +8,/ \w.k lv
Jdxvvldq vlqfh lw lv d olqhdu frpelqdwlrq ri Jdxvvldqv1 Ixuwkhu/ wkh h{shfwhg
ydoxh ri \w.k lv a|w+k,/ dqg lwv yduldqfh lv a�5w +k, +vhh Ht1 +9,,1 Wkxv/ ]w.k @
\w.k�a|w+k,

a�w+k,
lv d vwdqgdug qrupdo1 Vr/

aSw+k, @ S +\w.k � wk3w.k ru \w.k A wkw.k,

@ 4� S +
wk3

w.k
�a|w+k,

a�w+k,
? ]w.k �

wkw.k�a|w+k,

a�w+k,
,

@ 4�
k
�
�
wkw.k�a|w+k,

a�w+k,

�
� �

�
wk3

w.k�a|w+k,

a�w+k,

�l

@ �
�
a|w+k,�wkw.k

a�w+k,

�
.�

�
wk3

w.k
�a|w+k,

a�w+k,

�
>

+;,

zkhuh �+{, lv wkh fxpxodwlyh glvwulexwlrq ixqfwlrq ri wkh vwdqgdug qrupdo dw
{1

Zh pdnh d ihz revhuydwlrqv derxw wklv uhvxow1 Iluvw/ qrwh wkdw hdfk yduldeoh
lq wkh dujxphqwv ri � lv ghwhuplqhg hqwluho| e| rqo| rqh ri wkh vxeprghov ri
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Vw1 wkw.k lv ghwhuplqhg e| wkh prgho ri qrqvwdwlrqdu| ehkdylru +Ht1 +6,,> a|w+k,
dqg a�w+k, duh fdofxodwhg xvlqj wkh prgho ri vwdwlrqdu|/ wlph0vhuldo ghshqghqflhv

+Ht1 +5,,1 Ixuwkhu/ uhfdoo wkdw dv k jurzv odujh/ a|w+k,$ 3 dqg a�w+k, frqyhujhv1

Wkxv/ iru odujh k/ wkh prgho ri qrqvwdwlrqdu| ehkdylru ghwhuplqhv krz aSw+k,

fkdqjhv zlwk k1
Qrz frqvlghu wkh lq�xhqfh ri wkh wkuhvkrogv1 Li W ehfrphv yhu| odujh/ wkhq

aSw+k, @ �+�4, . �
�
wk

3

w.k�a|w+k,

a�w+k,

�
@ �

�
wk

3

w.k�a|w+k,

a�w+k,

�
=

Vlploduo|/ li W 3 ehfrphv yhu| vpdoo/ wkhq aSw+k, @ �
�
a|w+k,�wkw.k

a�w+k,

�
= Ixuwkhu/ li

W � W 3/ wkhq aSw+k, � 4�
k
�
�
wkw.k�a|w+k,

a�w+k,

�
��

�
wk

w.k
�a|w+k,

a�w+k,

�l
@ 41 Wkdw lv/ li

wkh orzhu dqg xsshu wkuhvkrogv duh htxdo/ zh dozd|v ylrodwh d wkuhvkrog1
Ilqdoo|/ qrwh wkdw wkh suredelolw| ri d wkuhvkrog ylrodwlrq dw wlph w . k

ghshqgv rq wzr idfwruv1 Wkh �uvw lv wkh pdjqlwxgh e| zklfk wkh suhglfwhg

ydoxh ylrodwhv wkh wkuhvkrog1 Wkdw lv/ Pd{ia|w+k, � wkw.k> wk
3

w.k � a|w+k,j1 Dv

wklv ydoxh lqfuhdvhv/ vr grhv aSw+k,1 Wkh vhfrqg idfwru lv a�w+k,/ wkh vwdqgdug

ghyldwlrq ri wkh iruhfdvw1 D odujhu a�w+k, uhvxowv lq d vpdoohu aSw+k,1

e �ttitt4i?| Lu �TThL@U�

Wr jdlq lqvljkw lqwr krz zhoo rxu dssurdfk zrunv lq sudfwlfh/ zh vwxg| aSw+k,
xvlqj wkh zhe gdwd iru d wkuhvkrog wkdw lv �{hg lq v xqlwv1 Rxu remhfwlyh lv

wr xqghuvwdqg krz aSw+k, ydulhv zlwk vw.k/ wkh ydoxh ri wkh revhuydwlrq iru

zklfk suhglfwlyh ghwhfwlrq lv grqh1 Wkurxjkrxw/ zh vlpsoli| pdwwhuv e| rqo|
frqvlghulqj dq xsshu wkuhvkrog/ W > wkdw lv/ W 3 @ �41

Zh frpsduh aSw+k, zlwk wkh lghdo suredelolw| ri d wkuhvkrog ylrodwlrq1 Wkh

odwwhu lv ghqrwhg e| S �

w +k,/ zkhuh

S
�

w +k, @

�
4 li vw.k A W

3 rwkhuzlvh

Fohduo|/ S�

w +k, fdq qhyhu eh dfklhyhg lq sudfwlfh vlqfh lw uhtxluhv sulru nqrzohgjh
ri ixwxuh phdvxuhphqwv$ Wkxv/ zh gr qrw h{shfw wr eh dq|zkhuh forvh wr wklv

lghdo1 Udwkhu/ zh xvh S�

w +k, dv d uhihuhqfh iurp zklfk ydoxhv ri aSw+k, duh

dvvhvvhg1
Lq wklv vwxg|/ W @ :1 Zh frqvwuxfw frq�ghqfh olplwv iru aSw+k, +	 wzr

vwdqgdug ghyldwlrqv durxqg wkh vdpsoh phdq, e| sduwlwlrqlqj wkh vw.k lqwr

lqwhuydov1 Ilj1 7 sorwv wkh uhvxowv1 Wkhuh duh whq sorwv/ rqh iru hdfk ydoxh ri

k1 Lq hdfk/ vw.k lv wkh {0d{lv dqg aSw+k, lv wkh |0d{lv1 Wkh vrolg olqhv duh phdq
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Iljxuh 7= Dvvhvvphqw ri wkh uhodwlyh dffxudf| ri aSw+k,1 Wkh {0d{lv lv vw.k>

wkh |0d{lv lv suredelolw|1 Gdvkhg olqhv vshfli| S�

w
+k,/ wkh lghdo hvwlpdwh ri wkh

suredelolw| ri h{fhhglqj wkh wkuhvkrog1 Vrolg olqhv duh dyhudjh aSw+k,> grwwhg

olqhv duh 	 wzr vwdqgdug ghyldwlrqv durxqg wkh dyhudjh1

ydoxhv ri aSw+k,> wkh grwwhg olqhv duh wkh frq�ghqfh olplwv1 Wkh gdvkhg olqhv
+zklfk duh wkh vdph lq doo whq sorwv, ghslfw S�

w
+k,1

Zh xvh Ilj1 7 wr frpsduh rxu dssurdfk zlwk wkh lghdo dojrulwkp iru suhglf0

wlyh ghwhfwlrq1 Qrwh wkdw aSw+k, forvho| dssur{lpdwhv S �+k, iru ydoxhv ri vw.k
wkdw duh glvwdqw iurp W / vxfk dv vw.k ? 9 ru vw.k A ;1 Sxw gl�huhqwo|/ lq wkhvh

udqjhv/ m S �+k, � aSw+k, m lv vpdoo1 Wklv phdqv wkdw li aSw+k, lv odujh/ vhuylfh

surylghuv fdq eh fhuwdlq wkdw d wkuhvkrog ylrodwlrq zloo rffxu lq k wlph xqlwv1

Frqyhuvho|/ li aSw+k, lv vpdoo/ vhuylfh surylghuv duh dvvxuhg wkdw d wkuhvkrog
ylrodwlrq zloo qrw rffxu lq k wlph xqlwv1

Qrz frqvlghu wkh h�hfw ri k rq rxu delolw| wr dssur{lpdwh S�+k,1 Dv k
lqfuhdvhv/ vw.k pxvw eh pruh glvwdqw iurp W lq rughu wr dfklhyh wkh vdph ydoxh

ri m S �+k,� aSw+k, m1 Wklv lv d frqvhtxhqfh ri wzr idfwruv1 Iluvw/ wkh yduldqfh ri
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a\w+k, lqfuhdvhv zlwk k/ zklfk fdxvhv aSw+k, wr frqyhujh wr 181 Vhfrqg/ iru odujh

k/ a|w+k,$ 31 Erwk h�hfwv lqfuhdvh m S �+k,� aSw+k, m1
Wkhuh lv dqrwkhu lpsolfdwlrq ri wkhvh h�hfwv1 Dv k lqfuhdvhv/ wkhuh lv d

glplqlvkhg frqwulexwlrq ri wkh prgho ri wlph vhuldo ehkdylru wr wkh fdofxodwlrq

ri aSw+k,1 Wr vhh wklv/ revhuyh krz wkh aSw+k, fxuyh lq Ilj1 7 �dwwhqv dv k fkdqjhv
iurp 4 wr 81 Exw iurp 9 wkurxjk 43/ wkh fxuyh dqg lwv frq�ghqfh lqwhuydov duh

uhodwlyho| xqfkdqjhg1 Wklv phdqv wkdw zh duh uho|lqj doprvw hqwluho| rq wkh
prgho ri qrqvwdwlrqdu| ehkdyrlu1

Zkdw kdsshqv li zh zdqw wr ghwhfw vpdoo ghyldwlrqv iurp wkh wkuhvkrogB

Iurp Ilj1 7/ zh vhh wkdw wkh aSw+k, frq�ghqfh olplwv duh zlghvw zkhq vw.k @
: @ W 1 Wkxv/ ghwhfwlqj vpdoo ghyldwlrqv iurp wkh wkuhvkrog uhtxluhv d yhu| orz
prgho yduldqfh1

Lq dgglwlrq wr wkh dvvhvvphqwv khuhlq suhvhqwhg/ zh kdyh= +d, frpsduhg
aSw+k, zlwk wkh phdvxuhg iudfwlrq ri wkh revhuydwlrqv wkdw ylrodwh wkuhvkrogv

dqg +e, xvhg vlpxodwlrq wr vwxg| wkh dffxudf| ri rxu dssurdfk1 Wkhvh uhvxowv
vxjjhvw wkdw rxu dssurdfk zrunv txlwh zhoo1 Ghwdlov fdq eh irxqg lq ^:`1

D �L?U*�t�L?t

Wklv sdshu h{soruhv wkh ihdvlelolw| ri suhglfwlqj wkuhvkrog ylrodwlrqv1 Vxfk d
fdsdelolw| zrxog eh ri lpphqvh ehqh�w wr vhuylfh pdqdjhuv lq wkdw fruuhfwlyh
dfwlrqv frxog eh wdnhq ehiruh wkhuh duh zlgh vsuhdg vhuylfh glvuxswlrqv1

Zh eholhyh wkdw suhglfwlyh ghwhfwlrq pxvw lqfoxgh erwk wkh suredelolw| wkdw
wkh wkuhvkrog zloo eh ylrodwhg dqg dq rffxuuhqfh wlph1 Wkh suredelolw| frqyh|v

wkh olnholkrrg wkdw fruuhfwlyh dfwlrq lv qhhghg> wkh rffxuuhqfh wlph frqvwudlqv
wkh dfwlrqv wkdw fdq eh wdnhq1 Zkloh rwkhuv kdyh sursrvhg dssurdfkhv wr surdf0
wlyh ghwhfwlrq lq qhwzrunhg v|vwhpv +h1j1/ ^;`/ ^47`,/ rxu dssurdfk lv wkh �uvw wkdw

dgguhvvhv suhglfwlyh ghwhfwlrq~surylglqj wkh suredelolw| wkdw d wkuhvkrog zloo
eh ylrodwhg dw vshfl�f wlphv lq wkh ixwxuh1

Rxu dssurdfk fdq eh ylhzhg dv dq h{whqvlrq ri whfkqltxhv iru zrunordg

iruhfdvwlqj lq fdsdflw| sodqqlqj1 Wkhvh whfkqltxhv prgho qrqvwdwlrqdu| ehkdy0
lru ri phwulfv1 Zh gr wkh vdph1 Lq dgglwlrq/ zh prgho vwdwlrqdu|/ wlph0vhuldo

ghshqghqflhv1 Zh xvh erwk prghov wr frpsxwh aSw+k,/ wkh suredelolw| ri yl0

rodwlqj d wkuhvkrog iru d wlph krul}rq ri k jlyhq wkdw wkh fxuuhqw wlph lv w1
Wklv lv grqh lq d pdqqhu wkdw frqvlghuv erwk orzhu dqg xsshu wkuhvkrogv iru

phdvxuhphqw ydoxhv1
Zh surylgh lqvljkw lqwr rxu dssurdfk wr suhglfwlyh ghwhfwlrq e| dsso|lqj

lw wr phdvxuhphqwv ri d surgxfwlrq zhe vhuyhu1 Wkhvh uhvxowv vxjjhvw wkdw rxu

dssurdfk zrunv zhoo li +d, wkh dfwxdo ydoxhv ri suhglfwhg phwulfv duh vx�flhqwo|
glvwdqw iurp wkhlu wkuhvkrogv dqg2ru +e, wkh suhglfwlrq krul}rq lv qrw wrr idu
lqwr wkh ixwxuh1

Zh vkrz wkdw iru vpdoohu ydoxhv ri k/ prgholqj wlph0vhuldo ehkdylru sur0

ylghv frqvlghudeoh suhglfwlyh ehqh�w1 Krzhyhu/ dv k lqfuhdvhv/ aSw+k, frqyhujhv
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wr zkdw zrxog eh rewdlqhg e| rqo| frqvlghulqj wkh prgho ri qrqvwdwlrqdu|
ehkdylru1

Dqrwkhu lqvljkw lv wkdw rxu dssurdfk wr suhglfwlyh ghwhfwlrq zrunv ehvw
zkhq vw.k +wkh revhuyhg ydoxh dw wlph w.k, lv glvwdqw iurp wkh wkuhvkrog ydoxh/

hlwkhu vpdoohu ru odujhu1 Wklv lv d frqvhtxhqfh ri wkh idfw wkdw wkh yduldqfh ri
aSw+k, lv odujhvw zkhq vw.k lv qhdu wkh wkuhvkrog1 Dovr/ iru suhglfwlrqv pdgh
ixuwkhu lqwr wkh ixwxuh +l1h1/ odujhu ydoxhv ri k,/ vw.k pxvw eh hyhq pruh glvwdqw

iurp wkh wkuhvkrog vlqfh yduldqfh lv qrqghfuhdvlqj lq k1
Zkloh rxu uhvxowv duh hqfrxudjlqj/ pxfk zrun uhpdlqv1 Fohduo|/ d eurdghu

udqjh ri phdvxuhphqw yduldeohv vkrxog eh vwxglhg1 Dovr/ wr eh sudfwlfdo/ sd0

udphwhu hvwlpdwlrq vkrxog eh rq0olqh udwkhu wkdq r�0olqh +yld d �{hg vhw ri
wudlqlqj gdwd,1 Ixuwkhu/ d ydulhw| ri whfkqlfdo lvvxhv qhhg wr eh dgguhvvhg pruh
fduhixoo|/ vxfk dv wkh pdqqhu lq zklfk suredelolwlhv duh hvwlpdwhg iru wkuhvkrogv

wkdw duh dw wkh wdlov ri wkh glvwulexwlrq +zklfk lv yhu| vhqvlwlyh wr ghyldwlrqv
iurp d Jdxvvldq glvwulexwlrq,1 Ilqdoo|/ vrph wkrxjkw pxvw eh jlyhq dv wr krz

suhglfwlyh ghwhfwlrq vkrxog eh hpsor|hg lq sudfwlfh1 Lqiruplqj fxvwrphuv ri sr0
whqwldo vhuylfh glvuxswlrqv pd| ru pd| qrw eh d jrrg lghd/ ghshqglqj rq wkhlu
h{shfwdwlrqv1 Rqh srvvlelolw| khuh lv wr ghvfuleh suhglfwlyh ghwhfwlrq dv d nlqg

ri zhdwkhu uhsruw iru ixwxuh vhuylfh gholyhu|1

�U!?L�*i_}i4i?|t

Wklv zrun zdv vxssruwhg lq sduw e| QVI Fduhhu Dzdug Judqw GPL0<90585<4

dqg d judqw iurp wkh LEP Frusrudwlrq1

+iuihi?Uit

^4` Jhrujh H1 S1 Er{ dqg Jzlo|p P1 Mhqnlqv= Wlph Vhulhv Dqdo|vlv

Iruhfdvwlqj dqg Frqwuro/ Suhqwlfh Kdoo/ 4<:91

^5` Dguldq Frfnfuriw= _Zdwfklqj |rxu Zhe vhuyhu/% VxqZruog RqOlqh/
kwws=22zzz1vxqzruog1frp2vzro03604<<92vzro0360shui1kwpo/ 4<<;1

^6` Wkrpdv J1 Glhwwhulfk dqg U|v}dug V1 Plfkdovnl= _Glvfryhulqj Sdw0

whuqv lq Vhtxhqfhv ri Hyhqwv/% Duwl�fldo Lqwhooljhqfh/ 58/ 4;:0564/ 4<;81

^7` Zloiulg M1 Gl{rq dqg Iudqn M1 Pdvvh|= Lqwurgxfwlrq wr Vwdwlvwlfdo

Dqdo|vlv/ PfJudz0Kloo Errn Frpsdq|/ 4<9<1

^8` Q1U1 Gudshu dqg K1 Vplwk= Dssolhg Uhjuhvvlrq Dqdo|vlv/ Mrkq Zloh|
dqg Vrqv/ 4<9;1

^9` Mrvhsk O1 Khoohuvwhlq/ Idq ]kdqj/ dqg Shuzh} Vkdkdexgglq=
_Fkdudfwhul}lqj Qrupdo Rshudwlrq ri d Zhe Vhuyhu= Dssolfdwlrq wr Zrun0

ordg Iruhfdvwlqj dqg Sureohp Ghwhfwlrq/% Surfhhglqjv ri wkh 4<<; Frqihu0

hqfh ri wkh Frpsxwhu Phdvxuhphqw Jurxs/ Dqdkhlp/ Fdoliruqld/ Ghfhpehu

:044/ 4<<;1
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^:` Mrvhsk O1 Khoohuvwhlq/ Idq ]kdqj/ dqg Shuzh} Vkdkdexgglq= _Dq
Dssurdfk wr Suhglfwlyh Ghwhfwlrq iru Vhuylfh Pdqdjhphqw/% LEP Uhvhdufk
Uhsruw/ UF 54587/ Dxjxvw 7/ 4<<;1

^;` F1V1 Krrg dqg F1 Ml= _Surdfwlyh Qhwzrun Idxow Ghwhfwlrq1/% Surfhhglqjv
ri LQIRFRP/ Nreh/ Mdsdq/ 4<<:1

^<` S1 Krrjhqerrp dqg M1 Ohsuhdx= _Frpsxwhu V|vwhp Shuirupdqfh
Sureohp Ghwhfwlrq Xvlqj Wlph Vhulhv Prghov/% Surfhhglqjv ri wkh Vxpphu
XVHQL[ Frqihuhqfh/ 48065/ 4<<61

^43` U1 Lvhupdqq dqg E1 Iuh|hupxwk= _Surfhvv Idxow Gldjqrvlv Edvhg
rq Surfhvv Prgho Nqrzohgjh/% Surfhhglqjv ri 4<;< DVPH Lqwhuqdwlrqdo
Frpsxwhuv Lq Hqjlqhhulqj Frqihuhqfh dqg H{srvlwlrq/ Mxo|/ 9640975/ 4<;<1

^44` J1 Md| Olsrylfk= _Il{lqj Fdsdflw| Sodqqlqj*v Dfkloohv Khho= Dq Ds0
surdfk wr Pdqdjlqj Iruhfdvw Dffxudf|/% Surfhhglqjv ri wkh 4<<: Frqihu0

hqfh ri wkh Frpsxwhu Phdvxuhphqw Jurxs/ Ruodqgr Iorulgd/ Ghfhpehu ;045/
4<<:1

^45` Ur| D1 Pd{lrq= _Dqrpdo| Ghwhfwlrq iru Gldjqrvlv/% Surfhhglqjv ri
wkh 53wk Dqqxdo Lqwhuqdwlrqdo V|psrvlxp rq Idxow Wrohudqw Frpsxwlqj
+IWFV, 53/ Mxqh 4<<3/ ss1 5305:1

^46` Zlooldp L1 Vlnrud= _Uhvsrqvh Wlph Phdvxuhphqw dqg VSF/% Frpsxwhu
Phdvxuhphqw Jurxs Wudqvdfwlrqv/ ss168075/ Vxpphu/ 4<<51

^47` Pdulqd Wkrwwdq dqg Fkxdq|l Ml= _Dgdswlyh Wkuhvkroglqj iru Surdf0
wlyh Qhwzrun Sureohp Ghwhfwlrq/% Wklug LHHH Lqwhuqdwlrqdo Zrunvkrs rq

V|vwhpv Pdqdjhphqw/ Qhzsruw/ Ukrgh Lvodqg/ Dsulo 55057/ 4<<;/ ss1 43;0
4491

(c) 1999 IFIP


