
Suhglfwlrq Lqihuhqfh iru Wlph Vhulhv

[DYLHU GH OXQD

Ghsduwphqw ri Hfrqrplfv/ Xphè Xqlyhuvlw|/

<34;: Xphè/ Vzhghq

DEVWUDFW

Lq wklv sdshu zh eulh | uhylhz Ed|hvldq dqg iuhtxhqwlvw suhglfwlrq
lqihuhqfh iru wlph vhulhv/ dqg wkhq dgyrfdwh wkh xvh ri jxdudqwhhg0
frqwhqw suhglfwlrq lqwhuydov1 Wkhvh lqwhuydov duh vxfk wkdw wkhlu
frqwhqw +ru fryhudjh, lv jxdudqwhhg zlwk d jlyhq kljk suredelo0
lw|1 Wkh|/ wkxv/ duh pruh uhohydqw iru wkh revhuyhg wlph vhulhv dw
kdqg wkdq fodvvlfdo suhglfwlrq lqwhuydov/ zkrvh frqwhqw lv jxdudq0
whhg phuho| rq dyhudjh ryhu k|srwkhwlfdo uhshwlwlrqv ri wkh suh0
glfwlrq surfhvv1 Jxdudqwhhg0frqwhqw lqwhuydov vkrxog/ wkhuhiruh/
frqfloldwh Ed|hvldqv dqg iuhtxhqwlvwv zkhq qr sulru eholhi rq wkh
sdudphwhul}dwlrq lv dydlodeoh1 Wklv w|sh ri suhglfwlrq lqihuhqfh
kdv/ krzhyhu/ ehhq ljqruhg lq wkh wlph vhulhv frqwh{w ehfdxvh ri d
odfn ri uhvxowv1 Wklv jds lv �oohg e| ghulylqj dv|pswrwlf uhvxowv iru
d jhqhudo idplo| ri dxwruhjuhvvlyh prghov/ wkhuhe| h{whqglqj h{0
lvwlqj uhvxowv lq qrq0olqhdu uhjuhvvlrq1 Wkh dfwxdo frqvwuxfwlrq ri
jxdudqwhhg0frqwhqw suhglfwlrq lqwhuydov gluhfwo| iroorzv iurp wklv
wkhru|1 Vlpxodwhg dqg uhdo gdwd duh xvhg wr looxvwudwh wkh sudfwl0
fdo gl�huhqfh ehwzhhq fodvvlfdo dqg jxdudqwhhg0frqwhqw suhglfwlrq
lqwhuydov iru DUFK prghov1

nh|zrugv Jxdudqwhhg frqwhqw lqwhuydo> khwhurvnhgdvwlflw|> qrq0
olqhdu dxwruhjuhvvlrq> sdudphwhu xqfhuwdlqw|

LQWURGXFWLRQ

Wkh sxusrvh ri wklv sdshu lv wr dgyrfdwh dq dssurdfk wr suhglfwlrq lqihuhqfh iru

wlph vhulhv zklfk lv edvhg rq suhglfwlrq lqwhuydov zlwk jxdudqwhhg frqwhqw1 E|

suhglfwlrq lqihuhqfh zh phdq wkh dqdo|vlv ri d vhw ri gdwd zlwk wkh dlp ri rewdlqlqj

wkh iruhfdvw ri d ixwxuh hyhqw1 Lghdoo|/ suhglfwlrq lqwhuydov duh vxevhwv ri wkh vsdfh

ri doo srvvleoh hyhqwv zklfk frqwdlq wkh ixwxuh dqg khqfh xqrevhuyhg hyhqw zlwk d

jlyhq suredelolw|/ xvxdoo| fdoohg frqwhqw ru fryhudjh1 Vxfk d gh�qlwh suredelolvwlf

vwdwhphqw lv xqiruwxqdwho| uduho| dydlodeoh lq sudfwlfh xqohvv wkh Ed|hvldq dssurdfk

lv hpeudfhg1 Krzhyhu/ lw lv vrphwlphv srvvleoh wr rewdlq d suhglfwlrq lqwhuydo

zkrvh frqwhqw lv jxdudqwhhg zlwk d jlyhq kljk suredelolw|1 Lw lv vkrzq lq wklv sdshu

krz wr frqvwuxfw vxfk jxdudqwhhg0frqwhqw suhglfwlrq lqwhuydov iru d odujh idplo|

ri sdudphwulf prghov iru wlph vhulhv> h{dpsohv lqfoxgh wkuhvkrog dxwruhjuhvvlrq

+WDU,/ ihhg0iruzdug qhxudo qhwzrun/ dxwruhjuhvvlyh frqglwlrqdo khwhurvnhgdvwlflw|

+DUFK, dqg pdq| rwkhuv/ ghvfulehg iru lqvwdqfh lq Judqjhu dqg Whuçvyluwd +4<<6,1
4
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Wkh jxdudqwhh ri wkh frqwhqw zlwk d suredelolvwlf vwdwhphqw lv wr eh sxw lq

frqwudvw zlwk fodvvlfdo +iuhtxhqwlvw, suhglfwlrq lqwhuydov zkrvh frqwhqw lv jxdudqwhhg

rqo| lq dyhudjh ryhu k|srwkhwlfdo uhshwlwlrqv ri wkh suhglfwlrq surfhvv1 Lq sudfwlfh/

krzhyhu/ phuho| d vlqjoh wlph vhulhv lv xvxdoo| dydlodeoh1 Wkh dyhudjh phdqlqj ri wkh

fodvvlfdo suhglfwlrq lqwhuydo lv pruhryhu qrw dozd|v dfnqrzohgjhg e| wkh qrq0h{shuw

zkr riwhq kdv d eolqg frq�ghqfh lq wkh frqwhqw1 Wklv slwidoo fdq eh dyrlghg zlwk

wkh Ed|hvldq dssurdfk wr suhglfwlrq lqihuhqfh/ zklfk doorzv iru wkh frpsxwdwlrq

ri wkh suredelolvwlf glvwulexwlrq ri wkh ixwxuh hyhqw ri lqwhuhvw1 Ed|hvldq suhglfwlrq

lqihuhqfh lv/ krzhyhu/ vxemhfw wr vrph sudfwlfdo gl!fxowlhv1 Iru lqvwdqfh/ wr gdwh

qr jhqhudo0sxusrvh surfhgxuh h{lvwv wr frpsxwh wkh suhglfwlyh glvwulexwlrq +wkh

glvwulexwlrq ri wkh ixwxuh hyhqw, ehfdxvh fdvh ghshqghqw Prqwh Fduor whfkqltxhv

duh riwhq qhhghg1 D jurzlqj olwhudwxuh uhvxowv iurp wklv idfw/ vhh h1j1 Jhzhnh

+4<;<e,/ Jhzhnh dqg Whuxl +4<<4,/ dqg Srodvhn dqg Nr}xpl +4<<9,1

Jxdudqwhhg0frqwhqw suhglfwlrq lqwhuydov duh qrw qhz dqg dq klvwru| fdq eh irxqg

lq Dlwfklvrq dqg Gxqvpruh +4<:8/ s1 45;,1 Zdog dqg Zroirzlw} +4<79, zhuh wkh

�uvw wr frqvlghu wkhp iru wkh Qrupdo glvwulexwlrq dqg lqghshqghqw revhuydwlrqv1

Pruh uhfhqwo| Fduuroo dqg Uxsshuw +4<<4, jdyh dv|pswrwlf uhvxowv lq wkh qrq0olqhdu

uhjuhvvlrq vhwwlqj/ dqg zh vkrz lq wklv duwlfoh xqghu zklfk frqglwlrqv Fduuroo dqg

Uxsshuw*v uhvxowv pd| eh h{whqghg wr qrq0olqhdu dxwruhjuhvvlrq surfhvvhv1

Wkh duwlfoh lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv wkh prghov iru wlph vhulhv

frqvlghuhg lq wkh vwxg|1 Vhfwlrqv 6 dqg 7 jlyh dq ryhuylhz ri/ uhvshfwlyho|/ Ed|hvldq

dqg iuhtxhqwlvw suhglfwlrq lqihuhqfh zlwklq wkh wlph vhulhv frqwh{w ri lqwhuhvw> wkh

vwuhqjwkv dqg zhdnqhvvhv ri erwk dssurdfkhv duh srlqwhg rxw1 Vhfwlrq 8 lqwurgxfhv

wkh jxdudqwhhg0frqwhqw suhglfwlrq lqwhuydov dqg jlyhv dv|pswrwlf uhvxowv ri sudfwlfdo

xvh1 DUFK vlpxodwhg dqg uhdo gdwd looxvwudwh wkh xvh ri wkh suhglfwlrq lqwhuydov1 D

glvfxvvlrq frqfoxghv wkh sdshu lq Vhfwlrq 81 Surriv duh jdwkhuhg lq wkh Dsshqgl{1

PRGHOV IRU WLPH VHULHV

Dvvxph d uhdo ydoxhg wlph vhulhv/ {4> {5> = = = > {q/ kdv ehhq revhuyhg1 D frpprq

+vrph zrxog vd| wkh pdlq, lqihuhqwldo sureohp lv wr surylgh d iruhfdvw ri d ixwxuh

xqrevhuyhg ydoxh/ vd| {q.k1 Wkxv/ wkh suredelolvwlf remhfw ri lqwhuhvw lv +li lw h{lvwv,

wkh frqglwlrqdo ghqvlw| ri {q.k jlyhq {4> = = = > {q/ ghqrwhg s+{q.km{q> = = = > {4,1 Wklv
ghqvlw| lv jhqhudoo| xqnqrzq dqg qhhg wr eh ghgxfhg iurp wkh gdwd1 Wr qduurz

grzq wkh sureohp lw lv fxvwrpdu| wr xvh d sdudphwulf vshfl�fdwlrq jhqhudo hqrxjk

wr surylgh d jrrg dssur{lpdwlyh zrunlqj wrro1 Lq rxu fdvh zh frqvlghu d sdudphwulf

prgho zklfk lv zlgho| xvhg ehfdxvh ri lwv gluhfw lqwhusuhwdwlrq lq whupv ri �uvw dqg

vhfrqg rughu frqglwlrqdo prphqwv1 Zh wkxv dvvxph wkdw/ iru s N 3 �{hg/

{w.km|w>w> � � O�i+|w>s> �,> j+|w>s> �,5�> +4,

zkhuh wkh qrwdwlrq |w>s @ +{w> = = = > {w�s.4,
3 dqg �3 @ +�3> �3, lv xvhg1 Zh dovr xvh

O wr ghqrwh dq| jlyhq glvwulexwlrq odz/ khuh zlwk h{shfwdwlrq i+|w>s> �, dqg vwdq0

gdug ghyldwlrq j+|w>s> �,> erwk duh uhdo ydoxhg ixqfwlrqv ghshqglqj lpsolflwo| rq
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k1 Wkh suhglfwlrq lqwhuydov glvfxvvhg lq Vhfwlrq 7 dqg 8 duh pdlqo| gluhfwhg dw

xqlprgdo odzv1 Lq sudfwlfh/ wkh v|pphwulf Qrupdo glvwulexwlrq lv riwhq xvh iru

O1 Wkh deryh prgho lv pdlqo| dssursuldwh iru htxdoo| vsdfhg revhuydwlrqv1 Lw lv

lqwxlwlyho| dsshdolqj ehfdxvh/ iru d jlyhq sdudphwhu ydoxh �/ wkh frqglwlrqdo h{shf0

wdwlrq i+|w>s> �, lv wkh rswlpdo +lq d phdq vtxduhg huuru vhqvh, srlqw iruhfdvw iru

{q.k dqg j+|q>s> �,phdvxuhv lwv yduldelolw| zklfk lv doorzhg wr ydu| zlwk wlph1 Qrwh

wkdw dw wklv vwdjh qr vwdwlrqdu| dvvxpswlrq lv pdgh/ dowkrxjk fodvvlfdo vwdwlrqdu|

dxwruhjuhvvlyh surfhvvhv duh lpsruwdqw vshfldo fdvhv ri +4,/ h{dpsohv ri zklfk duh

jlyhq lq wkh Lqwurgxfwlrq1 Sro|qrpldo ixqfwlrqv duh dq h{dpsoh ri idplo| ri vlpsoh

qrq0olqhdu ixqfwlrqv xvhixo wr prgho i+|w>s> �, dqg j+|w>s> �,
5 zlwkrxw uho|lqj rq d

vwdwlrqdu| prgho iru wkh jhqhudwlqj vwrfkdvwlf surfhvv/ vhh gh Oxqd +4<<;,1

Wkh sdudphwhu � lv prvw ri wkh wlph d prgholqj duwlidfw zklfk hdvhv wkh sulpdu|

wdvn ri frpsxwlqj ru dssur{lpdwlqj wkh ghqvlw| s+{q.km{q> = = = > {4,1 Wkhuh duh

wzr pdlq vfkrrov zkhq lw frphv wr ghdo zlwk d sdudphwhu1 Lw fdq eh frqvlghuhg

dv d udqgrp yduldeoh +Ed|hvldq vfkrro, ru dv kdylqj d xqltxh exw xqnqrzq �{hg

ydoxh +iuhtxhqwlvw vfkrro,1 Lq wkh wzr qh{w vhfwlrqv zh uhylhz wkhvh wzr dssurdfkhv

wr suhglfwlrq lqihuhqfh lq wlph vhulhv dqg srlqw rxw wkhlu uhvshfwlyh vwuhqjwkv dqg

zhdnqhvvhv1 Qrwh wkdw/ lq wklv duwlfoh/ zh wu| wr dyrlg wr hqwhu lqwr wkh sklorvrsklfdo

frqwuryhuvlhv h{lvwlqj ehwzhhq Ed|hvldqv dqg iuhtxhqwlvwv/ frqfhuqlqj/ iru lqvwdqfh/

wkh gh�qlwlrq ri suredelolwlhv1 Zh dgrsw lqvwhdg d sudjpdwlf ylhz lq wkh h{srvlwlrq

ri wkhvh wzr gl�huhqw dssurdfkhv wr lqihuhqfh1

ED\HVLDQ SUHGLFWLRQ LQIHUHQFH

Wkh Ed|hvldq suhglfwlrq lqihuhqfh lv frqfhswxdoo| vlpsoh1 Ehfdxvh wkh sdudphwhu

� lv khuh d udqgrp yduldeoh/ zh fdq dvvrfldwh wr lw d sulru glvwulexwlrq/ zlwk vd|

ghqvlw| s+�,1 Wklv ghqvlw| pxvw vxppdul}h wkh eholhiv rq wkh sdudphwhu/ lqghshq0

ghqwo| ri wkh gdwd froohfwhg1 Wkhvh eholhiv duh wkhq xsgdwhg zlwk wkh revhuydwlrq

ri {4> = = = > {q/ wkhuhe| jlylqj wkh vr fdoohg srvwhulru ghqvlw|

s+�m|q>q, 2 s+|q>qm�,s+�,= +5,

Qrwh wkdw s+|q>qm�, lv wkh olnholkrrg ixqfwlrq iru wkh sdudphwhu �1 Wkh suhglfwlrq

ghqvlw| fdq wkhq eh rewdlqhg dv iroorzv

s+{q.km|q>q, @

]
s+{q.k> �m|q>q,g�

@

]
s+{q.km|q>q> �,s+�m|q>q,g�= +6,

Wkh suhglfwlrq glvwulexwlrq lv wkhuhiruh dq dyhudjh ri wkh sdudphwulf prgho suh0

glfwlyh glvwulexwlrq +4, ryhu wkh srvwhulru glvwulexwlrq ri wkh sdudphwhu1 Wklv vr

idu hohjdqw dssurdfk vx�huv iurp wzr pdlq gudzedfnv zkhq lw kdv wr eh dfwxdoo|

lpsohphqwhg= +l, D sulru glvwulexwlrq lv qhhghg iru d sdudphwhu wkdw kdv riwhq olwwoh

lqwxlwlyh lqwhusuhwdwlrq1 Li qr vxfk sulru lv dydlodeoh/ wkhq vrph dg krf vroxwlrqv

duh riwhq xvhg vxfk dv wdnlqj wkh srvwhulru sursruwlrqdo wr wkh olnholkrrg/ l1h1 xvlqj
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wkh lpsurshu sulru s+�, @ 41 Wkh suhglfwlrq ghqvlw| lv lq wklv fdvh qrw mxvwl�hg dv

vxfk hyhq li wkh srvwhulru lv lwvhoi d surshu glvwulexwlrq1 +ll, Wkh lqwhjudo +6, vhogrp

kdv d nqrzq forvhg irup lq zklfk fdvh vlpxodwlrq whfkqltxhv qhhg wr eh xvhg1 Iru

lqvwdqfh/ dvvxplqj wkdw |rx duh deoh wr gudz � ydoxhv iurp wkh srvwhulru glvwule0

xwlrq/ +6, fdq eh hvwlpdwhg hlwkhu e| dyhudjlqj s+{q.km|q>q> �, ryhu wkh vlpxodwhg
ydoxhv iru �/ ru e| ixuwkhu gudzlqj iurp s+{q.km|q>q> �, iru hdfk � ydoxh rewdlqhg

iurp wkh srvwhulru glvwulexwlrq1 Lq wkh odwwhu/ wkh rewdlqhg vlpxodwhg ydoxhv doorz

iru d fodvvlfdo hpslulfdo hvwlpdwlrq ri s+{q.km|q>q,1 Krzhyhu/ gudzlqj iurp wkh

srvwhulru glvwulexwlrq pd| qrw eh vwudljkwiruzdug/ iru lqvwdqfh/ zkhq wkh frqvwdqw

ri sursruwlrqdolw| lq +5, lv xqnqrzq1 Frpsoh{ qxphulfdo ru vwrfkdvwlf phwkrgv

vxfk dv Pdunry fkdlq Prqwh Fduor qhhg wkhq wr eh xvhg/ vhh h1j1 Jhzhnh +4<;<d,

dqg Jhopdq hw do1 +4<<8,1

Vrph zloo dujxh wkdw sureohpv hqfrxqwhuhg zlwk +l, duh riwhq gxh wr dq lqdgh0

txdwh prgho1 D w|slfdo Ed|hvldq prgho vkrxog eh sdudphwhul}hg lq dq lqwhusuhwdeoh

pdqqhu vr dv wr hqdeoh wkh vflhqwlvw wr irup klv2khu sulru eholhiv rq wkh sdudphwhu1

Lq wlph vhulhv wkh G|qdplfdo Olqhdu Prghov ri Zhvw dqg Kduulvrq +4<;<, duh ri

wklv w|sh1 Wkhvh prghov duh/ krzhyhu/ lqwulqvlfdoo| olqhdu1 Wkh vhfrqg srlqw +ll,

lv pdlqo| d sudfwlfdo lvvxh lq zklfk/ qrzdgd|v/ yhu| pxfk uhvhdufk h�ruw lv fdu0

ulhg ryhu1 Krzhyhu/ qr jhqhudo phwkrgrorj| lv dydlodeoh dw suhvhqw dqg gl�huhqw

prghov iru vwrfkdvwlf surfhvvhv kdyh wr eh vwxglhg lq d fdvh e| fdvh edvlv1 Uhfhqw

zrunv rq vshfldo fdvhv ri +4, lqfoxgh Jhzhnh +4<;<e, rq DUFK prghov dqg Jhzhnh

dqg Whuxl +4<<4, rq WDU1 Qrwh wkdw d qrq0sdudphwulf dssurdfk doorzv iru d pruh

jhqhudo dssurdfk +vhh Pÿoohu hw do1/ 4<<:,/ exw wklv lv rxw ri wkh vfrsh ri wklv sdshu1

IUHTXHQWLVW SUHGLFWLRQ LQIHUHQFH

Wkh iuhtxhqwlvw dssurdfk wr suhglfwlrq lqihuhqfh/ dowkrxjk riwhq vlpsoh wr lp0

sohphqw/ lv frqfhswxdoo| lqwulfdwh1 Wklv lv ehfdxvh wkh suhglfwlrq ghqvlw| �khuh
s+{q.km|q>q> �,� lv jhqhudoo| qrw frpsxwdeoh/ wkh ydoxh ri � ehlqj xqnqrzq1 Wr

flufxpyhqw wklv sureohp wkh qrwlrq ri suhglfwlrq lqwhuydo +vrphwlphv fdoohg wrohu0

dqfh lqwhuydo, pxvw eh lqwurgxfhg1 Wkhvh lqwhuydov fdqqrw eh edvhg rq wkh xqnqrzq

suhglfwlrq ghqvlw| dqg/ wkhuhiruh/ d iuhtxhqwlvw dujxphqw qhhg wr eh xvhg1

Suhglfwlrq lqwhuydov duh frqvwuxfwhg zlwk wkh khos ri d slyrwdo txdqwlw| zklfk lq

rxu fdvh pd| eh fkrvhq dv

V+�, @
{q.k � i+|q>s> �,

j+|q>s> �,
=

Wr vlpsoli| wkh h{srvlwlrq zh dvvxph lq wklv vhfwlrq wkdw O lv wkh Qrupdo glvwule0

xwlrq1 Wkxv/ V+�, kdv Q+3/4, glvwulexwlrq zkhq frqglwlrqdo rq |q>s/ iru d jlyhq �1

Khqfh/ wkh lqwhuydo

S�+�, @ ^i+|q>s> �,	 j+|q>s> �,�
�4

4��@5
`>
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zkhuh ��4
4��@5

lv wkh +4 � �@5,0txdqwloh ri wkh vwdqgdug Qrupdo glvwulexwlrq/ kdv

wkh surshuw|

Su�i{q.k 5 S�+�,m|q>sj @ 4� �=

Wkh suredelolw| 4� � lv fdoohg wkh frqwhqw ru fryhudjh ri wkh lqwhuydo1

Vxssrvh qrz wkdw dq hvwlpdwru a� @ �+|q>q, iru � lv dydlodeoh1 Lw lv wkhq xvxdo

sudfwlfh wr xvh wkh soxj0lq suhglfwlrq lqwhuydo S�+a�,1 Xqghu uhjxodulw| frqglwlrqv

zh kdyh

H�

�
Su�i{q.k 5 S�+a�,m|q>s> a�j

��|q>s� @ 4� �.Rs+q
�4,= +7,

Wkh wzr rshudwruv H dqg Su duh xvhg lqvwhdg ri d vlqjoh rqh iru ehwwhu uhdgdelolw|1

Zh xvh wkurxjkrxw wkh Pdqq dqg Zdog +4<76, qrwdwlrq/ rs dqg Rs/ iru rughuv ri

frqyhujhqfh lq suredelolw|1 Wkh deryh uhvxow/ zklfk lv mxvwl�hg lq wkh Dsshqgl{/

ohdgv xv wr fdoo S�+a�, d phdq0frqwhqw suhglfwlrq lqwhuydo1 Wklv w|sh ri lqwhuydov lv

ri frpprq xvh lq sudfwlfh dqg zh dovr uhihu wr lw dv fodvvlfdo suhglfwlrq lqwhuydo1

Suhglfwlrq lqihuhqfh edvhg rq S�+a�, qhjohfwv wkh yduldelolw| gxh wr wkh hvwlpdwlrq

ri �1 Zh vhh iurp +7, wkdw wklv xqfhuwdlqw| lq xhqfhv wkh phdq0frqwhqw zlwk dq

rughu Rs+q
�4,1 Wkh xvh ri whfkqltxhv wr lpsuryh rq wkh frqyhujhqfh udwh ri wkh

phdq0frqwhqw lv fdoohg fdoleudwlrq1 Dqdo|wlfdo fdoleudwlrq fdq eh xqghuwdnhq/ iru

lqvwdqfh/ e| fdofxodwlqj kljkhu rughu whupv lq wkh dv|pswrwlf dssur{lpdwlrq +7,

dqg prgli|lqj � lq frqvhtxhqfh +Fr{/ 4<:8/ Eduqgru�0Qlhovhq dqg Fr{/ 4<<9,1

Krzhyhu/ wklv lv ihdvleoh rqo| lq vlpsoh fdvhv1 Errwvwuds lv dq xvxdo uhphg| wr wkh

dqdo|wlfdo lqwudfwdelolw| ehfdxvh lw doorzv iru kljk rughu dssur{lpdwlrq ri h{shfwd0

wlrqv e| xvlqj uhsolfdwhv iurp wkh dfwxdo wlph vhulhv/ vhh h1j1 Ehudq +4<<3,1 Qrwh/

krzhyhu/ wkdw wkh h{shfwdwlrq ri lqwhuhvw lq +7, lv frqglwlrqdo rq wkh odvw s revhuyhg

ydoxhv/ |q>s/ ri wkh wlphv vhulhv1 Vwlqh +4<;:, dqg Ndedlod +4<<6, kdyh sursrvhg d

errwvwuds vfkhph wr frqvwuxfw suhglfwlrq lqwhuydov iru olqhdu dxwruhjuhvvlrqv1 Wkhlu

phwkrg lv edvhg rq errwvwuds frslhv ri wkh ruljlqdo wlph vhulhv zklfk duh jhqhudwhg

edfnzdug lq wlph dqg frqglwlrqhg rq |q>s1 Dw wklv prphqw/ zh duh qrw dzduh ri

krz wklv frxog eh jhqhudol}hg wr wkh qrq0olqhdu surfhvvhv frqvlghuhg lq wklv sdshu1

Rwkhu vlpxodwlrq whfkqltxhv kdyh ehhq sursrvhg lq wkh olwhudwxuh lq rughu wr wdnh

lqwr dffrxqw sdudphwhu xqfhuwdlqw|/ vhh Euhlgw hw do1 +4<<8,1 Ilqdoo|/ suhglfwlrq

lqwhuydov iru plvvshfl�hg olqhdu prghov zhuh vwxglhg lq gh Oxqd +5333,1 Khuh djdlq/

wkh dqdo|wlfdo ghyhorsphqwv duh gl!fxow wr jhqhudol}h wr qrq0olqhdu vlwxdwlrqv1

JXDUDQWHHG0FRQWHQW SUHGLFWLRQ LQWHUYDOV

Lq wkh wzr suhylrxv vhfwlrqv/ zh kdyh slqsrlqwhg srvvleoh gudzedfnv ri Ed|hvldq

dqg fodvvlfdo iuhtxhqwlvw suhglfwlrq lqihuhqfh zkhq dssolhg wr qrq0olqhdu wlph vhulhv

prghov ghvfulehg e| +4,1 Zh qrz sursrvh dqrwkhu w|sh ri suhglfwlrq lqihuhqfh

iru wlph vhulhv1 Zkhq qr sulru eholhiv rq wkh sdudphwhu lv dydlodeoh dqg li wkh

suhglfwlrq lqihuhqfh lv fduulhg rxw rq d vlqjoh uhdol}dwlrq ri d vwrfkdvwlf surfhvv/

lw lv pruh dssursuldwh wr frqvwuxfw suhglfwlrq lqwhuydov zkrvh frqwhqw/ 4 � �/ lv
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jxdudqwhhg zlwk kljk suredelolw| udwkhu wkdq phuho| lq dyhudjh1 Irupdoo|/ zh zdqw

J�>�+e�, � U vxfk wkdw

Su�
�
Su�i{q.k 5 J�>�+e�,me�> |q>sj � 4� �

��|q>s� @ 4� �= +8,

Zh vd| lq wkh vhtxho wkdwJ�>�+e�, lv d jxdudqwhhg0frqwhqw suhglfwlrq lqwhuydo1 Ehiruh
wr h{solflwo| frqvwuxfw J�>�+e�,/ zh vwdwh vrph uhjxodulw| frqglwlrqv1 Lq wkh vhtxho/

zh ghqrwh � wkh vwdqgdugl}hg/ l1h1 zlwk phdq }hur dqg yduldqfh rqh/ glvwulexwlrq

ixqfwlrq dvvrfldwhg wr O1
+K4, Wkh glvwulexwlrq � srvvhvvhv d zhoo ehkdyhg ghqvlw| #1

+K5, i+�> �, dqg j+�> �, duh wzlfh frqwlqxrxvo| gl�huhqwldeoh zlwk uhvshfw wr � dqg

� uhvshfwlyho|> zlwk vhfrqg ghulydwlyh erxqghg lq suredelolw|1

+K6, H+e�� �3, @ R+q�4,> H
�
+e�� �3,+

e�� �3,
3

�
@ R+q�4,> zkhuh e� lv dq hvwlpdwru

ri �3/ wkh vlqjoh olplw ydoxh ri lqwhuhvw1 Lq sduwlfxodu/ prgho +4, qhhgv wr eh

ydolg rqo| iru � @ �31

+K7,
s
q+e� � �3,

q$4� Q+3>	, +dv|pswrwlf qrupdolw|,1

+K8,
s
qe� dqg |q>s duh dv|pswrwlfdoo| lqghshqghqw1

Dvvxpswlrqv +K607, duh frpprqo| phw e| pd{lpxp olnholkrrg dqg dolnh hvwlpdwlrq

surfhgxuhv1 Wkh odvw dvvxpswlrq +K8, lv qrw dozd|v wulyldo wr fkhfn1 Krzhyhu/ d

vx!flhqw frqglwlrq lv wkdw wkh vwrfkdvwlf surfhvv kdv vrph ydqlvklqj ghshqghqfh

vwuxfwxuh +h1j1/ pl{lqj frqglwlrqv/ vhh Grxnkdq/ 4<<7,1 Ilqdoo|/ wkh vprrwkqhvv

dvvxpswlrqv ri +K5, fdq eh zhdnhqhg iurp fdvh wr fdvh1

D jxdudqwhhg0frqwhqw suhglfwlrq lqwhuydo J�>�+e�, fdq eh frqvwuxfwhg e| wxqlqj

� lq wkh soxj0lq lqwhuydo/ lqwurgxfhg lq wkh suhylrxv vhfwlrq iru wkh Qrupdo prgho1

Wkh qdlyh fkrlfh J�>�+e�, @ S�+e�, lv qrw vdwlvidfwru| dv zh vhh zlwk wkh uhvxowv

jlyhq ehorz1 Zh vwduw e| dgguhvvlqj wkh fdvh ri rqh0vlghg lqwhuydov1

sursrvlwlrq1 Ohw +K408, krog1 Wkhq/ iru

J�>�+e�, @ +�4> i+|q>s>e�, . j+|q>s>e�,��44�� `>
zkhuh ��4

4�� ghqrwhv wkh +4 � �,0txdqwloh ri wkh glvwulexwlrq ixqfwlrq �/ +8, krogv

xs wr dq rughu rs+q
�4@5, li

� @ �. q�4@5��4� #+��4
4��,+g

3	g,4@5> +9,

zkhuh g3 @ +j+|q>s> �3,
�4i 33> j+|q>s> �3,

�4��4
4��j

3

3, zlwk i3 @ Ci+|q>s> �3,@C� dqg

j3 @ Cj+|q>s> �3,@C�=

Vhh wkh Dsshqgl{ iru d surri1 Htxdwlrq +9, vkrzv wkdw wkh sdudphwhu xqfhuwdlqw|

lq xhqfhv wkh jxdudqwhhg frqwhqw zlwk dq rughu Rs+q
�4@5,1 Iru wkh phdq fryhudjh

+7, wklv xqfhuwdlqw| zdv rqo| suhvhqw zlwk rughu Rs+q
�4,1 Wzr0vlghg lqwhuydov fdq

eh vwudljkwiruzdugo| rewdlqhg iurp wkh Sursrvlwlrq1 Dq lqwhuhvwlqj vlpsol�fdwlrq

dulvhv zkhq wkh glvwulexwlrq O lv v|pphwulf dv lw lv wkh fdvh zlwk wkh Qrupdo odz1

fruroodu|1 Ohw +K508, krog dqg O eh wkh Qrupdo glvwulexwlrq odz1 Wkhq/ iru

J�>�+e�, @ ^i+|q>s>e�,	 j+|q>s> e�,��44��@5`> +:,



:

+8, krogv xs wr dq rughu rs+q
�4@5, li

� @ �. q�4@55��4� !+��4
4��@5

,+g35	5g5,
4@5> +;,

zkhuh ! lv wkh Qrupdo ghqvlw| ixqfwlrq/ g5 @ j+|q>s> �3,
�4��4

4��@5
j3 dqg 	5

q$4
@

qY du+e�,=
Vhh wkh Dsshqgl{ iru d surri1 Wkxv/ lq wkh Qrupdo fdvh/ wkh sdudphwhu xqfhuwdlqw|

gxh wr wkh hvwlpdwlrq ri � lv ohvv uhohydqw wkdq wkh rqh gxh wr wkh vfdoh sdudphwhu

�1 Lq wklv sduwlfxodu fdvh/ wdnlqj lqwr dffrxqw wkh orfdwlrq xqfhuwdlqw| zrxog qhhg

kljkhu rughu dssur{lpdwlrqv1 Rq wkh rwkhu kdqg/ wkh dpelwlrq khuh lv qrw sulpdulo|

wr wdnh lqwr dffrxqw sdudphwhu xqfhuwdlqw|/ exw wr rewdlq d suhglfwlrq lqihuhqfh

pruh uhohydqw iru wkh revhuyhg uhdolvdwlrq ri wkh vwrfkdvwlf surfhvv e| hqvxulqj d

kljk jxdudqwhh 4 � �1 Wkh uhvxowv deryh vkrz/ krzhyhu/ wkdw wkhvh wzr lvvxhv duh

lqwulqvlfdoo| uhodwhg dqg wkdw lqfuhdvlqj wkh vdpsoh vl}h pd| qrw khos wr jhw ulgh ri

sdudphwhu xqfhuwdlqw| li 4�� lv lqfuhdvhg dw wkh vdph wlph +��4� pd| eh duelwudulo|

odujh,1 Ilqdoo|/ qrwh wkdw fkrrvlqj J�>�+e�, @ S�+e�,/ l1h1 � @ � lq +:,/ fruuhvsrqgv

wr � @ 3=8 li ljqrulqj whupv ri rughu r+q�4@5, dqg kljkhu/ wkdw lv rqo| 83( ri wkh

wlphv lv wkh frqwhqw 4� � uhdfkhg1

Zh qrz jlyh vrph h{dpsohv wr looxvwudwh wkh Qrupdo fdvh/ zkhuh wkh vfdoh sdud0

phwul}dwlrq lv wkh prvw vhqvlwlyh rqh1 Wkh prghoolqj ri wkh vfdoh yduldwlrq kdv iru

lqvwdqfh ehhq hpskdvlvhg lq �qdqfldo dssolfdwlrqv1

H{dpsoh +krprvnhgdvwlflw|, Vhwwlqj j+|q>s> �, @ �> d vwulfwo| srvlwlyh uhdo ydoxh/

+;, ehfrphv

� @ �. 5��4� !+��4
4��@5

,��4
4��@5

��4
s
Y du+e�,=

H{dpsoh +DUFK frqglwlrqdo yduldqfh, Wklv vhfrqg h{dpsoh frqvlghuv Hqjoh*v

+4<;5, DUFK prgholqj ri wkh frqglwlrqdo yduldqfh/ zklfk fruuhvsrqgv wr vhwwlqj

j+|w>s> �, @ +�3 .

s[
l@4

�l{
5
w�l.4,

4@5>

zkhuh � @ +�3> = = = > �t,
31 Ghqrwlqj yq @ +4> {5q> = = = > {

5
q�s.4,

3/ +;, ehfrphv

� @ �.��4� !+��4
4��@5

,��4
4��@5

+�3yq,
�4+y3qY du+e�,yq,4@5= +<,

Lq wkh wzr deryh h{dpsohv/ uhvxowv duh qrw ghshqghqw rq wkh frqglwlrqdo h{shf0

wdwlrq i+|q>s> �,1

H{dpsoh +vlpxodwhg gdwd, Lq rughu wr looxvwudwh wkh srvvleoh lpsdfw ri wkh deryh

uhvxowv rq �qlwh vdpsoh vlwxdwlrqv zh xvh vlpxodwhg gdwd1 Zh frqvlghu wkh vwdwlrqdu|

DUFK+9, prgho/ l1h1 +4, zlwk i+|w>s> �, @ 3/ dqg j+|w>s@9> �, @ +3=4.
S7

l@3 3=4{
5
w�l.

3=6{5w�8,
4@5= Wkh Qrupdo glvwulexwlrq lv xvhg iru O1 Wkuhh lqghshqghqw wlph vhulhv

ri ohqjwk q @ 93> 533> 633 zhuh vlpxodwhg +xvlqj wkh udqgrp jhqhudwru ri wkh Vsoxv

sdfndjh,1 Suhglfwlrq lqwhuydov J�>�+e�, iurp wkh Fruroodu| zlwk +<, zhuh frqvwuxfwhg

iru k @ 4/ zlwk � @ 83( +fruuhvsrqgv wr fodvvlfdo phdq0frqwhqw lqwhuydo, dqg � @



;

Wdeoh 41 Xsshu Erxqgv ri Phdq0Frqwhqw +� @ 83(, dqg
Jxdudqwhhg0Frqwhqw +� @ 43(, suhglfwlrq Lqwhuydov

q@93 q@433 q@533 q@633
� 318 314 318 314 318 314 318 314

� @ 3=38 4139 415: 31;6 31<4 5148 5176 4157 4168
� @ 3=8 3169 317; 315; 3165 31:7 31;9 3176 317:

Qrwhv= Uhvxowv duh iru � ' � dqg duh edvhg rq vlpxodwhg DUFK wlph vhulhv ri ohqjwk ? '

Sfc �ffc 2ff dqg 6331 Wkh lqwhuydov zkrvh xsshu erxqg lv uhsruwhg duh v|pphwulf dqg fhqwhuhg lq

}hur1 Wkh ydoxhv k ' DI dqg DfI fruuhvsrqg wr frqwhqwv ri bDI dqg DfI uhvshfwlyho|1

43(1 Sdudphwhuv zhuh hvwlpdwhg e| frqglwlrqdo pd{lpxp olnholkrrg1 Wzr ydoxhv

ri � zhuh frqvlghuhg/ qdpho| 8( dqg 83(= Qrwh wkdw <8( frqwhqw lqwhuydov duh

xvxdoo| vr zlgh wkdw dorqh wkh| duh qrw dozd|v lqwhuhvwlqj iru wkh sudfwlwlrqhu +vhh

Judqjhu/ 4<<9,1 Wkh suhglfwlrq lqwhuydov frqvwuxfwhg duh v|pphwulf dqg fhqwhuhg lq

}hur dqg/ wkhuhiruh/ rqo| wkh frpsxwhg xsshu erxqg ri wkh lqwhuydov duh glvsod|hg lq

Wdeoh 41 Wkh �jxuhv lq wkh wdeoh vkrz wkdw wkh uhodwlyh gl�huhqfh lq ohqjwk ehwzhhq

suhglfwlrq lqwhuydov zlwk � @ 83( +phdq0frqwhqw, dqg � @ 43( pd| dwwdlq 53(

iru wlph vhulhv ri vkruw ohqjwk q @ 931 Wklv gl�huhqfh uhpdlqv lpsruwdqw +doprvw

43(, zkhq q @ 633> zklfk lv d idluo| odujh vdpsoh vl}h1

Days: 0=May 22, 1986, 252=May 21, 1987
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Iljxuh 41 Orjdulwkp ri uhodwlyh fkdqjh lq wkh VIu2XV' h{fkdqjh
udwh1 Gdlo| gdwd iurp Pd| 54/ 4<;9 xqwlo Pd| 54/ 4<;:1

H{dpsoh +VIu2XV' h{fkdqjh udwh,Zh frqvlghu khuh gdlo| gdwd iurp wkh h{fkdqjh

udwh ri wkh Vzlvv Iudqf djdlqvw wkh XV Groodu1 Wkh wlph vhulhv udqjhv iurp Pd|

54/ 4<;9 wr Pd| 54/ 4<;:1 E| wdnlqj wkh �uvw gl�huhqfhv ri wkh qdwxudo orjdulwkp



<

zh rewdlq d wlph vhulhv ri 585 revhuydwlrqv1 Iljxuh 4 glvsod|v d wlph sorw ri wkh

wudqviruphg gdwd1 Diwhu h{sorulqj wkh vdpsoh +sduwldo, dxwrfruuhodwlrq vwuxfwxuh

ri wkh udz dqg vtxduhg wlph vhulhv/ zh ghflghg wr prgho wkh wlph vhulhv dv dq

DUFK+9, surfhvv1 Sdudphwhuv zhuh �wwhg e| pd{lpl}lqj wkh frqglwlrqdo Jdxvvldq

pd{lpxp olnholkrrg dv iru wkh deryh vlpxodwhg gdwd1 Dq dqdo|vlv ri wkh uhvlgxdov

glg qrw frqwudglfw wkh prgho dvvxpswlrqv lq +4,/ l1h1 qrupdolw| dqg lqghshqghqfh1

Wkh frqvwuxfwhg suhglfwlrq lqwhuydov iru Pd| 55/ 4<;:/ duh iru � @ 83( = ^3	3=347`

iru � @ 8( dqg ^3 	 3=337;` iru � @ 83(> iru � @ 43( zh irxqg= ^3 	 3=348` iru

� @ 8( dqg ^3 	 3=3385` iru � @ 83(1 Wkh uhodwlyh gl�huhqfhv ehwzhhq wkh wzr

w|shv ri suhglfwlrq lqwhuydov duh derxw : wr ; shufhqw zklfk reylrxvo| pdwwhuv zkhq

wkh ghflvlrq0pdnhu kdv wr wdnh d srvlwlrq rq wkh edvlv ri wkh iruhfdvwhg yrodwlolw|>

khuh wkh udqjh ri wkh lqwhuydo1

FRQFOXVLRQ

Phdq0frqwhqw suhglfwlrq lqwhuydov kdyh riwhq ehhq fulwlfl}hg iru ehlqj wrr qduurz

ehfdxvh wkh| qhjohfw wkh vrxufhv ri xqfhuwdlqw| fuhdwhg e| wkh prgho vhohfwlrq dqg

wkh sdudphwhuv hvwlpdwlrq vwdjhv/ vhh Fkdw�hog +4<<6,1 Zh dujxh khuh wkdw lw lv

pruh mxglflrxv wr vwduw e| dfnqrzohgjlqj wkh lqdghtxdf| ri wkhlu dyhudjh phdqlqj/

dqg xvh lqvwhdg jxdudqwhhg0frqwhqw lqwhuydov/ iru zklfk wkh sdudphwhu xqfhuwdlqw|

kdsshq wr eh pruh lpsruwdqw d idfwru1

Jxdudqwhhg0frqwhqw lqwhuydov zhuh/ iru h{dpsoh/ uhfhqwo| dgyrfdwhg lq d qrq0

olqhdu uhjuhvvlrq vhwwlqj e| Fduuroo dqg Uxsshuw +4<<4,1 Wkh xvh ri jxdudqwhhg0

frqwhqw suhglfwlrq lqwhuydo +ru wrohudqfh lqwhuydo, lq sodfh ri wkh fodvvlfdo phdq0

frqwhqw yhuvlrq frqvwlwxwhv d uhdo lpsuryhphqw wr suhglfwlrq lqihuhqfh1 Wklv lv

krshg wr ehfrph pruh zlgho| dfnqrzohgjhg lq wlph vhulhv dqg pruh jhqhudoo| lq

hfrqrphwulfv sudfwlfh1 Zlwk wklv sdshu/ d jds h{lvwlqj lq wkh wkhru| ri suhglfwlrq

lqihuhqfh iru wlph vhulhv kdv wkxv ehhq �oohg/ dqg/ iru d jhqhudo idplo| ri sdudphwulf

prghov iru vwrfkdvwlf surfhvvhv/ jxdudqwhhg0frqwhqw suhglfwlrq lqwhuydov kdyh ehhq

frqvwuxfwhg1 Wkhvh duh zlghu wkdq fodvvlf phdq0frqwhqw suhglfwlrq lqwhuydov ehfdxvh

wkh| duh pruh uhohydqw wr wkh wlph vhulhv dw kdqg1 Zh kdyh looxvwudwhg wklv lvvxh

zlwk vlpxodwhg dqg uhdo gdwd1

Ed|hvldq suhglfwlrq lqihuhqfh dovr kdv wkh dgydqwdjh ri dgguhvvlqj wkh dfwxdoo|

revhuyhg wlph vhulhv e| ixoo| wdnlqj lqwr dffrxqw wkh sdudphwhu xqfhuwdlqw| wkurxjk

wkh srvwhulru ghqvlw|1 Krzhyhu/ zkhq wkhuh lv qr sulru eholhiv rq wkh sdudphwhul}d0

wlrq/ zh eholhyh jxdudqwhhg0frqwhqw suhglfwlrq lqwhuydov wr eh pruh dssursuldwh1

Iru wkh Qrupdo prgho/ wkh uhvxowv suhvhqwhg ehfrph sduwlfxoduo| uhohydqw iru

wkh vfdoh sdudphwhul}dwlrq1 Lq wkhvh fdvhv/ frqglwlrqdo khwhurvnhgdvwlf prghov sod|

pruh lpsruwdqw d uroh lq wkh glvwlqfwlrq ehwzhhq phdq0 dqg jxdudqwhhg0frqwhqw

suhglfwlrq lqwhuydov1 Ilqdoo|/ lq sudfwlfh/ zkhq wkh Qrupdo dvvxpswlrq lv qrw ydolg/

lw lv frpprq wr xvh d vhpl0sdudphwulf dssurdfk +zkhuh wkh glvwulexwlrq O lq +4, lv

uhsodfhg e| dq hpslulfdo glvwulexwlrq,1 Wkh uhvxow ri wkh Sursrvlwlrq lv wkhq vwloo
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ri sudfwlfdo xvh e| uhsodflqj wkh txdqwloh dqg wkh ghqvlw| ydoxhv e| wkhlu vdpsoh

frxqwhusduwv1

DFNQRZOHGJHPHQWV

Wkh dxwkru lv judwhixo wr Nxuw Euçqqçv/ Vdud Vmùvwhgw/ dqg Nrvwdv Vnrxudv

iru wkhlu ydoxdeoh frpphqwv rq suhylrxv yhuvlrqv ri wklv sdshu1 Wklv zrun zdv

�qdqfldoo| vxssruwhg e| wkh Vzhglvk Lqvwlwxwh1

DSSHQGL[

Surri ri wkh Sursrvlwlrq Lq wkh vhtxho zh xvh Su lqvwhdg ri Su�3 1Zlwk wzr Wd|oru

h{sdqvlrqv/ xvlqj +K5,/

Sui{q.k � i+|q>s>e�, . j+|q>s>e�,��44�� m|q>s>e�>e�j
@ Su^V+�3, � j+|q>s> �3,

�4i 33+
e� � �3,

.i4 . j+|q>s> �3,
�4j33+e���3,j��44�� .Rs+q

�4,m|q>s>e�>e�`
@ �^j+|q>s> �3,

�4i 33+
e� � �3,

.i4 . j+|q>s> �3,
�4j33+e���3,j��44�� .Rs+q

�4,`=

Djdlq/ zlwk dq rughu rqh h{sdqvlrq/ xvlqj +K4,/

Sui{q.k � i+|q>s>e�, . j+|q>s>e�,��44��m|q>s>e�>e�j
@ 4� � . #+��4

4��,ij+|q>s> �3,
�4i 33+

e� � �3,

.��4
4��j+|q>s> �3,

�4j33+e���3,j.Rs+q
�4,= +D14,

Ilqdoo|/ uhsodflqj � e| �. q�4@5��4� #+��4
4��,+g

3	g,4@5 rqh rewdlqv wkh uhvxow

Su
�
Sui{q.k 5 J�>�+e�,me�> |q>sj � 4� �

��|q>s� @ 4� � . rs+q
�4@5,

iru wkh lqwhuydo J�>�+e�, ri wkh Sursrvlwlrq/ ehfdxvh ri wkh dv|pswrwlf qrupdolw| ri

wkh hvwlpdwhv/ +K7,/ dqg e| dvvxpswlrq +K8,1

Surri ri Htxdwlrq +7,= Wklv uhvxow lv d frqvhtxhqfh ri +D14, iru � @ �/ frqmxjdwhg

zlwk +K5,/ +K6, dqg +K8,1

Surri ri wkh Fruroodu| Frqvlghu +D14,/ uhsodflqj � zlwk �@5 dqg � zlwk wkh

vwdqgdug Qrupdo glvwulexwlrq ixqfwlrq �1 Pruhryhu/ wkh vlplodu uhvxow

Sui{q.k � i+|q>s>e�, . j+|q>s>e�,��4�@5m|q>s>e�>e�j
@ �@5 . !+��4�@5,ij+|q>s> �3,

�4i 33+
e� � �3,

.��4�@5j+|q>s> �3,
�4j33+e���3,j.Rs+q

�4,

dssolhv1 Qrwlqj wkdw !+��4
�@5

, @ !+��4
4��@5

, zh kdyh

Sui{q.k 5 J�>�+e�,m|q>s>e�j
@ 4� � . 5!+��4�@5,�

�4
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Dv lq wkh Sursrvlwlrq surri/ wkh dvvxpswlrq
s
q+e���3, q$4� Q+3>	5,/ +K7,/ dqg

k|srwkhvlv +K8, frpsohwh wkh surri1

UHIHUHQFHV

Dlwfklvrq/ M1 dqg Gxqvpruh/ L1 U1/ Vwdwlvwlfdo Suhglfwlrq Dqdo|vlv1 Fdpeulgjh=

Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<:81

Eduqgru�0Qlhovhq/ R1 H1 dqg Fr{/ G1 U1/ *Suhglfwlrq dqg dv|pswrwlfv*/ Ehuqrxool/

5 +4<<9,/ 64<06731

Ehudq/ U1/ *Fdoleudwlqj Suhglfwlrq Uhjlrqv*/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq/ ;8 +4<<3,/ :480:561

Euhlgw I1 M1/ Gdylv/ U1 D1 dqg Gxqvpxlu/ Z1 W1 P1/ *Lpsuryhg Errwvwuds Suhglfwlrq

Lqwhuydov iru Dxwruhjuhvvlrqv*/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ 49 +4<<8,/ 4::0

5331

Fduuroo/ U1 M1 dqg Uxsshuw/ G1/ *Suhglfwlrq dqg Wrohudqfh Lqwhuydov zlwk Wudqviru0

pdwlrq dqg2ru Zhljkwlqj*/ Whfkqrphwulfv/ 66 +4<<4,/ 4<:05431

Fkdw�hog/ F1/ *Fdofxodwlqj Lqwhuydo Iruhfdvwv* +zlwk Glvfxvvlrq,/ Mrxuqdo ri Exvl0

qhvv dqg Hfrqrplf Vwdwlvwlfv/ 44 +4<<6,/ 45404771

Fr{/ G1 U1/ *Suhglfwlrq Lqwhuydov dqg Hpslulfdo Ed|hv Frq�ghqfh Lqwhuydov*/ lq

Jdql/ M1 +hg,/ Shuvshfwlyhv lq Suredelolw| dqg Vwdwlvwlfv/ Orqgrq= Dfdghplf

Suhvv/ 4<:8/ 7:0881

gh Oxqd/ [1/ *Surmhfwhg Sro|qrpldo Dxwruhjuhvvlrq iru Suhglfwlrq ri Vwdwlrqdu|

Wlph Vhulhv*/ Mrxuqdo ri Dssolhg Vwdwlvwlfv/ 58 +4<<;,/ :960::91

gh Oxqd/ [1/ *Suhglfwlrq Lqwhuydov Edvhg rq Dxwruhjuhvvlrq Iruhfdvwv*/ Mrxuqdo ri

wkh Ur|do Vwdwlvwlfdo Vrflhw| Vhulhv G/ +5333,/ wr dsshdu1

Grxnkdq/ S1/ Pl{lqj= Surshuwlhv dqg H{dpsohv1 Ehuolq= Vsulqjhu0Yhuodj/ 4<<71

Hqjoh/ U1 I1/ *Dxwruhjuhvvlyh Frqglwlrqdo Khwhurvnhgdvwlflw| zlwk Hvwlpdwhv ri wkh

Yduldqfh ri wkh Xqlwhg Nlqjgrp Lq dwlrq*/ Hfrqrphwulfd/ 83 +4<;5,/ <;:0433:1

Jhopdq/ D1/ Fduolq/ M1 E1/ Vwhuq/ K1 V1 dqg Uxelq/ G1 E1/ Ed|hvldq Gdwd Dqdo|vlv1

Orqgrq= Fkdspdq dqg Kdoo/ 4<<81

Jhzhnh/ M1/ *Ed|hvldq Lqihuhqfh lq Hfrqrphwulfv Prghov Xvlqj Prqwh Fduor Lqwh0

judwlrq*/ Hfrqrphwulfd/ 8: +4<;<d,/ 464:0466<1

Jhzhnh/ M1/ *H{dfw Suhglfwlyh Ghqvlwlhv iru Olqhdu Prghov zlwk DUFK Glvwxu0

edqfhv*/ Mrxuqdo ri Hfrqrphwulfv/ 73 +4<;<e,/ 960;91

Jhzhnh/ M1 dqg Whuxl/ Q1/ *Ed|hvldq Wkuhvkrog Dxwruhjuhvvlyh Prghov iru Qrqolqhdu

Wlph Vhulhv*/ Mrxuqdo Wlph Vhulhv Dqdo|vlv/ 47 +4<<6,/ 77407871

Judqjhu/ F1 Z1 M1/ *Fdq zh Lpsuryh wkh Shufhlyhg Txdolw| ri Hfrqrplf IruhfdvwvB*/

Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 44 +4<<9,/ 405:1

Judqjhu/ F1 Z1 M1 dqg Whuçvyluwd/ W1/ Prghoolqj Qrqolqhdu Hfrqrplf Uhodwlrqvklsv1

R{irug= R{irug Xqlyhuvlw| Suhvv/ 4<<61

Ndedlod/ S1/ *Rq Errwvwuds Suhglfwlyh Lqihuhqfh iru Dxwruhjuhvvlyh Surfhvvhv*/ Mrxu0

qdo ri Wlph Vhulhv Dqdo|vlv/ 47 +4<<6,/ 7:607;71
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Pdqq/ K1 E1 dqg Zdog/ D1/ *Rq Vwrfkdvwlf Olplw dqg Rughu Uhodwlrqvklsv*/ Dqqdov

ri Pdwkhpdwlfdo Vwdwlvwlfv/ 47 +4<79,/ 54:05591

Pÿoohu/ S1/ Zhvw/ P1 dqg PdfHdfkhuq V1/ *Ed|hvldq Prghov iru Qrq0Olqhdu Dxwruh0

juhvvlrqv*/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ 4; +4<<:,/ 8<609471

Srodvhn/ Z1 dqg Nr}xpl/ K1/ *Wkh YDU0YDUFK Prgho= D Ed|hvldq Dssurdfk*/

lq Ohh/ M1 F1/ Mrkqvrq/ Z1 R1 dqg ]hooqhu/ D1 +hgv,/ Prghoolqj dqg Suhglfwlrq=

Krqrulqj Vh|prxu Jhlvvhu/ Ehuolq= Vsulqjhu0Yhuodj/ 4<<9/ 73507551

Vwlqh/ U1 D1/ *Hvwlpdwlqj Surshuwlhv ri Dxwruhjuhvvlyh Iruhfdvwv*/ Mrxuqdo ri wkh

Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;5 +4<;:,/ 43:5043:;1

Zdog/ D1 dqg Zroirzlw}/ M1/ *Wrohudqfh Olplwv iru d Qrupdo Glvwulexwlrq*/ Dqqdov

ri Pdwkhpdwlfdo Vwdwlvwlfv/ 4: +4<79,/ 53;05481

Zhvw/ P1 dqg Kduulvrq/ M1/ Ed|hvldq Iruhfdvwlqj dqg G|qdplfdo Prghov1 Ehuolq=

Vsulqjhu0Yhuodj/ 4<;<1
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