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Abstract 
This paper investigates whether the inherent non-stationarity of macroeconomic time 
series is entirely due to a random walk or also to non-linear components. Applying the 
numerical tools of the analysis of dynamical systems to long time series for the United 
States, we reject the hypothesis that these series are generated solely by a linear 
stochastic process. Contrary to Real Business Cycle theory, that attributes the 
irregular behavior of the system to exogenous random factors, we maintain that the 
fluctuations in the time series cannot be explained only by means of external shocks 
plugged into linear autoregressive models. A dynamic and non-linear explanation may 
be useful for the double aim of describing and forecasting more accurately the 
evolution of the system. Linear macroeconomic models that find empirical 
verification on linear econometric analysis are therefore seriously called in question. 
On the contrary non-linear dynamical models may enable us to educe more complete 
information about economic phenomena from the same data sets used in the empirical 
analysis from Real Business Cycle Theory. We conclude that Real Business Cycle 
theory, and the unit root autoregressive models in general, are an inadequate device 
for a satisfactory understanding of economic time series. A theoretical approach 
grounded on non-linear metric methods, may however allow to identify non-linear 
structures that endogenously generate fluctuations in macroeconomic time series. 
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4 Lqwurgxfwlrq

Wkh dlp ri wklv sdshu lv wr lghqwli| wkh qdwxuh ri wkh g|qdplfv ri pdfurhfrqrplf
wlph vhulhv1 Zkhq wlph vhulhv duh fkdudfwhul}hg e| }hur dxwrfruuhodwlrq iru doo
srvvleoh ohdgv dqg odjv/ wkh lvvxh ri glvwlqjxlvklqj ehwzhhq ghwhuplqlvwlf dqg
vwrfkdvwlf frpsrqhqwv ehfrphv dq lpsrvvleoh wdvn zkhq olqhdu phwulf phwkrgv
duh xvhg +Krpphv 4<<;,1

Wklv lpsdvvh dulvhv iurp wkh idfw wkdw olqhdu phwkrgv duh rqo| dssursuldwh wr
ghwhfw uhjxodulwlhv lq wlph vhulhv olnh dxwrfruuhodwlrqv dqg grplqdqw iuhtxhqflhv
+Jud|eloo 4<94/ Frqryhu 4<:4/ Rsshqkhlp dqg Vfkdihu 4<;<,/ zkloh  xfwxdwlrqv
lq uhdo hfrqrplf wlph vhulhv duh jhqhudoo| fkdudfwhul}hg e| }hur dxwrfruuhod0
wlrq dqg }hur grplqdqw iuhtxhqf|1 Hfrqrplf  xfwxdwlrqv orrn uhdoo| vlplodu
wr edfnjurxqg qrlvh/ zklfk grhv qrw srvvhvv grplqdqw iuhtxhqflhv +h{fhsw }hur
iuhtxhqf|, dqg hdfk qrlv| lpsxovh lv vhuldoo| xqfruuhodwhg1 Wkh vshfwudo dqdo0
|vlv ri hfrqrplf  xfwxdwlrqv/ vhhplqjo| dv frpsoh{ dv qrlvh/ kdv ohdg pdq|
hfrqrplvwv wr frqvlghu wkhvh  xfwxdwlrqv olnh udqgrp yduldeohv zlwk lghqwlfdoo|
lqghshqghqwo| glvwulexwhg +l1l1g1, hyhqwv1

Dv d pdwwhu ri idfw wkh l1l1g1 k|srwkhvlv lv dq reylrxv qhfhvvlw| iru doo olqhdu
prghov +qrw rqo| wkh hfrqrplf rqhv, wr ghvfuleh/ dw ohdvw dssur{lpdwho|/ wkh
luuhjxodulwlhv lq wkh revhuyhg gdwd1 Lq wkh sdvw wzr nlqg ri olqhdu hfrqrplf
prghov edvhg rq wkh l1l1g1 k|srwkhvlv lq wkh uhvlgxdov kdyh ehhq suhvhqwhg1 Lq
wkh �uvw prgho/ nqrzq dv wkh ghwhuplqlvwlf wuhqg prgho/ yduldeohv hyroyh dv d
ixqfwlrq ri wlph dorqj d olqhdu wuhqg zkloh vkrfnv whpsrudulo| vkliw wkh ydoxh
ri wkh yduldeoh iurp wkh ydoxh ri wkh olqhdu wuhqg1 Lq wkh vhfrqg prgho +wkh
vwrfkdvwlf wuhqg prgho, yduldeohv hyroyh dv d ixqfwlrq ri wkhlu iruhjrlqj ydoxhv
dqg d vkrfn vkliwv wkh ydoxh ri wkh yduldeoh iurp wkh odjjhg ydoxh +Udssrsruw
dqg Uhlfkolq 4<;<,1 Lq wklv vhfrqg fdvh dq| vkrfn grhv hylghqwo| d�hfw wkh ydoxh
ri wkh yduldeoh dw doo ohdgv dqg/ wkhuhiruh/ lw kdv d shuvlvwhqw h�hfw1 Pruhryhu
wkh wlph vhulhv lv hqwluho| ghwhuplqhg e| wkh rffxuuhqfh ri doo sdvw vkrfnv +Ixoohu
4<<;/ Pdggdod dqg Nlp 4<<;,1

Iroorzlqj wkh vhplqdo duwlfoh wkh Qhovrq dqg Sorvvhu +4<;5,/ wkh hpslulfdo
hylghqfh lq wkh odvw wzhqw| |hduv kdv frqwudglfwhg wkh olqhdu ghwhuplqlvwlf dqg
wkh vwdwlrqdu| prghov1 Wkh vwrfkdvwlf wuhqg prgho sxw iruzdug e| Qhovrq dqg
Sorvvhu vhhphg/ lqvwhdg/ qrw wr eh frqwudglfwhg e| hpslulfdo uhvxowv1

Lq wklv sdshu wkh Qhovrq dqg Sorvvhu prgho zloo eh fdoohg lq txhvwlrq ehfdxvh
lw lv edvhg rq wkh k|srwkhvlv wkdw  xfwxdwlrqv duh l1l1g1 zkloh wkh| duh qrw1
Wklv k|srwkhvlv/ lq rxu rslqlrq/ revfxuhv h{lvwhqw qrq0olqhdulwlhv wkdw pd| eh
hqgrjhql}hg lq qrq0olqhdu prghov1

Wklv duwlfoh lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 wkh pdlq vw|ol}hg idfwv ri0
ihuhg e| wkh uhfhqw olqhdu hfrqrphwulf dqdo|vlv duh suhvhqwhg1 Lq vhfwlrq 6 zh
sxw iruzdug wkh k|srwkhvlv wkdw qrq0olqhdulwlhv ri wkh v|vwhp pd| eh d ghwhu0
plqlvwlf fdxvh ri wkh luuhjxodulwlhv lq hfrqrplf wlph vhulhv dqg zh lqwurgxfh d
surfhgxuh/ edvhg rq uhfhqw vljqdo surfhvvlqj whfkqltxhv/ wkdw doorzv wr lghq0
wli| wkh h{lvwhqfh ri qrq0olqhdulwlhv lq wkh v|vwhp dqg/ krshixoo|/ wr glvhqwdqjoh
qrq0olqhdulwlhv +vljqdov, iurp vwrfkdvwlf frpsrqhqwv +qrlvh,1 Lq vhfwlrq 7 zh
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suhvhqw uhvxowv rewdlqhg xvlqj duwl�fldo qrq0olqhdu dqg dxwruhjuhvvlyh prghov1
Lq sduwlfxodu zh xvh wkh duvhqdo ri wrrov iurp qrq0olqhdu g|qdplfv wr lghqwli|
wkh klgghq ghwhuplqlvwlf vwuxfwxuh wkdw lv xqghuo|lqj wkh wlph vhulhv1 Lq vhf0
wlrq 8 zh suhvhqw uhvxowv rewdlqhg xvlqj qrq0olqhdu phwulf whfkqltxhv dssolhg
wr prqwko| vhdvrqdoo| dgmxvwhg wlph vhulhv ri vrph XV pdfurhfrqrplf wlph vh0
ulhv +lqgxvwuldo surgxfwlrq/ hpsor|phqw/ frqvxphu sulfh lqgh{/ krxuo| zdjhv/
hwf1, dqg vrph vhfwru vshfl�f olnh wkh surgxfwlrq lq wkh Kl0Whfk vhfwru1 Wkh
frpprq uhvxow wkdw vwdqgv rxw iurp wklv dqdo|vlv lv wkdw doo wkh wlph vhulhv zh
dqdo|}hg duh dovr fkdudfwhul}hg e| qrq0udqgrp vwuxfwxuhv lq wkh uhvlgxdov dqg
wkhuhiruh wkh l1l1g1 k|srwkhvlv lv vlpso| lqfrqvlvwhqw zlwk idfwv1 Wkh fkrlfh ri
dvvxplqj wkh uhvlgxdo frpsrqhqwv dv udqgrp qhjohfwv wkh h{lvwhqfh ri d frpsoh{
skhqrphqrq1 Lqvwhdg/ lw lv hyhq wkhruhwlfdoo| srvvleoh wr uhgxfh dq| vwrfkdvwlf
frpsrqhqw wkdw shuwxuev xqsuhglfwdeo| wkh v|vwhp dqg wkxv shdn wkh qrq0olqhdu
ghwhuplqlvwlf frpsrqhqw4 1 Lq vhfwlrq 9 zh looxvwudwh vrph wkhruhwlfdo lpsolfd0

wlrqv wkdw zh fdq lqihu iurp rxu hpslulfdo uhvxowv derxw wkh Uhdo Exvlqhvv F|foh

wkhru| jurxqghg rq vwrfkdvwlf frpsrqhqwv zlwk shuvlvwhqw h�hfwv1

5 Hpslulfdo hylghqfh

Lq wkh odvw wzhqw| |hduv zh kdyh zlwqhvvhg d kxjh surjuhvv lq wkh vwdwlvwlfdo dqg
hfrqrphwulf dqdo|vlv ri wlph vhulhv zklfk dv jlyhq hfrqrplvwv d pruh surirxqg
nqrzohgjh derxw wkh uhodwlrqv ehwzhhq hfrqrplf yduldeohv1 Wkh glvfryhu| dqg
wkh uhdol}dwlrq wkdw wlph vhulhv gr qrw vkrz dq| whqghqf| wr hyroyh dorqj d
ghwhuplqlvwlf orj0olqhdu jurzwk sdwk/ zkloh wkh f|folfdo uhyhuvleoh frpsrqhqw/
dvvxphg e| fodvvlfdo hfrqrphwulfldqv/ grhv qrw h{lvw dw doo/ kdv ghhso| pdunhg
wkh gluhfwlrq ri wkh hpslulfdo uhvhdufk lq wkh odvw wzr ghfdghv1

Uhfhqw hfrqrphwulfv zrunv kdyh surylghg d vrolg hpslulfdo edvlv wkdw lv lq
frqwudvw wr wkh wkhruhwlfdo uhvxowv ri wkh hduo| qhrfodvvlfdo jurzwk prghov d od
Vrorz +4<89, dqg wkh Exvlqhvv F|fohv prghov d od Oxfdv +4<:5/ 4<:: dqg 4<;3,1
Qhovrq dqg Sorvvhu +4<;5, kdyh surylghg hpslulfdo yhul�fdwlrq wr wkh wkhruhwlfdo
dowhuqdwlyh ri Uhdo Exvlqhvv F|foh/ ghvslwh wkh frqyhqwlrqdo zlvgrp ri fodvvlfdo
hfrqrphwulfv wkdw dvvxphg h{0dqwh vwdwlrqdulw| iru doo wkh hfrqrplf yduldeohv1
Qhovrq dqg Sorvvhu kdyh vkrzq wkdw pdq| pdfurhfrqrplf wlph vhulhv5 duh qrw
vwdwlrqdu| dw doo/ dqg wkh vwdwlrqdu| vwrfkdvwlf prghov ghyhorshg lq wkh *:3v gr
qrw dfwxdoo| �qg dq| hpslulfdo irxqgdwlrq6 1

4Vhh Ndqw} dqg Vfkuhlehu 4<<:1
5Qhovrq dqg Sorvvhu kdyh dqdo|}hg irxuwhhq pdfurhfrqrplf wlph vhulhv iru wkh XV +zlwk

vwduwlqj gdwh ehwzhhq 4;93 dqg 4<3< dqg zlwk �qdo gdwh 4<:3,1 Dprqj wkhvh wkhuh duh
uhdo JQS/ qrplqdo JQS/ lqgxvwuldo surgxfwlrq/ hpsor|phqw/ wkh xqhpsor|phqw udwh/ wkh
frqvxphu lqgh{ udwh/ qrplqdo zdjhv dqg uhdo zdjhv1

6 Lq wkh fodvvlfdo hfrqrphwulf zrunv/ wlph vhulhv zhuh frqvlghuhg vwdwlrqdu| dorqj d ghwhu0
plqlvwlf wuhqg/ wkdw lv yduldeohv duh d olqhdu ixqfwlrq ri wlph=
%| ' q|n kn 0|

zlwk 0| ; �
�
fc j2

�
l1l1g1 uhvlgxdov/ k dqg q duh sdudphwhuv/ | lv wlph/ dqg %| lv d vlqjoh
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Rq wkh frqwudu|/ Qhovrq dqg Sorvvhu kdyh vkrzq wkdw wkh luuhjxodulw| suhvhqw
lq pdfurhfrqrplf wlph vhulhv frxog vlpso| eh h{sodlqhg e| wkh lqwurgxfwlrq ri
udqgrp vkrfnv zlwk shuvlvwhqw h�hfwv dv kdsshqv lq xqlw urrw surfhvvhv71

Wkhvh uhvxowv zhuh lq vkdus frqwudvw zlwk wkh fodvvlf hfrqrphwulf zrunv/
zklfk d!uphg wkdw wkh luuhjxodulw| lq hfrqrplf wlph vhulhv zhuh gxh wr wudq0
vlwru| vkrfnv/ dqg kdyh ehhq fuxfldo lq eulqjlqj wkh uhvhdufk gluhfwlrq wrzdugv
wkh wkhru| ri Uhdo Exvlqhvv F|foh1

Wkh dfnqrzohgjhg frqwulexwlrq ri wkh Qhovrq dqg Sorvvhu zrun kdv ehhq
wr kdyh glvfryhuhg wkh qrq0vwdwlrqdulw| lq wkh wlph vhulhv dqg wkh devhqfh ri
dq| ghwhuplqlvwlf wuhqg1 Wkh lqwurgxfwlrq ri udqgrp h{whuqdo vkrfnv dv wkh
xqltxh jhqhudwru ri wkh luuhjxodulw| lq wkh ehkdylru ri hfrqrplf v|vwhpv/ grhv
qrw frqwudglfw wkh uhvxowv sxw iruzdug e| Qhovrq dqg Sorvvhu1

Zlwkrxw wkh lqmhfwlrq ri h{whuqdo vkrfnv/ wlph vhulhv zrxog pryh h{dfwo| lq
wkh gluhfwlrq wkdw wkh qhrfodvvlfdo wkhru| suhglfwv8 1 Krzhyhu lq wkh suhvhqfh ri
h{whuqdo vkrfnv/ hfrqrplf v|vwhpv pryh luuhjxoduo| lq wkh zd| wkdw lv ghvfulehg
e| wkh Uhdo Exvlqhvv F|foh prghov +Suhvfrww 4<<;,1

Lq wklv duwlfoh zh wu| wr pryh d vwhs iruzdug vwduwlqj iurp wklv hpslulfdo
hylghqfh1

Rxu dlp lv wr lghqwli| wkh surfhvv wkdw jhqhudwhv wkh qrq0vwdwlrqdulw| lq wlph
vhulhv zlwkrxw vwdwlqj h{ dqwh/ frqwudu| wr Qhovrq dqg Sorvvhu/ wkdw wkh qrq0
vwdwlrqdulw| lv wkh gluhfw frqvhtxhqfh ri d vwrfkdvwlf surfhvv1 Dfwxdoo| wkhuh
pd| eh pdq| srvvleoh qrq0olqhdu ghwhuplqlvwlf dowhuqdwlyhv wr wkh vwrfkdvwlf
h{sodqdwlrq wr wkh qrq0vwdwlrqdulw| lq wlph vhulhv1

Wuhdwlqj hfrqrplf  xfwxdwlrqv dv hqgrjhqrxv qrq0olqhdu surfhvv/ dqg wkhuh0
iruh remhfw ri dqdo|vlv/ pd| frqwulexwh wr d ehwwhu xqghuvwdqglqj derxw wkh
whpsrudo hyroxwlrq ri wlph vhulhv1 Rxu dlp lv wr xqghuvwdqg wkh g|qdplfv ri
 xfwxdwlrqv dv wkh hyroxwlrq ri wkh v|vwhp pd| ghshqg hqwluho| rq wkhp1 Zh
eholhyh wkdw wkh sudfwlfh ri dvvxplqj  xfwxdwlrqv dv udqgrp l1l1g1 yduldeohv

zlwk d suredelolw| glvwulexwlrq htxlydohqw wr qrlvh lv edvlfdoo| zurqj vlqfh/ dv

zh vkdoo vhh lq vhfwlrq 8/ uhvlgxdov duh fkdudfwhul}hg e| d vwuxfwxuh wkdw lv yhu|

gl�huhqw iurp qrlvh dqg hyhq iurp dq| rwkhu nlqg ri udqgrp yduldeoh1 Wklv

uhvxow ohdgv xv wr frqfoxgh wkdw lw lv ihdvleoh wr glvfryhu ghwhuplqlvwlf odzv wkdw

revhuydwlrq ri wkh yduldeoh % dw wlph |1

Lq wklv fdvh wkh wlph vhulhv ri wkh yduldeoh % lv vwdwlrqdu| dorqj d wlph wuhqg dqg uhvlgxdov

kdyh rqo| whpsrudu| h�hfwv1 Wkh vkruw uxq frpsrqhqw pd| eh lqvxodwhg uhjuhvvlqj %| djdlqvw

wlph dqg dvvxplqj wkh uhjuhvvlrq olqh dv wkh devflvvd Wklv surfhgxuh zdv dssur{lpdwho| wkh

rqh wkdw zdv xvhg lq wkh *:3v wr dqdo|}h vkruw uxq f|fohv1
7 Lq wkh xqlw urrw surfhvvhv/ wlph vhulhv duh qrw vwdwlrqdu| dqg iroorz d udqgrp zdon olnh=

%| ' 4%|3� n 0| zlwk 0| ' �
�
fc j

2
�

l1l1g1 uhvlgxdov dqg 4 ' �1 Wklv surfhvv lv fdoohg

xqlw urrw ehfdxvh %|3� lv pxowlsolhg e| d sdudphwhu wkdw lv htxdo wr rqh +ru forvh wr rqh,1
Uhvlgxdov kdyh shuvlvwhqw h�hfwv vlqfh/ dv zh fdq vhh/ hdfk  xfwxdwlrq zloo qrw eh uhdevruehg
lq wkh ixwxuh= %| ' %|3� n 0| ' %|32 n 0|3� n 0| ' ��� ' 0f n 0� n ���n 0|3� n 0|1 Wkh vljqdo

%| lv wkhuhiruh jhqhudwhg e| wkh sdvw dqg suhvhqw qrlvh 01 Vlqfh qrlvh lv d l1l1g1 udqgrp dqg

h{rjhqrxv yduldeoh/ zh frqfoxgh wkdw wkh yduldeoh %| ghshqgv hqwluho| rq d yduldeoh zklfk zh
grq*w nqrz dq|wklqj derxw1

8Vhh derxw wklv dujxphqw Nlqj/ Uhehor dqg Sorvvhu +4<;; d/ e,1
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vkdsh wkh xqghuo|lqj qrq0olqhdu vwuxfwxuhv91

Ehiruh zh lqwurgxfh lq vhfwlrq 8 d surfhgxuh iru wkh dqdo|vlv ri hfrqrplf

wlph vhulhv lqvsluhg e| fkdrv wkhru|/ zh suhvhqw vrph uhfhqw ghyhorsphqwv lq

wkh olwhudwxuh/ zklfk zh fdoo xqlw urrw olwhudwxuh/ wkdw frq�upv wkh uhvxowv sxw
iruzdug e| Qhovrq dqg Sorvvhu1 Wkxv/ zh frpsduh wkh uhvxowv ri wkh xqlw urrw
olwhudwxuh zlwk wkrvh iurp wkh dowhuqdwlyh olwhudwxuh vwuhdp wkdw zh fdoo eurnhq
wuhqg olwhudwxuh1 Zh zloo vkrz wkdw wkhvh wzr vwuhdpv rewdlq rqo| vhhplqjo|
rssrvlwh hpslulfdo uhvxowv/ dqg wkdw erwk idlo wr uhvroyh wkh lvvxhv wkh| fodlp wr
h{sodlq +wkh qdwxuh ri wlph vhulhv,1

Qhovrq dqg Sorvvhu vkrzhg wkdw pdq| pdfurhfrqrplf wlph vhulhv zhuh lqghhg
qrw vwdwlrqdu| dqg wkdw wkh vwdwlrqdu| prghov ghyhorshg lq wkh *:3v glg qrw
kdyh dq| hpslulfdo jurxqg1 Qhovrq dqg Sorvvhu vkrzhg wkdw wkh luuhjxodulw| lq
wlph vhulhv frxog eh h{sodlqhg e| udqgrp vkrfnv wkdw kdyh shuvlvwhqw h�hfwv
ryhu wlph1 Wklv ylhz vkduso| frqwudvwv zlwk wkh fodvvlfdo hfrqrphwulf zrunv
wkdw pdlqwdlqhg wkdw wkh luuhjxodulwlhv lq wlph vhulhv zhuh gxh wr wudqvlwru| dqg
uhyhuvleoh vkrfnv1

Wkh hpslulfdo �qglqjv e| Qhovrq dqg Sorvvhu zhuh wkhruhwlfdoo| ixqgdphqwdo
vlqfh/ xqwlo wkh *;3v/ hfrqrplvwv suhvhqwhg prghov zklfk vroxwlrq zdv d olqhdu
wuhqg +lq d orjdulwkplf vfdoh, iru pdq| ri pdfurhfrqrplf yduldeohv/ dqg f|fohv
zhuh hvvhqwldoo| vhhq dv vkruw whup  xfwxdwlrqv zlwkrxw h�hfwv lq wkh orqj uxq1
Mxvw dv dq h{dpsoh ri wkhvh prghov/ frqvlghu wkh jurzwk prghov ri wkh *93v
d od Vrorz +4<89, dqg wkh exvlqhvv f|foh prghov d od Oxfdv +4<:5/ 4<:: dqg
4<;3, edvhg rq prqhwdu| glvwxuedqfhv zlwk wudqvlwru| h�hfwv> dw wkrvh wlphv
lw zdv eholhyhg wkdw wkh ghyhorsphqw sdwk ri pdfurhfrqrplf yduldeohv zdv d
olqhdu wuhqg +h1j1 orqj0uxq jurzwk iru JGS/ frqvxpswlrq hwf1, dqg doo wkh
luuhjxodulwlhv/ pdlqo| gxh wr prqhwdu| idfwruv/ dyhudjhg rxw lq wkh orqj uxq1
Wkh xqmxvwl�hg dqg xqvxssruwhg eholhi ri wkh h{lvwhqfh ri d orqj uxq vwdeoh
vroxwlrq kdv ehhq kdug wr hudglfdwh dqg vwloo pdq| hfrqrplvwv vhhp qrw wr kdyh
uhdol}hg wkh edvlf phvvdjh ri wkh sdshu e| Qhovrq dqg Sorvvhu1 Iru h{dpsoh/
pdq| jurzwk prghov kdyh suhvhqwhg vwhdg| vwdwh orqj uxq vroxwlrqv dqg kdyh
vwloo wr uhvsrqg wr wkh pxowlwxgh ri hfrqrphwulf zrunv rq xqlw urrwv lq wkh *;3v
dqg *<3v/ zklfk suryh wkdw udqgrp surgxfwlylw| vkrfnv duh wkh gulylqj irufh
ri jurzwk lq dq lqkhuhqwo| olqhdu hfrqrplf v|vwhp1 Wkh olqhdu jurzwk prghov
pdwkhpdwlfdoo| qhhg wr lqfrusrudwh vrph h{rjhqrxv udqgrp vkrfnv wr jhqhudwh
duwl�fldo wlph vhulhv wkdw fdq uhvhpeoh wkh uhdo rqhv1 Li zh zlvk qrw wr lqwurgxfh
udqgrp vkrfnv dqg zh zdqwhg wkdw wkh prgho zhuh deoh wr jhqhudwh vlplodu qrq0
vwdwlrqdu| wlph vhulhv olnh wkh uhdo rqh/ wkh rqo| wuxo| zd| zrxog eh wr pdnh
rxu prgho qrq0olqhdu1

Lq vhfwlrq 8 zh vkrz wkdw wkh vwuxfwxuh ri wkh h{rjhqrxv vkrfnv wkdw kdyh
ehhq revhuyhg grhv qrw orrn udqgrp dw doo/ dqg wkhuhiruh zh qhhg wr orrn dw
wkhvh vkrfnv qrw dv h{rjhqrxv idfwruv exw dv d uhvxow ri hqgrjhqrxv lqwhudfwlrqv1
Rxu dlp lv wr xqghuvwdqg wkhvh lqwhudfwlrqv wkdw kdv ehhq klwkhuwr frqvlghuhg

9 Lq rughu wr lghqwli| vxffhvvixoo| wkh ghwhuplqlvwlf odzv lq wkh wlph vhulhv iurp wkh revhuyhg

 xfwxdwlrqv/ wkh uhprydo ri wuxo| vwrfkdvwlf frpsrqhqw lv d fulwlfdo idfwru1 Li zh zhuh deoh wr

uhpryh doo wkh vwrfkdvwlf frpsrqhqwv zh frxog ehwwhu irfxv rq wkh g|qdplfv ri wkh ghwhuplqdqw

frpsrqhqwv1
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dv h{rjhqrxv vkrfnv1 Frqvhtxhqwo| wkh xvxdo surfhgxuh ri soxjjlqj lqwr prghov

qrupdoo| l1l1g1 udqgrp vkrfnv lv yhu| dssur{lpdwlyh1 Wkh suredelolw| ri d

qrupdo glvwulexwlrq lv wkh rqh w|slfdo ri zklwh qrlvh zkloh/ dv zh zloo vkrz

lq pruh ghwdlo lq vhfwlrq 8/ wkh uhvlgxdo frpsrqhqwv kdyh lqghhg d vwuxfwxuh

idu gl�huhqw iurp zklwh qrlvh1 Wklv uhvxow ohdgv xv wr wklqn wkdw lw zrxog eh

zruwkzkloh wr xqudyho wkh klgghq vwuxfwxuhv ri wkh uhvlgxdov1

Zkloh wkh uhvlgxdo frpsrqhqw pd| dovr frqwdlq d zklwh qrlvh vwuxfwxuh/ zh

zloo vkrz wkdw wklv vwuxfwxuh lv qrw wkh suhydlolqj rqh1

Ehiruh zh suhvhqw lq pruh ghwdlo d surfhgxuh wr dqdo|}h hfrqrplf wlph vh0

ulhv/ zh eulh | uhylhz wkh uhfhqw xqlw urrw olwhudwxuh1 Zh frpsduh wkh uhvxowv

vxjjhvwhg e| wkh xqlw urrw olwhudwxuh zlwk wkrvh hpslulfdo zrunv ri wkh vr fdoohg

eurnhq wuhqg olwhudwxuh1 Zh vkrz wkdw wkh eurnhq wuhqg olwhudwxuh wxuqv rxw wr

jhqhudwh vhhplqjo| rssrvlwh uhvxowv wr wkh xqlw urrw olwhudwxuh exw/ dv wkh xqlw

urrw olwhudwxuh/ lw grhv qrw surylgh dq xowlpdwh uhvsrqvh wr wkh lvvxhv lw fodlpv

wr h{sodlq1

514 Uhfhqw uhvxowv iurp wkh Xqlw Urrw olwhudwxuh

Pdq| uhfhqw uhodwhg zrunv kdyh ehhq sxeolvkhg diwhu wkh Qhovrq dqg Sorvvhu
sdshu dqg wkhlu uhvxowv gl�hu pdlqo| iru wkh whvw ixqfwlrq wkdw kdv ehhq xvhg lq
wkh yhul�fdwlrq ri wkh qrq0vwdwlrqdulw| k|srwkhvlv1

Vrph sdshuv vlpso| frq�up wkdw wkh qrq0vwdwlrqdulw| ri hfrqrplf wlph vhulhv
lv d uhfxuuhqw fkdudfwhulvwlf lq pdq| frxqwulhv1 Vlploduo| wr Qhovrq dqg Sorvvhu/
Ohh dqg Vlnorv +4<<4, irxqg wkdw pdfurhfrqrplf wlph vhulhv iru Fdqdgd duh
qrw vwdwlrqdu|1 Ploov +4<<5, rewdlqhg edvlfdoo| wkh vdph uhvxowv iru wkh XN/
PfGrxjdoo +4<<8, iru Qhz ]hdodqg/ Udkpdq dqg Pxvwdid +4<<:, iru wkh Dvldq
frxqwulhv/ Vrvd iru Dujhqwlqd +4<<:,/ Jdoohjdwl +4<<9,/ gh Kddq dqg ]hokruvw
+4<<7, iru Lwdo|1

Wkh pdfurhfrqrplf yduldeohv wkdw duh pruh iuhtxhqwo| dqdo|}hg duh JGS/
JQS/ JGS dqg JQS shu fdslwd/ lqgxvwuldo surgxfwlrq/ hpsor|phqw/ xqhp0
sor|phqw udwh dqg wkh frqvxphu sulfh lqgh{1 Rffdvlrqdoo| rwkhu yduldeohv olnh
vdylqjv +Frdnoh|/ Nxodvl dqg Vplwk 4<<8,/ lqyhvwphqwv +Frruh| 4<<4/ Frdnoh|/
Nxodvl dqg Vplwk 4<<8,/ zdjhv +Frruh| 4<<4,/ h{fkdqjh udwhv +Gxuodxi 4<<6/
Sdulnk 4<<7/ Zx dqg Fudwr 4<<8/ Vhuohwlv dqg ]lprqrsrxorv 4<<:/ Zholylwd
4<<;,/ prqh| dqg yhorflw| ri prqh| +Do Ed}dl 4<<;/ Vhuohwlv 4<<7, kdyh ehhq
dqdo|}hg1

Wkh uhpdundeoh uhvxow iurp wkhvh vwxglhv lv wr kdyh srlqwhg rxw wkdw doprvw
hyhu| wlph vhulhv lq dq| frxqwu| lv fkdudfwhul}hg e| wkh suhvhqfh ri d xqlw urrw/
ru htxlydohqwo| e| d vwrfkdvwlf surfhvv olnh d udqgrp zdon1

Wklv uhvxow dovr vhhpv qrw wr ghshqg rq wkh iuhtxhqf| ri revhuydwlrq= Zhoov
+4<<:,/ Rveruq/ Khudyl dqg Elufkhqkdoo +4<<<, kdyh irxqg vlplodu uhvxowv xvlqj
erwk txduwhuo| dqg prqwko| gdwd:1

:Vlqfh wkh srzhu ri wkh Glfnh|0Ixoohu whvw lqfuhdvhv zlwk wkh iuhtxhqf| ri revhuydwlrqv/ wkh
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Wkh rqh h{fhswlrq wr wkh h{lvwhqfh ri xqlw urrw lq pdfurhfrqrplf wlph vhulhv

lv wkh xqhpsor|phqw udwh1 Wklv qrq0frqiruplw| zdv �uvw qrwlfhg e| Qhovrq

dqg Sorvvhu dqg kdv ehhq frq�uphg e| wkh pdmrulw| ri xqlw urrwv uhvhdufkhuv

diwhuzdugv; 1

Lq wdeoh 4 zh olvw wkh pdlq zrunv wkdw dvfhuwdlqhg wkh h{lvwhqfh ri d xqlw

urrw lq pdfurhfrqrplf wlph vhulhv1 Iru hdfk dxwkru zh pdun zlwk wkh �.� vljq

wkh yduldeoh wkdw zdv irxqg wr iroorz d udqgrp zdon/ dqg zlwk wkh �@� vljq wkh

yduldeoh iru zklfk wkh uhvxowv zhuh pl{hg1

515 Wkh eurnhq wuhqg k|srwkhvlv

Udssrsruw dqg Uhlfkolq +4<;;, sxw iruzdug wkh k|srwkhvlv wkdw wkhuh frxog h{lvw
d eurnhq ghwhuplqlvwlf wuhqg wkdw fdqqrw eh lghqwl�hg e| wkh Glfnh|0Ixoohu whvw1
Udssrsruw dqg Uhlfkolq vkrzhg wkdw lq wkh fdvh ri d eurnhq dqg ghwhuplqlvwlf
wuhqg/ wkh Glfnh|0Ixoohu whvw surgxfhv vsxulrxv uhvxowv/ vlqfh lw lv lqfdsdeoh wr
uhmhfw d idovh qxoo k|srwkhvlv +wkh xqlw urrw k|srwkhvlv,1 Udssrsruw dqg Uhlfkolq
kdyh pruhryhu uhyhdohg hpslulfdo hylghqfh frqfhuqlqj wkh h{lvwhqfh ri d eurnhq
wuhqg lq pdq| pdfurhfrqrplf wlph vhulhv1 Wkh| lqghhg uhmhfwhg wkh k|srwkhvlv
ri d udqgrp zdon iru pdq| uhdo yduldeohv +olnh lqgxvwuldo surgxfwlrq/ uhdo JQS/
uhdo shu fdslwd JQS dqg prqh| vxsso|, wkrxjk qrw iru doo ri wkhp<

1

Vlqfh wkh uhvxowv rewdlqhg e| wkh eurnhq wuhqg olwhudwxuh duh rshq wr glvfxv0

vlrq lq wkh vhqvh wkdw wkh vwxglhv klwkhuwr sxeolvkhg gr qrw ohdg wr d jhqhudo

uhmhfwlrq ri wkh udqgrp zdon k|srwkhvlv/ zh txhvwlrq zkhwkhu wkh eurnhq wuhqg

k|srwkhvlv surylghv wkh xowlpdwh dqvzhu wr wkh qdwxuh ri hfrqrplf wlph vhulhv1

Dv zh vkdoo vhh lq vhfwlrq 7/ wkh Glfnh|0Ixoohu whvw fdqqrw eh xvhg wr glvwlq0

jxlvk d udqgrp zdon iurp d qrq0olqhdu g|qdplfv1 Lq wkh suhvhqfh ri d eurnhq

wuhqg ru qrq0olqhdu g|qdplfv wkh Glfnh|0Ixoohu whvw grhv qrw doorz xv wr uhmhfw

fruuhfwo| wkh udqgrp zdon k|srwkhvlv/ hyhq zkhq zh nqrz d sulrul wkdw wkh

wlph vhulhv lv jhqhudwhg e| d ghwhuplqlvwlf surfhvv1 Li zh zdqw wr glvfulplqdwh

vwrfkdvwlf surfhvvhv iurp wkh ghwhuplqlvwlf rqhv zh vkrxog xvh rwkhu whvwv1 Wkh

EGV whvw e| Eurfn/ Ghfkhuw dqg Vfkhlqnpdq pd| doorz xv wr ghwhfw qrq0olqhdu

vwuxfwxuhv lq d wlph vhulhv1 Zh zloo xvh wkh EGV whvw iru lwv jrrg srzhu surs0

huwlhv dqg  h{lelolw| lq vhfwlrqv 7 dqg 8 wrjhwkhu zlwk rwkhu txdolwdwlyh dqg

txdqwlwdwlyh phwulf wrrov wkdw doorz xv wr xqfryhu qrq0olqhdu vwuxfwxuhv dprqj

gdwd431

xvh ri txduwhuo| ru prqwko| gdwd duh wr eh suhihuuhg wr |hduo| gdwd +vhh Pdggdod dqg Nlp
4<<;,1

;H{fhsw Edqhumhh hw do1 +4<<5,/ Euhvvrq dqg Fholphqh +4<<8,/ Grodgr dqg Orsh} +4<<9,/
Oh|erxuqh hw do1 +4<<<,1

<Wkh frqvxphu sulfh lqgh{ dqg qrplqdo zdjhv iru lqvwdqfh zhuh irxqg wr iroorz d udqgrp
zdon1

43Rwkhu whvwv iru qrqolqhdulw| kdyh ehhq sursrvhg lq wkh sdvw1 Wkh Wvd| +4<;9, dqg Hqjoh
+4<;5, whvwv duh glvfxvvhg lq Eurfn hw do1 +4<<4, dqg frpsduhg wr wkh EGV whvwv1 Wkh EGV whvw
kdv ehhq vkrzq wr kdyh kljkhu srzhu djdlqvw d qxpehu ri qrq olqhdu dowhuqdwlyhv uhvshfw wr
wkh Wvd| whvw dqg vlplodu wr wkh Hqjoh whvw1 Frqwudu| wr wkh Hqjoh whvw/ wkh EGV whvw kdv ehhq
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Qrz zh eulh | uhylhz wkh uhvxowv iurp wkh olwhudwxuh rq eurnhq wuhqgv fodlp1
Suredeo| rqh ri wkh zrunv wkdw prvw lq xhqfhg wkh gluhfwlrq ri uhvhdufk ri

wlph vhulhv dqdo|vlv kdv ehhq wkh sdshu e| Shuurq lq 4<;<1 Shuurq dv zhoo dv
Udssrsruw dqg Uhlfkolq vkrzhg wkdw/ zkhq  xfwxdwlrqv duh vwdwlrqdu| dorqj d
eurnhq wuhqg/ wkh Glfnh|0Ixoohu whvw lv qrw deoh wr uhmhfw wkh xqlw urrw k|srwkhvlv1
Shuurq ghyhorshg d whvw wkdw doorzv wr fruuhfwo| uhmhfw wkh l1l1g1 qxoo k|srwkhvlv
li wkh vhulhv lv fkdudfwhul}hg e| d eurnhq wuhqg1 Shuurq dssolhg klv whvw wr wkh
vdph wlph vhulhv ri wkh XV wkdw zhuh xvhg e| Qhovrq dqg Sorvvhu/ diwhu duelwudulo|
dvvljqlqj wkh gdwh lq zklfk wkh vwuxfwxudo euhdn rffxuv1 Shuurq frqfoxghv wkdw
wkh qxoo l1l1g1 k|srwkhvlv fdq eh uhmhfwhg dovr dw d kljk frq�ghqfh ohyho iru
doprvw doo wkh wlph vhulhv1

Vlplodu uhvxowv zhuh rewdlqhg e| Udm +4<<5, vwxg|lqj pdfurhfrqrplf wlph
vhulhv iru Fdqdgd/ Iudqfh dqg Ghqpdun / Uxghexvfk +4<<5, iru Hqjodqg/ Olqghq
+4<<5, iru Ilqodqg/ Zx dqg Fkhq +4<<8, iru Wdlzdq/ Vrhmlpd +4<<8, iru Mdsdq1

Rwkhu dxwkruv fkhfnhg iru d eurnhq wuhqg lq vshfl�f wlph vhulhv1 Glherog dqg
Uxghexvk +4<;<,/ Gxfn +4<<5,/ ]hokruvw dqg gh Kddq +4<<6,/ Ehq/ Gdylg dqg
Sdshoo +4<<7,/ Doed dqg Sdshoo +4<<8,/ PfFrvnh| dqg Vhoghq +4<<;, kdyh irxqg
d eurnhq wuhqg iru wkh JGS lq pdq| frxqwulhv1 Doed dqg Sdshoo +4<<8, iru JGS
shu fdslwd dqg Ol +4<<8,/ Jlo dqg Urelqvrq +4<<:, irxqg vlplodu g|qdplfv lq
lqgxvwuldo surgxfwlrq/ Vlpnlqv +4<<7, lq wkh zdjhv lq ; RHFG frxqwulhv dqg
PfFrvnh| dqg Vhoghq +4<<;, lq wkh J:/ Udm dqg Vfrwwmh +4<<7, lq wkh XV
lqfrph glvwulexwlrq/ Fxoyhu dqg Sdshoo 4<<8/ Ohlvolh/ Sx dqg Zkduwrq +4<<8,/
dqg PdfGrqdog +4<<9, lq wkh h{fkdqjh udwhv1 Jlyhq wkhvh uhvxowv zh frxog fkhfn
zkhwkhu wkh eurnhq wuhqg k|srwkhvlv h{sodlqv wkh g|qdplfv ri xqhpsor|phqw
udwh ehwwhu wkdq wkh xqlw urrw k|srwkhvlv1 Krzhyhu Qhovrq dqg Sorvvhu douhdg|
irxqg wkdw wkh XV xqhpsor|phqw udwh whqghg wr eh vwdwlrqdu|/ dqg wkh zrunv
e| Kdqvhq +4<<4,/ Ol +4<<8,/ Ohvolh/ Sx dqg Zduwrq +4<<8,/ Vrqj dqg Zx +4<<:/
4<<;,/ Jlo dqg Urelqvrq +4<<:,/ K|oohehuj dqg Hqjoh +4<<9, vlpso| frq�up wkh
hpslulfdo hylghqfh suhvhqwhg e| Qhovrq dqg Sorvvhu1

Lq wdeoh 5 zh suhvhqw wkh pdlq zrunv wkdw vxssruw wkh k|srwkhvlv ri d eurnhq
wuhqg lq pdfurhfrqrplf wlph vhulhv1 Iru hdfk dxwkru zh pdun zlwk wkh �0� vljq
wkh yduldeoh wkdw zdv irxqg vwdwlrqdu| dorqj d eurnhq wuhqg1

Fulwlflvpv wr erwk wkh eurnhq wuhqg dqg wkh xqlw urrw k|srwkhvlv kdyh ehhq
sxw iruzdug e| pdq| dxwkruv1 ]lyrw dqg Dqguhzv +4<<3/ 4<<5, hvwlpdwh wkh
srvlwlrq lq wlph ri wkh vwuxfwxudo euhdn dqg �qg wkdw wkh h{lvwhqfh ri wkh eurnhq
wuhqg lv qrw wkdw fohdu lq pdq| ri wkh wlph vhulhv wkdw zhuh dqdo|}hg e| Shuurq1

vkrzq wr kdyh srzhu dovr djdlqvw jhqhulf qrq olqhdu dowhuqdwlyhv zlwk }hur dxwrfryduldqfhv

zkhuh wkh Hqjoh whvw idlo1

Rwkhu whvwv iru ghwhuplqlvp kdyh ehhq ghyhorshg lq wkh sdvw1 Krzhyhu d vwdwlvwlfdo zrun wkdw

frpsduhv wkh srzhu ri doo wkhvh whvwv iru d zlgh qxpehu ri qrqolqhdu dowhuqdwlyhv kdv qrw ehhq

ghyhorshg1 Pruhryhu vrph whvwv pd| kdyh ehwwhu srzhu wkhq rwkhuv iru sduwlfxodu qrq olqhdu

dowhuqdwlyhv dqg iru d fhuwdlq qxpehu ri gdwd srlqwv1 Iru lqvwdqfh wkh Hqjoh whvw shuiruphg

ehwwhu wkhq wkh EGV whvw lq ghwhfwlqj JDUFK vwuxfwxuhv dqg wkh EGV whvw shuirupv dovr

zlwk gdwd wkdw kdyh }hur dxwrfryduldqfhv1 Wkh fkrlfh iru d fhuwdlq vwdwlvwlfdo whvw vkrxog wdnh

lqwr dffrxqw wkh w|sh ri gdwd zh duh ghdolqj zlwk1 zh rswhg wr xvh wkh EGV whvw iru wkh pdlq

uhdvrq wkdw lw kdv jrrg srzhu surshuwlhv djdlqvw dq xqvshfl�hg qrqolqhdu dowhuqdwlyh zlwk

�qlwh exw odujh vdpsohv olnh zh kdg dw rxu glvsrvdo1

:



Fxvklqj dqgPfJduyh| +4<<9, irxqg wkdw wkh  xfwxdwlrqv lq wkh pdfurhfrqrplf
wlph vhulhv duh pruh shuvlvwhqw frpsduhg wr zkdw vwdwlrqdu| prghov lqglfdwh/
exw wkh| duh dovr ohvv shuvlvwhqw wkdq xqlw urrw prghov vxjjhvw1 Pl{hg uhvxowv
zhuh dovr rewdlqhg e| Oh|erxuqh/ PfFdeh dqg Wuhpd|qh +4<<9, iru pdq| XV
pdfurhfrqrplf wlph vhulhv/ Nuro +4<<5, iru wkh surgxfwlrq ri pdq| XV vhfwruv/
dqg Furve| +4<<;, iru wkh Dxvwudoldq JGS1

Lw vhhpv wkhuhiruh wkdw qrw hyhu| wlph vhulhv lv fkdudfwhul}hg e| d xqlw urrw1
Zkdw grhv wklv vxjjhvwB Duh wlph vhulhv jhqhudwhg e| d ghwhuplqlvwlf surfhvv ru
e| fkdqfhB Wklv lvvxh kdv qrw ehhq zhoo irupxodwhg qhlwkhu lq wkh xqlw urrw qru
lq wkh eurnhq wuhqg olwhudwxuh1 Lw kdv ehhq lqghhg dvvrfldwhg zlwk wkh lghd wkdw
d qrq0vwdwlrqdu| surfhvv lv d udqgrp zdon surfhvv1 Dv zh zloo vhh lq vhfwlrq
7/ qrw doo wkh qrq0vwdwlrqdu| surfhvvhv iroorz d udqgrp zdon1 Lqghhg/ wkhuh
pd| h{lvw pdq| ghwhuplqlvwlf qrq0olqhdu surfhvvhv wkdw duh qrw vwdwlrqdu| dqg
ehfrph vwdwlrqdu| diwhu gl�huhqwldwlqj zlwk uhvshfw wr wlph1

6 Wkh qrq0olqhdu k|srwkhvlv

Diwhu wzhqw| |hduv iurp wkh sxeolfdwlrq ri wkh Qhovrq dqg Sorvvhu duwlfoh/ zh
qrz kdyh wzr olwhudwxuh vwuhdpv wkdw ghedwh durxqg wkh qdwxuh ri wkh wlph
vhulhv= wkh rqh wkdw xqghuolqhv wkh h{lvwhqfh ri d udqgrp zdon dqg wkh rqh wkdw
dvvhuwv wkh frpsohwh olqhdu +wkrxjk zlwk d euhdn, ghwhuplqlvp lq wkh hfrqrplf
wlph vhulhv1

Zh zloo vkrz lq vhfwlrq 8 wkdw wkh hpslulfdo hylghqfh durxqg wkh qdwxuh ri
hfrqrplf wlph vhulhv fdq eh fohduhu wkdq wkh rqh surylghg e| erwk wkh xqlw urrw
olwhudwxuh dqg wkh eurnhq wuhqg olwhudwxuh1

Rxu dqdo|vlv surfhhgv zlwk wkh iroorzlqj vwhsv=
4, Vhohfwlrq ri wkh wlph vhulhv zlwk d plqlpdo qxpehu ri revhuydwlrqv1 Eurfn

hw do1 +4<<4, kdyh suryhg wkdw d qxpehu ri dw ohdvw 733 revhuydwlrqv zrxog eh d
jrrg vwduwlqj srlqw/ li qrw d qhfhvvdu| frqglwlrq/ wr rewdlq wuxvwixo uhvxowv iurp
wkh qrq0olqhdu g|qdplfv wrrov/ olnh wkh EGV whvw/ pd{lpdo Oldsxqry h{srqhqwv/
hqwurs| ohyho hwf144 1 Lw lv wkhuhiruh qhfhvvdu| wr uho| rq vhdvrqdoo| dgmxvwhg
prqwko| gdwd iru d vx!flhqwo| orqj shulrg451 Wkh wlph vhulhv zh xvhg duh wkrvh
ri wkh XV dqg gdwd zhuh surylghg e| wkh Exuhdx ri Oderu dqg Vwdwlvwlfv dqg
wkh Exuhdx ri Hfrqrplf Dqdo|vlv1

5, Zh wdnh wkh qdwxudo orjv ri wkh ruljlqdo wlph vhulhv li wkh wlph vhulhv whqg
wr glyhujh h{srqhqwldoo|1

6, Zh gl�huhqwldwh wkh wlph vhulhv rqfh zlwk uhvshfw wr wlph dqg hyhqwxdoo|
uhpryh olqhdu dxwrfruuhodwlrq lq wkh uhvlgxdov dqg zh fkhfn iru vwdwlrqdulw| yld
wkh dxjphqwhg Glfnh|0Ixoohu whvw1

44Vhh wkh vwdwlvwlfdo dsshqgl{1
45Zh h{foxgh wkh srvvlelolw| wr dqdo|}h dq| wlph vhulhv ri JGS dqg JQS ehfdxvh ri wkh

ghduwk ri gdwd/ vlqfh wkhvh wlph vhulhv duh dw prvw txduwhuo|1

;



7, Zh fdofxodwh wkh ohyho ri vsdwlr0whpsrudo hqwurs|46 / wkdw lv d vwdwlvwlfdo
lqgh{ ri wkh ghjuhh ri glvrughu ri wkh v|vwhp1 Li wkh wlph vhulhv ri wkh uhvlgxdo
zhuh jhqhudwhg e| d udqgrp surfhvv wkh ohyho ri hqwurs| vkrxog eh forvh wr wkh
pd{lpdo ydoxh1 Krzhyhu dovr qrq0olqhdu surfhvvhv pd| suhvhqw d kljk ghjuhh ri
glvrughu dqg uhdfk ydoxhv ri hqwurs| forvh wr wkdw ri zklwh qrlvh47 1 Rq wkh rwkhu
kdqg zh vkrxog h{shfw d orz ohyho ri hqwurs| iru surfhvvhv wkdw duh ghwhuplqlvwlf
dqg dxwrfruuhodwhg48 1 Krzhyhu zh vkrxog qrw ryhuhvwlpdwh wkh lpsruwdqfh ri
wkh fdofxoxv ri hqwurs|> lq idfw lw grhv qrw doorz xv wr glvwlqjxlvk d udqgrp
surfhvv iurp d frpsoh{ ghwhuplqlvwlf rqh dqg hyhq ehwzhhq shulrglf f|fohv dqg
olqhdu wuhqg1 Qhyhuwkhohvv hqwurs| phdvxuhv pd| khos xv wr frpsuhkhqg wkh
ohyho ri frpsoh{lw| ri d wlph vhulhv1

8, Zh fdofxodwh wkh ydoxhv ri wkh pd{lpdo Oldsxqry h{srqhqwv wkdw fkdudf0
whul}h wkh wlph vhulhv/ wr vhh krz idvw qhdue| wudmhfwrulhv glyhujh ryhu wlph1 Li
wkh pd{lpdo Oldsxqry h{srqhqwv wxuqv rxw wr eh qhjdwlyh/ lw phdqv wkdw wud0
mhfwrulhv whqg wr frqyhujh wr d vwdeoh �{hg srlqw1 Li lw zhuh }hur zh zrxog kdyh
irxqg d olplw f|foh1 Li lw zhuh srvlwlyh wkh wlph vhulhv lv hlwkhu fkdudfwhul}hg e|
fkdrv ru d udqgrp zdon1 Zh dqwlflsdwh wkdw wkh uhvlgxdov ri wkh olqhdu prghov
wkdw h{sodlq wkh hfrqrplf wlph vhulhv jhqhudoo| suhvhqw d srvlwlyh ydoxh iru wkh
pd{lpdo Oldsxqry h{srqhqw dqg d kljk ohyho ri hqwurs| dqg wklv lqglfdwhv krz
lv gl!fxow wr iruhfdvw wkhp lq wkh orqj uxq49 1

9, Zh surfhhg zlwk rxu lqyhvwljdwlrq uhjduglqj wkh qdwxuh ri wkh surfhvv1 Zh
xvh Uxhooh sorwv4: wr xqfryhu/ iurp wkh txdolwdwlyh srlqw ri ylhz klgghq vwuxf0

wxuhv lq wkh wlph vhulhv1 Lq dgglwlrq zh xvh wkh EGV whvw wr yhuli| txdqwlwdwlyho|
dqg lq uholdeoh zd| wkh h{lvwhqfh ri qrq0olqhdulw| lq gdwd1

:, Zh fkhfn rxu uhvxowv udqgrpo| vkx"lqj wkh wlph vhulhv dqg zh yhuli|
zkhwkhu wkh uhvxowv wkdw zh rewdlq iurp wkh EGV whvw dssolhg rq d udqgrpo|
vkx"hg wlph vhulhv duh lqghhg gl�huhqw iurp wkh uhvxowv wkdw zh rewdlqhg shu0
iruplqj wkh EGV whvw rq wkh ruljlqdo wlph vhulhv4; 1 Wklv yhul�fdwlrq lv h{wuhpho|
lpsruwdqw vlqfh/ li wkh wzr uhvxowv wxuq rxw wr eh gl�huhqw/ lw phdqv wkdw wkh
wlph rughu ri wkh ruljlqdo wlph vhulhv lv vljql�fdqw dqg wkhuh h{lvwv fdxvdolw| lq
gdwd1

46Dv fdofxodwhg e| H1 Nrqrqry +4<<<,/ YUD 715 surjudp1
47Vhh vhfwlrq 716/ wkh fdvh ri wkh whqw pds1
48Olnh iru lqvwdqfh wkh rqh ghslfwhg lq vhfwlrq 716 iru wkh Urvvohu uhvlgxdov1
49Vhh vwdwlvwlfdo dsshqgl{1
4:Wkh| duh dovr fdoohg uhfxuuhqfh sorwv1
4;Wklv vwhs lv dovr vrphwlphv fdoohg �vkx"h gldjqrvwlf� +vhh Oruhqw} 4<;<, yld �vxuurjdwh

wlph vhulhv� +Ndqw} dqg Vfkuhlehu 4<<:,1 D �vxuurjdwh� wlph vhulhv lv hvvhqwldoo| wkh vkx"h ri
wkh ruljlqdo wlph vhulhv suhvhuylqj doo wkh olqhdu surshuwlhv ri wkh wlph vhulhv olnh iuhtxhqflhv/
dpsolwxghv dqg hyhqwxdo olqhdu dxwrfruuhodwlrqv1 Zh kdyh ghulyhg wkh vxuurjdwh wlph vhulhv
iru doo wkh hfrqrplf wlph vhulhv zh kdyh dqdo|}hg/ exw zh fdoohg wkhp zlwk wkh pruh jhqhudo
dqg ohvv vshfldolvwlf whup ri �vkx"hg wlph vhulhv�1
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7 Uhvxowv iurp duwl�fldo wlph vhulhv

Ehiruh dsso|lqj wkh ghvfulehg surfhgxuh wr uhdo wlph vhulhv/ zh suhvhqw vrph

uhvxowv rewdlqhg iurp duwl�fldo wlph vhulhv/ zkrvh ghwhuplqlvwlf surfhvv wkdw

jhqhudwhv wkh gdwd lv nqrzq1 Wkh vwxg| ri duwl�fldo wlph vhulhv vhuyhv wr whvw

wkh uholdelolw| dqg h�hfwlyhqhvv ri wkh uhvxowv rewdlqhg zlwk wkh whfkqlfv dw rxu

glvsrvdo1

Zh suhvhqw vrph fdvhv ri ghwhuplqlvwlf v|vwhpv wkdw surgxfh d g|qdplfv

yhu| vlplodu wr d udqgrp zdon dqg zh fkhfn zkhwkhu wkh qrq0olqhdu g|qdplfv

wrrov doorz xv wr jdlq pruh lqirupdwlrq derxw wkh qdwxuh dqg wkh hyroxwlrq ri

wkh wlph vhulhv xqghu frqvlghudwlrq1 Zh zloo vhh wkdw wkh lqirupdwlrq jdlq iurp

xvlqj wkh qxphulfdo wrrov ri qrq0olqhdu wlph vhulhv dqdo|vlv pd| eh uhohydqw dqg

pd| ohdg xv wr frqvlghu wkh lvvxhv ri g|qdplfv iurp d yhu| gl�huhqw shuvshfwlyh1

714 Wuhqgv

Zh frqvlghu �uvw wkh prvw vlpsoh olplw fdvh/ wkdw lv wkh fdvh ri jurzwk dorqj

d olqhdu wuhqg1 Lq sduwlfxodu zh fkhfn wkh uhvxowv iurp wkh Glfnh|0Ixoohu whvw

zkhq d olqhdu wlph vhulhv jurzv ghwhuplqlvwlfdoo| zlwk wlph1 Wkhuhdiwhu zh dsso|

qrq0olqhdu phwulf wrrov wr wklv vhulhv wr vhh zklfk nlqg ri lqirupdwlrq zh pd|

h{wudfw iurp d wlph vhulhv1 Wkh dssolfdwlrq ri qrq0olqhdu whfkqltxhv wr d olqhdu

v|vwhp pd| qrw vhhp wr eh qhfhvvdu|/ exw wklv vwhs zloo doorz xv wr frpsduh wkh

lqirupdwlrq wkdw zh fdq rewdlq iurp d olqhdu v|vwhp zlwk olqhdu vwdwlvwlfv dqg

qrq0olqhdu g|qdplfv wrrov1

Lq wkh wuhqg vwdwlrqdu| fdvh/ uhvlgxdov kdyh qr shuvlvwhqw h�hfwv dqg wkh wlph

vhulhv lv vwdwlrqdu| dorqj d olqhdu wuhqg1 Li zh frqvlghu wkh yduldeoh {w dv d olqhdu

ixqfwlrq ri wlph w= {w @ {3 .!w. %w zkhuh {3 lv wkh lqlwldo ydoxh +lq rxu fdvh lw
lv htxdo wr }hur,/ ! lv d sdudphwhu dqg %w lv d udqgrp yduldeoh qrupdoo| l1l1g11

Uxqqlqj wkh Glfnh|0Ixoohu whvw zh vkrxog uhmhfw fruuhfwo| wkh qxoo k|srwkhvlv ri

d xqlw urrw dqg wkh Gxuelq0Zdwvrq vwdwlvwlfv/ GZ/ vkrxog eh durxqg 5 +zkhq
GZ*5/ uhvlgxdov kdyh qr vhuldo fruuhodwlrq,4< 1

Vxssrvh wkdw zh duh lqwhuhvwhg wr vwxg| wkh g|qdplfv ri d yduldeoh wkdw

frxog eh wkh JGS/ |w/ lq d prgho ri rxuv1 Lq rxu prgho zh dvvxph wkdw JGS

jurzv dw wkh |hduo| udwh j @ 5(=

|w @ |3+4 . j,w $ oq |w @ oq |3+4 . j,w $ oq |w @ oq |3 . w oq+4 . j,

Vxssrvh wkdw oq|w lv shuwxuehg e| d qrupdoo| l1l1g1 h{rjhqrxv vkrfn %=

oq |w @ oq |3 . w oq+4 . j, . %w=

Vhw oq |w @ {w dqg oq+4. j, @ ! zh rewdlq=

4<Vhh wkh vwdwlvwlfdo dsshqgl{ wr iru wkh h{dfw fulwlfdo ydoxhv ri wkh GZ whvw1
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{w @ {3 . !w. %w zkhuh j @ 3=35 dqg ! @ 3=35=

Wkh wlph hyroxwlrq ri {w lv uhsuhvhqwhg lq �j1 41
Dsso|lqj wkh Glfnh| Ixoohu whvw zh ghflghgo| uhmhfw wkh qxoo k|srwkhvlv ri

xqlw urrw +wde1 6,1 Wkh Glfnh|0Ixoohu whvw wxuqhg rxw wr eh 05415; zkloh wkh
fulwlfdo ydoxh dw 8( vljql�fdqfh ohyho lv 061741 Iru ydoxhv ohvv wkdq 6174/ wkh
qxoo k|srwkhvlv lv uhmhfwhg/ dv lw lv lq wklv fdvh1 Wkh Gxuelq0Zdwvrq vwdwlvwlfv
wxuqhg rxw wr eh forvh wr 5 dqg wklv frq�upv wkdw wkh uhvlgxdov duh qrw vhuldoo|
fruuhodwhg1 Lq wklv fdvh/ wkh Glfnh| Ixoohu whvw zdv deoh wr fruuhfwo| uhmhfw wkh
qxoo k|srwkhvlv ri d vwrfkdvwlf wuhqg dqg wr dffhsw fruuhfwo| wkh dowhuqdwlyh
k|srwkhvlv ri d olqhdu wuhqg1,

Ohw xv qrz wxuq rxu dwwhqwlrq wr vrph txdolwdwlyh dqg txdqwlwdwlyh phd0
vxuhphqwv rewdlqhg zlwk qrq0olqhdu g|qdplfv wrrov1 Wkh ydoxh ri hqwurs| wkdw
fkdudfwhul}hv wkh ohyhov lv 3(/ dqg wklv lqglfdwhv wkdw wkh wlph vhulhv lv fkdudfwhu0
l}hg e| dq doprvw qxoo ghjuhh ri glvrughu1 Lq idfw uhvlgxdov duh doo frqfhqwudwhg
durxqg d olqhdu wuhqg/ zklfk uhsuhvhqwv d orqj whup htxloleulxp sdwk1 Li zh
dqdo|}h wkh uhvlgxdov/ zklfk zhuh dvvxphg wr eh qrupdoo| l1l1g1/ wkh ohyho ri hq0
wurs| wxuqv rxw wr eh <3(/ d ydoxh uhodwlyho| forvh wr wkh lghdo olplw ri 433( ri
d sxuho| fdvxdo surfhvv +d ydoxh wkdw lv yhu| gl!fxow wr uhdfk lq vhulhv jhqhudwhg
e| wkh vlpsoh dojrulwkpv ri d udqgrp qxpehu jhqhudwruv,531 Wklv lqglfdwhv

wkdw wkh ghjuhh ri glvrughu ri d v|vwhp fkdudfwhul}hg rqo| e| d udqgrp yduldeoh

qrupdoo| l1l1g1 lv yhu| kljk1

Zh kdyh fdofxodwhg wkh ydoxh ri wkh pd{lpdo Oldsxqry h{srqhqw iru wkh

uhvlgxdov/ lq rughu wr phdvxuh wkh udwh wkh vhqvlwlyh ghshqgdqfh rq lqlwldo frq0

glwlrqv/ wkdw lv wkh udwh ri glyhujhqfh ri qhdue| lqlwldo vwdwhv1 Lw wxuqhg rxw wr
eh srvlwlyh +wdeoh4;/ urz qrupdo l1l1g1 surfhvv, dqg vr kljk wkdw uhvlgxdov iroorz
d xqsuhglfwdeoh g|qdplfv54 1 Dv zh zloo vhh lq vhfwlrq 716/ kljk ydoxhv ri wkh
pd{lpdo Oldsxqry h{srqhqw dqg hqwurs| duh dovr w|slfdo ri pdq| qrq0olqhdu
v|vwhpv +dqg qrw rqo| ri vwrfkdvwlf v|vwhpv,1

Wkh fdofxoxv ri wkh Oldsxqry h{srqhqwv dqg ri hqwurs| jlyhv d vfdodu rxwsxw1
Wkhuh duh dovr txdolwdwlyh ylvxdo ghylfhv wkdw frqvhqw wr xqfryhu frpsoh{ vwuxf0
wxuhv lq gdwd dqg hyhq wr vlqjoh rxw h{fhswlrqdo klvwrulfdo hyhqwv1 Wkh| duh wkh
skdvh sruwudlwv dqg wkh uhfxuuhqfh sorwv1 Wkh skdvh sruwudlw lv vlpso| d judsk0

lfdo uhsuhvhqwdwlrq wkdw sorwv wkh ydoxh {+w, djdlqvw {+w � k, zkhuh 3 ? k ? w1

Lq �j1 6 wkh uhvlgxdov %+w, duh sorwwhg djdlqvw %+w� 4,551
Wkh uhfxuuhqfh sorwv e| Hfnpdqq/ Ndpskruvw dqg Uxhooh +4<;:, duh d judsk0

lfdo wrro iru wkh txdolwdwlyh dqdo|vlv ri wlph vhulhv edvhg rq skdvh sruwudlwv
dqg doorz xv wr xqfryhu ghwhuplqlvwlf vwuxfwxuhv wkdw frxog qrw eh uhyhdohg
e| skdvh sorwv1 Lq wkh prvw vlpsoh uhfxuuhqfh sorwv/ wkh glvwdqfhv ehwzhhq
hdfk revhuydwlrqv duh phdvxuhg dqg pdunhg e| d juh| wrqh1 Rq wkh d{lv hdfk
srlqw fruuhvsrqgv wr d gdwhg revhuydwlrq1 Wkh gldjrqdo lv wkh orfxv zkhuh
n{+w,� {+w� k,n @ 3 zkhuh k @ 3 dqg wkh fruuhvsrqglqj wrqh lv zklwh1

53Vhh wkh vwdwlvwlfdo dsshqgl{1
54Vhh wkh vwdwlvwlfdo dsshqgl{ dovr iru d qxphulfdo h{dpsoh1
55Zh frxog reylrxvo| sorw uhvlgxdov 0E|� djdlqvw wkh uhvlgxdov ri dq| suhfhglqj shulrg olnh

h1j1 0E| 3 e�1 Nqrzlqj h{ dqwh wkdw 0 lv wkh uhvxow ri d udqgrp qxpehu jhqhudwru/ wkh

0E|�3 0E|3 e� sorw lv txdolwdwlyho| htxlydohqw wr wkh 0E|�3 0E|3 �� sorw1
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Lq wkh fdvh ri d ghwhuplqlvwlf wuhqg wkh glvwdqfh jurzv zlwk wkh whpsrudo

glvwdqfh ri revhuydwlrqv1 Wkh prvw glvwdqw revhuydwlrqv duh {+3, dqg {+W ,/
khqfh wkh srlqwv ^{+3, � {+W ,` dqg ^{+W , � {+3,` duh pdunhg e| d eodfn wrqh
+�j1 7,1 Wkh srlqwv dorqj wkh sdudoohov wr wkh 78 ghjuhh olqh duh fkdudfwhul}hg e|
wkh vdph juh| wrqh dqg wklv lqglfdwhv wkdw wkh frxsohv ri revhuydwlrqv wkdw nhhs
wkh vdph whpsrudo glvwdqfh duh dovr fkdudfwhul}hg e| wkh vdph vsdwldo glvwdqfh
+uhsuhvhqwhg e| wkh vdph juh| wrqh,1

Rq wkh frqwudu|/ uhfxuuhqfh sorwv ri qrupdoo| l1l1g1 uhvlgxdov/ vkrxog qhlwkhu
suhvhqw dq| frqwlqxrxv olqh ehwzhhq srlqwv qru sduwlfxodu duhdv fkdudfwhul}hg e|
wkh vdph juh| wrqh1 Wkh idfw wkdw vrph qhduo| frqwlqxrxv olqhv pd| eh qrwlfhg
+�j1 8,/ lv gxh wr wkh udqgrp qxpehu jhqhudwru / zklfk lv d pdwkhpdwlfdo dojr0
ulwkp dqg wkhuhiruh grhv qrw surgxfh sxuho| xqvwuxfwxuhg wlph vhulhv1 Krzhyhu
�j1 8 vkrzv pxfk ohvv vwuxfwxuh wkdq wkh Uxhooh sorw lq �j1 7 dqg lv forvh wr
wkh rqh ri d sxuho| qrupdo l1l1g surfhvv1

Dfwxdoo|/ Uxhooh sorwv pd| doorz wr vlqjoh rxw pxfk pruh klgghq vwuxfwxuhv/
zkhq wkh| frpsduh hpehgghg yhfwruv56 lqvwhdg ri vlqjoh revhuydwlrqv1 Uxhooh

sorwv pdun wkh glvwdqfhv ehwzhhq srlqwv57 zlwk d wrqh ri jud|1 Li zh fkrrvh

p @ 4 zh rewdlq wkh �jxuhv 7 dqg 81 Li zh fkrvh gl�huhqw ydoxhv ri p/ zh zrxog

kdyh dovr judskv vlplodu wr �j1 7 dqg 81 Krzhyhu/ lq rwkhu fdvhv hvshfldoo| lq

wkh fdvhv ri fkdrwlf v|vwhpv/ wkh fkrlfh ri dssursuldwh ydoxhv iru p doorzv wr

xqfryhu vwuxfwxuhv/ rwkhuzlvh qhjohfwhg1

Wr glvfulplqdwh d vwrfkdvwlf surfhvv iurp d surfhvv wkdw frqwdlqv d ghwhu0
plqlvwlf vwuxfwxuh zh dsso| wkh EGV whvw1 Wkh qxoo k|srwkhvlv lv wkdw wkh wlph

vhulhv lv fkdudfwhul}hg e| dq l1l1g1 surfhvv/ zkloh wkh dowhuqdwlyh k|srwkhvlv lv

wkdw wkh wlph vhulhv iroorzv d qrq0olqhdu odz1 Dsso|lqj wkh EGV whvw wr wkh

uhvlgxdov udqgrpo| jhqhudwhg dw frpsxwhu/ zh kdyh irxqg d ydoxh iru wkh EGV

ixqfwlrq htxdo wr 0415; dqg d fulwlfdo ydoxh ri 41<9 dw 8( vljql�fdqfh ohyho1 Dv
zh h{shfwhg/ zh dffhsw wkh qxoo l1l1g1 k|srwkhvlv58 1

Iurp wklv vlpsoh h{huflvh zh kdyh rewdlqhg wkh iroorzlqj uhvxowv=

56Wkh hpehgghg yhfwruv duh vlpso| gh�qhg dv=

 � ' t%�3E63��c %�3E632� c ���c %�� zkhuh %� lv wkh revhuyhg ydoxh dw d fhuwdlq srlqw dw wlph

dqg 6 lv fdoohg hpehgglqj glphqvlrq1

Iru h{dpsoh vxssrvh wr kdyh d vhulhv ri 43 revhuyhg ydoxhv ri d fhuwdlq yduldeoh %=

% ' tHc Dc Sc bcec ec �c.c �c 2c.�
zh rewdlq wkh iroorzlqj hpehgghg yhfwruv=

 2 '

�
%23E23��c%23E232�

�
' t%�c %2� ' tHc D�

 � '

�
%�3E23��c %�3E232�

�
' t%2c %�� ' tDc S�

 e '

�
%e3E23��c %e3E232�

�
' t%�c %e� ' tSc b�

111

 �f '

�
%�f3E23��c %�f3E232�

�
' t%bc %�f� ' t�c .�

iru 6 ' 21

dqg  ' t%2 c %�c
%ec ���c %�fc

� lv wkh hpehgghg wlph vhulhv iru 6 ' 21
Wkh hpehgghg wlph vhulhv duh ri juhdw lpsruwdqfh lq qrqolqhdu g|qdplfv ehfdxvh wkdqnv

wr wkhp/ dv lw kdv ehhq vkrzq e| Wdnhqv +4<;4,/ zh pd| xqfryhu vrph surshuwlhv olnh wkh
fruuhodwlrq glphqvlrq ri dq xqnqrzq xqghuo|lqj prwlrq odz wkdw jhqhudwhg wkh wlph vhulhv
lwvhoi iurp wkh revhuyhg ydoxhv ri wkh surfhvv1

57
l1h1 ehwzhhq yhfwruv  �

58Vhh wkh vwdwlvwlfdo dsshqgl{ iru d glvfxvvlrq ri wkh EGV whvw/ vl}h dqg srzhu surshuwlhv1
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0 xvlqj wkh Glfnh| Ixoohu whvw zh kdyh fruuhfwo| frqfoxghg wkdw wkh wlph
vhulhv rq ohyhov lv vwdwlrqdu| dqg iroorzv d ghwhuplqlvwlf wuhqg1

0 wkh hqwurs| lqglfdwhv wkdw wkh wlph vhulhv ri ohyhov lv vwdeoh dqg wkh wlph
vhulhv ri uhvlgxdov lv h{wuhpho| xqvwdeoh1 Wkh pd{lpdo Oldsxqry h{srqhqwv ri
uhvlgxdov lv vkduso| srvlwlyh/ dqg wklv lqglfdwhv wkdw qhdue| wudmhfwrulhv glyhujh
ryhu wlph1 Erwk wkh ydoxhv ri hqwurs| dqg wkh pd{lpdo Oldsxqry h{srqhqw gr
qrw surylgh d gh�qlwlyh dqvzhu wr wkh txhvwlrq dv uhjdugv wkh qdwxuh ri wlph
vhulhv1

0 uhfxuuhqfh sorwv dqg skdvh sruwudlwv doorz xv wr lghqwli| wkh h{lvwhqfh
ri vwuxfwxuhv wkdw duh gl�huhqw iurp wkrvh ri d qrupdoo| l1l1g1 surfhvv1

0 wkh EGV whvw doorzv xv wr ehwwhu dssuhfldwh wkh lpsruwdqfh ri wkh wlph
rughu lq wlph vhulhv/ wkdw lv wr ghwhfw wkh h{lvwhqfh ri ghwhuplqlvwlf vwuxfwxuhv lq
wlph vhulhv1 Lq wklv fdvh zh zhuh qrw deoh wr ghwhfw dq| ghwhuplqlvwlf vwuxfwxuh lq
wkh uhvlgxdov vlqfh wkhuh zhuhq*w dq| +h{fhsw iru wkh rqhv ri wkh udqgrp qxpehu
jhqhudwru dojrulwkp,1

715 Udqgrp zdonv

Lq d vlplodu zd| dv zh kdyh grqh lq wkh fdvh ri ghwhuplqlvwlf wuhqgv/ zh qrz

dqdo|}h dq rwkhu olplwlqj fdvh/ wkh udqgrp zdon1 Wkh udqgrp zdon k|srwkhvlv

lv qrw jhqhudoo| uhmhfwhg e| wkh xqlw urrw olwhudwxuh dqg lw lv dw wkh fruh ri Uhdo

Exvlqhvv F|foh wkhru|1

Lq rughu wr yhuli| wkh uhvxowv wkdw zh rewdlq zlwk wkh Glfnh|0Ixoohu whvw dqg

wkh qrq0olqhdu g|qdplfv wrrov/ zh shuirup d frqwuroohg h{shulphqw zlwk d nqrzq

udqgrp zdon surfhvv1

Lq wkh udqgrp zdon fdvh wkh uhvlgxdov/ frqwudu| wr zkdw kdsshqv lq wkh fdvh

ri ghwhuplqlvwlf wuhqgv/ kdyh shuvlvwhqw h�hfwv dqg fxpxodwh ryhu wlph/ zlwkrxw

ehlqj uhdevruehg hyhq sduwldoo| lq wkh ixwxuh1 Wkh wlph vhulhv lv qrw vwdwlrqdu|/

grhv qrw iroorz d olqhdu wuhqg/ exw fdq vwloo jurz lq d txlwh vlplodu zd| wr wkh

fdvh ri wkh ghwhuplqlvwlf wuhqg1 Iurp d ylvxdo frpsdulvrq ehwzhhq d vhulhv wkdw

jurzv olnh d udqgrp zdon dqg d vhulhv wkdw jurzv dorqj d ghwhuplqlvwlf olqhdu

sdwk/ lw lv riwhq qrw srvvleoh wr glvwlqjxlvk wkh qdwxuh ri wkh wzr wlph vhulhv1

Wkh Glfnh|0Ixoohu whvw vhuyhv wr vlqjoh rxw zklfk ri wkh wzr wlph vhulhv lv wkh

rqh wkdw iroorzv d udqgrp zdon1

Lq d udqgrp zdon surfhvv/ wkh ydoxh ri wkh yduldeoh {w ghshqgv rq lwv odjjhg

ydoxh {w�4 dqg d qrupdoo| l1l1g1 vkrfn %w=

{w @ {w�4 . %w

Vxssrvh qrz wkdw zh duh lqwhuhvwhg lq wkh g|qdplfv ri d yduldeoh | wkdw

jurzv |hduo| dw wkh dyhudjh udwh ri 5(/ dv dq h�hfw ri wkh fxpxodwlrq ri vkrfnv=

oq |w @ oq |w�4 . %w $ oq|w � oq |w�4 @ %w $ oq
|w

|w�4
@ %w $ |w @ h

%w|w�4
59

zlwk

%w * Q+3=35oq|w�4> �5, l=l=g1

59Dvvxplqj srvlwlyh vkrfn/ dw zruvw zh kdyh qxoo jurzwk1
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Sorwwlqj wkh orj vhulhv djdlqvw wlph zh fdq vhh d g|qdplfv +�j1 9, vlplodu wr
wkh fdvh ri ghwhuplqlvwlf wuhqg +�j1 4,1 Lw lv qrw srvvleoh wr ghwhuplqh zklfk ri
wkh wzr wlph vhulhv lv wkh udqgrp zdon wkurxjk d gluhfw ylvxdo lqvshfwlrq dorqh1
D jurzwk wuhqg h{lvwv/ exw lw lv d vwrfkdvwlf rqh1

Wr glvwlqjxlvk ehwzhhq d vwrfkdvwlf wuhqg dqg d ghwhuplqlvwlf wuhqg zh dsso|
wkh Glfnh| Ixoohu whvw dqg/ dv zh h{shfwhg/ zh duh qrw deoh wr uhmhfw wkh xqlw
urrw k|srwkhvlv1 Wkh ydoxh ri wkh whvw ixqfwlrq wxuqhg rxw wr eh 041<; zkloh wkh
fulwlfdo ydoxh lv 06174 dw 8( vljql�fdqfh ohyho +wde1 7,1 Uhvlgxdov wxuqhg rxw qrw
wr eh vhuldoo| fruuhodwhg +Gxuelq0Zdwvrq vwdwlvwlf lv 41<<,1

Wkh hqwurs| ohyho/ wkh pd{lpdo Oldsxqry h{srqhqw/ wkh EGV whvw dqg Uxhooh
sorwv ri wkh uhvlgxdov duh h{dfwo| wkh vdph ri wkrvh rewdlqhg iru wkh ghwhuplqlvwlf
wuhqg fdvh5:1 Lqdvpxfk dv wkh dlp ri qrq0olqhdu g|qdplfv lv wr ghwhfw frpsoh{
vwuxfwxuhv lq uhvlgxdov/ erwk lq wkh fdvh ri vwrfkdvwlf jurzwk dqg ghwhuplqlvwlf
jurzwk/ uhvlgxdov duh vwrfkdvwlf dqg wkh wrrov ri qrq0olqhdu g|qdplfv fdqqrw
eh xvhg wr ghwhfw olqhdu ghwhuplqlvp1 Wkh surshu lqvwuxphqw wr ghwhfw olqhdu
ghwhuplqlvp lv lqghhg wkh Glfnh|0Ixoohu whvw1

716 Qrq0olqhdu zdonv

Dxwruhjuhvvlyh whqw pds jurzwk

Zh fkhfn zkdw kdsshqv zkhq zh dsso| wkh Glfnh|0Ixoohu whvw wr dq duwl�fldo

wlph vhulhv lq zklfk wkh ydoxh ri wkh yduldeoh ghshqgv rq lwv odjjhg ydoxh dqg d

ghwhuplqlvwlf qrq0olqhdu uhvlgxdo1 Zh zloo dsso| wkh EGV whvw dqg rwkhu wrrov

ri qrq0olqhdu g|qdplfv wr lghqwli| wkh ghwhuplqlvwlf vwuxfwxuhv wkdw wkh Glfnh|0

Ixoohu whvw lv qrw deoh wr ghwhfw1

Vxssrvh wkdw d wlph vhulhv lv jhqhudwhg e| wkh iroorzlqj ghwhuplqlvwlf odz=

{w @ {w�4 . 3=37{w�4%w zlwk i
%w @ 5%w�4 iru %w�4 ? 3=8

%w @ 5+4� %w�4, iru %w�4 ? 3=8

wklv v|vwhp lv nqrzq dv wkh whqw pds dqg zdv sxeolvkhg lq wkh Hfrqrplf
Mrxuqdo e| Vfkhlqnpdq +4<<3, dqg e| Ydvwdqr dqg Zroi +4<;9, lq d zrun0
lqj sdshu ri wkh Xqlyhuvlw| ri Wh{dv1 Wkh sduwlfxodulw| ri wklv v|vwhp lv wkdw
lw lv d fkdrwlf v|vwhp exw lw kdv wkh vdph vwdwlvwlfdo surshuwlhv ri d xqlirup
glvwulexwlrq1

Vlploduo| wr wkh udqgrp zdon/ 3=37%w kdv dq dyhudjh ydoxh htxdo wr 3=35
5;1

D ylvxdo lqvshfwlrq ri wkh jhqhudwhg wlph vhulhv {w +�j1 :, pd| ohdg xv wr
frqixvlrq ehfdxvh wkh wlph vhulhv {w orrnv yhu| vlplodu wr wkh wlph vhulhv zlwk
d ghwhuplqlvwlf ru vwrfkdvwlf wuhqg1 Lq rughu wr vhh zkhwkhu wkh v|vwhp iroorzv
d vwrfkdvwlf ru d ghwhuplqlvwlf wuhqg zh dsso| wkh Glfnh|0Ixoohu whvw dqg zh

5:Wkh uhvlgxdov lq erwk fdvhv zhuh rewdlqhg iurp wkh vdph udqgrp qxpehu jhqhudwru1
5;Ehfdxvh ri wkh �qlwh dssur{lpdwlrq ri wkh surjudp zh xvhg/ zh frxog qrw rewdlq pruh wkhq

83 revhuydwlrqv1 Frqvhtxhqwo| zh kdyh dgghg d yhu| vpdoo udwlr ri zklwh qrlvh wr hdfk 0| vr

wkdw wkh v|vwhp grhv qrw uhshdw lwvhoi hyhq lq wkh orqj uxq1 Zh kdyh dgghg f�fffff�W�Ef�Dc ��
qrlvh1
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fdq*w uhmhfw wkh xqlw urrw k|srwkhvlv1 Lq idfw wkh ydoxh ri wkh whvw ixqfwlrq
wxuqhg rxw wr eh 041; +wdeoh 8, zkloh wkh qxoo k|srwkhvlv lv uhmhfwhg iru ydoxhv
ohvv wkdq 0617 dw 8( frq�ghqfh ohyho1 Wkh wlph vhulhv dsshduv wr eh vlplodu wr
wkh vwrfkdvwlf wuhqg ru wr wkh ghwhuplqlvwlf olqhdu wuhqg1 Exw zh nqrz wkdw lw
lv qhlwkhu1 Wkh Gxuelq0Zdwvrq vwdwlvwlf wxuqhg rxw wr eh h{dfwo| htxdo wr 5133/
dqg wklv lqglfdwhv wkdw uhvlgxdov duh qrw vhuldoo| fruuhodwhg1 Dw wklv vwdjh zh
zrxog dsso| djdlq wkh Glfnh|0Ixoohu whvw wr wkh uhvlgxdov wr vhh zkhwkhu wkh|
duh vwdwlrqdu|/ dqg zh zrxog frqfoxgh wkdw wkh surfhvv lv dxwruhjuhvvlyh ri rughu
rqh zlwk l1l1g1 uhvlgxdov1

Wklv frqfoxvlrq zrxog rqo| eh sduwldoo| wuxh1 Wkh surfhvv lv dxwruhjuhvvlyh
ri rughu rqh dqg wkhuhiruh wkhuh h{lvw d xqlw urrw/ exw wkh uhvlgxdov +uhsuhvhqwhg
lq �j1 ;, duh ghwhuplqlvwlf dqg wkhuhiruh/ nqrzlqj wkh odz wkdw jhqhudwhv wkh
uhvlgxdov/ wkh surfhvv zrxog eh shuihfwo| suhglfwdeoh1 Lq wklv fdvh zh pxvw eh
yhu| fduhixo wr lqwhusuhw wkh uhvxowv rewdlqhg zlwk wkh Glfnh|0Ixoohu whvw> lw
vxjjhvwv wkdw lw lv qrw srvvleoh wr uhixvh wkh qxoo k|srwkhvlv ri wkh h{lvwhqfh ri
d xqlw urrw/ dqg wkhuhiruh wkh k|srwkhvlv ri dxwruhjuhvvlyh surfhvv ri rughu rqh
zkhuh uhvlgxdov kdyh shuvlvwhqw h�hfwv1 Krzhyhu wkh uhvlgxdov/ dv lq wklv fdvh/
fdq eh qrq0vwrfkdvwlf1 Frqvhtxhqwo| wkh Glfnh|0Ixoohu whvw lv d wrro wkdw lv qrw
vxlwdeoh wr xqfryhu zkhwkhu wkh vhulhv iroorzv d ghwhuplqlvwlf odz/ h{fhsw iru wkh
vshfldo fdvh wkdw wkh vhulhv iroorzv d ghwhuplqlvwlf olqhdu wuhqg1 Wkh dffhswdqfh
ri d xqlw urrw k|srwkhvlv dqg wkh suhvhqfh ri qrw vhuldoo| fruuhodwhg uhvlgxdov
grhv qrw dxwkrul}h xv wr wdnh iru judqwhg wkdw wkh wlph vhulhv kdv d vwrfkdvwlf
ruljlq1

Iurp wkh ydoxhv ri hqwurs| +:;(, dqg wkh srvlwlyh pd{lpdo Oldsxqry h{0
srqhqw zh pd| lqihu wkdw wkh v|vwhp lv qhduo| xqsuhglfwdeoh1 Krzhyhu wkhvh
fkdudfwhulvwlfv duh w|slfdo ri erwk vwrfkdvwlf dqg fkdrwlf surfhvvhv1 Lq rughu wr
lqihu wkh h{lvwhqfh ri qrq0olqhdu vwuxfwxuhv zh kdyh shuiruphg wkh EGV whvw1
Wkh ydoxh ri wkh EGV vwdwlvwlf wxuqhg rxw <<15 dqg wklv doorzv xv wr uhmhfw wkh
qxoo l1l1g1 k|srwkhvlv zlwk d plqlpdo suredelolw| wr eh lq huuru5< 1

Dxwruhjuhvvlyh Urvvohu jurzwk

Frqvlghu wkh iroorzlqj v|vwhp=

{w @ {w�4 . 3=35{w�4+
%w

43
. 4, +�j1 43,

zkhuh 3=35+ %w
43
. 4, kdv dq dyhudjh htxdo wr 3=35/ dqg %w lv wkh uhvxow ri d

ghwhuplqlvwlf fkdrwlf wlph vhulhv wkdw jhqhudwhv dshulrglf f|fohv 63 +vhh �j1 44,1
Dsso|lqj wkh Glfnh| Ixoohu whvw zh zrxog uhmhfw wkh qxoo k|srwkhvlv ri dx0

wruhjuhvvlyh surfhvv ri rughu rqh dqg dffhsw wkh dowhuqdwlyh k|srwkhvlv ri d
ghwhuplqlvwlf wuhqg1 Wkh Glfnh|0Ixoohu vwdwlvwlf wxuqhg rxw wr eh 08:185/ d ydoxh
hqruprxvo| juhdwhu wkdq wkh uhvshfwlyh fulwlfdo ydoxh +061<: lv wkh fruuhvsrqglqj
8( fulwlfdo ydoxh, +wdeoh 9,1 Wkh Gxuelq0Zdwvrq vwdwlvwlf wxuqhg rxw wr eh 313<
dqg uhvlgxdov duh lqghhg vhuldoo| fruuhodwhg1 Jlyhq wkhvh uhvxowv zh zrxog wklqn
wkdw wkh wlph vhulhv iroorzv d ghwhuplqlvwlf wuhqg dqg  xfwxdwlrqv duh f|folfdo
zlwk uhyhuvleoh h�hfwv1 Krzhyhu rxu prgho lv dxwruhjuhvvlyh ri rughu rqh/ lw

5<Vhh lq dsshqgl{ wkh kljk srzhu ri wkh EGV whvw djdlqvw wkh whqw pds1
63Iru d ghwdlohg ghvfulswlrq ri wkh Urvvohu surfhvv vhh Oruhqw} +4<;<, ru Jdqgroir +4<<:,1
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grhv qrw iroorz d ghwhuplqlvwlf wuhqg dqg wkh wlph vhulhv lv hqwluho| jhqhudwhg
e|  xfwxdwlrqv %w wkdw kdyh shuvlvwhqw h�hfwv1

Wkh ydoxh ri hqwurs| ri wkh uhvlgxdov lv 48( dqg wklv orz ydoxh lpsolhv wkdw

wkh v|vwhp whqg wr suhvhuyh d fhuwdlq vwdelolw|1 Wkh pd{lpdo Oldsxqry h{srqhqw

lv srvlwlyh dqg wkhuhiruh wkh hyroxwlrq ri wkh v|vwhp lv vhqvlwlyh zlwk uhvshfw wr

lwv lqlwldo frqglwlrqv/ exw vlqfh lwv ydoxh lv forvh wr }hur/ lw vxjjhvwv wkdw wkh
v|vwhp lv dovr f|folfdo1 Lq idfw lw kdv dshulrglf f|fohv/ wkxv/ wkh v|vwhp lv dovr
fkdrwlf1 Wkh uhfxuuhqfh sorwv ri wkh uhvlgxdov +�j1 45,/ mxvw olnh d vlpsoh judsk
djdlqvw wlph +�j1 44,/ vkrzv d f|folfdo dqg dshulrglfdo g|qdplfdo vwuxfwxuh1

Wkh frq�updwlrq ri wkh h{lvwhqfh ri qrq0olqhdu vwuxfwxuhv lq wkh wlph vhulhv
iroorzv iurp wkh kljk ydoxh ri wkh EGV vwdwlvwlf +wdeoh 9,1 Wkh qxoo l1l1g1 k|0
srwkhvlv lv uhmhfwhg1 Wkrxjk wkh EGV whvw dovr lq wklv fdvh lv deoh wr ghwhfw
fruuhfwo| wkh h{lvwhqfh ri qrq0olqhdu vwuxfwxuhv lq wkh gdwd/ zh pd| ehwwhu ds0
suhfldwh lwv xvh zlwk vhuldoo| xqfruuhodwhg uhvlgxdov/ dv lq wkh fdvhv ri wkh whqw
pds dqg wkh vhdvrqdoo| dgmxvwhg uhdo wlph vhulhv1

8 Hpslulfdo hylghqfh= wkh XV wlph vhulhv

Lq wkh sdvw 48 |hduv wkh ghwhfwlrq ri qrq0olqhdulwlhv lq uhdo hfrqrplf wlph vhulhv

kdv wxuqhg rxw d yhu| gl!fxow wdvn1 Wkh pdlq sureohp lv wr dsso| wkh qrq0olqhdu

g|qdplfv wrrov wr wlph vhulhv wkdw frqwdlq d vx!flhqw qxpehu ri revhuydwlrqv1

Lq rughu wr uholdeo| fdofxodwh wkh EGV whvw d txlwh kljk qxpehu ri revhuydwlrqv lv

qhhghg1 Durxqg 733 revhuydwlrqv duh qhfhvvdu| wr ghwhfw orz glphqvlrqdo qrq0

olqhdulwlhv1 Li zh zlvk wr glvfryhu pruh frpsoh{ vwuxfwxuhv/ zh qhhg hyhq d kljkhu

qxpehu ri revhuydwlrqv1 Wklv lv gxh wr wkh idfw wkdw wkh EGV whvw kdv d yhu| orz

srzhu iru vpdoo �qlwh vdpsohv64 1 Lq wde1 :/ zh vkrz wkdw xvlqj d vpdoo vdpsoh

iurp d udqgrp zdon jurzwk surfhvv/ wkh EGV whvw uhmhfwv vsxulrxvo| wkh qxoo

l1l1g1 k|srwkhvlv +vhh wkh kljk ydoxh ri wkh EGV vwdwlvwlf65,1 Wkh dssolfdwlrq
ri wkh EGV whvw/ dv zhoo dv doo wkh wrrov ri qrq0olqhdu g|qdplfv edvhg dv wkh

EGV whvw rq wkh fruuhodwlrq glphqvlrq/ rq vpdoo vdpsohv pd| surgxfh vsxulrxv

uhvxowv66 1 Lq vhfwlrq 715 wkh sureohp ri vsxulrxv uhvxowv glg qrw dulvh vlqfh wkh

vdpsoh zdv vx!flhqwo| odujh dqg wkh whvw srzhu kljk1

Zkhq zh kdyh dw rxu glvsrvdo wlph vhulhv zlwk d yhu| olplwhg qxpehu ri

revhuydwlrqv/ dv lq wkh fdvh zh kdyh whvwhg lq wde1 : zkhuh wkh revhuydwlrqv zhuh

493/ lw lv qhfhvvdu| wr xvh olqhdu phwulfv zkloh wkh xvh ri qrq0olqhdu g|qdplfv

wrrov zrxog wrr riwhq surgxfh zurqj uhvxowv1 Iru lqvwdqfh/ wkh iuhtxhqf| ri

revhuydwlrqv iru JGS lv rqo| txduwhuo| dqg gdwd duh dydlodeoh vwduwlqj iurp

4<8<1 Wkrxjk wkh Exuhdx ri Hfrqrplf Dqdo|vlv lv jrlqj wr uhohdvh wkhvh gdwd

wklv |hdu iurp 4<5</ zh frxog rqo| kdyh d pd{lpxp ri 5;3 revhuydwlrqv dqg wklv

64Vhh wkh vwdwlvwlfdo dsshqgl{1
65Vhh froxpq `6c� �

66 Lq wkh vwdwlvwlfdo dsshqgl{ wkh �qlwh vdpsoh surshuw| ri wkh phwkrgv ri qrqolqhdu g|qdplfv

edvhg rq wkh fruuhodwlrq lqwhjudo duh glvfxvvhg1
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olplwdwlrq zrxog qrw doorz xv wr suryh wkh h{lvwhqfh ri d qrq0olqhdu g|qdplfv67 1

Pruhryhu d vhulhv olnh JGS lv vrphzkdw shfxoldu= lw lv wkh uhvxow ri wkh vxp ri
wkh surgxfwlrq ri doo wkh vhfwruv dqg wkh surgxfwlrq ri hdfk vhfwru pd| kdyh
d g|qdplfv ri lwv rzq1 Wlph vhulhv ri gl�huhqw vhfwruv duh fkdudfwhul}hg e|
vshfl�f ydoxhv ri dpsolwxgh/ iuhtxhqf| dqg skdvh1 Li zh vlpso| vxp wkh ydoxhv
ri surgxfwlrq +wkdw lv wkh dpsolwxgh ri wkh vljqdo, ri hdfk vhfwru/ zh jhqhudwh d
wlph vhulhv ri JGS/ zkrvh vljqdo fkdudfwhulvwlfv olnh dpsolwxgh/ iuhtxhqf| dqg
skdvh duh qrw vkduhg zlwk rwkhu wlph vhulhv1 Wkh JGS wlph vhulhv pd| qrw eh
dssursuldwh wr glvsod| vwuxfwxudo fkdqjhv lq wkh vhfwruldo wlph vhulhv1

Fkdydv dqg Krow +4<<4, kdyh fkrvhq wr dqdo|}h d yhu| vshfl�f wlph vhulhv ri
zklfk lw zdv douhdg| nqrzq wr kdyh d f|folfdo qdwxuh= wkh Srun F|foh1 Fkdydv

dqg Krow kdyh vkrzq wkh h{lvwhqfh ri dshulrglf f|fohv lq wkh txduwhuo| wlph

vhulhv ri wkh XV txdqwlwlhv dqg sulfhv ri srun phdw iurp 4<43 wloo 4<;71 Fkdydv

dqg Krow kdyh wkh juhdw phulw wr kdyh suryhg wkdw  xfwxdwlrqv lq wlph vhulhv

pd| kdyh d qrq0olqhdu ruljlq1

Lq wkh dqdo|vlv wkdw iroorzv/ zh irfxv rq vrph pdlq pdfurhfrqrplf dqg

vhfwru wlph vhulhv1 Zh fkhfn zkhwkhu lw lv srvvleoh wr h{wudfw vljqdov iurp wkh

uhvlgxdov wkdw hfrqrplf olwhudwxuh kdv dvvxphg wr eh vwrfkdvwlf1 Zkdw zh zdqw

wr dvfhuwdlq zkhwkhu wkh uhvlgxdov dovr frqwdlq suhvhqw d qrq0olqhdu frpsrqhqw

wrjhwkhu zlwk d wuxo| vwrfkdvwlf frpsrqhqw1 Zkdw zh duh wu|lqj wr �qg lv

zkhwkhu lpsruwdqw whpsrudo olqndjhv duh suhvhqw ehwzhhq uhvlgxdov1 Zh zloo

dwwhpsw wr idovli| wkh uhvxowv ri uhmhfwlrq ri wkh qxoo l1l1g1 k|srwkhvlv1 Zh zloo

surfhhg wr d udqgrp vkx"h ri wkh wlph vhulhv lq rughu wr euhdn dq| whpsrudo

olqn dprqj gdwd dqg zh zloo dsso| qrq0olqhdu g|qdplfv wrrov rq wkh vkx"hg

wlph vhulhv1 Li wkh uhvxowv ri qrq0olqhdu whvw rq erwk wkh ruljlqdo dqg wkh vkx"hg

wlph vhulhv duh vlplodu/ lw phdqv wkdw wlph olqndjhv duh qrw lpsruwdqw dqg wkh

wlph vhulhv lv jhqhudwhg e| d vwrfkdvwlf surfhvv/ rwkhuzlvh wkhuh lv hylghqfh wkdw

wlph fdqqrw eh uxohg rxw dqg wkhuh h{lvwv d qrq0olqhdu frpsrqhqw1

814 Lqgxvwuldo surgxfwlrq

Wlph vhulhv iru lqgxvwuldo surgxfwlrq lv fhuwdlqo| rqh ri wkh prvw frpsohwh dydlo0

deoh1 Gdwd jr edfn wr 4<4< dqg wkh iuhtxhqf| ri revhuydwlrq lv prqwko|1

Dsso|lqj wkh Glfnh|0Ixoohu whvw68 wr wkh orj ri wkh revhuyhg ydoxhv/ zh fdqqrw
uhmhfw wkh qxoo k|srwkhvlv ri d xqlw urrw +wdeoh ;,1

Diwhuzdugv zh kdyh hvwlpdwhg wkh iroorzlqj olqhdu prgho wkdw ehvw �wv wkh
gdwd=

67D jhqhudoo| dffhswhg uhvxow lv wkdw wkh JGS wlph vhulhv/ dv srlqwhg rxw e| wkh ydvw
olwhudwxuh rq xqlw urrwv dqg frlqwhjudwlrq/ lv fkdudfwhul}hg e| d vwrfkdvwlf wuhqg/ exw lw fdqqrw
uholdeo| whvwhg zlwk wkh qrqolqhdu qxphulfdo wrrov ehfdxvh ri d sdxflw| ri revhuydwlrqv1 Khqfh
zh fdqqrw dvfhuwdlq zkhwkhu wkh JGS lv uhdoo| fkdudfwhul}hg e| d qrqolqhdu g|qdplfv1

68Vlqfh vrph wlph vhulhv zhuh dxwrfruuhodwhg lq wkh uhvlgxdov/ zh kdyh xvhg iru doo wkh uhdo
wlph vhulhv wkh �dxjphqwhg� irup ri wkh Glfnh|0Ixoohu whvw lqfoxglqj pruh odjv/ wuhqg dqg
lqwhufhsw1 Wkh qxpehu ri odjv zh kdyh frqvlghuhg lv wkh plqlpdo wkdw frqvhqwv wr rewdlq
xqfruuhodwhg uhvlgxdov1 Vhh vwdwlvwlfdo dsshqgl{ ru Kduulv +4<<8, iru pruh ghwdlov1
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\ +w, @ 3=35 . 3=<<\ +w � 4, . 3=84^\ +w� 4,� \ +w � 5,` . +5=;<H � 3=8,w. %

zkhuh \+w, duh wkh revhuyhg ydoxhv ri wkh lqgxvwuldo surgxfwlrq lq whupv ri
ydoxh69 1 Wkh Gxuelq Zdwvrq vwdwlvwlf lv 41<8 zhoo zlwklq wkh dffhswdqfh udqjh
41;<05143 dqg wklv lqglfdwhv wkdw uhvlgxdov duh qrw vhuldoo| fruuhodwhg1

Iurp wkh ruljlqdo vhulhv \ zh irfxvhg rq wkh uhvlgxdov % +�j1 46,1 Wkh
uhvlgxdov dsshduv dovr wr eh fkdudfwhul}hg e| d yhu| frpsolfdwh g|qdplfv li zh
orrn dw lwv hqwurs| ohyho +;3(, +wdeoh ;,1

Wkh fdofxoxv ri wkh pd{lpdo Oldsxqry h{srqhqw ghshqgv rq wkh sdudphwhu
ri wkh hpehgglqj glphqvlrq p1 Wkhuh h{lvwv d pd{lpdo Oldsxqry h{srqhqw iru
hdfk ydoxh ri p1 Wkh pd{lpdo Oldsxqry h{srqhqwv duh doo srvlwlyh iru gl�huhqw
ydoxhv ri p dqg wklv vwdqgv wr lqglfdwh d kljk vhqvlwlylw| ri wkh wlph vhulhv zlwk
uhvshfw wr lwv lqlwldo frqglwlrqv +wdeoh 4;,1

Wkh h{lvwhqfh ri d vwuxfwxuhg g|qdplfv vhhpv dovr fruurerudwhg e| wkh Uxhooh
sorw6: +�j1 47, zkhuh wkh suhvhqfh ri frqwlqxrxv olqhv lv fohdu1 Lq �j1 47 zh fdq
hdvlo| ghwhfw/ zlwkrxw dq| d sulrul klvwrulfdo nqrzohgjh/ wkh shulrgv lq zklfk
vljql�fdqw klvwrulfdo hyhqwv kdyh shuwxuehg wkh lqgxvwuldo surgxfwlrq1 Iurp
wklv uhfxuuhqfh sorw zh fdq vhh wkdw wkh �uvw |hduv ri wkh *53v/ wkh |hduv durxqg
4<66 dqg 4<77/ kdyh ehhq fkdudfwhul}hg e| dqrpdorxv g|qdplfv1 Wkh hpehgghg
yhfwruv uhsuhvhqwhg e| wkh vlqjoh srlqwv durxqg wkrvh gdwhv vkrz d elj glvwdqfh/
pdunhg zlwk d gdun froru/ frpsduhg wr qhduo| doo wkh rwkhu yhfwruv1 Pruhryhu/
zh fdq vhh wkdw diwhu wkh 733wk hpehgghg yhfwru/ wkh g|qdplfv lv pruh vhwwohg
dqg vhhpv dovr wr uhshdw +vhh wkh euljkw duhd rq wkh xsshu uljkw,1 Zkdw lv
hylghqw lq �j1 47 lv wkh h{lvwhqfh ri d vwuxfwxuh wkdw gl�huv iurp d udqgrp zdon
+�j1 8,1

Wr dvfhuwdlq zkhwkhu wkh wlph vhulhv lv jhqhudwhg e| d qrq0olqhdu ghwhuplqlv0
wlf surfhvv zh kdyh dssolhg wkh EGV whvw1 Wkh qxoo l1l1g1 k|srwkhvlv lv vwurqjo|
uhmhfwhg +wde1 </ froxpq Zp>Q ,1 D vlplodu whvw edvhg rq wkh vdph vwdwlvwlf
ri wkh EGV whvw lv wkh glphqvlrq whvw +wde1 </ froxpq gp,1 Wkh fruuhodwlrq
glphqvlrq gp jurzv yhu| vorzo| zlwk p dqg whqgv wr frqyhujh wr d �{hg ydoxh1
Wklv lv w|slfdo ri d surfhvv wkdw lv qrw jxlghg e| fkdqfh +Krpphv 4<<;,6;1

Li zh udqgrpl}h wkh rughu ri wkh hyhqwv ri wkh ruljlqdo wlph vhulhv/ zh �qg

wkdw wkh ydoxhv ri wkh EGV whvw dqg wkh fruuhodwlrq glphqvlrq wxuq rxw wr eh

yhu| gl�huhqw iurp wkh ydoxhv rewdlqhg xvlqj wkh ruljlqdo wlph vhulhv dqg zh

fruuhfwo| dffhsw wkh qxoo l1l1g1 k|srwkhvlv iru wkh vkx"hg wlph vhulhv1 Wklv lv

hylghqfh wkdw wkh wlph rughu ri wkh uhvlgxdov ri wkh ruljlqdo wlph vhulhv lv qrw

udqgrp/ dqg d whpsrudo fdxvdolw| lq wkh  xfwxdwlrqv h{lvwv1

Zh frqfoxgh wkdw uhvlgxdov lq lqgxvwuldo surgxfwlrq vkrz d vwuxfwxuh wkdw

fdqqrw frph iurp d phuh olqhdu vwrfkdvwlf surfhvv dqg wkhuhiruh d qrq0olqhdu

h{sodqdwlrq lv qhfhvvdu| wr xqghuvwdqg wkh whpsrudo fdxvdolw| ri hyhqwv1 Wklv

69Doo wkh vhfwru wlph vhulhv zh kdyh frqvlghuhg duh lq whupv ri ydoxh1
6:rewdlqhg vhwwlqj 6 ' D1

6;Vlplodu uhvxowv zhuh dovr rewdlqhg dgglqj d vpdoo shufhqwdjh ri qrlvh +8( ri wkh yduldqfh,1
Zh dgghg qrlvh wr wkh wlph vhulhv vlpso| ehfdxvh/ zkhq wkh qrqolqhdu vwuxfwxuh lv zhoo gh�qhg/
dgglqj d vpdoo vwrfkdvwlf frpsrqhqw vkrxog qrw fkdqjh vljql�fdqwo| wkh uhvxow ri wkh whvw1
Hyhq li wkhuh zhuh vpdoo l1l1g1 phdvxuh huuruv wkhvh vkrxog qrw fdoo lq txhvwlrq wkh rewdlqhg

uhvxowv1
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uhvxow vkrz wkdw lq wkh uhvlgxdov wkhuh h{lvw fohdu qrq0olqhdu vwuxfwxuhv dqg

frqvhtxhqwo| uhvlgxdov vkrxog eh vwxglhg dv wkh| zhuh vljqdov udwkhu wkdq qrlvh1

815 Hpslulfdo dqdo|vlv ri rwkhu pdfurhfrqrplf wlph vh0

ulhv= lqgxvwuldo surgxfwlrq lq wkh pdlq XV vhfwruv/

hpsor|phqw/ krxuo| zdjhv dqg frqvxphu sulfh lqgh{

D wkrurxjk dqdo|vlv ri hdfk vhfwru zrxog uhtxluh wrr pxfk urrp dqg zrxog

eh eh|rqg wkh dlp ri wklv duwlfoh wkdw zdqwv wr rewdlq jhqhudo uhvxowv durxqg

wkh h{lvwhqfh ri ghwhuplqlvwlf vwuxfwxuhv lq pdfurhfrqrplf wlph vhulhv1 Vkruwo|

zh v|qwkhvl}h wkh uhvxowv rewdlqhg e| dqdo|}lqj vrph ri wkh pdlq XV pdfurh0

frqrplf wlph vhulhv1 Zh kdyh olplwhg rxu dqdo|vlv wr wkh pdlq vhfwruv ri wkh

Dphulfdq hfrqrp|6</ hpsor|phqw/ krxuo| zdjhv dqg wkh frqvxphu sulfh lqgh{1
Iru wkh hfrqrplf yduldeohv fkdudfwhul}hg e| vhdvrqdo f|fohv zh dqdo|}hg wkh
vhdvrqdoo| dgmxvwhg rqhv1 Wkh iuhtxhqf| ri revhuydwlrqv lv prqwko|1 Gdwd jr
edfn wr 4<7: iru wkh wudqvsruwdwlrq vhfwru/ lqgxvwuldo pdfklqhu| dqg hohfwulfdo
pdfklqhu|/ 4<9: iru wkh k|eulg Kl0whfk vhfwru +frpsxwhuv/ vhplfrqgxfwruv dqg
frppxqlfdwlrqv,/ 4<6< iru hpsor|phqw/ 4<65 iru krxuo| zdjhv dqg 4<46 iru wkh
frqvxphu sulfh lqgh{1

Doo wkh wlph vhulhv +orj wudqviruphg,/ h{fhsw hpsor|phqw/ vhhp fkdudfwhul}hg
e| d xqlw urrw/ vlqfh iru prvw ri wkhp zh duh qrw deoh wr uhmhfw wkh qxoo l1l1g1

k|srwkhvlv ri wkh Glfnh|0Ixoohu whvw +wdeohv 44/ 45/ 46/ 47/ 48/ 49 dqg 4:, zlwk
kljk frq�ghqfh ohyhov +kljkhu wkdq 8(,731 Wkhvh uhvxowv duh txdolwdwlyh vlplodu
wr wkrvh rewdlqhg e| Qhovrq dqg Sorvvhu1 Iru doo wkh wlph vhulhv/ wkh hvwlpdwhg
uhvlgxdov ri wkh olqhdu prgho74 wkdw �wv ehvw wkh gdwd wxuq rxw wr eh vhuldoo|
xqfruuhodwhg +wkh qxoo k|srwkhvlv ri wkh Gxuelq0Zdwvrq whvw lv qhyhu uhmhfwhg
hyhq dw kljk frq�ghqfh ohyho iru doo wkh wlph vhulhv/ wde1 44/ 45/ 46/ 47/ 48/ 49
dqg 4:,1

Doo wkh wlph vhulhv zh dqdo|}hg +wde1 44/ 45/ 48 dqg 4:, duh fkdudfwhul}hg e|
kljk hqwurs| ydoxhv +jhqhudoo| kljkhu wkdq :3(, wkdw duh w|slfdo ri erwk fkdrwlf
dqg vwrfkdvwlf surfhvvhv1 Iru doo wkh wlph vhulhv zh irxqg srvlwlyh ydoxhv ri wkh
fruuhvsrqglqj pd{lpdo Oldsxqry h{srqhqwv +wde1 4;, dqg wklv uhvxow vxjjhvwv
wkdw qhdue| wudmhfwrulhv glyhujh ryhu wlph dw d srvlwlyh h{srqhqwldo udwh1 Wkh
lqwhuhvwlqj uhvxow lv wkdw doo wkh wlph vhulhv duh fkdudfwhul}hg e| d oldsxqry
h{srqhqw ghflghgo| orzhu wkdq wkh rqh ri d qrupdo l1l1g1 surfhvv/ dqg orzhu

wkdq wkh rqh ri wkh whqw pds1 Wklv phdqv wkdw hyhq li wlph vhulhv kdyh wr

eh frqvlghuhg xqsuhglfwdeoh lq wkh orqj uxq/ lq wkh vkruw uxq wkh| duh pruh

suhglfwdeoh wkdq d l1l1g1 surfhvv dqg d ghwhuplqlvwlf surfhvv olnh wkh whqw pds75 1

6<Wkdw lv wkrvh wkdw duh wkh prvw lpsruwdqw zlwk uhvshfw wr wkh ydoxh dgghg1
73Krzhyhu iru wudqvsruwdwlrq htxlsphqw surgxfwlrq dqg lqgxvwuldo pdfklqhu| surgxfwlrq

zh duh qrw deoh wr uhmhfw wkh qxoo k|srwkhvlv rqo| dw 4( vljql�fdqfh ohyho1
74Vhh wkh hvwlpdwhg htxdwlrqv gluhfwo| lqvlgh wdeohv 44/ 45/ 46/ 47/ 48/ 49 dqg 4:1
75 Lw lv zruwkzkloh wr phqwlrq wkdw lq vhfwlrq 814 zh irxqg d pd{lpdo Oldsxqry h{srqhqw

iru wkh lqgxvwuldo surgxfwlrq forvh wr }hur/ lqglfdwlqj wkh suhvhqfh ri f|fohv1
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Wkh suhvhqfh ri vwuxfwxuhv gl�huhqw iurp wkrvh w|slfdo ri d qrupdo vwrfkdvwlf
surfhvv/ kdv ehhq srlqwhg rxw e| wkh uhfxuuhqfh sorwv ri doo wkh wlph vhulhv1 Li
zh frpsduh �j1 48/ 49/ 4:/ 4;/ 4</ 53/ 54 zlwk �j1 8 +�j1 8 lv w|slfdo ri dq
xqvwuxfwxuhg udqgrp surfhvv,/ lw lv fohdu wkh h{lvwhqfh ri vwuxfwxuhv +uhshwlwlyh
frqwlqxrxv olqhv ryhu wlph, lq wkh glvwdqfhv +uhsuhvhqwhg e| wkh lqwhqvlw| ri
juh|, ehwzhhq wkh hpehgghg yhfwruv +uhsuhvhqwhg e| hdfk vlqjoh srlqw lq wkh
frruglqdwhv, 761

Wkh dssolfdwlrq ri wkh EGV whvw surylghv xv ixuwkhu lqirupdwlrq derxw wkh
h{lvwhqfh ri ghwhuplqlvp lq wlph vhulhv1 Dsso|lqj wkh EGV whvw wr doo wkh wlph
vhulhv dw rxu glvsrvdo/ zh duh qrw deoh wr dffhsw wkh qxoo l1l1g1 k|srwkhvlv1 Doo wkh
vhulhv duh fkdudfwhul}hg e| kljk ydoxhv ri wkh EGV vwdwlvwlf eh|rqg wkhlu uhvshf0
wlyh fulwlfdo ydoxhv +froxpq Zp>Q wdeohv 4</ 53/ 54/ 55/ 56/ 57 dqg 5877,1 Wkh
glphqvlrq whvw78/ edvhg dv wkh EGV whvw rq wkh fdofxoxv ri wkh fruuhodwlrq glphq0
vlrq/ doorzv xv lq vrph fdvhv wr phdvxuh wkh glphqvlrq ri wkh fkdrwlf dwwudfwru
wkdw fkdudfwhul}hv wkh wlph vhulhv1 Zlwkrxw jrlqj lqwr wkh ghwdlov/ wkh glphqvlrq
whvw lv edvhg rq wkh idfw wkdw d wuxo| vwrfkdvwlf surfhvv lv fkdudfwhul}hg e| wkh
jurzwk ri wkh fruuhodwlrq glphqvlrq zlwk wkh lqfuhdvh ri wkh hpehgglqj glphq0
vlrq/ zkloh d wuxo| fkdrwlf surfhvv lv fkdudfwhul}hg e| wkh fruuhodwlrq glphqvlrq
whqglqj wr vhwwoh wr d frqvwdqw ydoxh zkhq wkh hpehgglqj glphqvlrq lqfuhdvhv
+Krpphv 4<<;,1 Wklv frqvwdqw ydoxh uhsuhvhqwv wkh glphqvlrq ri wkh fkdrwlf
dwwudfwru1 Lq doo wkh vhulhv zh kdyh dqdo|}hg wkh fruuhodwlrq glphqvlrq +froxpq
gp lq wdeohv 4</ 53/ 54/ 55/ 56/ 57 dqg 58, jurzv ohvv wkdq sursruwlrqdoo| zlwk
uhvshfw wr �p�/ exw lq pdq| fdvhv zh fdqqrw ghwhfw d fohdu whqghqf| ri wkh
fruuhodwlrq glphqvlrq wr vhwwoh fohduo| wr d frqvwdqw ydoxh +froxpq gp lq wdeohv
4</ 53/ 54/ 55/ 56/ 57/ 58 dqg �j1 55,1 Iru doo wkh wlph vhulhv zh kdyh dqdo|}hg/
wkh EGV whvw vxjjhvwv wkdw wkh wlph vhulhv frqwdlq d ghwhuplqlvwlf vwuxfwxuh/
exw lw lv qrw srvvleoh wr txdqwli|/ yld wkh glphqvlrq whvw/ wkh glphqvlrq ri wkh
xqghuo|lqj dwwudfwru ri wkh wlph vhulhv791

Wr fkhfn ixuwkhupruh rxu uhvxowv zh kdyh udqgrpo| rughuhg wkh uhdo wlph

vhulhv dqg dssolhg EGV dqg fdofxodwhg wkh glphqvlrq fruuhodwlrq ri wkh vkx"hg

wlph vhulhv wr vhh zkhwkhu whpsrudo olqndjhv zhuh uhohydqw1 Lq doo wkh fdvhv

76Wkh suhvhqfh ri frqwlqxrxv olqhv lq wkh uhfxuuhqfh sorwv lqglfdwhv wkdw wkh hpehgghg
yhfwruv uhsuhvhqwhg e| hdfk srlqw nhhs dssur{lpdwho| wkh vdph glvwdqfh zlwk uhvshfw wr doo
wkh yhfwruv wkdw ehorqj wr wkh frqwlqxrxv olqh1 Lq d qrupdo l1l1g1 surfhvv/ hdfk yhfwru lv
udqgrpo| glvwdqw iurp dq| rwkhu yhfwru dqg wkh suredelolw| wkdw qhdue| yhfwruv kdyh vlplodu
glvwdqfhv lv yhu| orz1 Wkxv lq d qrupdo l1l1g1 surfhvv zh vkrxog qrw qrwlfh dq| frqwlqxrxv
olqh lq wkh uhfxuuhqfh sorwv,1

77 vhh dovr wkh vwdwlvwlfdo dsshqgl{ iru fulwlfdo ydoxhv dqg wkh �qlwh vdpsoh fkdudfwhulvwlfv ri
wkh whvw1

78Qrwh wkdw wkh �glphqvlrq whvw�/ frqwudu| wr wkh EGV whvw/ lv qrw uhdoo| d vwdwlvwlfdo whvw
vlqfh fulwlfdo ydoxhv duh qrw vshfl�hg1 Lw*v d qxphulfdo wrro wkdw vxjjhvwv wkh h{lvwhqfh d
ghwhuplqlvwlf g|qdplfv zkhq wkh fdofxodwhg fruuhodwlrq glphqvlrq whqg wr d �{hg ydoxh zkhq
wkh hpehgglqj glphqvlrq jurzv1

79Wklv skhqrphqrq pd| eh gxh wr wkh suhvhqfh ri d vwrfkdvwlf frpsrqhqw lq wkh wlph
vhulhv1 Lw vkrxog eh wkhuhiruh lpsruwdqw wr �owhu rxu gdwd lq rughu wr vhsdudwho| dqdo|}h
wkh rqo| ghwhuplqlvwlf frpsrqhqw dqg wr txdqwli| wkh glphqvlrq ri wkh fkdrwlf dwwudfwru1
Wkh ixwxuh dssolfdwlrq ri �owhuv wkdw doorz xv wr uhgxfh dqg krshixoo| uhpryh wkh vwrfkdvwlf
frpsrqhqw pd| doorz xv wr ghwhfw wkh glphqvlrq ri fkdrv iru doo wkh uhdo wlph vhulhv iru zklfk
zh kdyh douhdg| xqfryhuhg wkh suhvhqfh ri fkdrv1
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wkh ydoxhv ri wkh EGV dqg wkh glphqvlrq whvwv ri wkh vkx"hg wlph vhulhv zhuh
qrwdeo| gl�huhqw1 Zh frxog qrw uhmhfw wkh qxoo k|srwkhvlv ri wkh EGV whvw iru
doo wkh vkx"hg wlph vhulhv dqg wkh fruuhodwlrq glphqvlrq dovr zdv dovr kljkhu
+wdeohv 59/ 5:/ 5;/ 5</ 63/ 64/ 65 dqg �j1 56, zlwk uhvshfw wr wkh ruljlqdo wlph
vhulhv +wdeohv 4</ 53/ 54/ 55/ 56/ 57/ 58 dqg �j1 55,1 Wklv lv d frq�updwlrq wkdw
whpsrudo olqndjhv ehwzhhq uhvlgxdov duh uhdoo| lpsruwdqw dqg wkhuhiruh wkdw mxvw
d suredelolvwlf k|srwkhvlv rq wkh uhvlgxdov ri pdfurhfrqrplf wlph vhulhv grhv
qrw kdyh dq hpslulfdo irxqgdwlrq1

9 Frqfoxglqj uhpdunv

Zh kdyh �uvw vkrzq wkh wkhruhwlfdo srvvlelolw| +vhfwlrq 6 dqg 7, dqg odwwhu
wkh hpslulfdo hylghqfh +vhfwlrq 8, wkdw lq wkh vhuldoo| xqfruuhodwhg uhvlgxdov
wkhuh duh suhvhqw qrq0olqhdu vljqdov wkdw/ lq wkh prghov zlwk d ghwhuplqlvwlf
+olqhdu ru eurnhq, ru vwrfkdvwlf wuhqg/ duh k|srwkhvl}hg wr eh qrupdoo| l1l1g1/
olnh zklwh qrlvh1 Grlqj lq wklv zd|/ erwk wkh sxuho| vwrfkdvwlf dqg olqhduo|
ghwhuplqlvwlf prghov vxevwlwxwh qrq0olqhdu vljqdov zlwk qrlvh1 Wkh dssurdfk
wkdw zh sxw iruzdug lv wr vhsdudwh wkh vwrfkdvwlf frpsrqhqw +wkdw lv lqghhg
suhvhqw lq wkh uhvlgxdov, iurp wkh ghwhuplqlvwlf frpsrqhqw dqg vwxg| wkhvh wzr
frpsrqhqwv vhsdudwho|1 Wr eh vxffhvvixo lq wklv wdvn zh qhhg d gdwd �owhu edvhg
rq wkh frqfhswv ri qrq0olqhdu g|qdplfv1 Lq wklv sdshu zh kdyh olplwhg rxu
dqdo|vlv wr wkh ghwhfwlrq ri wkh h{lvwhqfh ri fohdu qrq0olqhdulwlhv lq wkh uhvlgxdov
ri pdfurhfrqrplf wlph vhulhv1 Zh kdyh ghwhfwhg qrq0olqhdulwlhv lq doo wkh wlph
vhulhv zh dqdo|}hg1 Doo wkh wlph vhulhv zh kdyh frqvlghuhg duh wkxv fkdudfwhul}hg
e| ghwhuplqlvp/ qrwzlwkvwdqglqj doo wkh vhulhv +h{fhsw hpsor|phqw, duh qrq0
vwdwlrqdu| dqg uhvlgxdov duh vhuldoo| xqfruuhodwhg1 Li doo wklv lv wuxh/ lq wkh vkruw
uxq/ zh pd| pdnh ehwwhu suhglfwruv wkdq vlpsoh dxwruhjuhvvlyh prghov1

Wkh sureohp ri glvwlqjxlvklqj ehwzhhq wkh wzr dowhuqdwlyh k|srwkhvlv/ gh0
whuplqlvwlf wuhqg ru vwrfkdvwlf wuhqg/ zdv dw wkh fruh ri xqlw urrw dqg eurnhq
wuhqg olwhudwxuh +vhfwlrq 5,/ exw iru xv lw zdv qrw wkh �uvw lvvxh1 Rxu dlp zdv
lqghhg wr ghwhfw qrq0olqhdu vwuxfwxuhv lq wkrvh frpsrqhqwv wkdw olqhdu vwrfkdv0
wlf prghov kdyh dvvxphg dv h{rjhqrxv idfwruv1 Dv idu dv lq olqhdu vwrfkdvwlf
prghov qrlvh sod|v wkh uhohydqw uroh wr pdnh �qrq0vwdwlrqdu|� edvlfdoo| vwdwlrq0
du| surfhvvhv/ lw zdv iru xv ri sulpdu| lpsruwdqfh/ iurp wkh wkhruhwlfdo srlqw
ri ylhz/ wr fkhfn zkhwkhu d frpsrqhqw ri zkdw kdv ehhq frqvlghuhg qrlvh pd|
kdyh dq hqgrjhqrxv h{sodqdwlrq1 Li wklv lv wkh fdvh dv frq�uphg lq vhfwlrq 8/
hfrqrplf yduldeohv pd| qrw iroorz d vwdwlrqdu| sdwk hyhq lq devhqfh ri h{whu0
qdo vkrfnv dqg wkh revhuyhg qrq0vwdwlrqdulw| pd| eh wkh frqvhtxhqfh ri wkh
uhodwlrqv ehwzhhq wkh hfrqrplf yduldeohv1
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Vwdwlvwlfdo dsshqgl{

Rxu edvlf vwdwlvwlfdo lvvxh lv wr xqghuvwdqg zkhwkhu wkh g|qdplfv ehklqg wkh

uhvlgxdov lv wkh uhvxow ri qrq0olqhdulwlhv ru mxvw ri d udqgrp surfhvv1 Lq vhfwlrqv

7 dqg 8 zh kdyh dqdo|}hg vrph fdvhv ri erwk duwl�fldo dqg uhdo wlph vhulhv/

dqg zh dssolhg wr wkhvh wlph vhulhv vrph vwdwlvwlfdo wrrov olnh wkh Glfnh|0Ixoohu

xqlw urrw whvw wr fkhfn iru vwdwlrqdulw| dqg wkh Gxuelq0Zdwvrq vwdwlvwlf wr fkhfn

zkhwkhu wkh uhvlgxdov zhuh vhuldoo| xqfruuhodwhg1 Wklv dsshqgl{ jlyhv vrph

edvlf lqirupdwlrq derxw wkh vwdwlvwlfdo wrrov xvhg lq wklv sdshu1 Pruh whfkqlfdo

lqirupdwlrq derxw whvwlqj iru xqlw urrwv pd| eh irxqg lq Kduulv +4<<8, Ervzlmn
+4<<9,/ Pdggdod dqg Nlp +4<<;,1 Zh dovr surylgh vrph lqwurgxfwlrq iru whvwlqj
qrq0olqhdu g|qdplfv zlwk wkh EGV whvw dqg phdvxuhv derxw wkh vwdelolw| ri wkh
v|vwhpv zlwk Oldsxqry h{srqhqwv/ hqwurslhv dqg wkh ylvxdo wrro ri uhfxuuhqfh
sorwv1 D frpsuhkhqvlyh dqg whfkqlfdo ghvfulswlrq ri wkh EGV whvw lv irxqg
lq Eurfn hw Do1 +4<<4,/ zkloh dgydqfhg pdwhuldo derxw Oldsxqry h{srqhqwv/
hqwurslhv dqg uhfxuuhqfh sorwv pd| eh irxqg lq Wrqj +4<<3, dqg lq Ndqw} dqg
Vfkuhlehu +4<<:,1 Lq wklv dsshqgl{ zh vxppdul}h wkh orjlfv dqg vrph uhvxowv ri
erwk wkh olqhdu dqg qrq0olqhdu wlph vhulhv phwkrgv wkdw duh vwulfwo| qhfhvvdu|
iru wkh xqghuvwdqglqj ri wkh sdshu1

d , Wkh Gxuelq0Zdwvrq whvw

Wkh Gxuelq0Zdwvrq whvw lv d sdudphwulf k|srwkhvlv whvw1 Wkh Gxuelq0
Zdwvrq vwdwlvwlf phdvxuhv wkh uhodwlrq ehwzhhq dgmdfhqw uhvlgxdov1 Vhuldo fruuh0
odwlrq lq wkh uhvlgxdov wkdw duh dgmdfhqw lq wlph frqvwlwxwhv d sureohp wkdw vkrxog
eh uhpryhg1 Lq idfw/ vhuldo fruuhodwlrq ohdgv ruglqdu| ohdvw vtxduhv wr eldvhg hv0
wlpdwhv ri wkh sdudphwhu frh!flhqwv/ dqg lv v|pswrpdwlf ri edg prgho vshfl�0
fdwlrq +Mrkqvwrq 4<;7,/ wkdw lv wkh ixqfwlrqdo irup ri wkh prgho +{w @ {w�4.%w,
lv lqdssursuldwh ehfdxvh vrph yduldeohv +h1j1 odjjhg huuruv %w @ �%w�4 . yw zlwk

�4 ? � ? 4 dqg y q Q
�
3> �5

�
, duh rplwwhg +Kduyh| 4<<3,1

Wkh Gxuelq0Zdwvrq vwdwlvwlf GZ lv gh�qhg dv GZ @

WS
w@5

�
a

%w�

a

%w�4

�
5

WS
w@4

a

%

5

w

r

5 +4� �, zkhuh
a

%w duh wkh ROV hvwlpdwhg uhvlgxdov1 Li wkhuh lv qr fruuhod0

wlrq ehwzhhq dgmdfhqw uhvlgxdov/ GZ zloo eh durxqg 51 Jlyhq wkh htxdwlrq

%w @ �%w�4. yw zlwk yw y Q +3> �,/ wkh qxoo k|srwkhvlv ri }hur dxwrfruuhodwlrq lv

K3 = � @ 3>zkloh wkh dowhuqdwlyh lv � 9@ 31 Vlqfh GZ r 5 +4� �,/ wkh GZ zloo

eh forvh wr 5 xqghu wkh qxoo k|srwkhvlv � @ 3= Lq wkh fdvh ri vwurqj srvlwlyh vhuldo

fruuhodwlrq/ lw zloo eh qhdu }hur1 Lq wkh fdvh ri qhjdwlyh vhuldo fruuhodwlrq/ wkh

Gxuelq0Zdwvrq vwdwlvwlf kdv d ydoxh ehwzhhq 5 dqg 71 Fulwlfdo ydoxhv ghshqg
rq wkh vdpsoh vl}h1 Lq suhvhqfh ri odujh vdpsohv +l1h1 pruh wkdq 533 revhu0
ydwlrqv, GZ lv dssur{lpdwho| qrupdoo| glvwulexwhg zlwk phdq 5 dqg yduldqfh
72Q zlwk Q wkh qxpehu ri revhuydwlrqv +Kduyh| 4<<3,1 Edvhg rq wklv uhvxow/
zh fdq hdvlo| ghulyh wkh fulwlfdo ydoxhv iru dq| vl}h ri wkh whvw iru rqh wdlohg whvw
djdlqvw hlwkhu srvlwlyh ru qhjdwlyh dxwrfruuhodwlrq1 Wkh qxoo k|srwkhvlv ri }hur
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dxwrfruuhodwlrq lv uhmhfwhg li wkh GZ vwdwlvwlf lv ohvv wkdq lwv fulwlfdo ydoxh iru
wkh fdvh ri srvlwlyh dxwrfruuhodwlrq dowhuqdwlyh k|srwkhvlv dqg juhdwhu wkdq lwv
fulwlfdo ydoxh iru wkh fdvh ri qhjdwlyh dxwrfruuhodwlrq dowhuqdwlyh k|srwkhvlv1

Lq wkh fdvh ri qrupdo glvwulexwlrq Q
�
5> 7

Q

�
wkh uhsduwlwlrq ixqfwlrq I +}, lv

htxdo wr 4s
5�

U
}

�4 h
�

x
5

5 gx zlwk } @
+{�5,s

7

Q

dqg
4s
5�

h
�x

5

5 gx qQ +3> 4,1

Wkh qxoo k|srwkhvlv ri }hur dxwrfruuhodwlrq lv uhmhfwhg li wkh GZ vwdwlvwlf

lv ohvv wkdq lwv fulwlfdo ydoxh iru wkh fdvh ri srvlwlyh dxwrfruuhodwlrq dowhuqdwlyh

k|srwkhvlv1 Wkh suredelolw| wkdw Q
�
5>

7

Q

�
dvvxphv ydoxhv ohvv wkdq lwv fulwlfdo

ydoxh { lv I +}, = Li wkh vl}h ri wkh whvw lv 8( zh kdyh= � @ S +] ? }, @ I +}, @

8( @ 4 � <8( @ 4 � I +4=977<, @ I +�4=977<,1 } @
+{�5,s

7

Q

@ �4=977< $ { @

5� 4=977< �

t
7

Q
1

Li wkh vl}h ri wkh whvw lv 6(/ { @ 5�4=<9�

t
7

Q
zkloh iru � @ 4(/ wkh fulwlfdo

ydoxh lv { @ 5� 5=659 �

t
7

Q

h1j1 li Q@4354 wkh fulwlfdo ydoxh fruuhvsrqglqj wr d 8(/ 6( dqg 4( vl}h ri

wkh whvw duh uhvshfwlyho| 41;<:/ 41;:: dqg 41;871

Dv wkh vdpsoh vl}h jurzv wkh fulwlfdo ydoxhv whqg wr 5$ Wkh qxoo k|srwkhvlv ri

qr vhuldo fruuhodwlrq lv uhmhfwhg lq idyru ri srvlwlyh vhuldo fruuhodwlrq liGZ lv ohvv

wkdq lwv fulwlfdo ydoxh dw d �{hg ohyho ri vljql�fdqfh1 Vlploduo| wkh qxoo k|srwkhvlv

ri qr vhuldo fruuhodwlrq lv uhmhfwhg lq idyru ri qhjdwlyh vhuldo fruuhodwlrq li GZ

lv juhdwhu wkdq lwv fulwlfdo ydoxh dw d �{hg ohyho ri vljql�fdqfh1
Iru d 8( vl}h ri wkh whvw zh kdyh= � @ S +] A }, @ 4�I +}, @ 8( @ 4�<8(>

$ I +}, @ <8( @ I +4=977<, dqg } @
+{�5,s

7

Q

@ 4=977<$ { @ 5 . 4=977< �

t
7

Q
1

Li wkh vl}h ri wkh whvw lv 6(/ { @ 5.4=<9�

t
7

Q
zkloh iru � @ 4(/ wkh fulwlfdo

ydoxh lv { @ 5. 5=659 � 7

Q
=

h1j1 li Q@4354 wkh fulwlfdo ydoxh fruuhvsrqglqj wr d 8(/ 6( dqg 4( vl}h ri
wkh whvw duh uhvshfwlyho| 51436/ 51456/ 514791

Wkh uxoh ri wkxpe vxjjhvwhg e| vrph hfrqrphwulf vriwzduh ri frqvlghulqj
vhuldo fruuhodwlrq lq vhulrxv frqvlghudwlrq rqo| iru ydoxhv ohvv 418 ru juhdwhu wkdq
518 lv wkhuhiruh zurqj iru odujh vdpsoh/ zkloh lw frxog eh dffhswhg iru vpdoo
vdpsohv +olnh 53 ru 63 revhuydwlrqv,1 Dv odujh vdpsoh lqfuhdvhv iru wkh vdph
vl}h ri wkh whvw zh vkrxog fdofxodwh lwv fulwlfdo ydoxhv lq wkh zd| dv lw kdv ehhq
vkrzq1

e, Wkh DUFK Whvw

Zh kdyh xvhg wkh Odjudqjh Pxowlsolhu DUFK Whvw +PO DUFK whvw, iru
dxwruhjuhvvlyh frqglwlrqdo khwhurvnhgdvwlflw| lq wkh uhvlgxdov +Hqjoh 4<;5,1

Wr whvw wkh qxoo k|srwkhvlv wkdw wkhuh lv qr DUFK xs wr d fhuwdlq rughu lq
wkh uhvlgxdov/ wkh iroorzlqj uhjuhvvlrq iru wkh vtxduhg uhvlgxdov lv �wwhg=
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%
5

w
@ �3 . �4%

5

w�4
. ===. xw

zkhuh %w lv wkh uhvlgxdo dqg xw dq h{rjhqrxv lqsxw1 Zh kdyh xvhg HYlhzv

614 vriwzduh zklfk uhsruwv wzr whvw vwdwlvwlfv iurp wklv whvw uhjuhvvlrq1 Wkh

Rev-U0vtxduhg vwdwlvwlf lv wkh Hqjoh OP whvw vwdwlvwlf1 Wkh I0vwdwlvwlf lv dq
rplwwhg yduldeoh whvw iru wkh mrlqw vljql�fdqfh ri doo odjjhg vtxduhg uhvlgxdov1
Zh uhmhfw wkh qxoo k|srwkhvlv ri }hur khwhurvnhgdvwlflw| dqg qr rplwwhg yduldeohv
li wkh uhvshfwlyh s0ydoxhv duh orzhu wkdq wkh vljql�fdqfh ohyho +jhqhudoo| vhw dw
4/ 6/ ru 8 (,1

f, Wkh Glfnh|0Ixoohu whvw

Wkh Glfnh| Ixoohu whvw lv d sdudphwulf k|srwkhvlv whvw1 Zlwk wkh Glfnh|0

Ixoohu whvw zh duh frqfhuqhg zlwk whvwlqj zkhwkhu wkh sdudphwhu ! ri wkh uh0

juhvvlrq htxdwlrq {w @ !{w�4 . %w lv htxdo wr 4 zlwk %w q l=l=g=+3> �5,1 {l zlwk

l @ 4===W duh wkh qdwxudo orjdulwkpv ri wkh uhdo txdqwlwlhv1 Vlqfh uhdo wlph vh0
ulhv gr qrw vkrz dq hyhu lqfuhdvlqj jurzwk udwh zh duh rqo| frqfhuqhg zkhwkhu
! @ 4 +l1h1 wkh vhulhv lv qrq0vwdwlrqdu|, ru dowhuqdwlyho| ! ? 4 +l1h1 wkh vhulhv lv
vwdwlrqdu|,1

Dsso|lqj wkh gl�huhqfh rshudwru �= �{w @ {w � {w�4/ {w @ !{w�4 . %w $

�{w @ +!� 4,{w�4 . %w1 Wkh qxoo k|srwkhvlv ! @ 4 lv htxlydohqw wr +!� 4, @ 3
dqg wkh dowhuqdwlyh wr +!� 4, ? 31

Glfnh| dqg Ixoohu +4<:9,7: / yld Prqwh Fduor whfkqltxhv/ ghulyhg d w0whvw
iurp wkh gdwd jhqhudwhg e| wkh udqgrp zdon surfhvv �{w @ {w�4 . %w1 Wkh
fulwlfdo ydoxhv ri wkh Glfnh|0Ixoohu whvw iru suh�{hg ohyhov +43/ 8/ 518 dqg 4(, ri
vljql�fdqfh duh=

W 43( 8( 518( 4(
58 04193 041<8 05159 05199
83 04194 041<8 05158 05195
433 04194 041<8 05157 05193
583 04195 041<8 05156 0518;
833 04195 041<8 05156 0518;
4 04195 041<8 05156 0518;

Wkh qxoo k|srwkhvlv lv uhmhfwhg zkhq wkh w0udwlr lv vpdoohu wkdq lwv fulwlfdo

ydoxh1 Whvwlqj iru d xqlw urrw xvlqj wkh uhjuhvvlrq htxdwlrq �{w @ +!� 4,{w�4.

%w lpsolhv wkdw wkh surfhvv kdv }hur phdq +l1h1 qr vwrfkdvwlf wuhqg, dqg qr
ghwhuplqlvwlf wuhqg1

D pruh jhqhudo uhjuhvvlrq htxdwlrq lv= {w @ �. �w . !{w�4 . %w $ �{w @
�.�w.+!� 4,{w�4. %w zkhuh � dqg � duh sdudphwhuv1 � lqglfdwhv wkdw wkhuh
lv d vwrfkdvwlf wuhqg +guliw, zkloh �w lqglfdwhv wkdw wkhuh lv d ghwhuplqlvwlf wuhqg1
Jlyhq wkh uhjuhvvlrq htxdwlrq �{w @ �.�w.+!� 4,{w�4.%w wkh fulwlfdo ydoxhv

ri wkh Glfnh|0Ixoohu whvw duh=

7:
Vhh Kduulv 4<<81
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W 43( 8( 518( 4(

58 06157 06193 061<8 0716;

83 0614; 06183 061;3 07148

433 06148 06178 061:6 07137

583 06146 06176 0619< 061<<

833 06146 06175 0619; 061<;

4 06145 06174 06199 061<9

dqg wkh qxoo k|srwkhvlv lv uhmhfwhg zkhq wkh w0udwlr lv vpdoohu wkdq lwv fulwlfdo

ydoxh1 Lq wkh fdvh zkhuh wkh gdwd jhqhudwlqj surfhvv lv xqnqrzq/ wkh xvh ri wkh

uhjuhvvlrq htxdwlrq �{w @ � . �w . +!� 4,{w�4 . %w lv wr eh suhihuuhg wr

�{w @ +!� 4,{w�4 . % vlqfh wkh odwwhu lv rqo| ydolg zkhq wkh phdq ri wkh wlph

vhulhv lv }hur zkloh zh gr qrw nqrz wkh wuxh phdq ri wkh wlph vhulhv1 Wkh pruh

jhqhudo vshfl�fdwlrq ri wkh uhjuhvvlrq htxdwlrq suhyhqwv xv wr jhw vsxulrxv uhvxowv

zkhq wkhuh lv qrw dq| d sulrul lqirupdwlrq derxw wkh h{lvwhqfh ri d ghwhuplqlvwlf

ru vwrfkdvwlf wuhqg lq wkh wlph vhulhv1 Krzhyhu �{w @ �.�w.+!� 4,{w�4.%w

lv dq dxwruhjuhvvlyh prgho ri rughu 41 Li wkh wuxh gdwd jhqhudwlqj surfhvv zhuh ri

rughuA4/ wkdw lv �{w zrxog ghshqg rq rwkhu odjjhg whupv wkdq {w�4/ %w zrxog
wxuq rxw wr eh dxwrfruuhodwhg dv dq h�hfw ri wkh plvshfl�fdwlrq1 Dxwrfruuhodwhg
huuruv lqydolgdwh wkh xvh ri wkh Glfnh|0Ixoohu glvwulexwlrq/ zklfk duh edvhg rq
wkh dvvxpswlrq ri zklwh qrlvh +Kduulv 4<<8,1 Fkdqjlqj wkh hvwlpdwlqj htxdwlrq
wr wkh dxjphqwhg Glfnh|0Ixoohu uhjuhvvlrq/ zh kdyh=

�{w @ � . �w . +!� 4,{w�4 .

s�4S

l@4

+!
l � 4,�{w�4 . %w zkhuh +!� 4, @

sS

l@4

+!
l � 4, � 4

Li +!� 4, @ 3/ djdlqvw wkh dowhuqdwlyh +!� 4, ? 3> {w frqwdlqv d xqlw urrw1

Wkh vdph fulwlfdo ydoxhv ri wkh fdvh �{w @ � . �w . +!� 4,{w�4 . %w pd| eh
xvhg/ dowkrxjk wkh| duh ydolg dv dq dv|pswrwlf dssur{lpdwlrq +Ervzlmn 4<<9,1
D odujh qhjdwlyh w0vwdwlvwlf uhmhfwv wkh k|srwkhvlv ri d xqlw urrw dqg vxjjhvwv
wkdw wkh vhulhv lv vwdwlrqdu|1 Lq wklv sdshu zh kdyh xvhg wkh dxjphqwhg irup ri
wkh Glfnh|0Ixoohu whvw dqg wkh fulwlfdo ydoxhv duh wkrvh iurp Pdf Nlqqrq +4<<4,
iru ydulrxv vdpsoh vl}h1

g, Judvvehuehu0Surfdffld fruuhodwlrq vxp +lqwhjudo,

Wkh Judvvehuehu0Surfdffld fruuhodwlrq vxp lv gh�qhg dv wkh iudfwlrq ri doo
srvvleoh sdluv ri srlqwv lq d p0glphqvlrqdo +l1h1 yhfwruv ri p0hohphqwv, o|lqj
zlwklq d glvwdqfh � +Ghfkhuw 4<<7/ Krpphv 4<<;,1 Lqwxlwlyho| wkh fruuhodwlrq
vxp lv d phdvxuh ri frqfhqwudwlrq ri vfdwwhuhg srlqwv1

Lwv irupxod lv=

Fp>Q +�, @ 5

Q +Q�4,

QS

l@4

QS

m@l.4

" +�� n{l � {mn,

zkhuh Q lv wkh qxpehu ri revhuydwlrq ri d p0glphqvlrqdo yhfwru wlph vhulhv

{l @ ^{l> {l.4> ===> {l.p`/
{l wkh revhuydwlrqv dqg l @ 4> 5> ===>Q 1
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n{l � {mn lv wkh hxfolghdq glvwdqfh ehwzhhq yhfwruv/ l1h1s
+{l � {m,5 . +{l.4 � {m.4,5 . ===. +{l.p � {m.p,5

" lv d ixqfwlrq wkdw=

" +�� n{l � {mn, @ 4 li n{l � {mn ? �/

" +�� n{l � {mn, @ 3 li n{l � {mn � �1

Wzr lpsruwdqw wkhruhpv +zh uhihu wkh uhdghu wr wkh ruljlqdo uhihuhqfhv iru
wkh suryhv, duh uhodwhg wr wkh fruuhodwlrq vxp/ wkh fruuhodwlrq glphqvlrq dqg
wkh EGV vwdwlvwlf wkdw zloo eh glvfxvvhg ehorz=

Wkhruhp 4 dv Q �$ 4/ Fp>Q +�, �$ Fp +�, @ Su +n{l � {mn ? �, zlwk

suredelolw| rqh +Eurfn hw do1 4<<4,1

Wkhuhiruh iru d vx!flhqwo| odujh qxpehu ri revhuydwlrqv wkh fruuhodwlrq vxp

phdvxuhv wkh suredelolw| wkdw wzr udqgrpo| fkrvhq yhfwruv {l dqg {m duh �0forvh

wr hdfk rwkhu=

Fp>Q +�, @ 5

Q +Q�4,

QS

l@4

QS

m@4
" +�� n{l � {mn, q Fp +�, @ Su +n{l � {mn ? �,

Wkhruhp 5 li {l lv jhqhudwhg e| d vwrfkdvwlf l1l1g1 surfhvv olp
q$4

+Fp>Q +�,�F4>Q +�,p,$

3 zlwk suredelolw| 4 +Eurfn/ Ghfkhuw4<;;,1

Wkhuhiruh iru d vx!flhqwo| odujh qxpehu ri revhuydwlrqv F
p>Q +�, q F4>Q +�,p

li wkh xqghuo|lqj surfhvv lv l=l=g==

h, Fruuhodwlrq Glphqvlrq

Wkh fruuhodwlrq glphqvlrq gp lv gh�qhg dv= gp @ olp
�$3

olp
Q$4

oqFp>Q +�,
oq �

dqg

fdq eh uhdglo| rewdlqhg rqfh zh kdyh frpsxwhg wkh fruuhodwlrq vxp F
p>Q +�,1

Ohw xv dqdo|}h vrph olplw fdvhv=

Fp>Q +�, @ 4 lv gh�qhg dv wkh iudfwlrq ri doo srvvleoh sdluv ri srlqwv +ru
yhfwruv, duh o|lqj zlwklq d vpdoo glvwdqfh �/ vr lw pd| dvvxph dq| ydoxh ehwzhhq
3 dqg 41

Vxssrvh wkdw F
p>Q +�, @ 3/ wkdw lv wkhuh duh qr sdluv ri srlqwv +ru yhfwruv,

o|lqj zlwklq d vpdoo glvwdqfh �1 gp @

oq 3

3
@ 4= Iru d udqgrp surfhvv wkh

gp $41

Vxssrvh wkdw Fp>Q +�, lqfuhdvhv wrzdugv 4/ wkdw lv wkh iudfwlrq ri doo srv0
vleoh sdluv ri srlqwv +ru yhfwruv, duh jhwwlqj lqvlgh zlwklq d vpdoo glvwdqfh �1
oqF

p>Q +�, ghfuhdvhv wrzdugv oq 4 @ 3 dqg zlwk lw g
p

wkdw whqgv wrzdugv 3=

Wklv lv wkh fdvh lq zklfk doo wkh revhuydwlrqv duh doo o|lqj forvh hdfk rwkhu dqg

doo lqvlgh d glvwdqfh �= Wkh skhqrphqrq lv frpsohwho| vwdeoh dqg ghwhuplqhg1
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Qrz qrq0olqhdu pdwkhpdwlfdo v|vwhpv duh deoh wr jhqhudwh wlph vhulhv zkhuh

3 ? g
p

? 4= Iru svhxgr udqgrp jhqhudwru g
p
�$ 4/ zkloh iru dq| rwkhu

v|vwhp gp whqg wr d �qlwh ydoxh1 Iru h{dpsoh lq wkh fdvh ri wkh whqw pds lw lv

hdv| wr fdofxodwh wkdw gp �$ 4> iru wklv fdvh dqg rwkhuv vhh Kvlhk +4<<4,1 Zlwk
wkh fdofxoxv ri wkh fruuhodwlrq glphqvlrq vhhpv wkhuhiruh wr eh srvvleoh wr ghwhfw
ghwhuplqlvp1 Krzhyhu wklv h{shulphqwdo surfhgxuh lv qrw d vwdwlvwlfdo whvw1
Eurfn/ Ghfkhuw dqg Vfkhlqnpdq +4<;:, kdyh wkhuhiruh surylghg d vwdwlvwlfdo
k|srwkhvlv whvw zlwk d qxoo k|srwkhvlv ri l=l=g= djdlqvw dq| ghsduwxuh iurp l=l=g=

i, Wkh EGV vwdwlvwlf/ vl}h dqg srzhu

1

Wkh EGV whvw lv d qrq0sdudphwulf k|srwkhvlv whvw1 Frqwudu| wr sdudphw0

ulf whvwv/ olnh wkh Gxuelq0Zdwvrq dqg wkh Glfnh| Ixoohu whvwv/ lw grhv qrw whvw

zkhwkhu d sduwlfxodu sdudphwhu dvvxphv d jlyhq ydoxh1 Lqghhg lw whvwv zkhwkhu
gdwd duh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg1

Zh kdyh vhhq wkdw wkhruhp 5, lpsolhv wkdw F
p>Q +�, q F4>Q +�,p li wkh

xqghuo|lqj surfhvv lv l=l=g=1
Eurfn hw do +4<;:, kdyh dovr suryhg wkdw

s
QFp>Q +�,�F4>Q +�,p frqyhujhv wr

d qrupdo glvwulexwlrq +rqh fdq dovr frpsxwh Fp>Q +�, dqg F4>Q +�, dqg vkrz

wkh vdph uhvxowv,=

Wkhruhp 6 dv Q �$4/ li {l lv jhqhudwhg e| d vwrfkdvwlf l1l1g1 surfhvv wkhq/s
QFp>Q +�, � F4>Q +�,p �$ Q+3> �, dqg Zp>Q +�, @

s
Q
Fp>Q+�,�F4>Q+�,p

�p>Q+�,

zkhuh �
p>Q +�, lv d frqvlvwhqw hvwlpdwru ri wkh dv|pswrwlf vwdqgdug huuru ri

^F
p>Q +�, �F4>Q +�,p`1

Zp>Q +�, @
s
Q
Fp>Q+�,�F4>Q +�,p

�p>Q+�, lv wkh EGV vwdwlvwlf dqg frqyhujhv lq glv0

wulexwlrq wr d vwdqgdug qrupdo Q+3>4,1

Vl}h

Dv Q �$ 4 wkh fulwlfdo ydoxh fruuhvsrqglqj wr d 43(/ 8( dqg 5( vl}h ri

wkh wzr vlgh whvw duh uhvshfwlyho| m4=97m/ m4=<9m dqg m5=66m1 Wkh qxoo k|srwkhvlv ri

l=l=g= lv uhmhfwhg li wkh Zp>Q +�, lv juhdwhu wkdq lwv fulwlfdo ydoxh dw d �{hg ohyho
ri vljql�fdqfh1

Krzhyhu dv dq| rwkhu whvw wkdw uholhv rq lwv dv|pswrwlf glvwulexwlrq/ zh qhhg
wkh fulwlfdo ydoxhv iru wkh �qlwh vdpsoh glvwulexwlrq1 Eurfn hw do1 +4<<4, dqg
Kvlhk +4<<4,1 Wkhvh ydoxhv zhuh irxqg yld Prqwh Fduor vlpxodwlrqv1 Wkh| kdyh
jhqhudwhg udqgrp qxpehu vdpsohv ri gl�huhqw vl}hv +433/ 833 dqg 4333, dqg
9 glvwulexwlrqv +vwdqgdug qrupdo/ vwxghqw0w zlwk 6 ghjuhhv ri iuhhgrp/ grxeoh
h{srqhqwldo/ fkl vtxduh zlwk 7 ghjuhhv ri iuhhgrp/ xqlirup dqg elprgdo,1 Wkh|
dssolhg wkh EGV whvw dqg uhshdwhg wklv h{shulphqw 5333 wlphv +8333 iru vdpsohv

5:



ri 433 dqg 833 gdwd srlqwv, iru gl�huhqw ydoxhv ri p +p @ 5>p @ 8 dqg p @ 43,
dqg � + �

�
@

4

7
>

4

5
> 4>

6

5
> 5,1 Li zh xvh d 8(/ 518( ru 4( vljql�fdqfh ohyho/ zh vkrxog

uhmhfw 8(/ 518( ru 4( ri wkh uhsolfdwlrqv1 Eurfn hw do1 dqg Kvlhk irxqg wkh vl}h
ri wkh whvw iru gl�huhqw fulwlfdo ydoxhv +	4=97>	4=<9>	5=66 zklfk fruuhvsrqg wr
8(/ 518( ru 4( vl}h ri wkh vwdqgdug qrupdo lq fdvh ri rqh vlgh whvw, ri wkh
sdudphwhuv p dqg � iru gl�huhqw �qlwh vdpsoh vl}hv1

Wkhvh zhuh wkh pdlq uhvxowv iurp Prqwh Fduor vlpxodwlrqv +vhh Eurfn hw do1
4<<4 iru doo wkh wdeohv ri wkh EGV whvw,=

4, Wkh �qlwh vdpsoh surshuw| lv txlwh srru iru vdpsohv ri 433 srlqwv1 Zh
uhsruw wkh uhvxowv iurp wkh qrupdo glvwulexwlrq1 Zh fdq hdvlo| vhh wkdw wkh EGV
whvw uhmhfwv wkh qxoo k|srwkhvlv l=l=g= dw ohdvw 6 wlphv pruh wkdq lw vkrxog1

Vl }h ri EGV Vwdwlvwlf/ Vwdqgdug Qrupdo

p @ 5>Q @ 433
�@�

3=58 3=83 4=33 4=83 5=33
Q +3> 4,

( ? �5=66
( ? �4=<9
( ? �4=97
( A 4=97
( A 4=<9
( A 5=66

5;=6 46=4 6=<3 6=<7 8=95
65=4 4:=5 ;=35 :=4 <=4;
68=9 54=< 45=6 45=37 46=;
5:=< 49=8 43=3 <=35 43=4
58=5 46=7 9=77 8=99 :=45
56=3 43=7 6=:; 5=<9 7=8

4=33
5=83
8=33
8=33
5=83
4=33

Xvlqj wkh l=l=g= wlph vhulhv jhqhudwhg e| wkh rwkhu glvwulexwlrq +hvshfldoo|
wkh xqlirup dqg wkh elprgdo, glg qrw fkdqjh wkh slfwxuh yhu| pxfk1 Wkh qxoo
k|srwkhvlv lv vsxulrxvo| uhmhfwhg wrr riwhq zkhq wkh vdpsoh vl}h lv vpdoo1

Li zh lqfuhdvh wkh vdpsoh vl}h wr 833 dqg 4333 gdwd srlqwv/ wkh EGV glv0
wulexwlrq ehfrphv pruh qrupdo dqg lwv dv|pswrwlf glvwulexwlrq +wkh vwdqgdug
qrupdo, jlyhv d pxfk ehwwhu dssur{lpdwlrq ri wkh �qlwh vdpsoh EGV glvwulexwlrq
+hvshfldoo| zkhq Q@4333,1 Vlplodu uhvxowv +vhh Eurfn hw do14<<4, zhuh rewdlqhg
zkhq wkh vdpsohv zhuh rewdlqhg iurp wkh rwkhu l=l=g1 surfhvvhv +vwxghqw0w hwf1,

Vl }h ri EGV Vwdwlvwlf/ Vwdqgdug Qrupdo

p @ 5>Q @ 833
�@�

3=58 3=83 4=33 4=83 5=33
Q +3> 4,

( ? �5=66
( ? �4=<9
( ? �4=97
( A 4=97
( A 4=<9
( A 5=66

;=95 4=<9 4=43 4=5; 4=67
46=3 7=77 6=37 6=59 6=85
4:=4 ;=57 8=<; 9=53 9=:;
49=< <=65 9=<5 9=37 9=8;
45=9 8=:9 6=:9 6=69 6=;9
;=<; 6=75 4=;3 4=9; 4=;;

4=33
5=83
8=33
8=33
5=83
4=33

5;



p @ 5> Q @ 4333
�@�

3=58 3=83 4=33 4=83 5=33
Q +3>4,

( ? �5=66
( ? �4=<9

( ? �4=97

( A 4=97

( A 4=<9

( A 5=66

7=98 4=73 4=38 3=<3 3=;3

;=<8 6=58 5=<3 5=78 5=98

46=6 9=88 8=93 9=63 9=48

<=83 9=53 7=:3 7=53 8=83

9=63 6=:3 5=58 5=73 5=83

6=93 4=88 3=<3 3=:3 3=<3

4=33

5=83

8=33

8=33

5=83

4=33

5, lqfuhdvlqj wkh hpehgglqj glphqvlrq p wkh dv|pswrwlf glvwulexwlrq pd|
surylgh d ehwwhu dssur{lpdwlrq ri wkh �qlwh vdpsoh EGV glvwulexwlrq1

Vl }h ri EGV Vwdwlvwlf/ Vwdqgdug Qrupdo

p @ 8>Q @ 833
�@�

3=58 3=83 4=33 4=83 5=33
Q +3> 4,

( ? �5=66
( ? �4=<9
( ? �4=97
( A 4=97
( A 4=<9
( A 5=66

45=; 3=;7 3=<7 4=49 4=45
4:=4 5=7; 5=57 5=;; 5=<5
54=; 8=8; 8=85 8=95 8=;9
4<=: :=57 8=45 8=53 8=9;
49=4 7=89 6=43 5=<9 6=49
45=< 5=;7 4=89 4=5; 4=9

4=33
5=83
8=33
8=33
5=83
4=33

p @ 8> Q @ 4333
�@�

3=58 3=83 4=33 4=83 5=33
Q +3>4,

( ? �5=66
( ? �4=<9
( ? �4=97
( A 4=97
( A 4=<9
( A 5=66

9=38 3=:3 3=:3 3=;8 3=93
<=88 5=58 5=63 5=88 5=83
46=: 7=93 8=68 8=83 8=73
47=7 9=;3 8=68 8=:8 8=<3
44=3 7=53 6=43 6=83 6=88
:=88 5=58 4=<8 4=:3 4=93

4=33
5=83
8=33
8=33
5=83
4=33

Krzhyhu iru odujh ydoxhv ri p wkh �qlwh vdpsoh surshuw| jhwv srru djdlq1

Wkh uhdvrq lv wkdw wkhuh pd| eh wrr ihz revhuydwlrqv1 Lq idfw Zp>Q +�, @
s
Q
Fp>Q+�,�F4>Q +�,p

�p>Q+�, dqg li zh fdofxodwh iru h{dpsoh F4>Q +3=58, zh �qg F4>Q +3=58, @

3=471 Li p @ 43/ F4>Q +3=58,43 @ 5=;<588H � 3<1 Li zh frpsxwh F4>Q +3=58,43

zkhq zh kdyh iru 4333 revhuydwlrqv F4>Q +3=58,43 @ 3/ wkdw lv wkh suredelolw|

wr �qg sdluv ri 430glphqvlrqdo yhfwruv zlwklq � @ 3=58 lv }hur1 Wkh frpsxwhg

Zp>Q +�, ehfrphv odujh dqg zh vsxulrxvo| uhmhfw wkh qxoo l1l1g1 k|srwkhvlv1
Eurfn hw do1 +4<<4, vxjjhvw wr nhhs wkh pd{lpdo ydoxh ri p durxqg

Q

533
1 Iru

�

�
@ 3=58/ Q @ 4333 dqg p @ 43 zh uhmhfw <8( wkh uljkw qxoo k|srwkhvlv lq0

vwhdg ri 4(1 Li zh lqfuhdvh wkh udwlr �

�
wr 4 zh kdyh yhu| jrrg uhvxowv dqg wkh

5<



Q+3> 4, lv d jrrg dssur{lpdwlrq ri wkh �qlwh vdpsoh EGV glvwulexwlrq1 Wklv lv

zk| e| lqfuhdvlqj � zh dovr lqfuhdvh wkh suredelolw| wr �qg yhfwruv forvhu wkdq

�= Krzhyhu iurp wkh suhfhglqj wdeohv lqfuhdvlqj �

�
eh|rqg 513 lv qrw jhqhudoo|

uhfrpphqghg vlqfh wkh vl}h ri wkh EGV whqgv wr eh wrr vpdoo frpsduhg wr wkh

qrupdo glvwulexwlrq +lw zrxog vsxulrxvo| dffhsw wrr riwhq wkh qxoo k|srwkhvlv,1
Prvwo| wkh fkrlfh ri �

�
@ 4 ru 4=8 jlyhv d jrrg vl}h ri wkh whvw1 Zh kdyh frpsxwhg

wkh EGV whvw iru pdq| gl�huhqw ydoxhv ri �

�
ehwzhhq 5 dqg 3=581

Vl }h ri EGV Vwdwlvwlf/ Vwdqgdug Qrupdo

p @ 43>Q @ 4333
�@�
3=58

�@�
4=33

Q +3>4,

( ? �5=66
( ? �4=<9
( ? �4=97
( A 4=97
( A 4=<9
( A 5=66

<8=3
<8=48
<8=7
6=:8
6=:3
6=93

3=73
4=68
6=;8
9=73
6=<3
5=33

4=33
5=83
8=33
8=33
5=83
4=33

Srzhu

Wkh EGV whvw kdv dv|pswrwlf srzhu djdlqvw wkh iroorzlqj vshfl�f dowhuqd0

wlyhv=

0 �uvw rughu dxwruhjuhvvlrq DU+4,= {w @ �{w�4.%w / m�m � 4 dqg %w qQ +3> 4,
0 �uvw rughu prylqj dyhudjhPD+4,= {w @ �%w�4.%w/ m�m � 4 dqg %w qQ +3> 4,
0 whqw pds= {w @ 5{w�4 li {w ? 3=8 dqg {w @ 5� 5{w�4 li {w A 3=8

0 wkuhvkrog dxwruhjuhvvlrq WDU+4, +Olp 4<;37;, = {w @ �{w�4 . %w / m�m � 4

li {w � { dqg {w @ ({w�4 . %w / m(m � 4 li {w � { dqg %w q Q +3>4,
0 qrq0olqhdu prylqj dyhudjh QPD +Urelqvrq 4<::7<,= {w @ %w . %w�4%w�5

dqg %w qQ +3> 4,
0 dxwruhjuhvvlyh frqglwlrqdo khwhurvnhgdvwlflw| DUFK +Hqjoh 4<;5,= {w @

}w%w dqg }
5
w
@ }

5
3
. �{

5
w�4

dqg %w q Q +3> �,/ 3 ? � ? 4/ {w kdv yduldqfh
}
5

3

4��

0 jhqhudol}hg dxwruhjuhvvlyh frqglwlrqdo khwhurvnhgdvwlflw| JDUFK +Eroohu0
vohy 4<;9,= {w @ }w%w dqg }

5
w
@ }

5
3
.�{

5
w�4
.(}

5
w�4

dqg %w qQ +3> 4,/ 3 ? �.( ? 4/

{w kdv yduldqfh
}
5

3

4���(

Lw uhmhfwv wkh qxoo k|srwkhvlv ri l=l=g= zlwk suredelolw| rqh iru 3 � �

�
� 51

Iru �qlwh vdpsohv Prqwh Fduor vlpxodwlrqv vkrzhg wkdw +vhh Eurfn hw do1
4<<4 iru doo wkh wdeohv ri wkh EGV whvw,=

4, wkh EGV whvw kdv gl�huhqw srzhu djdlqvw gl�huhqw dowhuqdwlyhv1 Dv dq
h{wuhph fdvh vhh wkdw iru d vdpsoh vl}h ri 433 gdwd srlqwv dqg d vljql�fdqfh
ohyho ri 4(/ wkh srzhu djdlqvw d JDUFK prgho lv rqo| 4717(/ wkdw lv wkh

7;Vhh Wrqj 4<<31
7<Vhh Wrqj 4<<31

63



suredelolw| wr dffhsw wkh dowhuqdwlyh zkhq wklv lv wkh wuxh rqh lv rqo| 4717(1
Rq wkh frqwudu| lq wkh fdvh wkh wlph vhulhv lv jhqhudwhg e| d wkh whqw pds wkh

srzhu lv pd{lpdo1

Srzhu ri EGV Vwdwlvwlf

p @ 5>Q @ 433
�@�
4=33

( A 4=97
( A 4=<9
( A 5=66

whqw JDUFK
433( 58=9(
433( 53=5(
433( 47=7(

5, wkh EGV whvw lqfuhdvhv lwv srzhu zlwk wkh vdpsoh vl}h1 Dv dq h{dpsoh/

qrwlfh wkdw iru Q@4333/ lq wkh fdvh ri JDUFK prgho/ wkh srzhu ri wkh whvw

lqfuhdvhv wr eh|rqg ;3(

Srzhu ri EGV Vwdwlvwlf

p @ 5
�@�
4=33

( A 4=97
( A 4=<9
( A 5=66

JDUFK Q @ 433

58=9(
53=5(
47=7(

JDUFK Q @ 833

9:=;(
8;=<(
7;=6(

JDUFK Q @ 4333

<3=7(
;8=<(
;3=6(

6, wkh EGV whvw lqfuhdvhv lwv srzhu zlwk wkh hpehgglqj glphqvlrq exw iru

d odujh hpehgglqj glphqvlrq wkh srzhu ri wkh whvw idoov=

Srzhu ri EGV Vwdwlvwlf

Q @ 4333
�@�
4=33

( A 4=97
( A 4=<9

( A 5=66

JDUFK p @ 5

<3=7(

;8=<(

;3=6(

JDUFK p @ 8

<;=<

<;=7(

<:=5(

JDUFK p @ 43

3(

3(

3(

7, Wkh EGV whvw kdv jrrg srzhu surshuwlhv djdlqvw doo wkh dowhuqdwlyh frq0

vlghuhg zkhq wkh qxpehu ri gdwd srlqwv lv 43331 Zkhq wkh gdwd srlqwv dydlodeoh

duh durxqg 833/ wkh EGV vkrzv jrrg srzhu h{fhsw iru wkh JDUFK dowhuqdwlyh=
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Srzhu ri EGV Vwdwlvwlf

Q @ 4333
p @ 8

�@�
4=33

( A 4=97
( A 4=<9
( A 5=66

whqw DU+4, PD+4, WDU QPD DUFK JDUFK
433( 433( 433( <;=;( 433( 433( <;=<(
433( 433( 433( <:=5( 433( 433( <;=7(
433( 433( 433( <7=8( 433( 433( <:=5(

Srzhu ri EGV Vwdwlvwlf

Q @ 833
p @ 8

�@�
4=33

( A 4=97
( A 4=<9
( A 5=66

whqw DU+4, PD+4, WDU QPD DUFK JDUFK

433( 433( <<=9( <;=;( 433( 433( ;:=7(

433( 433( <<=6( <:=5( 433( 433( ;6=3(

433( 433( <;=8( <7=8( <<=9( <<=<( :9=9(

8, Frpsdulqj wkh srzhu uhvxowv ri wkh EGV whvw ryhu d 833 gdwd srlqwv wlph
vhulhv wr wkdw ri rwkhu qrq0olqhdu whvwv/ vshfl�fdoo| wkh Wvd| dqg Hqjoh whvwv/
wkh EGV whvw shuirupv ehwwhu ru vlplodu wr wkhvh whvwv1 Wkh Hqjoh whvw shuirupv
voljkwo| ehwwhu wkdq wkh EGV whvwv lq wkh fdvh ri JDUFK vwuxfwxuhv1 Krzhyhu
wkh EGV frqwudu| wr wkh Hqjoh whvw +zklfk orrn iru qrq0}hur dxwrfryduldqfhv, lv
deoh wr ghwhfw qrq0olqhdulwlhv lqghshqghqwo| iurp wkh ydoxh ri dxwrfryduldqfhv1

j, Oldsxqry h{srqhqwv

Wkh Oldsxqry h{srqhqw txdqwl�hv wkh vhqvlwlyh ghshqghqfh rq lqlwldo frq0
glwlrqv +vwdwhv,1 Wdnh iru h{dpsoh d rqh glphqvlrqdo g|qdplf v|vwhp {w @

i +{w�4, olnh wkh whqw pds=

{w @ 5{w�4 iru {w�4 ? 3=8

{w @ 5+4� {w�4, iru {w�4 ? 3=8

Zh nqrz wkdw iru wkh whqw pds/ jlyhq dq lqlwldo vwdwh {3/ wkhuh zloo fruuhvsrqg

rqh dqg rqo| rqh {4ehwzhhq 3 dqg 41 Li wkh surfhvv zhuh xqlirupo| glvwulexwhg

ehwzhhq 3 dqg 4/ {4 frxog dvvxph dq| ydoxh ehwzhhq 3 dqg 4 zlwk wkh vdph

suredelolw|1 Lq wkh fdvh ri wkh whqw pds/ {4 kdv rqo| rqh vshfl�f fruuhvsrqghqw

{w.4 ehwzhhq 3 dqg 41 Wklv phdqv wkdw wkh v|vwhp lv ghshqghqw rq lqlwldo

frqglwlrqv1

Li zh wdnh dqrwkhu srvvleoh lqlwldo vwdwh {3 . �3 forvh wr {3/ i +{3 . �3, zloo

eh vwloo forvh wr i +{3,/ exw lw zloo eh pruh glvwdqw wkdq {3 . �3 iurp {31 Diwhu

vrph shulrgv wkh wzr ruelwv zloo dsshdu wr eh wrwdoo| xqfruuhodwhg1 Wklv lv

ehfdxvh wkh wzr ruelwv duh glyhujhqw1 Wkh v|vwhp lv fkdudfwhul}hg e| vhqvlwlyh

ghshqghqfh ehfdxvh wzr qhdue| lqlwldo vwdwhv ohdg wr wzr gl�huhqw ruelwv zklfk

duh glyhujhqw1

Wkh Oldsxqry h{srqhqw phdvxuhv wkh dyhudjh udwh ri glyhujhqfh ri qhdue|

lqlwldo vwdwhv1
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Diwhu Q shulrgv/ wkh glvwdqfh ehwzhhq wkh wzr ruelwv lv +Krpphv 4<<;/
Ndqw} dqg Vfkuhlehu 4<<:,=

�
�iQ +{3 . �3,� iQ +{3,

�
�
r

�
�
�

�
iQ

�
3

+{3, �3

�
�
�

Li zh ghqrwh zlwk �Q wkh glvwdqfh dw wlph Q ehwzhhq wkh wzr ruelwv zh pd|

gh�qh wkh h{srqhqwldo glyhujhqfh ri qhdue| ruelwv dv=

�Q @ �3h
�Q

�Q @ �3 zkhq � @ 3/ wkdw lv wkh fdvh ri d f|folfdo vhulhv ru d vwhdg| vwdwh

�Q ? �3 zkhq � ? 3/ wkdw lv wkh fdvh ri frqyhujhqw vhulhv wrzdugv d d vwhdg|

vwdwh

�Q A �3 zkhq � A 3/ wkdw lv wkh fdvh ri glyhujhqw vhulhv

�
�iQ +{3 . �3,� iQ +{3,

�
�
r

�
�
�

�
iQ

�
3

+{3, �3

�
�
� @ �3h

�Q

�
�
�

�
iQ

�
3

+{3,
�
�
� @ h

�Q
�$ � @

4

Q
oq

�
�
�

�
iQ

�
3

+{3,
�
�
�

Xvlqj wkh fkdlq uxoh iru
�
iQ

�
3

+{3, dqg wdnlqj wkh olplw w$4

� @ olp
Q$4

4

Q

Q�4S

l@3

oq
�
�i 3+i l +{3,,

�
�

� lv wkh Oldsxqry h{srqhqw1 Qrwlfh wkdw li zh kdyh d srvlwlyh �/ vd| � @ oq 5/

diwhu 43 shulrgv

h
43 oq 5

@ 5
43

@ 4357 �$

�
�i43 +{3 . �3,� i43 +{3,

�
�
@ 4357�3

wkdw lv diwhu 43 shulrgv wkh glvwdqfh ehwzhhq i43 +{3 . �3, dqg i43 +{3, lv

rq dyhudjh 4357 wlphv juhdwhu wkdq i3 +{3 . �3, dqg i3 +{3,1 Li wkh lqlwldo wuxh

ydoxh zhuh {3 . �3 dqg zh kdg phdvxuhg {3/ diwhu 43 shulrgv zh zrxog kdyh dq
dpsol�hg huuru rq dyhudjh 4357 wlphv juhdwhu wkdq wkh lqlwldo huuru1 Wkh odujhu
wkh Oldsxqry h{srqhqw wkh pruh gl!fxow wkh suhglfwlrq lv/ dqg vr wkh Oldsxqry
h{srqhqw lv d phdvxuh ri suhglfwdelolw|1

Zkhq zh kdyh d wlph vhulhv/ zh gr qrw nqrz wkh wuxh ixqfwlrq i/ exw zh kdyh
lwv uhdol}dwlrqv/ wkdw lv d wlph vhulhv1 Zh kdyh xvhg wkh iroorzlqj dojrulwkp e|
Ndqw} +4<<7,83 wr frpsxwh qxphulfdoo| wkh Oldsxqry h{srqhqw/ gluhfwo| iurp
wkh wlph vhulhv zlwkrxw nqrzlqj wkh wuxh ru dq hvwlpdwhg ixqfwlrq ri i1

Vxssrvh wr revhuyh d srlqw +ru yhfwru, {m wkdw lv yhu| forvh wr {l1 {m dqg {l

duh wkh revhuyhg ydoxhv ri wkh xqghuo|lqj ixqfwlrq1 Wdnh wkh glvwdqfh ehwzhhq

wkhvh wzr revhuydwlrqv �l @ {m � {l1 �l jurzv h{srqhqwldoo| zlwk wlph1

Diwhu Q shulrgv/ wkh glvwdqfh ehwzhhq wkh wzr srlqwv lv=

83Vhh Ndqw}/ Vfkuhlehu +4<<:,1
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� lv wkh ydoxh ri wkh Oldsxqry h{srqhqw1 Vlqfh iurp rqh vlqjoh wlph vhulhv
fdq gh�qh dv pdq| gl�huhqw O|dsxqry h{srqhqwv dv wkh qxpehu ri hpehgglqj
glphqvlrq p/ zh fdq uhvwulfw rxuvhoi wr wkh pd{lpdo Oldsxqry h{srqhqw wkdw
lv wkh prvw uhohydqw iru rxu dqdo|vlv1 Qxphulfdoo| rqh fdq ghulyh d urexvw
frqvlvwhqw dqg xqeldvhg hvwlpdwru iru wkh pd{lpdo Oldsxqry h{srqhqw +Ndqw}
dqg Vfkuhlehu 4<<:,1 Rqh frpsxwhv=

� @
4

Q

Q�4S

l@3

oq

#
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m�+{l,m
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{5�+{l,

m{m.q � {l.qm

$

� +{l, lv wkh qhljkerukrrg ri {l zlwk udglxv �l1 m� +{l,m ghqrwhv wkh qxpehu

ri revhuyhg ydoxhv zlwklq wkh qhljkerukrrg ri {l1 q lv wkh qxpehu ri lwhudwlrq1

� ydulhv zlwk q dqg lwv vorsh jlyhv dq hvwlpdwh ri wkh Oldsxqry h{srqhqw1

k, uhfxuuhqfh sorwv

D uhfxuuhqfh sorw +{l>{m, lv d judsklfdo uhsuhvhqwdwlrq ri wkh hxfolghdq glv0

wdqfh n{l � {mn lq wkh fruuhodwlrq lqwhjudo lq wzr glphqvlrqv1

Lw lv hdv| wr surgxfh d uhfxuuhqfh sorw yld dq ruglqdu| h{fho surjudp ru dolnh

iru wkh " ixqfwlrq lq wkh fruuhodwlrq lqwhjudo=

" +�� n{l � {mn, @ 4 li n{l � {mn ? � dqg zh jlyh wr wkh fruuhvsrqghqw

srlqw +{l>{m, lq wkh uhfxuuhqfh sorw wkh froru zklwh

" +�� n{l � {mn, @ 3 li n{l � {mn � � dqg zh jlyh wr wkh fruuhvsrqghqw

srlqw +{l>{m, lq wkh uhfxuuhqfh sorw wkh froru eodfn1

Zkhq n{l � {mn @ 3 wkh fruuhvsrqghqw srlqw +{l>{m, lv zklwh1 Dorqj wkh

78
3 olqh {l � {m vr wkdw wkh 78

3
olqh {l{m lv zklwh1

Zkhq n{l � {mn lv pd{lpdo/ +{l>{m, lv eodfn1

Zkhq 3 ? n{l � {mn ? 4/ wkh +{l>{m, dvvxphv d juh| wrqh sursruwlrqdo wr

wkh hxfolghdq glvwdqfh1

Iru udqgrp vljqdov/ wkh xqlirup glvwulexwlrq ri juh| wrqhv ryhu wkh hqwluh

sorw lv h{shfwhg1 Iru qrq0olqhdu v|vwhpv d pruh vwuxfwxuhg uhfxuuhqfh sorw pd|

eh grplqdqw1 Dq| frqwlqxrxv olqh dqg }rqhv fkdudfwhul}hg e| wkh vdph juh|

wrqh lq wkh sorw lqglfdwhv wkh h{lvwhqfh ri fruuhodwlrq ehwzhhq sdlu ri wkh p0

glphqvlrqdo srlqwv +{l>{m, vlqfh wkh| pdlqwdlq d vlplodu hxfolghdq glvwdqfh1

k, Nrqrqry hqwurs|

Wkh Nrqrqry Hqwurs| frpsduhv wkh glvwulexwlrq ri glvwdqfhv ehwzhhq doo
sdluv ri p hpehgghg yhfwruv ryhu wkh hqwluh uhfxuuhqfh sorw zlwk wkh glvwulexwlrq
ri jud|v ryhu hdfk gldjrqdo olqh ri wkh uhfxuuhqfh sorw1 Wkh uhvxow lv qrupdol}hg
dqg suhvhqwhg dv d shufhqwdjh ri �pd{lpxp� hqwurs| +udqgrpqhvv,1 Wkdw
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lv/ 433( hqwurs| phdqv wkh devhqfh ri dq| vwuxfwxuh +xqlirup glvwulexwlrq ri
juh|v,/ zkloh rwkhu ydoxhv ri hqwurs| lpsolhv wkh vwrfkdvwlf ru ghwhuplqlvwlf
suhvhqfh ri vwuxfwxuhv1

Eleolrjudsk|

Doed M1 G1 dqg Sdshoo G1 K1/ 4<<8/ �Wuhqg euhdnv dqg wkh xqlw urrw k|0

srwkhvlv iru qhzo| lqgxvwuldol}lqj dqg qhzo| h{sruwlqj frxqwulhv�/ Uhylhz ri

Lqwhuqdwlrqdo Hfrqrplfv/ 6/ ss1 5970:71

Do Ed}dl K1 V1/ 4<<;/ �Wkh Vdxgl vwrfn pdunhw dqg wkh prqhwdu| srolf|�/

Mrxuqdo ri wkh Vrfldo Vflhqfhv/ 59/ ss1 <404391

Edqhumhh D1/ Oxpvgdlqh U1 O1 dqg Vwrfn M1 K1/ 4<<5/ �Uhfxuvlyh dqg vhtxhq0

wldo whvwv ri wkh xqlw urrw dqg wuhqg euhdn k|srwkhvlv= wkhru| dqg lqwhuqdwlrqdo

hylghqfh�/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 43/ ss15:40;:1

Eduur U1 M1 dqg Vdod0l0Pduwlq 4<<8/ Hfrqrplf Jurzwk/ Pf Judz Kloo1

Ehq G1 G1/ Oxpvgdlqh U1 O1 dqg Sdshoo G1 K1/ 4<<9/ Xqlw urrwv/ srvwzdu

vorzgrzqv dqg orqj uxq jurzwk= hylghqfh iurp wzr vwuxfwxudo euhdnv/ Who Dyly

Vdfnohu Lqvwlwxwh ri Hfrqrplf Vwxglhv/ ZS 661

Ehq G1 G1/ Oxpvgdlqh U1 O1 dqg Sdshoo G1 K1/ 4<<9/ Wkh xqlw urrw k|srwk0

hvlv lq orqj0whup rxwsxw= hylghqfh iurp wzr vwuxfwxudo euhdnv iru 49 frxqwulhv/

FHSU/ GS1 46691

Ehq G1 G1 dqg Sdshoo G1 K1/ 4<<7/ Wkh juhdw fudvk/ dqg wkh xqlw urrw k|0

srwkhvlv= vrph qhz hylghqfh derxw dq rog vw|ol}hg idfw/ FHSU/ GS1 <981

Erko P1 W1/ 4<<;/ �Nryhujhq} zhvwghxwvfkhu uhjlrqhqB Qhxh hpslulvfkh

hujheqlvvh dxi ghuedvlv yrq Sdqho0Hlqkhlwvzxu}howhvwv�/ Nrqmxqnwxusrolwln/ 77/

ss1 ;50<<1

Ervzlmn K1 S1/ 4<<9/ Xqlw urrwv dqg frlqwhjudwlrq/ Ohfwxuh Qrwhv/ Dpvwhugdp

Xqlyhuvlw|1

Eudgoh| P1 G1 dqg Mdqvhq G1 Z1/ 4<<8/ �Xqlw urrwv dqg lqiuhtxhqw odujh

vkrfnv= qhz lqwhuqdwlrqdo hylghqfh rq rxwsxw jurzwk�/ Mrxuqdo ri Prqh|/ Fuhglw

dqg Edqnlqj/ 5:/ ss1 ;9:0<61

Euhvvrq J1 dqg Fholphqh I1/ 4<<8/ �K|vwhuhvlv ru shuvlvwhqfh ri wkh xq0

hpsor|phqw udwh= dq hfrqrphwulf whvw lq vhyhudo Fduulehdq frxqwulhv�/ Uhyxh

g*Hfrqrplh Srolwltxh/ 438/ ss1 <980<;1

Eurfn Z1 D1 dqg Ghfkhuw Z1 G1/ 4<;;/ �Wkhruhpv rq glvwlqjxlvklqj gh0

whuplqlvwlf iurp udqgrp v|vwhpv�/ lq Eduqhww Z1 hw do1/ G|qdplf hfrqrphwulf

prghoolqj/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Eurfn Z1 D1/ Ghfkhuw Z1G1 dqg Vfkhlqnpdq M1D1/ 4<;:/ D whvw iru lqghshq0

ghqfh edvhg rq wkh fruuhodwlrq lqwhjudo/ Xqlyhuvlw| ri Zlvfrqvlq0Pdglvrq1

Eurfn Z1 D1/ Kvlhk G1D1 dqg OhEdurq E1/ 4<<4/ Qrqolqhdu g|qdplfv/ fkdrv/

dqg lqvwdelolw|= Vwdwlvwlfdo wkhru| dqg hfrqrplf hylghqfh/ PLW suhvv1

Fdslwhool U1 dqg Vfmohjho D1/ 4<<4/ �Lvw glh Vfkzhl} hlqh ]lqvlqvhoBHlqh pxowl0

yduldwh xqwhuvxfkxqj xehu ghq odqjiulvwljhq lqwhuqdwlrqdohq uhdo}lqvdxvjohlfk�/

Vzlvv Mrxuqdo ri Hfrqrplf dqg Vwdwlvwlfv/ 45:/ ss1 97:0971

Fdvhool J1 S1 dqg Pdulqhool O1/ 4<<7/ �Lwdoldq JQS jurzwk 4;<304<<5= d xqlw

urrw ru vhjphqwhg wuhqg uhsuhvhqwdwlrqB�/ Hfrqrplf Qrwhv/ 56/ ss1 860:61
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Fkdydv M1 S1 dqg Krow P1 W1/ 4<<4/ �Rq qrqolqhdu g|qdplfv= wkh fdvh ri

Srun F|foh�/ Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ :6/ ss1 ;4<05;1

Fkdydv M1 S1 dqg Krow P1 W1/ 4<<6/ �Pdunhw lqvwdelolw| dqg qrqolqhdu g|0

qdplfv�/ Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ :8/ ss1 4460531

Fkhq E1 dqg Wudq N1 F1/ 4<<7/ �Duh zh vxuh wkdw wkh uhdo h{fkdqjh udwh

iroorzv d udqgrp zdonB�/ Lqwhuqdwlrqdo Hfrqrplf Mrxuqdo/ ;/ ss1 660771

Fkhxqj \1 Z1 dqg Fklqq P1 G1/ 4<<9/ Ixuwkhu lqyhvwljdwlrq ri xqfhuwdlq

xqlw urrw lq JQS/ QEHU/ 5391

Fkrl L1 dqg \x E1/ 4<<:/ �D jhqhudo iudphzrun iru whvwlqj L+p, djdlqvw
L+p.n,�/ Mrxuqdo ri Hfrqrplf Wkhru| dqg Hfrqrphwulfv/ 6/ ss1 43606;1

Frdnoh| M1/ Nxodvl I1 dqg Vplwk U1/ 4<<8/ Fxuuhqw dffrxqw vroyhqf| dqg wkh

Ihogvwhlq0Krulrnd sx}}oh/ Elunehfn Froohjh Glvfxvvlrq Sdshu Orqgrq1

Frqryhu Z1 M1/ 4<:4/ Sudfwlfdo Qrqsdudphwulf Vwdwlvwlfv/ Zloh|1 Qhz \run1

Frruh| V1/ 4<<4/ Wkh ghwhuplqdqwv ri X1V1 uhdo lqwhuhvw udwhv lq wkh orqj uxq/

LPI ZS 44;1

Furve| P1/ 4<<;/ �D qrwh rq wkh Dxvwudoldq Exvlqhvv F|foh�/ Hfrqrplf

Dqdo|vlv dqg Srolf|/ 5;/ ss1 43603;1

Fxoyhu V1 H1 dqg Sdshoo G1 K1/ 4<<8/ �Uhdo h{fkdqjkh udwhv xqghu wkh Jrog

Vwdqgdug= fdq wkh| eh h{sodlqhg e| wkh wuhqg euhdn prghoB�/ Mrxuqdo ri Lqwhu0

qdwlrqdo Prqh| dqg Ilqdqfh/ 47/ ss1 86<07;1

Fxoyhu V1 H1 dqg Sdshoo G1 K1/ 4<<:/ �Lv wkhuh d xqlw urrw lq wkh lq dwlrq

udwhB Hylghqfh iurp vhtxhqwldo euhdn dqg Sdqho Gdwd prghov�/ Mrxuqdo ri

Dssolhg Hfrqrphwulfv/ 45/ ss1 7680771

Fxvklqj P1 M1 dqg Pf Jduyh| P1 J1/ 4<<9/ Wkh shuvlvwhqfh ri vkrfnv wr

pdfurhfrqrplf wlph vhulhv= vrph hylghqfh iurp hfrqrplf wkhru|�/ Mrxuqdo ri

Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 47 ss1 4:<0;:1

Ghfkhuw Z1 G1/ 4<<7/ Wkh fruuhodwlrq lqwhjudo dqg wkh lqghshqghqfh ri jdxv0

vldq dqg uhodwhf surfhvvhv/ VVUL Z1S1 <745/ Xqlyhuvlw| ri Zlvfrqvlq1

Glherog I1 [1 dqg Uxghexvk J1 G1/ 4<;</ �Orqj phpru| dqg shuvlvwhqfh lq

djjuhjdwh rxwsxw�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 57/ ss1 4;<053<1

Glfnh| G1D1 dqg Ixoohu Z1D1/ 4<:</ Glvwulexwlrq ri wkh Hvwlpdwruv iru Dx0

wruhjuhvvlyh Wlph Vhulhv zlwk d Xqlw Urrw/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq/ :7/ ss1 75:07641

Grodgr M1 M1 dqg Orsh} V1 M1 G1/ 4<<9/ K|vwhuhvlv dqg hfrqrplf  xfwxdwlrqv
+Vsdlq/ 4<:30<7,/ Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk/ Glvfxvvlrq Sdshu 46671

Gropdv M1/ Udm E1 dqg Vfrwwmh G1 M1/ 4<<</ �D Shdn wkurxjk wkh vwuxfwxudo

euhdn zlqgrz�/ Hfrqrplf Lqtxlu|/ 6:/ ss1 5590741

Gxfn Q1 Z1/ 4<<5/ Hylghqfh rq euhdnlqj wuhqg ixqfwlrqv iurp qlqh frxqwulhv/

Xqlyhuvlw| ri Eulvwro ZS 6741

Gxuodxi V1 Q1/ 4<<6/ �Wlph vhulhv surshuwlhv ri djjuhjdwh rxwsxw  xfwxd0

wlrqv�/ Mrxuqdo ri Hfrqrphwulfv/ 89/ ss1 6<0891

Hfnpdqq M1S1/ Ndpskruvw R1 dqg Uxhooh G1/ 4<;:/ �Uhfxuuhqfh sorwv ri

g|qdplfdo v|vwhpv�/ Hxursk|vlf Ohwwhuv/ 71
Hqjoh U1 I1/ +4<;5,/ �Dxwruhjuhvvlyh Frqglwlrqdo Khwhurvnhgdvwlflw| zlwk

Hvwlpdwhv ri wkh Yduldqfh ri X1N1 Lq dwlrq�/ Hfrqrphwulfd/ 83/ ss1 <;:0433;1
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Iohlvvlqj D1 U1 dqg Vwudxvv M1/ 4<<:/ �Xqlw urrw whvwv rq uhdo zdjh Sdqho

Gdwd iru wkh J:�/ Hfrqrplf Ohwwhuv/ 89/ ss1 47<0881

Iudqn/ P1 dqg Vwhqjrv W1/ 4<;;/ �Lqwhuqdwlrqdo FkdrvB�/ Hxurshdq Hfr0

qrplf Uhylhz/ 65/ 489<0;71

Iudqvhv S1 K1 dqg Nohlehujhq I1/ 4<<9/ �Xqlw urrwv lq wkh Qhovrq Sorvvhu

gdwd= gr wkh| pdwwhu iru iruhfdvwlqjB/ Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj/ 45/

ss1 5;60;;1

Iudvhu D1 P1 dqg Vzlqqh| K1 O/ 4<;9/ �Lqghshqghqw frruglqdwhv iru vwudqjh

dwwudfwruv iurp pxwxdo lqirupdwlrq�/ Sk|v1 Uhylhz/ 9;1

Ixqj K1 J1 dqg Or Z1 F1/ 4<<5/ �Ghyldwlrqv iurp sxufkdvlqj srzhu sdulw|�/
Ilqdqfldo Uhylhz/ 5:/ 8860:31

Ixoohu Z1D1 +4<<<,/ Lqwurgxfwlrq wr wlph vhulhv/ Zloh|1 Qhz \run1
Jdoohjdwl P1/ 4<<9/ �Whvwlqj rxwsxw wkurxjk lwv vxsso| frpsrqhqwv� Hfr0

qrplf qrwhv/ 58/ ss1 57<0931

Jdpehu H1 Q1 dqg Vruhqvhq U1 O1/ 4<<7/ �Duh qhw glvfrxqw udwhv vwdwlrq0

du|B�/ Mrxuqdo ri Ulvn dqg Lqvxudqfh/ 94/ ss1 8360451

Jlo D1 O1 D1 dqg Urelqvrq S1 P1/ 4<<:/ �Whvwlqj ri xqlw urrwv dqg rwkhu qrq0

vwdwlrqdu| k|srwkhvlv lq pdfurhfrqrplf wlph vhulhv�/ Mrxuqdo ri Hfrqrphwulfv/

;3/ ss1 57409;1

Jrnh| W1 F1/ 4<<3/ Vwdwlrqdulw| ri qrplqdo lqwhuhvw udwhv/ lq dwlrq dqg uhdo

lqwhuhvw udwhv/ R{irug Dssolhg Hfrqrplfv GS 4381
Jud|eloo I1 D1 +4<94,/ Dq lqwurgxfwlrq wr olqhdu vwdwlvwlfdo prghov/ PfJudz0

Kloo1 Qhz \run1
gh Kddq M1 dqg ]hokruvw G1/ 4<<6/ �Wkh qrqvwdwlrqdulw| ri Jhupdq djjuhjdwh

rxwsxw�/ Mdkuexfkhu ixu Qdwlrqdornrqrplh xqg Vwdwlvwln/ 545/ ss1 74304;1

gh Kddq M1/ ]hokruvw G1/ 4<<7/ �Whvwlqj iru vwdwlrqdulw| ri rxwsxw frpsr0

qhqwv= vrph uhvxowv iru Lwdo|�/ Hfrqrplf Qrwhv/ 56/ ss1 73503<1

gh Kddq M1 dqg ]hokruvw G1/ 4<<7/ �Whvwlqj iru d euhdn lq rxwsxw= qhz

lqwhuqdwlrqdo hylghqfh�/ R{irug Hfrqrplf Sdshuv/ 7:/ ss1 68:0951

Kduulv U1/ 4<<8/ Xvlqj frlqwhjudwlrq dqdo|vlv lq hfrqrphwulf prghoolqj/ Suhq0

wlfh Kdoo/ Orqgrq1

Kduyh| D1 F1/ 4<<3/ Wkh hfrqrphwulf dqdo|vlv ri wlph vhulhv/ Sklols Doodq1

Kdvodj M1 dqg Qlhvzldgrp| P1/ Vorwwmh G1 M1/ 4<<7/ �Duh qhw glvfrxqw udwhv

vwdwlrqdu|B Vrph hpslulfdo hylghqfh�/ Mrxuqdo ri Ulvn dqg Lqvxudqfh/ 94/ ss1

84604;1

K|oohehuj V1 dqg Hqjoh U1 I1/ 4<<9/ Frpprq vhdvrqdo ihdwxuhv= joredo xq0

hpsor|phqw/ Ddukxv Ghsduwphqw ri Hfrqrplfv ZS 461

Kdqvhq J/ 4<<4/ �K|vwhuhvlv dqg xqhpsor|phqw�/ Mdkuexfkhu ixu Qdwlrq0

dornrqrplh xqg Vwdwlvwln/ 53;/ ss15:50<;1

Kvlhk G1 D1/ 4<<4/ �Fkdrv dqg qrqolqhdu g|qdplfv= dssolfdwlrq wr �qdqfldo

pdunhwv�/ Mrxuqdo ri Ilqdqfh/ 79/ ss14;6<04;::1

Krpphv F1 K1/ 4<<;/ Qrqolqhdu hfrqrplf g|qdplfv/ Ohfwxuh qrwhv/ QDNH

Xwuhfkw1

Mrkqvwrq M1/ 4<;7/ Hfrqrphwulf Phwkrgv/ Pf Judz Kloo1

Ndqw} K1 dqg Vfkuhlehu W1/ 4<<:/ Qrqolqhdu wlph vhulhv dqdo|vlv/ Fdpeulgjh

Xqlyhuvlw| Suhvv1
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Nhqqho P1 E1/ Eurzq U1 dqg Deduedqho K1 G1 L1/ 4<<51 �Ghwhuplqlqj hp0

ehgglqj glphqvlrq iru skdvh0vsdfh uhfrqvwuxfwlrq xvlqj d jhrphwulfdo frqvwuxf0

wlrq�/ Sk|vlfv Uhylhz/ 78/ ss1 6736067441

Nlqj U1 J1/ Sorvvhu F1 L1 dqg Uhehor V1 W1/ 4<;;d/ �Surgxfwlrq/ jurzwk dqg

exvlqhvv f|fohv L= wkh edvlf qhrfodvvlfdo prgho�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/

54/ 4<805651

Nlqj U1 J1/ Sorvvhu F1 L1 dqg Uhehor V1 W1/ 4<;;e/ �Surgxfwlrq/ jurzwk dqg

exvlqhvv f|fohv LL= qhz gluhfwlrqv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 54/ ss1
63<0741

Nrqrqry H1/ 4<<</Ylvxdo Uhfxuuhqfh Dqdo|vlv 715 +vriwzduh surjudp,/ kwws=22krph1qhwfrp1frp2�h
Nuro U1/ 4<<5/ �Wuhqgv/ udqgrp zdonv dqg shuvlvwhqfh= dq hpslulfdo vwxg| ri

glvdjjuhjdwhg X1V1 lqgxvwuldo surgxfwlrq�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/

:7/ ss1 48708<1

Ohh K1 V1 dqg Vlnorv S1 O1/ 4<<4/ �Xqlw urrwv dqg vhdvrqdo xqlw urrwv lq

pdfurhfrqrplf wlph vhulhv= Fdqdgldq hylghqfh�/ Hfrqrplf Ohwwhuv/ 68/ ss1

5:60::1

Ohh M1/ 4<<9/ �Whvwlqj iru d xqlw urrw lq wlph vhulhv zlwk wuhqg euhdnv�/

Mrxuqdo ri Pdfurhfrqrplfv/ 4;/ ss1 83604<1

Ohlvolh G1/ Sx \1 dqg Zkduwrq D/ 4<<8/ �K|vwhuhvlv yhuvxv shuvlvwhqfh lq

xqhpsor|phqw= d vfhswlfdo qrwh rq xqlw urrw whvwv�/ Oderxu/ </ ss1 83:0561

Oh|erxuqh V1 M1 dqg Pf Fdeh/ E1 S1 P1/ 4<<</ �Prgl�hg vwdwlrqdu| whvwv

zlwk gdwd ghshqghqw prgho vhohfwlrq uxohv�/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf

Vwdwlvwlfv/ ss1 5970:31

Oh|erxuqh V1 M1/ Pf Fdeh/ E1 S1 P1 dqg Wuhpd|qh D1 U1/ 4<<9/ �Fdq hfr0

qrplf wlph vhulhv eh gl�huhqfhg wr vwdwlrqdulw|B�/ Mrxuqdo ri Exvlqhvv dqg

Hfrqrplf Vwdwlvwlfv/ ss1 768079

Ol K1/ 4<<8/ �D Uhh{dplqdwlrq ri wkh Qhovrq0Sorvvhu gdwd vhw xvlqj uhfxuvlyh

dqg vhtxhqwldo whvwv�/ Hpslulfdo Hfrqrplfv/ 53/ ss1 83404;1

Olqghq P1/ 4<<5/ �Vwrfkdvwlf dqg ghwhuplqlvwlf wuhqgv lq Ilqqlvk pdfurhfr0

qrplf wlph vhulhv�/ Ilqqlvk Hfrqrplf Sdshuv/ ss1 4430491

Oruhqw} K1 Z1/ 4<;</ Ohfwxuh qrwhv lq hfrqrplfv dqg pdwkhpdwlfdo v|vwhpv/

Vsulqjhu Yhuodj1

Oxfdv U1/ 4<:5/ �H{shfwdwlrqv dqg wkh qhxwudolw| ri prqh|�/ Mrxuqdo ri

Hfrqrplf Wkhru|/ 7/ 4360571

Oxfdv U1/ 4<::/ �Xqghuvwdqglqj Exvlqhvv F|fohv� lq Euxqqhu N1/ Phow}hu

hgv/ Vwdelol}dwlrq ri wkh grphvwlf dqg lqwhuqdwlrqdo hfrqrp|/ Fduqhjlh0Urfkhvwhu

Frqihuhqfh Vhulhv rq Sxeeolf Srolf|/ 8/ :05<1

Oxfdv U1/ 4<;3/ �Phwkrgv dqg sureohpv lq Exvlqhvv F|foh Wkhru|�/ Mrxuqdo

ri Prqh|/ Fuhglw dqg Edqnlqj/ 45/ ss1 9<90:481

Oxpvgdlqh U1 O1 dqg Sdshoo G1 K1/ 4<<:/ �Pxowlsoh wuhqg euhdnv dqg wkh

xqlw urrw k|srwkhvlv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :</ ss1 54504;1

PdfGrqdog U1/ 4<<9/ �Sdqho xqlw urrw whvwv dqg uhdo h{fkdqjh udwhv�/ Hfr0

qrplf Ohwwhuv/ 83/ ss1 :0441

PdfNlqqrq M1J1/ 4<<4/ �FulwlfdoYdoxhv iru Frlqwhjudwlrq Whvwv�/ lq U1I1Hqjoh/

F1Z1M1 Judqjhu/ Orqj0uxq Hfrqrplf Uhodwlrqvklsv= Uhdglqjv lq Frlqwhjudwlrq/

R{irug Xqlyhuvlw| Suhvv1
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Pdggdod J1 V1 dqg Nlp L1 P1/ 4<<;/ Xqlw urrwv/ frlqwhjudwlrq dqg vwuxfwxudo

fkdqjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1

PfFrvnh| V1 N1 dqg Vhoghq W1 P1/ 4<<;/ �Khdowk fduh h{shqglwxuhv dqg

JGS= sdqho gdwd xqlw urrw whvw uhvxowv�/ Mrxuqdo ri Khdowk Hfrqrplfv/ 4:/ ss1

69<0:91

PfGrxjdoo U1 V1/ 4<<8/ �Wkh vhdvrqdo xqlw urrw vwuxfwxuh lq Qhz ]hdodqg

pdfurhfrqrplf yduldeohv�/ Dssolhg Hfrqrplfv/ 5:/ ss1 ;4:05:1

Ploov W1/ 4<<5/ �Krz urexvw lv wkh �qglqj wkdw lqqrydwlrqv wr XN rxwsxw

duh shuvlvwhqw�/ Vfrwwlvk Mrxuqdo ri Srolwlfdo Hfrqrp|/ 6</ ss1 4870991

Ploov W1 F1 dqg Wd|oru P1 S1/ 4<<5/ �Udqgrp zdon frpsrqhqwv lq rxwsxw dqg

h{fkdqjh udwhv= vrph urexvw whvwv rq XN gdwd�/ Exoohwlq ri Hfrqrplf Uhvhdufk/

74/ ss1 4560681

Prfdq K1 1 Q1/ 4<<7/ �Lv wkhuh d xqlw urrw lq X1V1 Uhdo JQS B D Uh0

dvvhvvphqw�/ Hfrqrplf Ohwwhuv/ 78/ ss1 560641

Prrvd L1 D1 dqg Ekdwwl U1 K1/ 4<<9/ �Grhv uhdo lqwhuhvw sdulw| krogB Hp0

slulfdo hylghqfh iurp Dvld�/ Nhlr Hfrqrplf Vwxglhv/ 66/ ss1 960:31

Qhovrq F1 U1 dqg Sorvvhu F1 L1/ 4<;5/ �Wuhqgv dqg udqgrp zdonv lq pdfurh0

frqrplf wlph vhulhv= vrph hylghqfh dqg lpsolfdwlrqv�/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 43/ ss1 46<0951

Qxqhv O1 F1/ Qhzerog S1 dqg Nxdq F1 P1/ 4<<:/ �Whvwlqj iru xqlw urrwv zlwk

euhdnv= hylghqfh rq wkh juhdw fudvk dqg wkh xqlw urrw k|srwkhvlv uhfrqvlghuhg�/

R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 8</ ss1 76807;1

Rsshqkhlp/ D1Y1 dqg Vfkdihu U1 Z1/ 4<;</ Glvfuhwh0Wlph Vljqdo Surfhvvlqj1

Suhqwlfh0Kdoo1 Hqjohzrrg Fol�v1

Rveruq G1 U1/ Khudyl V1 dqg Elufkhqkdoo F1 U1/ 4<<</ �Vhdvrqdo xqlw urrwv

dqg iruhfdvwv ri wzr gljlw Hxurshdq lqgxvwuldo surgxfwlrq�/ Lqwhuqdwlrqdo Mrxu0

qdo ri Iruhfdvwlqj/ 48/ ss15:07:1

Sdulnk D1/ 4<<7/ �Whvwv ri uhdo lqwhuhvw sdulw| lq lqwhuqdwlrqdo fxuuhqf| pdu0

nhwv�/ Mrxuqdo ri Hfrqrplfv/ 8</ ss1 49:0<41

Shuurq S1/ 4<;</ �Wkh juhdw fudvk/ wkh rlo sulfh vkrfn dqg wkh xqlw urrw

k|srwkhvlv�/ Hfrqrphwulfd/ ss1 4694047341

Skloolsv S1 F1 E1 dqg [ldr ]1/ 4<<;/ �D sulphu rq xqlw urrw whvwlqj�/ Mrxuqdo

ri Hfrqrplf Vxuyh|v/ 45/ ss1 75609<1

Suhvfrww H1/ 4<<;/ Qrwhv rq Exvlqhvv F|foh Wkhru|= phwkrgv dqg sureohpv/

LVHU gudiw/ Vlhqd

Udkpdq P1 dqg Pxvwdid P1/ 4<<:/ �G|qdplfv ri uhdo h{sruwv dqg uhdo

hfrqrplf jurzwkv lq 46 vhohfwhg Dvldq frxqwulhv�/ Mrxuqdo ri Hfrqrplf Ghyho0

rsphqw/ ss1 ;40<8

Udm E1/ 4<<5/ �Lqwhuqdwlrqdo hylghqfh rq shuvlvwhqfh lq rxwsxw lq wkh suhvhqfh

ri hslvrglf fkdqjh�/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ :/ ss1 5;40<61

Udm E1 dqg Vfrwwmh G1 M1/ 4<<7/ �Duh wuhqg ehkdylru ri dowhuqdwlyh lqfrph

lqhtxdolw| phdvxuhv lq wkh Xqlwhg Vwdwhv iurp 4<7:04<<3 dqg wkh vwuxfwxudo

euhdn�/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 45/ ss1 7:<0;:1

Udssrsruw O1 dqg Uhlfkolq O1/ 4<<;/ Vhjphqwhg Wuhqgv dqg Qrq0Vwdwlrqdu|

Wlph Vhulhv/ Ihghudo Uhvhuyh Edqn ri Qhz \run/ 4<;;1
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Udssrsruw S1 dqg O1 Uhlfkolq/ 4<;</ �Vhjphqwhg wuhqgv dqg qrqvwdwlrqdu|

wlph vhulhv�/ Hfrqrplf Mrxuqdo <</ vxssohphqw/ ss1 49;04::1

Uhlfkolq O1/ 4<;</ Vwuxfwxudo fkdqjh dqg xqlw urrw hfrqrphwulfv/ Hfrqrplf

Ohwwhuv 64/ 56405661

Uxghexvfk J1 G1/ 4<<3/ Wuhqgv dqg udqgrp zdonv lq pdfurhfrqrplf wlph

vhulhv= d uh0h{dplqdwlrq/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp

Ilqdqfh dqg Hfrqrplfv Glvfxvvlrq Vhulhv/ 46<1

Uxghexvfk J1 G1/ 4<<5/ �Wuhqgv dqg udqgrp zdonv lq pdfurhfrqrplf wlph

vhulhv= d uh0h{dplqdwlrq�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 66/ ss1 9940;31

Vhuohwlv D1/ 4<<7/ �Euhdnlqj wuhqg ixqfwlrqv lq wkh yhorflw| ri prqh|= hy0

lghqfh iurp wkh Xqlwhg Vwdwhv dqg Fdqdgd/ Qruwk Dphulfdq Mrxuqdo ri Hfr0

qrplfv dqg Ilqdqfh/ 8/ ss1 53403;1

Vhuohwlv D1 dqg ]lprqrsrxorv J1/ 4<<:/ �Euhdnlqj wuhqg ixqfwlrqv lq uhdo

h{fkdqjh udwhv= hylghqfh iurp vhyhqwhhq RHFG frxqwulhv�/ Mrxuqdo ri Pdfurh0

frqrplfv/ 4</ ss1 :;40;351

Vfkhlqnpdq M1 D1/ 4<<3/ �Qrqolqhdulwlhv lq Hfrqrplf G|qdplfv�/ Hfrqrplf

Mrxuqdo/ 433/ Vxssohphqw/ 4<<3/ ss1 6607;1

Vlpnlqv V1 S1/ 4<<7/ �Exvlqhvv f|fohv/ wuhqgv/ dqg udqgrp zdonv lq pdfurh0

frqrplf wlph vhulhv�/ Vrxwkhuq Hfrqrplf Mrxuqdo/ 93/ ss1 <::0;;1

Vrhmlpd \1/ 4<<8/ �D xqlw urrw whvw zlwk vwuxfwxudo fkdqjh iru mdsdqhvh

pdfurhfrqrplf yduldeohv�/ Prqhwdu| dqg Hfrqrplf Vwxglhv 46/ ss1 8609;1

Vrqj I1 P1 dqg Zx \1 / 4<<;/ �K|vwhuhvlv lq xqhpsor|phqw= hylghqfh iurp

7; X1V1 Vwdwhv�/ Hfrqrplf Lqtxlu|/ 68/ ss1 5680761

Vrqj I1 P1 dqg Zx \1 / 4<<;/ �K|vwhuhvlv lq xqhpsor|phqw= hylghqfh iurp

RHFG frxqwulhv�/ Txduwhuo| Uhylhz ri Hfrqrplfv dqg Ilqdqfh/ 6;/ ss14;40<51

Vrvd H1Z1/ �Whvwlqj iru xqlw urrwv dqg wuhqg euhdnv lq Dujhqwlqh uhdo JGS�/

Hfrqrplfd/ 76/ ss1 4560751

Wdnhqv I1/ 4<;4/ Ghwhfwlqj vwudqjh dwwudfwruv lq wxuexohqfh/ Ohfwxuh Qrwhv

lq Pdwkhpdwlfv/ Vsulqjhu1

Wrqj K1/ 4<<3/ Qrq0olqhdu wlph vhulhv= d g|qdplfdo v|vwhp dssurdfk/ Foduhq0

grq Suhvv R{irug1

Wvd| U1/4<;9/ �Qrqolqhdulw| whvwv iru wlph vhulhv�/ Elrphwulfd/ ss179407991

Wvd| Z1 M1/ 4<<;/ �Rq wkh srzhu ri Gxuelq0Zdwvrq vwdwlvwlf djdlqvw iudf0
wlrqdoo| lqwhjudwhg surfhvvhv�/ Hfrqrphwulf Uhylhzv/ 4:/ ss1 6940;91

Ydvwdqr M1D1 dqg Zroi D1 +4<;9,/ Lqwhuphgldwh Ohqjkw Vfdoh H�hfwv lq Ol0

dsxqry H{srqhqw Hvwlpdwlrq/ Ghsduwphqw ri Sk|vlfv dqg Fhqwhu iru Qrqolqhdu

G|qdplfv/ Xqlyhuvlw| ri Wh{dv1

Zholylwd D1/ 4<<;/ �Frlqwhjudwlrq whvwv dqg wkh orqj uxq sxufkdvlqj srzhu

sdulw|= h{dplqdwlrq ri vl{ fxuuhqflhv lq Dvld�/ Mrxuqdo ri Hfrqrplf Ghyhors0

phqw/ 54/ ss14360481

Zhoov M1 P1/ 4<<:/ �Prghoolqj vhdvrqdo sdwwhuqv dqg orqj uxq wuhqgv lq X1V1

wlph vhulhv�/ Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj/ 46/ ss1 73:0531

Zx M1 O1 dqg Fkhq V1 O1/ 4<<8/ �Ghwhuplqlvwlf ru vwrfkdvwlf wuhqgv= wkh

hpslulfdo hylghqfh iurp Wdlzdq�/ Wdlzdq Hfrqrplf Uhylhz/ 56/ ss1 55606:1

Zx M1 O1 dqg Fkhq V1 O1/ 4<<;/ �D uh0h{dplqdwlrq ri uhdo lqwhuhvw udwh

sdulw|�/ Fdqdgldq Mrxuqdo ri Hfrqrplfv/ 64/ ss1 ;6:0841
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Zx S1 dqg Fudwr Q1/ 4<<8/ �Qhz whvwv iru vwdwlrqdulw| dqg sdulw| uhyhuvlrq=

hylghqfh rq Qhz ]hdodqg uhdo h{fkdqjh udwhv�/ Hpslulfdo Hfrqrplfv/ 53/ ss1

8<<09461

Zx \1 dqg ]kdqj K1/ 4<<9/ �Phdq uhyhuvlrq lq lqwhuhvw udwhv= qhz hylghqfh

iurp d sdqho ri RHFG frxqwulhv�/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 5;/

ss1 9370541

Zx \/ 4<<9/ �Duh uhdo h{fkdqjh udwhv qrqvwdwlrqdu|B Hylghqfh iurp d sdqho

gdwd whvw�/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 5;/ ss1 870961

]lyrw H1 dqg Dqguhzv G1/ 4<<3/ Ixuwkhu hylghqfh rq wkh juhdw fudvk/ wkh rlo

sulfh vkrfn/ dqg wkh xqlw urrw k|srwkhvlv/ \doh Frzohv Irxqgdwlrq GS <771

]lyrw H1 dqg Dqguhzv G1/ 4<<5/ �Ixuwkhu hylghqfh rq wkh juhdw fudvk/ wkh rlo

sulfh vkrfn/ dqg wkh xqlw urrw k|srwkhvlv�/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf

Vwdwlvwlfv/ 43/ ss1 5840:31
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7DE �� 7HQW PDS JURZWK

$') 7HVW 6WDWLVWLF ��������� �� &ULWLFDO 9DOXH �������

�� &ULWLFDO 9DOXH �������

��� &ULWLFDO 9DOXH �������

0DF.LQQRQ FULWLFDO YDOXHV IRU UHMHFWLRQ RI K\SRWKHVLV RI D XQLW URRW�

$XJPHQWHG 'LFNH\�)XOOHU 7HVW (TXDWLRQ

/6 �� 'HSHQGHQW 9DULDEOH LV <�W��<�W���

'DWH� �������� 7LPH� �����

6DPSOH�DGMXVWHG�� � ����

,QFOXGHG REVHUYDWLRQV� ���� DIWHU DGMXVWLQJ HQGSRLQWV

9DULDEOH &RHIILFLHQW 6WG� (UURU W�6WDWLVWLF 3URE�

<�W��� ��������� �������� ��������� ������

<�W����<�W��� �������� �������� �������� ������

,QWHUFHSW �������� �������� ������� ������

75(1' �������� ����(��� �������� ������

5�VTXDUHG �������� 0HDQ GHSHQGHQW YDU ��������

$GMXVWHG 5�VTXDUHG �������� 6�'� GHSHQGHQW YDU ��������

6�(� RI UHJUHVVLRQ �������� $NDLNH LQIR FULWHULRQ ��������

6XP VTXDUHG UHVLG �������� 6FKZDU] FULWHULRQ ���������

'XUELQ�:DWVRQ VWDW �������� 3URE�)�VWDWLVWLF� �������

(QWURS\ RQ UHVLGXDOV ���

%'6 VWDW ���� �� &ULWLFDO 9DOXH �����

)LJ��� UHFXUUHQFH SORW RI ³WHQW PDS´ UHVLGXDOV

)LJ ��� 5RVVOHU JURZWK
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7DE �� 5RVVOHU JURZWK

$') 7HVW 6WDWLVWLF ��������� �� &ULWLFDO 9DOXH ������

�� &ULWLFDO 9DOXH �������

��� &ULWLFDO 9DOXH �������

0DF.LQQRQ FULWLFDO YDOXHV IRU UHMHFWLRQ RI K\SRWKHVLV RI D XQLW URRW�

$XJPHQWHG 'LFNH\�)XOOHU 7HVW (TXDWLRQ

/6 �� 'HSHQGHQW 9DULDEOH LV <�W��<�W���

'DWH� �������� 7LPH� �����

6DPSOH�DGMXVWHG�� � ����

,QFOXGHG REVHUYDWLRQV� ���� DIWHU DGMXVWLQJ HQGSRLQWV

9DULDEOH &RHIILFLHQW 6WG� (UURU W�6WDWLVWLF 3URE�

<�W��� ��������� �������� ��������� �

<�W����<�W��� �������� �������� �������� �

,QWHUFHSW �������� �������� �������� �

75(1' �������� ����(��� �������� �

5�VTXDUHG �������� 0HDQ GHSHQGHQW YDU ��������

$GMXVWHG 5�VTXDUHG �������� 6�'� GHSHQGHQW YDU ��������

6�(� RI UHJUHVVLRQ �������� $NDLNH LQIR FULWHULRQ ���������

6XP VTXDUHG UHVLG �������� 6FKZDU] FULWHULRQ ���������

'XUELQ�:DWVRQ VWDW ��������

(QWURS\ RQ UHVLGXDOV ���

%'6 VWDW ��� �� &ULWLFDO 9DOXH �����

)LJ ��� UHFXUUHQFH SORW RI 5RVVOHU JURZWK UHVLGXDOV

) LJ � �� � UR V V OH U UH V L GX D O V
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)LJ� �� LQGXVWULDO SURGXFWLRQ UHVLGXDOV



7DE �� LQGXVWULDO SURGXFWLRQ

$') 7HVW 6WDWLVWLF ��������� �� &ULWLFDO 9DOXH �������

�� &ULWLFDO 9DOXH �������

��� &ULWLFDO 9DOXH �������

0DF.LQQRQ FULWLFDO YDOXHV IRU UHMHFWLRQ RI K\SRWKHVLV RI D XQLW URRW�

6DPSOH�DGMXVWHG�� � ���

,QFOXGHG REVHUYDWLRQV� ��� DIWHU DGMXVWLQJ HQGSRLQWV�
:KLWH +HWHURVNHGDVWLFLW\�&RQVLVWHQW 6WDQGDUG (UURUV 	
&RYDULDQFH

0RGHO� <�W�  ���������<�W��� � �����<�W����<�W��������(���W�HW

9DULDEOH &RHIILFLHQW 6WG� (UURU W�6WDWLVWLF 3URE�

<�W��� �������� �������� �������� ������

<�W����<�W��� �������� �������� �������� ������

,QWHUFHSW �������� �������� �������� ������

75(1' ����(��� ����(��� �������� ������

5�VTXDUHG �������� 0HDQ GHSHQGHQW YDU ��������

$GMXVWHG 5�VTXDUHG �������� 6�'� GHSHQGHQW YDU ��������

6�(� RI UHJUHVVLRQ �������� $NDLNH LQIR FULWHULRQ ���������

6XP VTXDUHG UHVLG �������� 6FKZDU] FULWHULRQ ���������

'XUELQ�:DWVRQ VWDW ���� �� &ULWLFDO 9DOXH
�� &ULWLFDO 9DOXH

�� &ULWLFDO 9DOXH

����
����

����

����
����

����

(QWURS\ RQ UHVLGXDOV ���

)LJ� ��� LQGXVWULDO SURGXFWLRQ� UHFXUUHQFH SORW

7DE � 5DQGRP UHVLGXDOV

1 ��� 6'�6SUHDG �������

H P &��1 1�1����� &P�1 1�1����� %'6 6' :P�1

��� � ���� ���� ����(��� ����(��� ����(���

��� � ���� ���� ����(��� ����(��� ����(���

��� � ���� ���� ����(��� ����(��� ����(���

��� � ���� ���� ����(��� ����(��� ����(���

��� �� ���� ���� ����(��� ����(��� ����(���

�������� � ���� ���� ����(��� ����(��� ����(���

�������� � ���� ���� ����(��� ����(��� ����(���

�������� � ���� ���� ����(��� ����(��� ����(���

�������� � ���� ���� ����(��� ����(��� ����(���

�������� �� ���� ���� ����(��� ����(��� ����(���

������� � ���� ���� ����(��� ����(��� ����(���

������� � ���� ���� ����(��� ����(��� ����(���

������� � ���� ���� ����(��� ����(��� ����(���

������� � ���� ���� ����(��� ����(��� ����(���

������� �� ���� ��� ����(��� ����(��� ����(���



7DE ��� LQGXGULDO SURGXFWLRQ DIWHU UDQGRPL]DWLRQ

,QLWLDO 2EV �� 1XP 2EV � 1  ��� 6'�6SUHDG ��������

H P &��1 1�1����� &P�1 1�1����� %'6 6' :P�1 GP

���� � ������ ������ ���� ���� ���� ����

���� � ������ ������ ���� ���� ���� ����

���� � ������ ������ ���� ���� ���� ����

���� � ������ ������ ���� ���� ���� ����

���� �� ������ ������ ���� ���� ���� ����

���� � ������ ������ ���� ���� ���� ����

���� � ������ ������ ���� ���� ���� ����

���� � ������ ����� ���� ���� ���� ����

���� � ������ ����� ���� ���� ���� ����

���� �� ������ ����� ���� ���� ���� ����

���� � ������ ������ ���� ���� ���� ����

���� � ������ ����� ���� ���� ���� ����

���� � ������ ����� ����� ���� ����� ����

���� � ������ ���� ���� ���� ����� ����

���� �� ������ ���� ���� ���� ���� ����

7DE �� LQGXVWULDO SURGXFWLRQ

,QLWLDO 2EV �� 2EV � 1  ��� 6'�6SUHDG ������

H P &��1 1�1����� &P�1 1�1����� %'6 6' :P�1 GP

���� � ������ ������ ���� ���� ����� ����

���� � ������ ������ ���� ���� ����� ����

���� � ������ ������ ���� ���� ����� ����

���� � ������ ������ ���� ���� ����� ����

���� �� ������ ������ ���� ���� ����� ����

���� � ������ ������ ���� ���� ����� ����

���� � ������ ������ ���� ���� ����� ����

���� � ������ ������ ���� ���� ����� ����

���� � ������ ������ ���� ���� ����� ����

���� �� ������ ������ ���� ���� ����� ����

���� � ������ ������ ���� ���� ����� ����

���� � ������ ������ ���� ���� ����� ����

���� � ������ ����� ���� ���� ����� ����

���� � ������ ����� ���� ���� ����� ����

���� �� ������ ����� ���� ���� ����� ����

7DE ��� WUDQVSRUWDWLRQ HTXLSPHQW SURGXFWLRQ

$') 7HVW 6WDWLVWLF ����� �� &ULWLFDO 9DOXH �����

�� &ULWLFDO 9DOXH �����

��� &ULWLFDO 9DOXH �����

0DF.LQQRQ FULWLFDO YDOXHV IRU UHMHFWLRQ RI K\SRWKHVLV RI D XQLW URRW�

'DWH� �������� 7LPH� �����

6DPSOH�DGMXVWHG�� � ���

,QFOXGHG REVHUYDWLRQV� ��� DIWHU DGMXVWLQJ HQGSRLQWV
:KLWH +HWHURVNHGDVWLFLW\�&RQVLVWHQW 6WDQGDUG (UURUV 	 &RYDULDQFH

0RGHO� <�W�  ���������<�W��� �����(���W�H

9DULDEOH &RHIILFLHQW 6WG� (UURU W�6WDWLVWLF 3URE�

<�W��� �������� �������� �������� ������

,QWHUFHSW �������� �������� �������� ������

75(1' ����(��� ����(��� �������� ������

5�VTXDUHG �������� 0HDQ GHSHQGHQW YDU ��������

$GMXVWHG 5�VTXDUHG �������� 6�'� GHSHQGHQW YDU ��������

6�(� RI UHJUHVVLRQ �������� $NDLNH LQIR FULWHULRQ ���������

6XP VTXDUHG UHVLG �������� 6FKZDU] FULWHULRQ ���������

'XUELQ�:DWVRQ VWDW ���� �� &ULWLFDO 9DOXH
�� &ULWLFDO 9DOXH

�� &ULWLFDO 9DOXH

����
����

����

����
����

����

(QWURS\ ���

7DE ��� PD[LPDO OLDSXQRY H[SRQHQWV 0 � 0 � 0 � 0 � 0 �

1RUPDO L�L�G� SURFHVV ���� ���� ���� ���� ����

7HQW PDS ���� ���� ���� ���� ����

5RVVOHU PDS ���� ���� ��� ���� ����

,QGXVWULDO SURGXFWLRQ ���� ���� ���� ���� ����

WUDQVSRUWDWLRQ HT� SURGXFWLRQ ���� ���� ���� ���� ����

LQGXVWULDO PDFKLQHU\ DQG HT� ���� ���� ���� ���� ����

HOHFWULFDO PDFKLQHU\ ���� ���� ��� ���� ����

+L�7HFK ���� ���� ���� ���� ����

HPSOR\PHQW ���� ���� ��� ���� ����

KRXUO\ HDUQLQJV ���� ��� ���� ���� ����

FRQVXPHU SULFH LQGH[ ���� ���� ���� ���� ����



7DE ��� LQGXVWULDO PDFKLQHU\ SURGXFWLRQ

$') 7HVW 6WDWLVWLF ����� �� &ULWLFDO 9DOXH �����

�� &ULWLFDO 9DOXH �����

��� &ULWLFDO 9DOXH �����

0DF.LQQRQ FULWLFDO YDOXHV IRU UHMHFWLRQ RI K\SRWKHVLV RI D XQLW URRW�

'DWH� �������� 7LPH� �����

6DPSOH�DGMXVWHG�� � ���

,QFOXGHG REVHUYDWLRQV� ��� DIWHU DGMXVWLQJ HQGSRLQWV� 1HZH\�:HVW +$&

6WDQGDUG (UURUV 	 &RYDULDQFH �ODJ WUXQFDWLRQ ��
(VWLPDWHG HTXDWLRQ�
<�W� �����<�W������������<�W���������<�W����<�W����� �����<�W����<�W�����

�����<�W����<�W���������(���W

9DULDEOH &RHIILFLHQW 6WG� (UURU W�6WDWLVWLF 3URE�

<�W��� �������� �������� �������� ������

<�W����<�W��� �������� �������� �������� ������

<�W����<�W��� �������� �������� �������� ������

<�W����<�W��� �������� �������� �������� ������

,QWHUFHSW �������� �������� �������� ������

75(1' ����(��� ����(��� �������� ������

5�VTXDUHG �������� 0HDQ GHSHQGHQW YDU ��������

$GMXVWHG 5�VTXDUHG �������� 6�'� GHSHQGHQW YDU ��������

6�(� RI UHJUHVVLRQ �������� $NDLNH LQIR FULWHULRQ ���������

6XP VTXDUHG UHVLG �������� 6FKZDU] FULWHULRQ ���������

'XUELQ�:DWVRQ VWDW ���� �� &ULWLFDO 9DOXH

�� &ULWLFDO 9DOXH
�� &ULWLFDO 9DOXH

����

����
����

����

����
����

(QWURS\ ���

7DE ��� HOHFWULF PDFKLQHU\ SURGXFWLRQ

$') 7HVW 6WDWLVWLF ����� �� &ULWLFDO 9DOXH �����

�� &ULWLFDO 9DOXH �����

��� &ULWLFDO 9DOXH �����

0DF.LQQRQ FULWLFDO YDOXHV IRU UHMHFWLRQ RI K\SRWKHVLV RI D XQLW URRW�

'DWH� �������� 7LPH� �����

6DPSOH�DGMXVWHG�� � ���

,QFOXGHG REVHUYDWLRQV� ��� DIWHU DGMXVWLQJ HQGSRLQWV�

:KLWH +HWHURVNHGDVWLFLW\�&RQVLVWHQW 6WDQGDUG (UURUV 	 &RYDULDQFH

0RGHO� <�W�  ���������<�W���������<�W����<�W���� �����(���W�H

9DULDEOH &RHIILFLHQW 6WG� (UURU W�6WDWLVWLF 3URE�

<�W��� �������� �������� �������� ������

<�W����<�W��� �������� �������� �������� ������

,QWHUFHSW �������� �������� �������� ������

75(1' �������� ����(��� �������� ������

5�VTXDUHG �������� 0HDQ GHSHQGHQW YDU ��������

$GMXVWHG 5�VTXDUHG �������� 6�'� GHSHQGHQW YDU ��������

6�(� RI UHJUHVVLRQ �������� $NDLNH LQIR FULWHULRQ ���������

6XP VTXDUHG UHVLG �������� 6FKZDU] FULWHULRQ ���������

'XUELQ�:DWVRQ VWDW ���� �� &ULWLFDO 9DOXH

�� &ULWLFDO 9DOXH
�� &ULWLFDO 9DOXH

����

����
����

����

����
����

7DE ��� +L�7HFK
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