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41 Lqwurgxfwlrq

�Suhglfwlrq lv gl!fxow/ hvshfldoo| ri wkh ixwxuh1�

Qlhov Erku4

Wklv wkhvlv frqvlvwv ri wzr sduwv lq zklfk qhlwkhu sduw ghdov h{solflwo| zlwk suhglfwlrq1

Krzhyhu/ wkh gl!fxowlhv ri suhglfwlrq duh erwk wkh ruljlq ri dqg wkh frpprq olqn lq

wklv wkhvlv/ hyhq wkrxjk hdfk sduw wdfnohv wkh sureohp iurp d gl�huhqw srlqw ri ylhz1

Wkdw suhglfwlrq lv d sureohp iru �qdqfldo pdunhwv lv uhyhdohg e| wkh yhu| h{lvwhqfh

ri lqvxudqfh duudqjhphqwv iru wkrvh pdunhwv 0 li wkh ixwxuh zdv qrw dvvrfldwhg zlwk

xqfhuwdlqw|/ wkhuh zrxog eh qr ulvnv dqg lqvxudqfh pdunhwv zrxog qrw h{lvw1

Wkh �uvw sduw ri wklv wkhvlv/ zklfk frqvlvwv ri Sdshuv ^l`0^lll`/ ghdov zlwk d srvvleoh

h{sodqdwlrq ri zk| suhglfwlrq lv gl!fxow/ qdpho|/ wkdw revhuyhg wlph vhulhv pd| eh

fkdrwlf1 Pruh vshfl�fdoo|/ wklv sduw ri wkh wkhvlv sursrvhv d phwkrg wr dqvzhu wkh

iroorzlqj txhvwlrq= duh revhuyhg wlph vhulhv/ h1j1 h{fkdqjh udwh vhulhv/ jhqhudwhg e|

d fkdrwlf g|qdplfdo v|vwhpB Li vr/ wkh suhglfwlyh delolw| ri wkh v|vwhp lv vwurqjo|

olplwhg/ hvshfldoo| iru orqj0uxq suhglfwlrqv1

Wkh vhfrqg sduw ri wklv wkhvlv/ zklfk frqvlvwv ri Sdshu ^ly`/ ghdov zlwk d vlpsoh

vroxwlrq wr wkh suhglfwlrq sureohp/ qdpho|/ wkdw wkhuh lv suhglfwlyh srzhu lq fhuwdlq

wudglqj uxohv/ l1h1 lq whfkqlfdo dqdo|vlv1 Wzr txhvwlrqv/ zklfk duh dovr pruh lpsru0

wdqw wkdq wkh srvvlelolw| ri fkdrv/ duh lq irfxv lq wklv sduw ri wkh wkhvlv1 Wkh| duh dv

iroorzv= duh whfkqlfdo dqdo|vwv lq wkh iruhljq h{fkdqjh pdunhw ghvwdelol}lqj dfwruv

lq wkh hfrqrp|B Li vr/ duh wkhuh dq| vwdelolw| frqglwlrqv wkdw suhyhqw wkh hfrqrp|

iurp �h{sorglqj�B

Wkh uhpdlqghu ri wklv Lqwurgxfwlrq dqg Vxppdu| ri Sdshuv lv rujdql}hg dv iro0

orzv1 Vhfwlrq 5 frqwdlqv d uhylhz rq krz wr ghwhfw fkdrwlf g|qdplfv lq revhuyhg

wlph vhulhv1 Vkruw vxppdulhv ri Sdshuv ^l`0^lll` duh dovr lqfoxghg1 Vhfwlrq 6 frqwdlqv

d vkruw lqwurgxfwlrq wr whfkqlfdo dqdo|vlv lq jhqhudo dqg wr wkhrulhv ri hqgrjhqrxv

vshfxodwlyh exeeohv lq sduwlfxodu1 D vxppdu| ri Sdshu ^ly` lv dovr lqfoxghg lq wklv

4Wklv txrwdwlrq fdq eh irxqg lq Shlwjhq hw do1 +4<<5,1
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vhfwlrq1 Frqfoxglqj uhpdunv fdq eh irxqg lq Vhfwlrq 71

51 Ghwhfwlqj fkdrwlf g|qdplfv lq revhuyhg wlph vhulhv

Ghwhuplqlvwlf fkdrv lv derxw wkh huudwlf ru vwrfkdvwlf ehkdylru ri vroxwlrqv wr ghwhu0

plqlvwlf htxdwlrqv ri prwlrq/ l1h1 ghwhuplqlvwlf g|qdplfdo v|vwhpv/ dqg kdv uhfhlyhg

pxfk dwwhqwlrq ryhu uhfhqw |hduv lq pdq| glyhuvh �hogv lqfoxglqj hfrqrplfv dqg �0

qdqfh1 Eurdgo| vshdnlqj/ d g|qdplfdo v|vwhp lv vdlg wr eh ghwhuplqlvwlf zkhq lw

frpsulvhv qr udqgrp yduldeohv1 Lq frqwudvw/ wkh revhuydeoh ehkdylru/ l1h1 wkh re0

vhuyhg wlph vhulhv/ ri d g|qdplfdo v|vwhp lv vdlg wr eh vwrfkdvwlf zkhq wkh wudqvlwlrq

ri wkh v|vwhp iurp rqh vwdwh wr dqrwkhu fdq rqo| eh jlyhq d suredelolvwlf ghvfulswlrq1

Rqh lpsruwdqw lpsolfdwlrq ri fkdrv lv wkh olplwhg suhglfwdelolw| ri wkh g|qdplfv1

Wklv lv ehfdxvh d fkdrwlf g|qdplfdo v|vwhp kdv d surshuw| ri �vhqvlwlyh ghshqghqfh

rq lqlwldo frqglwlrqv�= dq| wzr vroxwlrq sdwkv zlwk duelwudulo| forvh exw qrw htxdo

lqlwldo frqglwlrqv zloo glyhujh dw h{srqhqwldo udwhv1 Joredoo|/ krzhyhu/ wkh vroxwlrq

sdwkv uhpdlq zlwklq d erxqghg vhw li wkh v|vwhp lv glvvlsdwlyh/ l1h1 li wkh v|vwhp

kdv lqwhuqdo �iulfwlrq�1 Wkxv/ wkh ixwxuh ghyhorsphqw ri wkh g|qdplfv lv hvvhqwldoo|

xqsuhglfwdeoh hyhq wkrxjk wkh xqghuo|lqj htxdwlrqv ri prwlrq duh ghwhuplqlvwlf1

Ehfdxvh suhglfwdelolw| lv lpsruwdqw/ hvshfldoo| lq hfrqrplfv dqg �qdqfh/ wkh txhvwlrq

ri zkhwkhu revhuyhg wlph vhulhv/ h1j1 h{fkdqjh udwh vhulhv/ duh jhqhudwhg e| d fkdrwlf

g|qdplfdo v|vwhp ru qrw lv ri vshfldo lpsruwdqfh15

5141 Uhfrqvwuxfwlrq ri wkh g|qdplfv

Wkh �uvw vwhs lq uhvroylqj wkh txhvwlrq ri zkhwkhu wkh revhuyhg g|qdplfv duh fkdrwlf

ru qrw/ lv wdnhq e| uhfrqvwuxfwlrq ri wkh skdvh vsdfh ru vwdwh vsdfh iru wkh g|qdplfv1

Vshfl�fdoo|/ xqghu wkh frqglwlrqv vwdwhg ehorz/ d pds h{lvwv ehwzhhq wkh ruljlqdo

skdvh vsdfh dqg wkh uhfrqvwuxfwhg skdvh vsdfh wkdw lv dq hpehgglqj/ l1h1 wkh pds lv

5Deduedqho +4<<9, dqg Deduedqho hw do1 +4<<6, surylgh uhylhzv rq wkh ghwhfwlrq ri fkdrwlf
g|qdplfv lq revhuyhg wlph vhulhv1 Krzhyhu/ wkhvh uhylhzv gr qrw frqwdlq dq| glvwulexwlrqdo wkhru|
zklfk surylghv d iudphzrun iru vwdwlvwlfdo lqihuhqfh1
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vprrwk/ shuirupv d rqh0wr0rqh frruglqdwh wudqvirupdwlrq dqg kdv d vprrwk lqyhuvh1

Wklv phdqv wkdw wkh pds suhvhuyhv wrsrorjlfdo lqirupdwlrq derxw wkh g|qdplfdo

v|vwhp xqghu wkh pdsslqj/ h1j1 wkh glphqvlrq/ wkh hqwurs| dqg wkh O|dsxqry

h{srqhqwv zklfk duh wr eh gh�qhg ehorz1

Skdvh vsdfh uhfrqvwuxfwlrq zdv lqwurgxfhg dv d wrro lq g|qdplfdo v|vwhpv wkh0

ru| e| Sdfndug hw do1 +4<;3,/ Gdylg Uxhooh dqg Wdnhqv +4<;4, lqghshqghqwo|16 Wkh

phwkrg zdv ghprqvwudwhg qxphulfdoo| e| Sdfndug hw do1 +4<;3, dqg zdv irupdoo|

suryhq e| Wdnhqv +4<;4,1 Wkh prvw zlgho| xvhg phwkrg ri skdvh vsdfh uhfrqvwuxf0

wlrq lv ghod| frruglqdwhv1 Dffruglqj wr wklv phwkrg/ wkh sdvw dqg wkh ixwxuh ri

dq revhuyhg vfdodu wlph vhulhv frqwdlq lqirupdwlrq derxw xqrevhuyhg vwdwh yduldeohv

wkdw fdq eh xvhg wr gh�qh d vwdwh dw wkh suhvhqw wlph1 Rwkhu phwkrgv ri skdvh

vsdfh uhfrqvwuxfwlrq duh ghulydwlyh frruglqdwhv ri zklfk Sdfndug hw do1 +4<;3, lv

dq h{dpsoh/ dqg sulqflsdo ydoxh ghfrpsrvlwlrq zklfk zdv ruljlqdoo| sursrvhg e|

Eurrpkhdg dqg Nlqj +4<;9,1 Erwk phwkrgv xvh wkh lqirupdwlrq lq ghod| frrugl0

qdwhv dv d vwduwlqj srlqw iru d ixuwkhu wudqvirupdwlrq wr d qhz frruglqdwh v|vwhp

+Fdvgdjol hw do1/ 4<<4,1

514141 Hpehgglqjv

Ohw s eh d vprrwk g|qdplfdo v|vwhp gh�qhg rq dq ?0glphqvlrqdo frpsdfw pdqlirog

� =

rE|� ' s |ErEf��c +514,

zkhuh rE|� lv wkh vwdwh ri wkh v|vwhp dw wlph |1 Wkh pds s | wkxv wdnhv dq lqlwldo vwdwh

rEf� wr d vwdwh rE|� zkhuh wkh wlph yduldeoh | fdq hlwkhu eh frqwlqxrxv ru glvfuhwh1

Dvvrfldwh zlwk wkh g|qdplfdo v|vwhp lq ht1 +514, dq revhuyhu ixqfwlrq � G � $ +

6Wkh lghd ri skdvh vsdfh uhfrqvwuxfwlrq zdv qrw sxeolvkhg e| Gdylg Uxhooh exw lv uhfrughg lq
Sdfndug hw do1 +4<;3,1
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zklfk jhqhudwhv wkh gdwd srlqwv lq wkh revhuyhg vfdodu wlph vhulhv=

;A?
A=

%E|� ' �ErE|�� n �0E|�

0E|� � UU(Efc ��
c +515,

zkhuh � lv wkh qrlvh ohyho dqg 0E|� lv wkh phdvxuhphqw huuru1 Pruh suhflvho|/ dvvxph

wkdw wkh revhuyhu ixqfwlrq/ vdpsohg dw wlph lqwhuydov �r/ jhqhudwhv wkh �0srlqw wlph

vhulhv

i%�c ���c %�jc +516,

zkhuh %| � %E|�1 Qrwh wkdw revhuydwlrqdo qrlvh lv suhvhqw lq wkh revhuyhg wlph

vhulhv17 Iru wkh prphqw/ krzhyhu/ lw lv dvvxphg wkdw wkh revhuyhg wlph vhulhv lv

qrlvh0iuhh/ l1h1 � ' f lq ht1 +515,1

Dv phqwlrqhg deryh/ wkh sdvw dqg wkh ixwxuh ri dq revhuyhg vfdodu wlph vhulhv

frqwdlq lqirupdwlrq derxw xqrevhuyhg vwdwh yduldeohv wkdw fdq eh xvhg wr gh�qh d

vwdwh dw wkh suhvhqw wlph1 Vshfl�fdoo|/ ohw

%|
3
' i%|3a6Rc ���c %|c ���c %|na6s

j +517,

eh wkh uhfrqvwuxfwhg vwdwh dw wlph | zkhuh a 5 ~
n lv wkh uhfrqvwuxfwlrq ghod| dqg/

6R dqg 6s duh wkh qxpehu ri gdwd srlqwv lq wkh wlph vhulhv wdnhq iurp wkh sdvw

dqg wkh ixwxuh/ uhvshfwlyho|1 Wkh odj wlph lv � ' a�r/ wkh zlqgrz ohqjwk lv �� ' 6�

dqg wkh glphqvlrq ri wkh ghod| yhfwru lq ht1 +517,/ l1h1 wkh hpehgglqj glphqvlrq/ lv

6 ' 6R n6s n �1 Pruhryhu/ wkh qxpehu ri vwdwhv rq wkh uhfrqvwuxfwhg wudmhfwru|

lq wkh uhfrqvwuxfwhg skdvh vsdfh duh �|r ' � � E6� ��a 1 Wkxv/ wkh uhfrqvwuxfwhg

wudmhfwru| lv f
3
' i%�

3
c ���c %|r

3
jA zkhuh f

3
lv dq �|r�6 pdwul{ dqg wkh vxshuvfulsw A

ghqrwhv wudqvsrvh1

Iru h{dpsoh/ dvvxph wkdw wkh revhuyhg wlph vhulhv frqvlvwv ri whq gdwd srlqwv/

l1h1 � ' �f lq ht1 +516,1 Ixuwkhu dvvxph wkdw wkh uhfrqvwuxfwlrq ghod| lv htxdo wr

7Fdvgdjol hw do1 +4<<4, ghdo zlwk wkh sureohp ri skdvh vsdfh uhfrqvwuxfwlrq lq wkh suhvhqfh ri
revhuydwlrqdo qrlvh1
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wzr/ l1h1 a ' 2 lq ht1 +517,/ dqg wkdw 6R ' f dqg 6s ' � lq ht1 +517,1 Wklv phdqv

wkdw wkh uhfrqvwuxfwhg wudmhfwru| fdq eh zulwwhq dv
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Wdnhqv +4<;4, suryhg wkdw wkh ghod| uhfrqvwuxfwlrq pds

xEr� ' i�Es �6s Er��c ���c �EsfEr��c ���c �Es3�6REr��jc +518,

zklfk pdsv wkh ruljlqdo ?0glphqvlrqdo vwdwh r rqwr 60glphqvlrqdo ghod| yhfwruv/ lv

dq hpehgglqj li 6 : 2?18 Li x lv dq hpehgglqj wkhq d vprrwk ixqfwlrq } lv lqgxfhg

rq wkh uhfrqvwuxfwhg skdvh vsdfh=

}|E%
3
� ' x � s | � x3�E%

3
�c +519,

zkhuh � lv wkh rshudwru iru wkh frpsrvlwlrq ri pdsslqjv1 Wkh uhfrqvwuxfwhg skdvh

vsdfh fdq wkxv eh xvhg wr hvwlpdwh } dqg ehfdxvh } lv wrsrorjlfdoo| frqmxjdwh wr

wkh wuxh exw xqnqrzq g|qdplfdo v|vwhp s lq ht1 +514,/ l1h1 wkh| duh �htxlydohqw�/

} fdq eh xvhg wr hvwlpdwh uhohydqw vwdwlvwlfdo surshuwlhv ri wkh g|qdplfv/ h1j1 wkh

O|dsxqry h{srqhqwv1

Dq lqwxlwlyh h{sodqdwlrq ri Wdnhqv* +4<;4, hpehgglqj fulwhulrq/ l1h1 6 : 2?/ lv

dv iroorzv= Dvvxph wkdw �� � �o dqg �2 � �o duh wzr vxevsdfhv ri glphqvlrq

?� dqg ?2/ uhvshfwlyho|/ zkhuh �o lv dq 60glphqvlrqdo pdqlirog uhsuhvhqwlqj wkh

uhfrqvwuxfwhg skdvh vsdfh1 Lq jhqhudo/ wkh wzr vxevsdfhv lqwhuvhfw lq d vxevsdfh ri

glphqvlrq ?� n ?2 �61 Wkxv/ li wklv h{suhvvlrq lv qhjdwlyh/ wkhuh lv qr lqwhuvhfwlrq

ri wkh wzr vxevsdfhv1 Ri juhdwhu lqwhuhvw/ wkh lqwhuvhfwlrq ri wzr vxevsdfhv ri wkh

vdph glphqvlrq/ ru wkh vhoi0lqwhuvhfwlrq ri dq ?0glphqvlrqdo vhw zlwk lwvhoi idlov wr

8Dq hduo| sdshu rq hpehgglqjv lv Zklwqh| +4<69,1 Vhh dovr d uhodwhg sdshu e| Pdôì +4<;4,1
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rffxu zkhq ?n ?�6 	 f/ l1h1 zkhq 6 : 2?1

Vdxhu hw do1 +4<<4, frqwdlqv vhyhudo jhqhudol}dwlrqv ri Wdnhqv* +4<;4, hpehgglqj

wkhruhpv1 Iru h{dpsoh/ iru d fkdrwlf dwwudfwru � � +
?/ doprvw hyhu| ghod| uhfrq0

vwuxfwlrq pds x G +? $ +
6 lv dq hpehgglqj rq vprrwk pdqlirogv frqwdlqhg zlwklq

� surylghg wkdw 6 lv wzlfh dv odujh dv wkh glphqvlrq ri �1 Eurdgo| vshdnlqj/ dq

dwwudfwru lv d frpsdfw vhw � zlwk wkh surshuw| wkdw wkhuh lv d qhljkerukrrg ri �

vxfk wkdw iru doprvw hyhu| lqlwldo frqglwlrq/ wkh olplw vhw ri wkh wudmhfwru| gh�qhg

e| wkh g|qdplfdo v|vwhp/ l1h1 rqfh wudqvlhqwv kdyh glvdsshduhg/ lv �1 Wkhvh lql0

wldo frqglwlrqv duh wkh edvlq ri dwwudfwlrq ri wkh dwwudfwru1 Wkh glvwlqfwlrq ehwzhhq

dv|pswrwlf dqg wudqvlhqw ehkdylru lv srvvleoh li lw lv dvvxphg wkdw wkh g|qdplfdo

v|vwhp lv glvvlsdwlyh/ l1h1 li yroxphv lq skdvh vsdfh vkulqn ryhu wlph1

514151 Fkrrvlqj wkh surshu uhfrqvwuxfwlrq sdudphwhuv

Hpehgglqj glphqvlrq Lq sudfwlfh/ wkhuh duh wzr sureohpv zlwk ghod| frrugl0

qdwhv dv d phwkrg ri skdvh vsdfh uhfrqvwuxfwlrq1 Wkh �uvw sureohp/ zklfk lv frpprq

wr doo uhfrqvwuxfwlrq phwkrgv/ lv wkdw wkh qhfhvvdu| glphqvlrq ri wkh uhfrqvwuxfwhg

skdvh vsdfh/ l1h1 wkh plqlpxp hpehgglqj glphqvlrq/ lv qrw nqrzq vlqfh wkh gl0

phqvlrq ri wkh ruljlqdo skdvh vsdfh lv dovr xqnqrzq1 Wklv sureohp pd|/ krzhyhu/

eh vroyhg lqgluhfwo| e| xwlol}lqj d jhqhulf surshuw| ri d idlwkixo uhfrqvwuxfwlrq/ l1h1

dq hpehgglqj/ qdpho|/ wkdw wkh dwwudfwru lq wkh ruljlqdo skdvh vsdfh lv frpsohwho|

�xqiroghg�/ ru frqwdlqv qr vhoi0lqwhuvhfwlrqv/ lq wkh uhfrqvwuxfwhg skdvh vsdfh1 Lq

rwkhu zrugv/ li wkh hpehgglqj glphqvlrq lv wrr orz/ wkh dwwudfwru lv qrw frpsohwho|

xqiroghg zklfk phdqv wkdw glvwdqw srlqwv rq wkh dwwudfwru lq wkh ruljlqdo skdvh

vsdfh duh forvh srlqwv lq wkh uhfrqvwuxfwhg skdvh vsdfh1 Pruhryhu/ li wkh dwwudfwru lv

frpsohwho| xqiroghg lw lv qrw qhfhvvdu| wr ylhz wkh dwwudfwru lq d skdvh vsdfh zlwk

d kljkhu hpehgglqj glphqvlrq1 Wkxv/ iurp d wkhruhwlfdo srlqw ri ylhz/ lw grhv qrw

pdwwhu zkhwkhu wkh dwwudfwru lv xqiroghg lq dq hpehgglqj glphqvlrq zklfk lv wrr

kljk1

Iurp d sudfwlfdo srlqw ri ylhz/ krzhyhu/ wkhuh duh vhyhudo uhdvrqv wr ghwhuplqh
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wkh plqlpxp hpehgglqj glphqvlrq 661 Iluvw/ wkh qxpehu ri srlqwv rq wkh uhfrq0

vwuxfwhg dwwudfwru fdq eh wrr ihz wr rewdlq uholdeoh hvwlpdwhv ri/ iru h{dpsoh/ wkh

O|dsxqry h{srqhqwv1 Vhfrqg/ wkh frpsxwdwlrqdo �frvw� ulvhv h{srqhqwldoo| zlwk

wkh hpehgglqj glphqvlrq ehfdxvh doo pdwkhpdwlfdo frpsxwdwlrqv wdnh sodfh lq +
61

Wklug/ lq wkh suhvhqfh ri qrlvh/ wkh xqqhfhvvdu| glphqvlrqv ri wkh skdvh vsdfh/

l1h1 6 � 66/ duh qrw srsxodwhg e| qhz lqirupdwlrq derxw wkh dwwudfwru ehfdxvh

wklv lqirupdwlrq kdv douhdg| ehhq fdswxuhg lq d vpdoohu hpehgglqj glphqvlrq1 Lq

vxppdu|/ lw lv ghvludeoh wr ghwhuplqh wkh plqlpxp hpehgglqj glphqvlrq1

H{dpsohv ri phwkrgv ghyhorshg iru wklv sxusrvh duh idovh qhduhvw qhljkeruv/

vdwxudwlrq ri lqyduldqwv rq wkh dwwudfwru dqg wuxh yhfwru �hogv1 Wkh phwkrg ri

idovh qhduhvw qhljkeruv lv edvhg rq wkh diruhphqwlrqhg surshuw| ri d idlwkixo uhfrq0

vwuxfwlrq/ qdpho|/ wkdw zkhq fkrrvlqj dq hpehgglqj glphqvlrq zklfk lv wrr orz/

glvwdqw srlqwv rq wkh dwwudfwru lq wkh ruljlqdo skdvh vsdfh duh forvh srlqwv lq wkh

uhfrqvwuxfwhg skdvh vsdfh/ l1h1 idovh qhduhvw qhljkeruv h{lvw1 E| lqfuhdvlqj wkh

hpehgglqj glphqvlrq/ wkh dwwudfwru lv frpsohwho| xqiroghg zkhq wkhuh duh qr idovh

qhduhvw qhljkeruv +Nhqqho hw do1/ 4<<5,1

Wkh vhfrqg phwkrg/ vdwxudwlrq ri lqyduldqwv rq wkh dwwudfwru/ lv edvhg rq wkh

revhuydwlrq wkdw zkhq wkh dwwudfwru lv frpsohwho| xqiroghg/ dq| lqyduldqw rq wkh

dwwudfwru/ h1j1 wkh glphqvlrq ri wkh uhfrqvwuxfwhg dwwudfwru/ lv lqghshqghqw ri wkh

hpehgglqj glphqvlrq1 Li/ krzhyhu/ wkh dwwudfwru lv qrw frpsohwho| xqiroghg lq wkh

uhfrqvwuxfwhg skdvh vsdfh/ wkhvh lqyduldqwv ghshqg rq wkh hpehgglqj glphqvlrq1

Wkxv/ e| lqfuhdvlqj wkh hpehgglqj glphqvlrq/ wkh dwwudfwru lv frpsohwho| xqiroghg

zkhq wkh ydoxh ri wkh vshfl�f lqyduldqw rq wkh dwwudfwru vwrsv fkdqjlqj +Judvvehujhu

dqg Surfdffld/ 4<;6,1

Wkh wklug phwkrg/ wuxh yhfwru �hogv/ lv edvhg rq dqrwkhu surshuw| ri d idlwkixo

uhfrqvwuxfwlrq/ qdpho|/ wkdw wkh yhfwru �hog dvvrfldwhg zlwk wkh yhfwru ixqfwlrq s |

lv xqdpeljxrxv zkhq wkh dwwudfwru lv frpsohwho| xqiroghg1 Lq rwkhu zrugv/ wkh

wdqjhqwv wr wkh hyroxwlrq ri wkh yhfwru ixqfwlrq duh vprrwko| dqg xqltxho| jlyhq

wkurxjkrxw wkh skdvh vsdfh1 Wkxv/ li wkh hpehgglqj glphqvlrq lv wrr orz/ wkh yhfwru
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�hog lq vrph qhljkerukrrgv ri wkh dwwudfwru lv qrw xqltxh ehfdxvh wkh gluhfwlrqdo

yhfwruv/ l1h1 wkh wdqjhqwv/ lq wkdw qhljkerukrrg srlqw lq gl�huhqw gluhfwlrqv1 Wkxv/

e| lqfuhdvlqj wkh hpehgglqj glphqvlrq/ wkh dwwudfwru lv frpsohwho| xqiroghg zkhq

wkh gluhfwlrqdo yhfwruv lq hdfk qhljkerukrrg srlqw lq wkh vdph gluhfwlrq1 Ndsodq dqg

Jodvv +4<<5, vshfl�fdoo| whvw zkhwkhu wkh glvwulexwlrq ri gluhfwlrqv lq d qhljkerukrrg

ri wkh dwwudfwru lv frqvlvwhqw zlwk ehlqj jhqhudwhg e| d ghwhuplqlvwlf v|vwhp1

Zkhq revhuydwlrqdo qrlvh lv suhvhqw lq wkh revhuyhg vfdodu wlph vhulhv/ l1h1 � 9' f

lq ht1 +515,/ lw lv qrw dq hdv| wdvn wr ghwhuplqh wkh plqlpxp hpehgglqj glphqvlrq/

hvshfldoo| zkhq wkh qrlvh wr vljqdo udwlr lv kljk1 Iru h{dpsoh/ li wkh phwkrg ri

vdwxudwlrq ri lqyduldqwv rq wkh dwwudfwru lv xwlol}hg/ wkh vshfl�f lqyduldqw pd| qhyhu

vwrs fkdqjlqj1

Uhfrqvwuxfwlrq ghod| D vhfrqg sureohp zlwk ghod| frruglqdwhv/ zklfk lv vsh0

fl�f wr wklv uhfrqvwuxfwlrq phwkrg/ lv wkdw wkh uhfrqvwuxfwlrq ghod|/ l1h1 a lq ht1

+517,/ pxvw eh fkrvhq1 Li wkh uhfrqvwuxfwlrq ghod| lv wrr vpdoo/ hdfk frruglqdwh lv

doprvw wkh vdph dqg wklv uhvxowv lq d uhfrqvwuxfwhg dwwudfwru wkdw lv frpsuhvvhg

dorqj wkh lghqwlw| olqh/ ru wkh pdlq gldjrqdo/ ri wkh skdvh vsdfh1 Li/ krzhyhu/ wkh

uhfrqvwuxfwlrq ghod| lv wrr odujh/ vxffhvvlyh ghod| frruglqdwhv pd| ehfrph fdxvdoo|

xquhodwhg dqg wkh uhfrqvwuxfwhg dwwudfwru qr orqjhu uhsuhvhqwv wkh wuxh g|qdplfv1

Wkhvh sureohpv duh wkh sureohpv ri uhgxqgdqfh dqg luuhohydqfh/ uhvshfwlyho|1 Lw lv

wkxv ghvludeoh wr ghwhuplqh wkh surshu uhfrqvwuxfwlrq ghod|1 Lw vkrxog eh qrwhg wkdw

Wdnhqv* +4<;4, hpehgglqj wkhruhpv glg qrw dgguhvv sureohpv derxw wkh surshu uh0

frqvwuxfwlrq ghod| ehfdxvh li wkh revhuyhg vfdodu wlph vhulhv lv qrlvh0iuhh/ l1h1 � ' f

lq ht1 +515,/ doprvw hyhu| uhfrqvwuxfwlrq ghod| lv vxlwdeoh1

H{dpsohv ri phwkrgv wr ghwhuplqh wkh surshu uhfrqvwuxfwlrq ghod| duh dyhudjh

pxwxdo lqirupdwlrq dqg uhfrqvwuxfwlrq h{sdqvlrq iurp wkh lghqwlw| olqh1 Wkh odwwhu

phwkrg lv d jhrphwulfdo phwkrg wkdw irfxvhv rq wkh uhgxqgdqfh huuru lq d sursrvhg

uhfrqvwuxfwlrq ri wkh dwwudfwru1 Wklv phwkrg/ sursrvhg e| Urvhqvwhlq hw do1 +4<<7,/

lv edvhg rq wkh revhuydwlrq wkdw wkh h{sdqvlrq ri wkh uhfrqvwuxfwhg dwwudfwru iurp

wkh lghqwlw| olqh lv ehvw txdqwl�hg e| phdvxulqj wkh dyhudjh glvsodfhphqw ri wkh
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ghod| yhfwruv/ l1h1 %|
3
lq ht1 +517,/ iurp wkhlu ruljlqdo orfdwlrqv rq wkh lghqwlw| olqh1

Wkhvh dxwkruv vxjjhvw wkdw wkh surshu uhfrqvwuxfwlrq ghod| kdv ehhq ghwhuplqhg

zkhq wkh �uvw pd{lpxp ri wkh dyhudjh glvsodfhphqw h{dplqhg dv d ixqfwlrq ri wkh

uhfrqvwuxfwlrq ghod|/ rffxuv1 Wklv phwkrg wkxv qhjohfwv wkh luuhohydqfh huuru lq d

sursrvhg uhfrqvwuxfwlrq ri wkh dwwudfwru/ ehfdxvh rqh w|slfdoo| fdqqrw phdvxuh wkh

luuhohydqfh huuru1

Wkh iruphu phwkrg/ dyhudjh pxwxdo lqirupdwlrq/ irfxvhv rq wkh fkdrwlf g|qdpl0

fdo v|vwhp dv d surgxfhu ri lqirupdwlrq1 Ehfdxvh wkh uhvroxwlrq lq wkh uhfrqvwuxfwhg

skdvh vsdfh lv/ lq sudfwlfh/ �qlwh/ srlqwv zklfk duh wrr forvh wrjhwkhu fdqqrw eh glv0

wlqjxlvkhg1 Krzhyhu/ ehfdxvh forvh srlqwv vhsdudwh h{srqhqwldoo| zkhq wkh v|vwhp

lv fkdrwlf/ wkh| fdq eh glvwlqjxlvkhg li hqrxjk wlph kdv hodsvhg1 Wkh idfw wkdw wkhvh

srlqwv zhuh forvh exw qrw htxdo lv uhyhdohg dv wlph hyroyhv1 Wklv phdqv wkdw li wkh

uhfrqvwuxfwlrq ghod| lv wrr vpdoo/ wkh fkdrwlf g|qdplfdo v|vwhp kdv qrw |hw h{soruhg

hqrxjk ri lwv skdvh vsdfh wr surgxfh qhz lqirupdwlrq derxw wkdw skdvh vsdfh1 Iudvhu

dqg Vzlqqh| +4<;9, pdnh xvh ri wkh vr0fdoohg dyhudjh pxwxdo lqirupdwlrq ixqfwlrq

zkhq wkh| ghwhuplqh wkh surshu uhfrqvwuxfwlrq ghod|1 Wkh dyhudjh pxwxdo lqirupd0

wlrq ixqfwlrq fdq eh frqvlghuhg dv d jhqhudol}dwlrq ri wkh dxwrfruuhodwlrq ixqfwlrq

zkhuh wkh odwwhu surylghv d phdvxuh ri wkh olqhdu ghshqghqfh/ rq wkh dyhudjh ryhu doo

revhuydwlrqv/ ehwzhhq phdvxuhphqwv dw d fhuwdlq odj1 Vshfl�fdoo|/ wkh dyhudjh px0

wxdo lqirupdwlrq ixqfwlrq jlyhv wkh dyhudjh dprxqw ri lqirupdwlrq derxw %|na jlyhq

%|1 Iudvhu dqg Vzlqqh| +4<;9, vxjjhvw wkdw zkhq wkh �uvw plqlpxp ri wkh dyhudjh

pxwxdo lqirupdwlrq ixqfwlrq rffxuv/ wkh surshu uhfrqvwuxfwlrq ghod| lv ghwhuplqhg1

5151 Hujrglf txdqwlwlhv

Wkh vhfrqg vwhs lq uhvroylqj wkh txhvwlrq ri zkhwkhu wkh revhuyhg g|qdplfv duh

fkdrwlf ru qrw/ lv wdnhq e| hvwlpdwlrq ri uhohydqw vwdwlvwlfdo surshuwlhv ri wkh wlph

hyroxwlrq/ l1h1 vr0fdoohg hujrglf txdqwlwlhv1 D edvlf yluwxh ri wkh hujrglf wkhru| ri

g|qdplfdo v|vwhpv lv wkdw lw doorzv rqh wr frqvlghu rqo| wkh dv|pswrwlf surshuwlhv
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ri d g|qdplfdo v|vwhp dqg wkxv qhjohfw wkh wudqvlhqwv19 Wkh irfxv/ krzhyhu/ lv rq

lqyduldqw suredelolw| phdvxuhv udwkhu wkdq rq dwwudfwruv/ zklfk lv wkh fdvh zlwklq

wkh jhrphwulf dssurdfk wr g|qdplfdo v|vwhpv1

Zlwk uhihuhqfh wr wkh g|qdplfdo v|vwhp lq ht1 +514, dqg wkh dvvrfldwhg re0

vhuyhu ixqfwlrq lq ht1 +515,/ ohwwlqj � 9' f/ l1h1 revhuydwlrqdo qrlvh lv suhvhqw/ dq

h{shulphqwdo wlph dyhudjh ri wkh revhuyhg wlph vhulhv pd| h{lvw=

*�4
|�<"

�

|�

] |�

f
�ErE|��_|� +51:,

Wklv wlph dyhudjh lq ht1 +51:, surgxfhv dq lqyduldqw suredelolw| phdvxuh 4 rq wkh

dwwudfwru � � � zklfk ghvfulehv krz iuhtxhqwo| ydulrxv sduwv ri � duh ylvlwhg e|

wkh wudmhfwru|/ l1h1 wkh wlph dyhudjh ri wkh revhuydeoh �ErE|�� lv htxdo wr lwv vsdfh

dyhudjh 4E�Er��1 Wkh suredelolw| phdvxuh 4 lv lqyduldqw xqghu wkh wlph hyroxwlrq li

4E) � s |� ' 4E)� iru hyhu| frqwlqxrxv ixqfwlrq )1

Dq lqyduldqw suredelolw| phdvxuh 4 lv hujrglf li lw grhv qrw kdyh d qrq0wulyldo

frqyh{ ghfrpsrvlwlrq/ l1h1 4 ' S4� n E� � S�42 zkhuh S 5 Efc ��/ 4� dqg 42 duh

djdlq lqyduldqw suredelolw| phdvxuhv/ dqg 4� 9' 421 Ehfdxvh/ lq jhqhudo/ dq lqyduldqw

suredelolw| phdvxuh 4 fdq eh xqltxho| uhsuhvhqwhg dv d vxshusrvlwlrq ri hujrglf

phdvxuhv/ lw lv qdwxudo wr dvvxph 4 wr eh hujrglf1 Li vr/ wkh hujrglf wkhruhp dvvhuwv

wkdw

4E)� �
]
)Er�4E_r� ' *�4

|�<"

�

|�

] |�

f
)ErE|��_|

iru hyhu| frqwlqxrxv ixqfwlrq ) dqg iru doprvw doo lqlwldo frqglwlrqv rEf� zlwk uh0

vshfw wr wkdw phdvxuh 41 Wklv phdqv wkdw lw pdnhv vhqvh wr glvfxvv wkh lqyduldqw

vwdwlvwlfdo surshuwlhv ri wkh wlph hyroxwlrq/ l1h1 hujrglf txdqwlwlhv/ olnh wkh O|dsxqry

h{srqhqwv/ wkh Nroprjrury +4<8;,0Vlqd�� +4<8<, hqwurs| dqg ydulrxv gh�qlwlrqv ri

wkh glphqvlrq ri dq dwwudfwru1

Lq jhqhudo/ krzhyhu/ lw lv h{fhswlrqdo wkdw dq dwwudfwru fduulhv rqo| rqh hujrglf

9Lqwurgxfwlrqv wr wkh hujrglf wkhru| ri g|qdplfdo v|vwhpv duh irxqg lq Hfnpdqq dqg Uxhooh
+4<;8, dqg Uxhooh +4<;<,1
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phdvxuh1 Iru h{dpsoh/ d vr0fdoohg vwudqjh dwwudfwru/ l1h1 d fkdrwlf dwwudfwru/ w|s0

lfdoo| fduulhv xqfrxqwdeo| pdq| glvwlqfw hujrglf phdvxuhv1 Qrupdoo|/ zkhq revhu0

ydwlrqdo qrlvh lv suhvhqw lq wkh revhuyhg wlph vhulhv/ wkhuh lv rqo| rqh vwdwlrqdu|

phdvxuh 4�1: Lw pd| eh wkh fdvh wkdw wklv vr0fdoohg sk|vlfdo phdvxuh whqgv wr d

vshfl�f hujrglf phdvxuh zkhq � $ f1 Khuhdiwhu/ krzhyhu/ lw lv dvvxphg wkdw dq|

lqyduldqw suredelolw| phdvxuh fduulhg e| dq dwwudfwru lv hujrglf1

Wkh O|dsxqry h{srqhqwv iru wkh g|qdplfdo v|vwhp lq ht1 +514, zlwk uhvshfw wr

wkh phdvxuh 4 phdvxuh wkh dyhudjh h{srqhqwldo glyhujhqfh ru frqyhujhqfh ri qhdue|

exw qrw htxdo lqlwldo frqglwlrqv1 Ehfdxvh wkh g|qdplfdo v|vwhp lv gh�qhg rq dq

?0glphqvlrqdo pdqlirog/ wkhuh duh ? O|dsxqry h{srqhqwv udqnhg iurp wkh odujhvw

wr wkh vpdoohvw1 D srvlwlyh O|dsxqry h{srqhqw phdvxuhv wkh dyhudjh h{srqhqwldo

glyhujhqfh ri qhdue| lqlwldo frqglwlrqv zkhuhdv d qhjdwlyh h{srqhqw phdvxuhv wkh

dyhudjh h{srqhqwldo frqyhujhqfh1 Wkxv/ li zh uhihu wr wkh surshuw| ri �vhqvlwlyh

ghshqghqfh rq lqlwldo frqglwlrqv�/ d srvlwlyh O|dsxqry h{srqhqw lv suhvhqw zkhq

wkh g|qdplfv duh fkdrwlf1

Wkh Nroprjrury +4<8;,0Vlqd�� +4<8<, hqwurs| ri wkh phdvxuh 4 xvhv wkh idfw wkdw

g|qdplfdo v|vwhpv surgxfh lqirupdwlrq dqg phdvxuhv wkh dyhudjh udwh dw zklfk wklv

lqirupdwlrq lv surgxfhg1 Lq wkh ghwhuplqlvwlf fdvh/ wklv phdqv wkdw wkh hqwurs| ri d

qrq0fkdrwlf g|qdplfdo v|vwhp surgxflqj wkh phdvxuh 4 lv }hur ehfdxvh rq dyhudjh/

rqo| fkdrwlf g|qdplfdo v|vwhpv surgxfh qhz lqirupdwlrq derxw wkh dwwudfwru jhq0

hudwhg e| wkh v|vwhp1 Lq Shvlq +4<::,/ lw lv vwdwhg dqg suryhq wkdw wkh Nroprjrury

+4<8;,0Vlqd�� +4<8<, hqwurs| ri d g|qdplfdo v|vwhp lv htxdo wr wkh vxp ri wkh srvlwlyh

O|dsxqry h{srqhqwv zkhqhyhu d sk|vlfdo phdvxuh 4 lv suhvhqw1

Dv phqwlrqhg deryh/ wkhuh duh d qxpehu ri gh�qlwlrqv ri wkh glphqvlrq ri dq

dwwudfwru +Iduphu hw do1/ 4<;6,1 Wkh glphqvlrq (� ri d vhw/ h1j1 dq dwwudfwru/ lv

wkh dprxqw ri lqirupdwlrq qhhghg wr vshfli| lwv srlqwv dffxudwho|/ dqg lv uhodwhg

wr krz k|shu0yroxphv � vfdoh dv d ixqfwlrq ri d ohqjwk sdudphwhu ,/ l1h1 � 2 ,(�1

:Fkdq dqg Wrqj +4<<7, suryh wkdw/ xqghu dssursuldwh frqglwlrqv/ dq hpehgghg ghwhuplqlvwlf
g|qdplfdo v|vwhp zklfk dgplwv dq dwwudfwru fdq jlyh ulvh wr dq hujrglf vwrfkdvwlf v|vwhp1 Wklv
revhuydwlrq mxvwl�hv wkh vwrfkdvwlf vhwxs lq ht1 +515,1
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Iru h{dpsoh/ duhdv ydu| zlwk wkh vtxduh ri wkh ohqjwk ri wkh vlgh dqg yroxphv ydu|

zlwk wkh fxeh1 Iru iudfwdo vhwv wkh glphqvlrq w|slfdoo| wdnhv d qrq0lqwhjhu ydoxh1

Wkh glphqvlrq ri d g|qdplfdo v|vwhp lv lpsruwdqw ehfdxvh lw uhyhdov wkh qxpehu ri

yduldeohv wkdw duh vx!flhqw wr plplf wkh v|vwhpv ehkdylru1

515141 O|dsxqry h{srqhqwv

Gh�qlwlrq Vshfl�fdoo|/ ohw rEf� dqg rEf�� eh wzr lqlwldo frqglwlrqv wkdw duh forvh

wr hdfk rwkhu/ l1h1 nrEf�� rEf��n 	 0 zkhuh n�n lv dq| qrup dqg 0 : f lv vpdoo1

Dvvxph iru vlpsolflw| wkdw wkh wlph hyroxwlrq lv glvfuhwh1 Diwhu wlph � /

rE��� rE��� ' s�ErEf��� s�ErEf���

� (s� ErEf��ErEf�� rEf���

' (sErE� � ����(sErE� � 2��� ����(sErEf��ErEf�� rEf���c

zkhuh (s lv wkh Mdfreldq pdwul{1 Pruhryhu/

nrE��� rE���n2 ' ErEf�� rEf���A E(s�Er��A(s�Er�ErEf�� rEf���

' ���E(s�Er��A(s�Er����

Wkh pxowlsolfdwlyh hujrglf wkhruhp e| Rvhohghf +4<9;, vwdwhv wkdw li zh irup wkh

vr0fdoohg Rvhohghf pdwul{

�7uErc�� ' EE(s�Er��A(s� Er��
�

2� c

wkhq wkh olplw *�4�<"�7uErc��/ h{lvwv dqg lv lqghshqghqw iru 40doprvw doo r lq wkh

edvlq ri dwwudfwlrq ri wkh dwwudfwru wr zklfk wkh wudmhfwru| gh�qhg e| wkh g|qdplfdo

v|vwhp ehorqjv1 Wkh orjdulwkp ri wkh hljhqydoxhv ri *�4�<"�7uErc��/ zklfk lv dq

ruwkrjrqdo pdwul{/ duh ghqrwhg e| b� � b2 � ��� � b? dqg duh wkh joredo O|dsxqry

h{srqhqwv iru wkh g|qdplfdo v|vwhp zlwk uhvshfw wr wkh hujrglf phdvxuh 41

Wkh joredo O|dsxqry h{srqhqwv jlyh d phdvxuh ri wkh dyhudjh jurzwk ru ghfd|
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ri lq�qlwhvlpdo shuwxuedwlrqv wr d wudmhfwru| ryhu d orqj wlph1 Forvho| uhodwhg wr wkh

joredo O|dsxqry h{srqhqwv/ khuhdiwhu fdoohg wkh O|dsxqry h{srqhqwv/ duh wkh orfdo

ru �qlwh wlph O|dsxqry h{srqhqwv +Deduedqho hw do1/ 4<<4,1 Wkh orfdo O|dsxqry

h{srqhqwv b�Erc�� phdvxuh krz udslgo| lq�qlwhvlpdo shuwxuedwlrqv wr d wudmhfwru|

dw vwdwh r jurz ru vkulqn lq � wlph vwhsv dzd| iurp wkh wlph ri wkh shuwxuedwlrq1

Riwhq/ wkhvh h{srqhqwv ydu| vljql�fdqwo| zlwk wkh vwdwh r rq wkh dwwudfwru/ hvshfldoo|

zkhq � lv vpdoo/ zklfk phdqv wkdw wkh yduldwlrq ri suhglfwdelolw| ryhu wkh dwwudfwru

pd| eh odujh1 Ri frxuvh/ *�4�<" b�Erc�� ' b�1

Li wkh odujhvw O|dsxqry h{srqhqw lv srvlwlyh/ l1h1 b� : f/ wkh v|vwhp lv fkdrwlf

dqg kdv wkh diruhphqwlrqhg surshuw| ri �vhqvlwlyh ghshqghqfh rq lqlwldo frqglwlrqv�1

Li wkh v|vwhp lv glvvlsdwlyh wkhq wkh vxp ri wkh O|dsxqry h{srqhqwv lv qhjdwlyh/ l1h1
S?

�'� b� 	 f/ dqg wkh vroxwlrq sdwkv uhpdlq zlwklq d erxqghg vhw1

Hvwlpdwlrq Vlqfh wkh vhplqdo sdshu e| Wdnhqv +4<;4,/ h{whqvlyh uhvhdufk kdv

ehhq fduulhg rxw wr ghyhors phwkrgv iru hvwlpdwlqj wkh O|dsxqry h{srqhqwv iurp

dq revhuyhg vfdodu wlph vhulhv1 Wkh �uvw phwkrg zdv suhvhqwhg e| Zroi hw do1 +4<;8,

dqg wkhuhdiwhu vhyhudo phwkrgv kdyh ehhq sursrvhg1; Wkhvh phwkrgv hlwkhu hvwlpdwh

wkh odujhvw O|dsxqry h{srqhqw/ wkh qrq0qhjdwlyh sruwlrq ri wkh O|dsxqry h{srqhqw

vshfwuxp ru wkh hqwluh O|dsxqry h{srqhqw vshfwuxp1

Prvw phwkrgv duh vr0fdoohg Mdfreldq phwkrgv1 Uhfdoo wkdw li wkh ghod| uhfrq0

vwuxfwlrq pds x lq ht1 +518, lv dq hpehgglqj/ wkhq wkh ixqfwlrq } lq ht1 +519,

lv lqgxfhg rq wkh uhfrqvwuxfwhg skdvh vsdfh1 Vlqfh wkh O|dsxqry h{srqhqwv duh

frpsxwhg iurp (s� / lw lv lpsruwdqw wr hvwlpdwh (}� 1 Wr vlpsoli| wkh h{srvlwlrq/

dvvxph wkdw wkh uhfrqvwuxfwlrq ghod| lv htxdo wr rqh dqg wkdw wkh uhfrqvwuxfwlrq lv

suhglfwlyh lq wkh vhqvh wkdw qr gdwd srlqwv duh wdnhq iurp wkh ixwxuh/ l1h1 a ' � dqg

;H{dpsohv duh Deduedqho hw do1 +4<<5,/ Eduqd dqg Wvxgd +4<<6,/ Euljjv +4<<3,/ Eurzq hw

do1 +4<<4,/ Ghfkhuw dqg Jhqêd| +4<<5,/ Hfnpdqq hw do1 +4<;9,/ Hooqhu hw do1 +4<<4,/ Jhqêd|
dqg Ghfkhuw +4<<5,/ Nxuwkv dqg Khu}ho +4<;:,/ PfFd�uh| hw do1 +4<<5,/ Q|fknd hw do1 +4<<5,/
Urvhqvwhlq hw do1 +4<<6,/ Vdqr dqg Vdzdgd +4<;8,/ Vwrrs dqg Sdulvl +4<<4, dqg ]hqj hw do1 +4<<4,1
]hqj hw do1 +4<<5, lv d uhylhz wkdw frpsduhv ydulrxv phwkrgv iru wkh hvwlpdwlrq ri wkh O|dsxqry
h{srqhqwv iurp dq revhuyhg vfdodu wlph vhulhv1
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6s ' f lq ht1 +517,1 Wklv phdqv wkdw wkh ixqfwlrq } pd| eh zulwwhq dv
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c

wkh O|dsxqry h{srqhqwv fdq eh hvwlpdwhg e| hvwlpdwlqj wkh Mdfreldq pdwul{hv dorqj

wkh uhfrqvwuxfwhg wudmhfwru|1 Iru h{dpsoh/ Ghfkhuw dqg Jhqêd| +4<<5, dqg Jhqêd|

dqg Ghfkhuw +4<<5, frqvlvwhqwo| hvwlpdwh wkh hqwluh O|dsxqry h{srqhqw vshfwuxp

zkhuhdv PfFd�uh| hw do1 +4<<5, dqg Q|fknd hw do1 +4<<5, frqvlvwhqwo| hvwlpdwh wkh

odujhvw O|dsxqry h{srqhqw1

Wkhuh lv/ krzhyhu/ d sureohp zlwk wkh Mdfreldq phwkrg zkhq hvwlpdwlqj wkh

hqwluh O|dsxqry h{srqhqw vshfwuxp1 Wklv lv ehfdxvh wkh phwkrg lv dssolhg wr wkh

ixoo 60glphqvlrqdo uhfrqvwuxfwhg skdvh vsdfh dqg qrw mxvw wr wkh ?0glphqvlrqdo

pdqlirog zklfk lv wkh lpdjh ri wkh ghod| uhfrqvwuxfwlrq pds x lq ht1 +518,1 Dv d

frqvhtxhqfh/ 6 O|dsxqry h{srqhqwv duh hvwlpdwhg zkhuhxsrq ? duh wuxh O|dsxqry

h{srqhqwv dqg 6� ? duh vr0fdoohg vsxulrxv O|dsxqry h{srqhqwv1 Hyhq zruvh/ vsx0

ulrxv O|dsxqry h{srqhqwv wkdw duh odujhu wkdq wkh odujhvw wuxh O|dsxqry h{srqhqw

pd| eh rewdlqhg +Ghfkhuw dqg Jhqêd|/ 4<<9,1 Wkh wuxh O|dsxqry h{srqhqwv fdq/
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krzhyhu/ eh lghqwl�hg ehfdxvh wkh| fkdqjh wkhlu vljqv xsrq wlph uhyhuvdo zkhuhdv

wkh vsxulrxv O|dsxqry h{srqhqwv gr qrw +Sduolw}/ 4<<5,1 Lw jrhv zlwkrxw vd|lqj wkdw

wkh phwkrg grhv qrw zrun zkhq wkh g|qdplfv idlo wr eh rqh0wr0rqh1

D vlpsoh qrq0Mdfreldq phwkrg wkdw hvwlpdwhv rqo| wkh odujhvw O|dsxqry h{0

srqhqw zdv sursrvhg e| Urvhqvwhlq hw do1 +4<<6,1 Wklv phwkrg/ zklfk lv edvhg

rq suhylrxv zrun e| Hfnpdqq hw do1 +4<;9, dqg Vdqr dqg Vdzdgd +4<;8,/ lv xwl0

ol}hg lq Sdshuv ^l`0^lll` dqg lv dv iroorzv= Jlyhq d uhfrqvwuxfwlrq ri wkh dwwudfwru/ l1h1

d uhfrqvwuxfwhg skdvh vsdfh/ vhdufk iru wkh qhduhvw qhljkeru ri hdfk vwdwh rq wkh

wudmhfwru|=

_|Ef� ' 4�?
%|�
3

�'%|
3

����%|
3
� %|�

3

���� c

zkhuh _|Ef�/ %|
3

dqg %|�
3

duh wkh glvwdqfhv ehwzhhq wkh |wk vwdwh dqg lwv qhduhvw

qhljkeru/ wkh uhihuhqfh vwdwh dqg wkh qhduhvw qhljkeru/ uhvshfwlyho|1 Wkh |wk sdlu

ri qhduhvw qhljkeruv wkhq glyhujh dw d udwh dssur{lpdwhg e| wkh odujhvw O|dsxqry

h{srqhqw=

_|E�� � _|Ef� i TEb���c +51;,

zkhuh � lv wkh qxpehu ri vwhsv iroorzlqj wkh qhduhvw qhljkeruv1 Wdnlqj wkh orjdulwkp

ri erwk vlghv ri ht1 +51;, jlyhv

*L} _|E�� � *L} _|Ef� n b��c

zklfk uhsuhvhqwv d vhw ri dssur{lpdwho| sdudooho olqhv hdfk zlwk d vorsh dssur{l0

pdwho| sursruwlrqdo wr b�1 Wkh odujhvw O|dsxqry h{srqhqw lv wkhq hvwlpdwhg xvlqj

d ohdvw0vtxduhv �w zlwk d frqvwdqw wr wkh dyhudjh olqh gh�qhg e| k*L} _|E��l zkhuh k�l
ghqrwhv wkh dyhudjh ryhu doo ydoxhv ri |1

5161 Whvwlqj iru fkdrwlf g|qdplfv lq revhuyhg wlph vhulhv

Wkh wklug dqg �qdo vwhs lq uhvroylqj wkh txhvwlrq ri zkhwkhu wkh revhuyhg g|qdplfv

duh fkdrwlf ru qrw/ lv wdnhq e| dsso|lqj vwdwlvwlfdo lqihuhqfh wr wkh odujhvw O|dsxqry
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h{srqhqw1 Iru h{dpsoh/ revhuydwlrqdo qrlvh pd| eh suhvhqw lq wkh revhuyhg wlph

vhulhv/ l1h1 � 9' f lq ht1 +515,1 Pruhryhu/ wkh wlph vhulhv pd| frqwdlq g|qdplf

qrlvh/ l1h1 wkh xqnqrzq v|vwhp pd| eh d vwrfkdvwlf g|qdplfdo v|vwhp1 Wkhuhiruh/ d

glvwulexwlrqdo wkhru| zklfk surylghv d iudphzrun iru vwdwlvwlfdo lqihuhqfh lv qhhghg1

Uhfhqwo|/ Edloh| +4<<9, dqg Zkdqj dqg Olqwrq +4<<:, kdyh ghulyhg dqdo|wlfdoo|

wkh dv|pswrwlf glvwulexwlrqv ri hvwlpdwruv ri wkh O|dsxqry h{srqhqwv iru vwrfkdvwlf

wlph vhulhv1 Edloh| +4<<9, ghdov zlwk orfdo O|dsxqry h{srqhqwv zkhuhdv Zkdqj dqg

Olqwrq +4<<:, ghdo zlwk joredo h{srqhqwv1

516141 Vwdwlvwlfdo iudphzrun

Wkh vwdwlvwlfdo iudphzrun sursrvhg lq Sdshu ^ll` lv edvhg rq d suhylrxv zrun e|

Jhqêd| +4<<9d,/ dqg xwlol}hv d prylqj eorfnv errwvwuds surfhgxuh wr whvw iru wkh

suhvhqfh ri d srvlwlyh O|dsxqry h{srqhqw lq dq revhuyhg vwrfkdvwlf wlph vhulhv1<

Rqh zhdnqhvv zlwk wkh sursrvhg iudphzrun lv wkdw wkh g|qdplfv duh qrq0fkdrwlf

xqghu wkh qxoo k|srwkhvlv1

Wkh pdlq lghd zlwk errwvwudsslqj lv wr xvh wkh dydlodeoh revhuydwlrqv wr ghvljq

d vruw ri Prqwh Fduor h{shulphqw lq zklfk wkh revhuydwlrqv wkhpvhoyhv duh xvhg wr

dssur{lpdwh wkh glvwulexwlrq ri wkh huuru whupv ru rwkhu udqgrp txdqwlwlhv +Hiurq/

4<:<,1 Nÿqvfk +4<;<, dqg Olx dqg Vlqjk +4<<5, h{whqghg wkh lghd ri errwvwudsslqj

wr wkh fdvh zkhuh wkh revhuydwlrqv irup d vwdwlrqdu| vhtxhqfh143

Vshfl�fdoo|/ frqvlghu d vhtxhqfh if�c ���cf�j ri zhdno| ghshqghqw vwdwlrqdu|

udqgrp yduldeohv1 Dffruglqj wr Nÿqvfk +4<;<, dqg Olx dqg Vlqjk +4<<5,/ wkh glv0

wulexwlrq ri fhuwdlq hvwlpdwruv fdq eh frqvlvwhqwo| frqvwuxfwhg e| eorfnzlvh errw0

vwuds144 Wkhuhiruh/ ohw �| ghqrwh d prylqj eorfn ri K frqvhfxwlyh revhuydwlrqv/ l1h1

�| ' if|c ���c f|nK3�j1 Li & vdwlvi| K& � � / wkhq uhvdpsoh zlwk uhsodfhphqw/ &

eorfnv iurp wkh vhtxhqfh i��c ���c ��3Kn�j1 Ghqrwh wkh uhvxowlqj vdpsohg eorfnv e|

<Vhh dovr Odl dqg Fkhq +4<<8, iru d uhodwhg sdshu wkdw zdv vkrzq wr ph e| Ghmldq Odl diwhu
Sdshu ^ll` zdv sxeolvkhg lq Sk|vlfd G1

43Vhh Vmùvwhgw +4<<:, iru d uhylhz ri ydulrxv uhvdpsolqj whfkqltxhv iru erwk vwdwlrqdu| dqg
qrq0vwdwlrqdu| vhtxhqfhv ri udqgrp yduldeohv1

44Urxjko| vshdnlqj/ zlwk �fhuwdlq� hvwlpdwruv rqh w|slfdoo| uhihu wr vprrwk ixqfwlrqv ri phdqv1
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1�c ���c 1& dqg frqfdwhqdwh wkhvh eorfnv lqwr rqh yhfwru i1�c ���c 1&j zklfk frqvwlwxwhv

wkh errwvwuds vdpsoh1

Ohw w eh wkh xqnqrzq sdudphwhu ri lqwhuhvw/ h1j1 wkh odujhvw O|dsxqry h{srqhqw/

	w lwv frqvlghuhg hvwlpdwru dqg �w wkh vwdwlvwlf frpsxwhg iurp wkh errwvwuds vdpsoh1

E| rewdlqlqj d odujh qxpehu ri errwvwuds ydoxhv
s
�E�w � 	w�/ rqh fdq hvwlpdwh wkh

glvwulexwlrq ri
s
�E	w � w�1 Pruh suhflvho|/ wkh errwvwuds ydoxhv irup dq hpslulfdo

glvwulexwlrq zklfk fdq eh xwlol}hg lq vwdwlvwlfdo k|srwkhvlv whvwlqj1

Wkh lghd ehklqg wkh whvw vfkhphv ehorz lv vlpso| wr ohw wkh vwdwhv rq wkh uhfrq0

vwuxfwhg wudmhfwru| wr eh wkh prylqj eorfnv1

Whvw vfkhphv Wkh qxoo k|srwkhvlv Mf dqg wkh dowhuqdwlyh k|srwkhvlv M� duh iru0

pxodwhg dv

Mf G b
4@ ' f �r� M� G b

4@ : fc

zkhuh b4@ lv wkh xqnqrzq sdudphwhu/ l1h1 wkh odujhvw O|dsxqry h{srqhqw1 Xqghu

wkh qxoo k|srwkhvlv/ wkh g|qdplfv duh qrq0fkdrwlf1

Wzr whvw vfkhphv duh suhvhqwhg> rqh lv jhqhudo dqg wkh rwkhu lv vlpsol�hg1 Wkh

jhqhudo whvw vfkhph doorzv d uhfrqvwuxfwlrq ghod| wkdw lv gl�huhqw iurp rqh/ l1h1

a 9' � lq ht1 +517,/ zkhuhdv wkh vlpsol�hg whvw vfkhph uhvwulfwv wkh uhfrqvwuxfwlrq

ghod| wr rqh/ l1h1 a ' � lq ht1 +517,1 Wkh odwwhu whvw vfkhph lv suhvhqwhg ehfdxvh

lq sudfwlfh/ prvw uhfrqvwuxfwlrqv ri wkh g|qdplfv xvh d uhfrqvwuxfwlrq ghod| wkdw lv

htxdo wr rqh1

Wkh jhqhudo whvw vfkhph frqvlvwv ri wkh iroorzlqj vwhsv=

+l, Hvwlpdwh wkh surshu uhfrqvwuxfwlrq ghod| 	aR1

+ll, Uhfrqvwuxfw wkh dwwudfwru iurp wkh revhuyhg vfdodu�0srlqw wlph vhulhv zkhuh

6 ' 6� dqg a ' 	aR/ dqg hvwlpdwh wkh odujhvw O|dsxqry h{srqhqw 	b�1 Wkh hpehg0

glqj glphqvlrq6� vkrxog vdwlvi| Wdnhqv* +4<;4, hpehgglqj fulwhulrq/ l1h1 6� : 2(�

zkhuh (� lv wkh glphqvlrq ri wkh dwwudfwru1

+lll, Uhfrqvwuxfw wkh dwwudfwru iurp wkh revhuyhg vfdodu�0srlqw wlph vhulhv zkhuh

6 ' K dqg a ' �1 Wkh vhohfwhg eorfn vl}h vdwlv�hv K ' E6� � �� 	aR n � dqg vkrxog
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dovr vdwlvi| Wdnhqv* +4<;4, hpehgglqj fulwhulrq/ l1h1 K : E2(� � �� 	aR n �1 Ghqrwh

wkh vwdwhv rq wkh uhfrqvwuxfwhg wudmhfwru|/ l1h1 wkh ghod| yhfwruv/ e| A�c ���c A� zkhuh

wkh qxpehu ri vwdwhv duh �|r ' � � Kn �1

+ly, Uhvdpsoh zlwk uhsodfhphqw/ & eorfnv iurp wkh vhtxhqfh iA�c ���c A�j zkhuh

& ' � 4L_ K1 Ghqrwh wkh uhvxowlqj vdpsohg eorfnv e| 1�c ���c 1&1

+y, Xwlol}h wkh surmhfwlrq � E1|� ' i%|c %|n 	aR
c ���c %|nE6�3�� 	aR

jzkhuh � G +E6�3�� 	aRn� $
+

6�

1 Wkh vhtxhqfh i� E1��c ���c � E1&�j frqvwlwxwhv wkh errwvwuds vdpsoh1

+yl, Hvwlpdwh wkh errwvwuds ydoxh ri wkh odujhvw O|dsxqry h{srqhqw �b� iurp wkh

errwvwuds vdpsoh dqg fdofxodwh �b� � 	b�1

+yll, Uhshdw vwhsv +ly,0+yl, d odujh qxpehu ri wlphv lq rughu wr frqvwuxfw dq

hpslulfdo glvwulexwlrq iru �b� � 	b�1

+ylll, Frqvwuxfw d rqh0vlghg frq�ghqfh lqwhuydo/ h1j1 d bDI frq�ghqfh lqwhuydo/

e| fdofxodwlqj wkh fulwlfdo ydoxh dv 	b� � ^EbDI�/ iroorzlqj iurp .^i�hiE	b� � b�� �
^EbDI�jj ' f�bD/ zkhuh ^EbDI� lv wkh txdqwloh iru wkh glvwulexwlrq lq vwhs +yll,1

+l{, Li 	b� � ^EbDI� : f/ wkhq wkh qxoo k|srwkhvlv lv uhmhfwhg1

Wkh vlpsol�hg whvw vfkhph frqvlvwv ri wkh iroorzlqj vwhsv=

+l, Uhfrqvwuxfw wkh dwwudfwru iurp wkh revhuyhg vfdodu �0srlqw wlph vhulhv zkhuh

6 ' K dqg a ' �/ dqg hvwlpdwh wkh odujhvw O|dsxqry h{srqhqw 	b�1 Wkh hpehgglqj

glphqvlrq K/ l1h1 wkh vhohfwhg eorfn vl}h/ vkrxog vdwlvi| Wdnhqv* +4<;4, hpehgglqj

fulwhulrq/ l1h1 K : 2(� zkhuh (� lv wkh glphqvlrq ri wkh dwwudfwru1 Ghqrwh wkh

vwdwhv rq wkh uhfrqvwuxfwhg wudmhfwru|/ l1h1 wkh ghod| yhfwruv/ e| A�c ���c A� zkhuh

wkh qxpehu ri vwdwhv duh �|r ' � � Kn �1

+ll, Uhvdpsoh zlwk uhsodfhphqw/ & eorfnv iurp wkh vhtxhqfh iA�c ���c A�j zkhuh

& ' � 4L_ K1 Ghqrwh wkh uhvxowlqj vdpsohg eorfnv e| 1�c ���c 1&1 Wkh vhtxhqfh

i1�c ���c 1&j frqvwlwxwhv wkh errwvwuds vdpsoh1

+lll, Hvwlpdwh wkh errwvwuds ydoxh ri wkh odujhvw O|dsxqry h{srqhqw �b� iurp wkh

errwvwuds vdpsoh dqg fdofxodwh �b� � 	b�1

+ly, Uhshdw vwhsv +ll,0+lll, d odujh qxpehu ri wlphv lq rughu wr frqvwuxfw dq hp0

slulfdo glvwulexwlrq iru �b� � 	b�1



Lqwurgxfwlrq dqg Vxppdu| ri Sdshuv 4<

+y, Frqvwuxfw d rqh0vlghg frq�ghqfh lqwhuydo/ h1j1 d bDI frq�ghqfh lqwhuydo/

e| fdofxodwlqj wkh fulwlfdo ydoxh dv 	b� � ^EbDI�/ iroorzlqj iurp .^i�hiE	b� � b�� �
^EbDI�jj ' f�bD/ zkhuh ^EbDI� lv wkh txdqwloh iru wkh glvwulexwlrq lq vwhs +ly,1

+yl, Li 	b� � ^EbDI� : f/ wkhq wkh qxoo k|srwkhvlv lv uhmhfwhg1

Gl�huhqwldo htxdwlrqv ru glvfuhwh wlph pdsv dv wkh vrxufhv ri wkh revhuyhg

g|qdplfvB Wkh sursrvhg iudphzrun deryh fdq dovr eh xwlol}hg wr glvfulplqdwh

ehwzhhq gl�huhqwldo htxdwlrqv/ l1h1 d frqwlqxrxv g|qdplfdo v|vwhp/ dqg glvfuhwh

wlph pdsv/ l1h1 d glvfuhwh g|qdplfdo v|vwhp/ dv wkh vrxufhv ri revhuyhg g|qdplfv1

Li wkh g|qdplfv duh jhqhudwhg e| gl�huhqwldo htxdwlrqv/ l1h1 d  rz/ wkhq dw ohdvw

rqh ri wkh O|dsxqry h{srqhqwv lv htxdo wr }hur +Deduedqho/ 4<<9/ dqg Hfnpdqq

dqg Uxhooh/ 4<;8,1 Wkh uhdvrq lv wkdw li zh fkrrvh wr pdnh d shuwxuedwlrq wr d

wudmhfwru| lq wkh vdph gluhfwlrq dv wkh wudmhfwru| lv jrlqj wkhq wkdw shuwxuedwlrq

zloo vlpso| pryh xv dorqj wkh vdph wudmhfwru| rq zklfk zh vwduwhg1 Wkxv/ wkhuh lv

qr glyhujhqfh ehwzhhq wkh �qhz� wudmhfwru| dqg wkh �rog� wudmhfwru|/ l1h1 b� ' f

iru wkdw sduwlfxodu gluhfwlrq1 Lq wkh fdvh ri �qlwh wlph pdsv/ wkhuh duh qr  rz

gluhfwlrqv1 Wkxv/ li rqh ri wkh O|dsxqry h{srqhqwv lv }hur zh fdq eh frq�ghqw wkdw

zh kdyh d  rz1

Lq sduwlfxodu/ d wzr0vlghg whvw vwdwlvwlf fdq eh ghvljqhg lq wkh sursrvhg iudph0

zrun=

Mf G b ' f �r� M� G b 9' fc

zkhuh b lv wkh xqnqrzq sdudphwhu1 Xqghu wkh qxoo k|srwkhvlv/ wkh g|qdplfv duh

jhqhudwhg e| gl�huhqwldo htxdwlrqv1 Wkxv/ li wkh qxoo k|srwkhvlv lv uhmhfwhg iru hdfk

O|dsxqry h{srqhqw lq wkh hqwluh O|dsxqry h{srqhqw vshfwuxp/ wkhq wkh g|qdplfv

fdqqrw eh jhqhudwhg e| gl�huhqwldo htxdwlrqv1 Wklv lqirupdwlrq pd| eh xvhixo zkhq

prghoolqj wkh revhuyhg g|qdplfv1
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5171 Vkruw vxppdulhv ri Sdshuv ^l`0^lll`

517141 Sdshu ^l`

Wklv sdshu suhvhqwv hvwlpdwhv iru wkh odujhvw O|dsxqry h{srqhqwv iru vrph vhohfwhg

h{fkdqjh udwh vhulhv/ wkxv uhyhdolqj wkh orfdo vwdelolw| surshuwlhv ri wkh g|qdplfdo

v|vwhp jhqhudwlqj wkhvh h{fkdqjh udwh vhulhv1 Hvwlpdwhv ri wkh fruuhodwlrq glphq0

vlrq duh dovr jlyhq zklfk phdqv wkdw wkh qxpehu ri yduldeohv vx!flhqw wr plplf d

v|vwhp*v ehkdylru duh ghwhuplqhg1 Wkh fruuhodwlrq glphqvlrq/ ruljlqdoo| sursrvhg

e| Judvvehujhu dqg Surfdffld +4<;6,/ surylghv d phdvxuh ri wkh vsdwldo fruuhodwlrq

ri vwdwhv rq dq dwwudfwru jhqhudwhg e| d g|qdplfdo v|vwhp1 Wkh h{fkdqjh udwh vhulhv

wkdw zhuh h{dplqhg duh wkh Vzhglvk Nurqd yhuvxv Ghxwvfkh Pdun/ HFX/ X1V1 Groodu

dqg \hq h{fkdqjh udwhv1 Gdlo| gdwd iurp Mdqxdu|/ 4<;9 wr Dxjxvw/ 4<<8 zhuh xvhg1

Hdfk h{fkdqjh udwh vhulhv lqfoxghv 5 73< gdwd srlqwv zklfk/ lq wkh �hog ri hfrqrplfv/

uhsuhvhqw udwkhu orqj wlph vhulhv1

Wkh hvwlpdwhg ydoxhv ri wkh odujhvw O|dsxqry h{srqhqwv zhuh srvlwlyh lq doo

h{fkdqjh udwh vhulhv vxjjhvwlqj wkdw wkh ehkdylru ri wkhvh wlph vhulhv lv fkdrwlf1

Wkh fruuhodwlrq glphqvlrq hvwlpdwhv uhyhdohg d orz0glphqvlrqdo g|qdplfdo v|vwhp

lq wkh fdvh ri wkh Vzhglvk Nurqd0HFX dqg srvvleo| dovr lq wkh fdvh ri wkh Vzhglvk

Nurqd0X1V1 Groodu1 Lq wkh rwkhu h{fkdqjh udwh vhulhv/ wkh fruuhodwlrq glphqvlrq

hvwlpdwhv frqwlqxhg wr lqfuhdvh dv wkh hpehgglqj glphqvlrq zdv lqfuhdvhg1 Wkxv/

wkh dwwudfwru zdv qhyhu frpsohwho| xqiroghg lq wkh uhfrqvwuxfwhg skdvh vsdfh zklfk

lv dq lqglfdwlrq ri d kljk qrlvh wr vljqdo udwlr1

Rqh ri wkh vkruwfrplqjv ri wklv sdshu lv wkh devhqfh ri d glvwulexwlrqdo wkhru|

wkdw surylghv d iudphzrun iru vwdwlvwlfdo lqihuhqfh ri wkh hvwlpdwhv1

517151 Sdshu ^ll`

Wklv sdshu suhvhqwv d vwdwlvwlfdo iudphzrun edvhg rq d eorfnzlvh errwvwuds surfh0

gxuh wkdw whvwv iru wkh suhvhqfh ri d srvlwlyh O|dsxqry h{srqhqw lq dq revhuyhg

vwrfkdvwlf wlph vhulhv1 Ehfdxvh d srvlwlyh O|dsxqry h{srqhqw lv dq rshudwlrqdo gh0

�qlwlrq ri ghwhuplqlvwlf fkdrv li wkh g|qdplfdo v|vwhp jhqhudwlqj wkh wlph vhulhv lv
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glvvlsdwlyh/ wkh sursrvhg iudphzrun lv d whvw iru ghwhuplqlvwlf fkdrv1 Vshfl�fdoo|/

wkh qxoo k|srwkhvlv Mf dqg wkh dowhuqdwlyh k|srwkhvlv M� duh irupxodwhg dv

Mf G b
4@ ' f �r� M� G b

4@ : fc

zkhuh b4@ lv wkh xqnqrzq sdudphwhu/ l1h1 wkh odujhvw O|dsxqry h{srqhqw1 Dv fdq

eh vhhq/ wkh g|qdplfv duh qrq0fkdrwlf xqghu wkh qxoo k|srwkhvlv zklfk lv d zhdnqhvv

ri wklv iudphzrun1

Wkh sursrvhg iudphzrun zdv whvwhg rq wkh Kìqrq +4<:9, pds zklfk lv ghvfulehg

e| wkh iroorzlqj pds= ;A?
A=

%|n� ' +| n �� @%2|

+|n� ' K%|
� +51<,

Li @ ' ��e dqg K ' f�� lq ht1 +51<,/ wkhq wkh vhtxhqfh ri srlqwv rewdlqhg e| lwhudwlrq

ri wkh pdsslqj hlwkhu glyhujhv wr lq�qlw| ru whqgv wr d vwudqjh dwwudfwru1 Zkhq wkh

lqlwldo srlqw lv E%fc +f� ' Efc f�/ wkh vhtxhqfh ri srlqwv iE%fc +f�c E%�c +��c ���j whqg wr

d vwudqjh dwwudfwru1

Whvw vdpsohv zhuh frqvwuxfwhg e| wkh iroorzlqj �revhuyhu� pds=

;A?
A=

%J| ' %| n �0|

0| � �U(Efc ��
c

zkhuh � lv wkh qrlvh ohyho dqg 0| lv wkh phdvxuhphqw huuru1 Wkxv/ wkh �revhuyhg� wlph

vhulhv/ l1h1 wkh whvw vdpsohv/ zdv i%J�ff�c ���c %J�fffn�j zkhuh � ' 2ff dqg � ' �fff1

Wkh qrlvh ohyhov zhuh � ' f�fD dqg � ' f�2D/ eorfn vl}hv ri 5/ 7/ 9/ ; dqg 43 zhuh

xvhg lq hdfk whvw dqg 733 errwvwuds ydoxhv zhuh fdofxodwhg1 Wkh qxoo k|srwkhvlv zdv

uhmhfwhg lq doo fdvhv iru d vljql�fdqfh ohyho ri 313581 Wklv lv lq dffrugdqfh zlwk wkh

wuxh odujhvw O|dsxqry h{srqhqw/ zklfk lq wklv fdvh lv b|o�e� ' f�efH1
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517161 Sdshu ^lll`

Fdq qrplqdo h{fkdqjh udwhv eh fkdudfwhul}hg e| ghwhuplqlvwlf fkdrvB Lq rughu wr

dqvzhu wklv txhvwlrq/ wkh vwdwlvwlfdo iudphzrun sursrvhg lq Sdshu ^ll` zdv xvhg1

Wkh Vzhglvk Nurqd yhuvxv Ghxwvfkh Pdun/ HFX/ X1V1 Groodu dqg \hq h{fkdqjh

udwh vhulhv zhuh h{dplqhg xvlqj gdlo| gdwd iurp Pd| 4:/ 4<<4 wr Dxjxvw 64/ 4<<81

Ehfdxvh wkh Vzhglvk Nurqd zdv shjjhg djdlqvw wkh HFX ehwzhhq Pd| 4:/ 4<<4 dqg

Qryhpehu 4</ 4<<5/ wkh h{fkdqjh udwh vhulhv zhuh glylghg lqwr wzr sduwv zkhuh wkh

�uvw sduw lqfoxghv h{fkdqjh udwhv iurp Pd| 4:/ 4<<4 wr Qryhpehu 4</ 4<<5 dqg wkh

vhfrqg sduw lqfoxghv h{fkdqjh udwhv iurp Qryhpehu 53/ 4<<5 wr Dxjxvw 64/ 4<<81

Wklv zdv grqh wr vhsdudwh wkh g|qdplfv iurp wkh �{hg dqg  h{leoh h{fkdqjh udwh

shulrgv1

Lq prvw fdvhv/ wkh qxoo k|srwkhvlv wkdw wkh h{fkdqjh udwh vhulhv fdqqrw eh fkdu0

dfwhul}hg e| ghwhuplqlvwlf fkdrv zdv uhmhfwhg1 Wkhuhiruh/ rqh dqvzhu wr wkh txhvwlrq

srvhg pd| eh |hv1 Wklv frqfoxvlrq pxvw/ krzhyhu/ eh wuhdwhg zlwk fdxwlrq iru vhy0

hudo uhdvrqv1 Iluvw/ wkh uhvxowv lq wklv sdshu duh qrw lq dffrugdqfh zlwk wkh uhvxowv

lq Mrqvvrq +4<<:,/ zkr xvhg gdlo| gdwd iru wkh Vzhglvk Nurqd yhuvxv wkh X1V1 Gro0

odu iurp Qryhpehu 53/ 4<<5 wr Ghfhpehu 63/ 4<<71 Vlqfh Mrqvvrq +4<<:, xvhg d

phwkrg sursrvhg e| Q|fknd hw do1 +4<<5, wkdw |lhogv frqvlvwhqw hvwlpdwhv ri wkh

odujhvw O|dsxqry h{srqhqw/ rxu uhvxowv vxjjhvw wkdw wkh phwkrg ri hvwlpdwlrq sur0

srvhg e| Urvhqvwhlq hw do1 +4<<6, pd| eh xszdugo| eldvhg1 Wkh udwh ri frqyhujhqfh

iru Q|fknd*v hw do1 +4<<5, phwkrg lv qrw/ krzhyhu/ nqrzq dqg wkh vdpsoh vl}h xvhg lq

Mrqvvrq +4<<:, lv vpdoo1 Ixuwkhu lqyhvwljdwlrq ri wkhvh srwhqwldo vrxufhv ri gl�huhqfh

lv fohduo| zduudqwhg1

61 Whfkqlfdo dqdo|vlv lq wkh iruhljq h{fkdqjh pdunhw

Wkh delolw| wr suhglfw wkh iruhljq h{fkdqjh udwh lv lpsruwdqw1 Iru h{dpsoh/ d fxu0

uhqf| h{srvxuh zrxog olnh wr nqrz zkhwkhu d khgjh lv ghvludeoh ru qrw/ dqg d fxu0

uhqf| wudghu zrxog olnh wr nqrz zklfk srvlwlrqv zloo eh sur�wdeoh1 Wkh ghpdqg iru
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dffxudwh iruhfdvwv lv wkhuhiruh kljk1

Lq rughu wr suhglfw wkh ixwxuh h{fkdqjh udwh/ wkh iroorzlqj txhvwlrq lv uhohydqw=

zkdw idfwruv ghwhuplqh wkh fxuuhqw dqg wkxv wkh ixwxuh h{fkdqjh udwhB Ehfdxvh wkh

h{fkdqjh udwh lv dq lpsruwdqw sulfh lq wkh hfrqrp|/ pxfk uhvhdufk kdv ehhq fduulhg

rxw wr dqvzhu wklv txhvwlrq1 Wkh uhvxowv ri wkhvh h�ruwv kdyh ehhq glvfrxudjlqj1

Phhvh dqg Urjr� +4<;6,/ iru h{dpsoh/ ghprqvwudwhg wkdw wkh suhglfwlyh delolwlhv ri

ydulrxv h{fkdqjh udwh prghov zhuh yhu| orz1 Pruhryhu/ wr txrwh Iudqnho dqg Iurrw

+4<<3,= �111 wkh sursruwlrq ri h{fkdqjh udwh pryhphqwv wkdw fdq eh h{sodlqhg hyhq

diwhu wkh idfw/ xvlqj frqwhpsrudqhrxv pdfurhfrqrplf yduldeohv/ lv glvwxuelqjo| orz�1

Iudqnho dqg Iurrw +4<;9/ 4<<3,/ wkhuhiruh/ fdoohg iru d qhz wkhru| fdoohg hqgrjh0

qrxv vshfxodwlyh exeeohv1 Zlwklq wklv qhz uhvhdufk duhd/ wkh idfw wkdw ydulrxv djhqwv

lq �qdqfldo pdunhwv/ vxfk dv wkh iruhljq h{fkdqjh pdunhwv/ xvh whfkqlfdo dqdo|vlv

lq wkhlu wudgh lv wdnhq lqwr dffrxqw1 D ghjuhh ri luudwlrqdolw| lv wkxv lqwurgxfhg

lqwr wkh prghov1 Krzhyhu/ wr txrwh Vkohlihu dqg Vxpphuv +4<<3,= �Lw lv devroxwho|

qrw wuxh wkdw lqwurgxflqj d ghjuhh ri luudwlrqdolw| ri vrph lqyhvwruv lqwr prghov ri

�qdqfldo pdunhwv �holplqdwhv doo glvflsolqh dqg fdq h{sodlq dq|wklqj��1

6141 Whfkqlfdo dqdo|vlv

Whfkqlfdo dqdo|vlv dvvxphv wkdw wkhuh duh sdwwhuqv lq pdunhw sulfhv/ h1j1 lq h{fkdqjh

udwhv/ wkdw zloo uhfxu lq wkh ixwxuh dqg wkdw wkhvh sdwwhuqv fdq eh xvhg iru suhglfwlyh

sxusrvhv1 Wklv phdqv wkdw whfkqlfdo dqdo|vlv gluhfwo| frqwudglfwv wkh k|srwkhvlv ri

h!flhqw pdunhwv1 Lq rwkhu zrugv/ whfkqlfdo dqdo|vwv/ ru fkduwlvwv/ xvh wkh sdvw klvwru|

ri/ iru h{dpsoh/ wkh h{fkdqjh udwh wr ghwhfw sdwwhuqv zklfk wkh| h{wudsrodwh lqwr wkh

ixwxuh xwlol}lqj whfkqlfdo wudglqj uxohv1 Wkhvh wudglqj uxohv duh khxulvwlf iruhfdvwlqj

phwkrgv zklfk fkduwlvwv fodlp jlyh wkhp dq hgjh lq iruhfdvwlqj wkh pryhphqwv ri

pdunhw sulfhv/ h1j1 wkh pryhphqwv ri h{fkdqjh udwhv1

Sdshuv wkdw suhvhqw hylghqfh wkdw wkhuh lv suhglfwlyh srzhu frqwdlqhg lq vrph ri

wkh wudglqj uxohv xvhg e| fkduwlvwv duh Eurfn hw do1 +4<<5,/ Jhqêd| +4<<9e,/ OhEdurq

+4<<9,/ Ohylfk dqg Wkrpdv +4<<6,/ Vzhhqh| +4<;9, dqg Wd|oru +4<<5,1 Vshfl�fdoo|/
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lw dsshduv wkdw wkh suhglfwlyh delolw| lv juhdwhvw iru wkh iruhljq h{fkdqjh pdunhwv dqg/

ri lqwhuhvw iurp d sudfwlfdo srlqw ri ylhz/ wkdw wkh pdjqlwxgh ri wudglqj sur�wdelolw|

pdnhv xs iru wkh frvwv ri wudglqj lq wkhvh pdunhwv1 Lw wkxv vhhpv wkdwPlfkdho Mhqvhq/

wkh irxqglqj hglwru ri Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ zdv wrr kdvw| zkhq kh vwdwhg

wkdw �111 wkhuh lv qr rwkhu sursrvlwlrq lq hfrqrplfv zklfk kdv pruh vrolg hpslulfdo

hylghqfh vxssruwlqj lw wkdq wkh H!flhqw Pdunhw K|srwkhvlv� +Mhqvhq/ 4<:;,1

614141 Prylqj dyhudjhv

Rqh frpprq wudglqj uxoh xvhg e| fkduwlvwv lv wkh prylqj dyhudjh uxoh +Wd|oru dqg

Doohq/ 4<<5,1 Lq lwv vlpsohvw irup/ d ex| vljqdo lv jhqhudwhg zkhq wkh pdunhw sulfh

lv deryh d +orqj0shulrg, prylqj dyhudjh ri wkdw pdunhw sulfh=

r| :
�

?

?3�[
�'f

r|3�c +614,

zkhuh r lv wkh pdunhw sulfh dqg ? lv wkh qxpehu ri gd|v lq wkh prylqj dyhudjh1

Rwkhuzlvh/ d vhoo vljqdo lv jhqhudwhg145

Lq sudfwlfh/ ht1 +614, lv uhsodfhg e| pruh dgydqfhg wudglqj uxohv146 Iru h{dpsoh/

45D fdxwlrq= Li v lv wkh pdunhw sulfh ri wkh h{fkdqjh udwh/ zklfk fdq eh gh�qhg dv wkh dprxqw ri
grphvwlf fxuuhqf| rqh kdv wr sd| iru rqh xqlw ri iruhljq fxuuhqf|/ d ex| vljqdo lv jhqhudwhg zkhq
wkh pdunhw sulfh/ l1h1 wkh h{fkdqjh udwh/ lv ehorz d prylqj dyhudjh ri wkdw pdunhw sulfh1 Wklv lv
ehfdxvh d ulvlqj h{fkdqjh udwh lqglfdwhv wkdw wkh fxuuhqf| lv orvlqj ydoxh1

46Dvvxplqj wkdw wkh wlph hyroxwlrq lv frqwlqxrxv/ Sdshu ^ly` vkrzv wkdw dq h{srqhqwldo prylqj
dyhudjh ri wkh sdvw klvwru| ri pdunhw sulfhv=

PD+w, @

] w

�4

 +�,v+�,g�>

zkhuh ] w

�4

 +�,g� @

] w

�4

$ h{s+$+� � w,,g� @ 4>

zkhuh $ A 3/ lv htxdo wr

PD+w, @ v+w, .
4[
l@4

+�4,l
4

$l

glv+w,

gwl
=

Wkxv/ wklv h{srqhqwldo prylqj dyhudjh ri wkh sdvw klvwru| ri pdunhw sulfhv fdq eh zulwwhq dv wkh
pdunhw sulfh wrgd| soxv dq lq�qlwh vhulhv ri wlph ghulydwlyhv ri wkh pdunhw sulfh wrgd|1 Wklv
revhuydwlrq pd| vkhg oljkw rq zk| ghod| frruglqdwhv/ glvfxvvhg lq Vhfwlrq 5 deryh/ zrun dv d
wrro ri skdvh vsdfh uhfrqvwuxfwlrq/ l1h1 wkdw wkh sdvw dqg wkh ixwxuh ri dq revhuyhg vfdodu wlph
vhulhv frqwdlq lqirupdwlrq derxw xqrevhuyhg vwdwh yduldeohv wkdw fdq eh xvhg wr gh�qh d vwdwh
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wkh pdunhw sulfh wrgd| pd| eh uhsodfhg e| d vkruw0shulrg prylqj dyhudjh1 Wkxv/

zkhq d vkruw0shulrg prylqj dyhudjh lv deryh d orqj0shulrg prylqj dyhudjh/ d ex|

vljqdo lv jhqhudwhg1 Wkh prvw srsxodu prylqj dyhudjh uxohv xvhg lq whfkqlfdo dqdo|vlv

duh wkh 4083/ 40483/ 40533/ 50533 dqg wkh 80533 uxohv +Jhqêd|/ 4<<9e,1 Wkh 80533

uxoh/ iru h{dpsoh/ phdqv wkdw wkh vkruw0shulrg prylqj dyhudjh lqfoxghv 8 gd|v dqg

wkdw wkh orqj0shulrg prylqj dyhudjh lqfoxghv 533 gd|v1 Pruhryhu/ wr dyrlg vr0

fdoohg zklsodvk vljqdov/ zklfk duh jhqhudwhg zkhq wkh vkruw0shulrg dqg wkh orqj0

shulrg prylqj dyhudjhv duh vlplodu/ d edqg ehwzhhq wkhvh prylqj dyhudjhv pd| eh

lqwurgxfhg1

614151 Prphqwxp olqhv

Dqrwkhu/ exw ohvv frpprq/ wudglqj uxoh xvhg e| fkduwlvwv lv wkh prphqwxp olqh uxoh

+Wd|oru dqg Doohq/ 4<<5,1 Dffruglqj wr wklv wudglqj uxoh/ d ex| vljqdo lv jhqhudwhg

zkhq wkh fxuuhqw udwh ri fkdqjh ehjlqv wr lqfuhdvh uhodwlyh wr wkh udwh ri fkdqjh

? gd|v djr1 D vhoo vljqdo lv rwkhuzlvh jhqhudwhg147 Lq lwv vlpsohvw irup/ ? ' f/

zklfk phdqv wkdw d ex| vljqdo lv jhqhudwhg zkhq wkh fxuuhqw udwh ri fkdqjh ehjlqv

wr lqfuhdvh1

6151 Hqgrjhqrxv vshfxodwlyh exeeohv

D udwkhu qhz uhvhdufk duhd lq wkh wkhru| ri h{fkdqjh udwhv duh wkhrulhv ri hqgrjhqrxv

vshfxodwlyh exeeohv +Iudqnho dqg Urvh/ 4<<8,1 D qxpehu ri uhvhdufkhuv kdyh ghyl0

dwhg iurp wkh udwlrqdo h{shfwdwlrqv sdudgljp zlwklq wklv uhvhdufk duhd1 Wkhrulhv ri

hqgrjhqrxv vshfxodwlyh exeeohv gl�hu iurp wkhrulhv ri udwlrqdo vshfxodwlyh exeeohv

ehfdxvh wkh odwwhu prghov duh edvhg rq udwlrqdo h{shfwdwlrqv148 Grplqjxh} +4<;9,

dqg Lwr +4<<3/ 4<<7,/ iru h{dpsoh/ xvh vxuyh| gdwd rq h{fkdqjh udwh h{shfwdwlrqv dw

dw wkh suhvhqw wlph1 Ehfdxvh ghulydwlyh frruglqdwhv duh lq vrph vhqvh pruh lqwxlwlyh/ wkh deryh
uhodwlrqvkls pd| ghp|vwli| ghod| frruglqdwhv1 Ilqdoo|/ Vdxhu hw do1 +4<<4, suryh wkh pruh jhqhudo
fdvh ri skdvh vsdfh uhfrqvwuxfwlrqv zklfk xvh prylqj dyhudjhv ri ghod| frruglqdwhv1

47Qrwh wkh fdxwlrq lq irrwqrwh 451
48Urvvhu +4<<:, uhylhzv d ydulhw| ri lvvxhv uhodwhg wr vshfxodwlyh exeeohv/ h1j1 udwlrqdo vshfxodwlyh

exeeohv1
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ydulrxv krul}rqv wr txhvwlrq wkh k|srwkhvlv ri udwlrqdo h{shfwdwlrqv lq wkh iruhljq

h{fkdqjh pdunhw1

Vshfl�fdoo|/ wkh prghov zlwklq wkhrulhv ri hqgrjhqrxv vshfxodwlyh exeeohv vwduw

iurp wkh sursrvlwlrq wkdw wkh iruhfdvwv ri wkh pdunhw sduwlflsdqwv duh gudzq iurp

frpshwlqj ylhzv/ l1h1 gl�huhqw nlqgv ri dfwruv duh lqwurgxfhg lqwr wkh prghov1 Wklv

sursrvlwlrq lv mxvwl�hg e| Fxwohu hw do1 +4<<4,/ Lwr +4<<3, dqg Wd|oru dqg Doohq +4<<5,

zkr surylgh hpslulfdo hylghqfh iru wkh lpsruwdqfh ri frqvlghulqj khwhurjhqhrxv

djhqwv lq h{fkdqjh udwh wkhru|1

Lq d vhplqdo sdshu e| Iudqnho dqg Iurrw +4<;9,/ wkuhh nlqgv ri dfwruv zhuh

lqwurgxfhg> ixqgdphqwdolvwv/ sruwirolr pdqdjhuv dqg wkh diruhphqwlrqhg fkduwlvwv1

Wkhvh wkuhh dfwruv ehkdyh gl�huhqwo| zkhq iruplqj wkhlu h{shfwdwlrqv derxw wkh

ixwxuh ghyhorsphqw ri wkh h{fkdqjh udwh ehfdxvh wkh| kdyh gl�huhqw lqirupdwlrq vhwv1

Ixqgdphqwdolvwv kdyh pdfurhfrqrplf ixqgdphqwdov lq wkhlu lqirupdwlrq vhw/ h1j1 wkh

h{fkdqjh udwh lq orqj0uxq htxloleulxp/ dqg wkxv edvh wkhlu h{shfwdwlrqv dffruglqj

wr d prgho wkdw frqvlvwv ri pdfurhfrqrplf ixqgdphqwdov rqo|/ h1j1 wkh Gruqexvfk

+4<:9, ryhuvkrrwlqj prgho1 Fkduwlvwv/ rq wkh rwkhu kdqg/ kdyh lqirupdwlrq vhwv

frqwdlqlqj rqo| wkh wlph vhulhv ri wkh h{fkdqjh udwh lwvhoi1

Sruwirolr pdqdjhuv/ wkh rqo| dfwruv zkr dfwxdoo| ex| dqg vhoo iruhljq fxuuhqflhv/

irup wkhlu h{shfwdwlrqv derxw wkh ixwxuh ghyhorsphqw ri wkh h{fkdqjh udwh dv d

zhljkwhg dyhudjh ri wkh h{shfwdwlrqv ri fkduwlvwv dqg ixqgdphqwdolvwv=

.E
_r

_|
� ' .SE

_r

_|
�/ n.sE

_r

_|
�E�� /�c +615,

zkhuh _r
_|
ghqrwhv wkh udwh ri ghsuhfldwlrq ri wkh grphvwlf fxuuhqf|/ .SE�� dqg .sE��

ghqrwh h{shfwdwlrqv ri fkduwlvwv dqg ixqgdphqwdolvwv/ uhvshfwlyho|/ dqg .E��/ zklfk

lv d zhljkwhg dyhudjh ri wkhvh h{shfwdwlrqv zkhuh / ghwhuplqhv wkh zhljkwv/ ghqrwhv

h{shfwdwlrqv ri sruwirolr pdqdjhuv1 Wkxv/ hdfk ri wkhvh wkuhh dfwruv ehkdyh lq d

�udwlrqdo pdqqhu�/ exw wkh| ehkdyh gl�huhqwo| ehfdxvh ri wkhlu gl�huhqw lqirupdwlrq

vhwv1

Iru h{dpsoh/ wkh sruwirolr pdqdjhuv lq Iudqnho dqg Iurrw +4<;9/ 4<<3, xsgdwh
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wkh zhljkwv ryhu wlph dffruglqj wr zkhwkhu wkh fkduwlvwv ru wkh ixqgdphqwdolvwv kdyh

uhfhqwo| ehhq grlqj wkh ehwwhu iruhfdvwlqj1 Gh Judxzh hw do1 +4<<6, surylgh dqrwkhu

h{dpsoh ri d prgho zlwk khwhurjhqhrxv djhqwv1 Wkh| vkrzhg wkdw wkh lqwhudfwlrq

ri fkduwlvwv dqg ixqgdphqwdolvwv lq wkh iruhljq h{fkdqjh pdunhw fdq jlyh ulvh wr d

fkdrwlf ehkdylru ri wkh h{fkdqjh udwh1

6161 Vxppdu| ri Sdshu ^ly`

Wkh wkhruhwlfdo frqwulexwlrq ri wklv sdshu lv irxqg lq wkh zd| lq zklfk wkh sruwirolr

pdqdjhuv zhljkw wkh h{shfwdwlrqv ri fkduwlvwv dqg ixqgdphqwdolvwv1 Wklv frqvlvwv

ri h{solflwo| prghoolqj wkh hpslulfdo revhuydwlrq wkdw wkh uhodwlyh lpsruwdqfh ri

whfkqlfdo yhuvxv ixqgdphqwdo dqdo|vlv lq wkh iruhljq h{fkdqjh pdunhw ghshqgv rq

wkh iruhfdvwlqj krul}rq1 Iru vkruwhu iruhfdvwlqj krul}rqv/ pruh zhljkw lv sodfhg rq

whfkqlfdo dqdo|vlv/ zkloh wkh rssrvlwh lv wuxh iru orqjhu iruhfdvwlqj krul}rqv +Wd|oru

dqg Doohq/ 4<<5,1 Ixuwkhupruh/ lw lv dvvxphg wkdw wkh iruhfdvwlqj krul}rq ghshqgv

lqyhuvho| rq grphvwlf lq dwlrq udwh/ l1h1 wkh iruhfdvwlqj krul}rq lv lq�qlwh li grphvwlf

sulfhv duh �vwdeoh�/ dqg p|rslf li grphvwlf sulfhv duh �xqvwdeoh�1 Khqfh/ lw lv

dvvxphg wkdw pdfurhfrqrplf ixqgdphqwdo dqdo|vlv grplqdwhv li grphvwlf lq dwlrq

udwh lv orz/ zkloh whfkqlfdo dqdo|vlv grplqdwhv li grphvwlf lq dwlrq udwh lv kljk1

Whfkqlfdo dqdo|vlv dovr grplqdwhv li grphvwlf gh dwlrq udwh lv kljk1

Wkxv/ uhihuulqj wr ht1 +615, deryh/ wkh h{shfwdwlrqv iru wkh sruwirolr pdqdjhuv

fdq eh zulwwhq dv
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lv wkh grphvwlf lq dwlrq udwh149

Wkh wkhruhwlfdo iudphzrun lq wklv sdshu lv wkh Gruqexvfk +4<:9, ryhuvkrrwlqj

prgho1 Wkh pdlq dvvxpswlrqv ri wklv prgho fdq eh vxppdul}hg dv iroorzv= +4, wkh

hfrqrp| lv shupdqhqwo| ixoo| hpsor|hg/ zklfk lpsolhv wkdw  xfwxdwlrqv lq ghpdqgv

49Lq rughu wr dyrlg glylvlrq e| }hur/ % A 3 pd| eh lqwurgxfhg lqwr wkh ghqrplqdwru ri wkh
iudfwlrq1
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iru jrrgv rqo| uhvxow lq sulfh pryhphqwv/ qrw lq rxwsxw pryhphqwv> +5, jrrgv sulfhv

duh vwlfn| lq wkh vkruw0uxq/ l1h1 wkh| qhhg wlph wr uhdfw wr dqg devrue  xfwxdwlrqv lq

jrrgv ghpdqg> dqg +6, wkh grphvwlf lqwhuhvw udwh dqg wkh h{fkdqjh udwh duh shuihfwo|

 h{leoh/ zklfk lpsolhv wkdw wkh prqhwdu| vhfwru lv lq shupdqhqw htxloleulxp1 Wkh

vwlfnlqhvv ri jrrgv sulfhv lv wkh uhdvrq iru wkh ryhuvkrrwlqj skhqrphqrq/ l1h1 wkh

h{fkdqjh udwh ryhuvkrrwv lwv orqj0uxq htxloleulxp lq wkh vkruw0uxq ehfdxvh lw uhvwulfwv

sulfhv iurp pdnlqj wkhlu uhtxluhg frqwulexwlrq wr ryhudoo dgmxvwphqw1

Wkh Gruqexvfk +4<:9, ryhuvkrrwlqj prgho lv vlpsoh dqg kdv d qxpehu ri vkruw0

frplqjv/ h1j1 hfrqrplf srolf| lv wuhdwhg h{rjhqrxvo| dqg wkh hfrqrp| lv uhsuhvhqwhg

lq dq dg krf idvklrq zlwkrxw dq h{solflw plfurhfrqrplf irxqgdwlrq1 Ghvslwh wkhvh

vkruwfrplqjv/ wkh Gruqexvfk +4<:9, ryhuvkrrwlqj prgho lv xvhg dv wkh wkhruhwlfdo

iudphzrun lq wklv sdshu iru wzr uhdvrqv1 Iluvw/ wklv prgho lv vxlwdeoh ehfdxvh qrp0

lqdo h{fkdqjh udwhv duh yrodwloh +Iudqnho dqg Urvh/ 4<<8,1 Vhfrqg/ iru whfkqlfdo

dqdo|vlv wr h{lvw/ wkh iruhljq h{fkdqjh pdunhw pxvw eh lqh!flhqw1 Wkh dvvxpswlrq

wkdw jrrgv sulfhv duh dvvxphg wr eh vwlfn| lq wkh vkruw0uxq phdqv wkdw lqh!flhqf|

lv d fkdudfwhul}lqj ihdwxuh ri wklv prgho1

Wkh frqwulexwlrqv lq wklv sdshu frqvlvw ri irxu prghov1 Lq wkhvh prghov/ wkh ixq0

gdphqwdolvwv kdyh hlwkhu dgdswlyh h{shfwdwlrqv ru shuihfw iruhvljkw/ dqg wkh fkduwlvwv

xvh hlwkhu prylqj dyhudjhv ru prphqwxp olqhv wr irup wkhlu h{shfwdwlrqv1 Wkh

frpelqdwlrqv ri h{shfwdwlrq irupdwlrqv iru wkh fkduwlvwv dqg wkh ixqgdphqwdolvwv

duh jlyhq lq Wdeoh 61414:

Wdeoh 614= H{shfwdwlrq irupdwlrqv

H{shfwdwlrq irupdwlrqv
Prgho Fkduwlvwv Ixqgdphqwdolvwv
+lll, Prylqj dyhudjhv Dgdswlyh h{shfwdwlrqv
+ly, Prphqwxp olqhv Dgdswlyh h{shfwdwlrqv
+y, Prylqj dyhudjhv Shuihfw iruhvljkw
+yl, Prphqwxp olqhv Shuihfw iruhvljkw

4:Prghov +l,0+ll, duh h{foxghg lq Wdeoh 6141 Lq wkhvh prghov/ wkhuh duh qr fkduwlvwv1 Wkh ixqgd0
phqwdolvwv kdyh dgdswlyh h{shfwdwlrqv lq prgho +l, dqg shuihfw iruhvljkw lq prgho +ll,1
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Wkuhh txhvwlrqv duh lq irfxv lq wkh irupdo dqdo|vlv ri prghov +lll,0+yl,1 Iluvw=

duh wkhvh prghov joredoo| vwdeoh ru lv vdggoh sdwk vwdelolw| wkh fkdudfwhul}lqj ihd0

wxuhB Vhfrqg= zkdw duh wkh vwdelolw| frqglwlrqv iru wkhvh prghovB Wklug= lv wkh

ryhuvkrrwlqj skhqrphqrq urexvw zlwk uhvshfw wr wkh suhvhqfh ri fkduwlvwv lq wkhvh

prghovB

Duh prghov +lll,0+yl, joredoo| vwdeoh ru lv vdggoh sdwk vwdelolw| wkh fkdudfwhul}lqj

ihdwxuhB Doo prghov duh fkdudfwhul}hg e| vdggoh sdwk vwdelolw| dowkrxjk joredo vwd0

elolw| lv dovr srvvleoh lq prgho +lll,1 Lq vkruw/ wkh pruh  h{leoh wkh jrrgv sulfhv/ wkh

pruh olnho| lw lv wkdw wkh prgho lv joredoo| vwdeoh1

Zkdw duh wkh vwdelolw| frqglwlrqv iru prghov +lll,0+yl,B Zkhq vdggoh sdwk vwd0

elolw| lv wkh fkdudfwhul}lqj ihdwxuh ri prgho +lll,/ wkh vwdelolw| frqglwlrq lv wkdw wkh

hfrqrp| pxvw frqwlqxrxvo| eh lq htxloleulxp1 Wklv lv dovr wkh vwdelolw| frqglwlrq

iru prghov +ly,0+yl,1 Ehfdxvh wkh prqhwdu| vhfwru lv dvvxphg wr eh lq shupdqhqw

htxloleulxp/ wklv vwdelolw| frqglwlrq phdqv wkdw wkh uhdo vhfwru/ l1h1 wkh jrrgv pdu0

nhw/ pxvw dovr eh lq htxloleulxp/ zklfk lv wkh fdvh zkhq wkh grphvwlf lq dwlrq udwh

lv }hur1 Wklv lpsolhv wkdw wkh sruwirolr pdqdjhuv h{foxgh wkh fkduwlvwv zkhq iruplqj

wkhlu h{shfwdwlrqv derxw wkh ixwxuh ghyhorsphqw ri wkh h{fkdqjh udwh/ zklfk phdqv

wkdw fkduwlvwv kdyh qr lq xhqfh rq wkh iruhljq h{fkdqjh pdunhw1

Wkh vwdelolw| frqglwlrq wkdw wkh hfrqrp| pxvw frqwlqxrxvo| eh lq htxloleulxp

fdq dovr eh lqwhusuhwhg dv vxjjhvwlqj wkdw dfwxdo dqg h{shfwhg lq dwlrq udwhv pxvw eh

htxdo1 Dv d frqvhtxhqfh/ li dfwxdo dqg h{shfwhg lq dwlrq udwhv gl�hu/ wkh h{fkdqjh

udwh zloo uhdfk �lq�qlw|�1 Ehfdxvh wkh h{shfwhg lq dwlrq udwh lv qrw d sduw ri prghov

+lll,0+yl,/ wklv frqmhfwxuh irupv d edvlv iru ixuwkhu uhvhdufk1

Lv wkh ryhuvkrrwlqj skhqrphqrq urexvw zlwk uhvshfw wr wkh suhvhqfh ri fkduwlvwv

lq prghov +lll,0+yl,B \hv/ li wkh prghov duh frqwlqxrxvo| lq htxloleulxp dv lv wkh

fdvh lq wkuhh ri wkh prghov1 Wkh h{fhswlrq lv prgho +lll, zkhuh joredo vwdelolw| lv

srvvleoh1 Lq wklv prgho/ wkh h{fkdqjh udwh pd| hyhq pryh lq wkh �zurqj gluhfwlrq�

diwhu d prqhwdu| glvwxuedqfh/ l1h1 wkh fxuuhqf| orvhv ydoxh diwhu d frqwudfwlrqdu|

prqhwdu| srolf|/ li wkh grphvwlf lq dwlrq udwh lv prghvw1 Krzhyhu/ li wkh grphvwlf
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lq dwlrq udwh lv orz/ wkh ohyho ri ryhuvkrrwlqj ri wkh h{fkdqjh udwh lv juhdwhu wkdq

zkhq wkh Gruqexvfk +4<:9, ryhuvkrrwlqj prgho krogv1

Lq vxppdu|/ dq hfrqrplf srolf| wkdw vwdelol}hv wkh lq dwlrq udwh dw d orz ohyho

pd| ghvwdelol}h wkh h{fkdqjh udwh wkurxjk ryhuvkrrwlqj1 Wklv/ krzhyhu/ lv wkh

�sulfh� rqh kdv wr sd| wr suhyhqw wkh hfrqrp| iurp �h{sorglqj�1 Wkrxjk/ wkh

uhfrpphqghg srolf| ri d orz lq dwlrq udwh vkrxog qrw eh lqwhusuhwhg lq idyru ri d

srolf| wkdw jlyh sulrulw| wr d ixoo| hpsor|hg hfrqrp|/ ehfdxvh wkh odwwhu/ l1h1 d ixoo|

hpsor|hg hfrqrp|/ kdv ehhq dq dvvxpswlrq lq doo prghov1

71 Frqfoxglqj uhpdunv

Grhv fkdrv uhdoo| pdwwhuB Wkh dqvzhu wr wklv txhvwlrq ghshqgv rq zkr |rx duh

dvnlqj1 Iru whfkqlfdo dqdo|vwv/ wkh dqvzhu lv fohduo| qr/ hyhq li sdwwhuqv lq pdunhw

sulfhv/ vxfk dv h{fkdqjh udwhv/ qhyhu uhfxu lq h{dfwo| wkh vdph pdqqhu1 Wudglqj uxohv

vwloo kdyh suhglfwlyh srzhu iru whfkqlfdo dqdo|vwv1 Pruhryhu/ wkh suhglfwlrq sureohp

dvvrfldwhg zlwk fkdrv lq/ iru h{dpsoh/ iruhljq h{fkdqjh pdunhwv zlwk wdujhw }rqhv/

l1h1 �{hg h{fkdqjh udwh uhjlphv zlwk edqgv/ pd| eh qhjoljleoh li wkh edqgv duh vpdoo1

Iru h{dpsoh/ li wkh edqg lv 	�I durxqg vrph wdujhw udwh/ wkh suhglfwlrq huuru fdq

qhyhu eh odujhu wkdq 2I1

Fkdrv vwloo kdv vhyhudo lpsruwdqw lpsolfdwlrqv wkdw pxvw eh frqvlghuhg lq hfr0

qrplfv1 Iru h{dpsoh/ wkh suhglfwlrq sureohp dvvrfldwhg zlwk fkdrv fdqqrw eh hq0

wluho| qhjohfwhg ehfdxvh wkh diruhphqwlrqhg h{dpsoh ri wdujhw }rqhv zlwk vpdoo

edqgv lv dq h{fhswlrq1 Lq prvw fdvhv/ wkh edqgv duh hlwkhu odujh ru wkh| duh devhqw/

l1h1  h{leoh h{fkdqjh udwhv uhjlphv duh dgrswhg1 Wklv phdqv wkdw qrqolqhdu g|qdp0

lfv lq jhqhudo dqg fkdrwlf g|qdplfv lq sduwlfxodu lq wkh iruhljq h{fkdqjh pdunhw

kdyh lpsruwdqw lpsolfdwlrqv iru prghoolqj sxusrvhv/ l1h1 iru hfrqrplf wkhru|1

Uhihuhqfhv

Deduedqho K1 G1 L1 +4<<9,1 Dqdo|vlv ri Revhuyhg Fkdrwlf Gdwd1 Vsulqjhu0Yhuodj1
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Deduedqho K1 G1 L1/ Eurzq U1 ) Nhqqho P1 E1 +4<<4,1 Yduldwlrq ri O|dsxqry

H{srqhqwv rq d Vwudqjh Dwwudfwru1 Mrxuqdo ri Qrqolqhdu Vflhqfh/ 4/ 4:804<<1

Deduedqho K1 G1 L1/ Eurzq U1 ) Nhqqho P1 E1 +4<<5,1 Orfdo O|dsxqry H{srqhqwv

Frpsxwhg iurp Revhuyhg Gdwd1 Mrxuqdo ri Qrqolqhdu Vflhqfh/ 5/ 67606981

Deduedqho K1 G1 L1/ Eurzq U1/ Vlgrurzlfk M1 M1 ) Wvlpulqj O1 V1 +4<<6,1 Wkh

Dqdo|vlv ri Revhuyhg Fkdrwlf Gdwd lq Sk|vlfdo V|vwhpv1 Uhylhzv ri Prghuq

Sk|vlfv/ 98/ 4664046<51

Edloh| E1 D1 +4<<9,1 Dv|pswrwlfv dqg Dssolfdwlrqv ri Orfdo O|dsxqry H{srqhqwv1

SkG wkhvlv/ Ghsduwphqw ri Vwdwlvwlfv/ Qruwk Fdurolqd Vwdwh Xqlyhuvlw|1

Eduqd J1 dqg Wvxgd L1 +4<<6,1 D Qhz Phwkrg iru Frpsxwlqj O|dsxqry H{srqhqwv1

Sk|vlfv Ohwwhuv D/ 4:8/ 754075:1

Euljjv N1 +4<<3,1 Dq Lpsuryhg Phwkrg iru Hvwlpdwlqj Oldsxqry H{srqhqwv ri

Fkdrwlf Wlph Vhulhv1 Sk|vlfv Ohwwhuv D/ 484/ 5:0651

Eurfn Z1/ Odnrqlvkrn M1 ) OhEdurq E1 +4<<5,1 Vlpsoh Whfkqlfdo Wudglqj Uxohv

dqg wkh Vwrfkdvwlf Surshuwlhv ri Vwrfn Uhwxuqv1 Wkh Mrxuqdo ri Ilqdqfh/ 7:/

4:6404:971

Eurrpkhdg G1 V1 dqg Nlqj J1 S1 +4<;9,1 H{wudfwlqj Txdolwdwlyh G|qdplfv iurp

H{shulphqwdo Gdwd1 Sk|vlfd G/ 53/ 54:05691

Eurzq U1/ Eu|dqw S1 ) Deduedqho K1 G1 L1 +4<<4,1 Frpsxwlqj wkh O|dsxqry Vshf0

wuxp ri d G|qdplfdo V|vwhp iurp dq Revhuyhg Wlph Vhulhv1 Sk|vlfdo Uhylhz

D/ 76/ 5:;:05;391

Fdvgdjol P1/ Hxedqn V1/ Iduphu M1 G1 ) Jlevrq M1 +4<<4,1 Vwdwh Vsdfh Uhfrqvwuxf0

wlrq lq wkh Suhvhqfh ri Qrlvh1 Sk|vlfd G/ 84/ 850<;1

Fkdq N1 V1 dqg Wrqj K1 +4<<7,1 D Qrwh rq Qrlv| Fkdrv1 Mrxuqdo ri wkh Ur|do

Vwdwlvwlfdo Vrflhw| E/ 89/ 63406441

Fxwohu G1 P1/ Srwhued M1 P1 ) Vxpphuv O1 K1 +4<<4,1 Vshfxodwlyh G|qdplfv1 Uhylhz

ri Hfrqrplf Vwxglhv/ 8;/ 85<08791

Ghfkhuw Z1 G1 dqg Jhqêd| U1 +4<<5,1 O|dsxqry H{srqhqwv dv d Qrqsdudphwulf

Gldjqrvwlf iru Vwdelolw| Dqdo|vlv1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ :/ V740V931
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Ghfkhuw Z1 G1 dqg Jhqêd| U1 +4<<9,1 Wkh Wrsrorjlfdo Lqyduldqfh ri O|dsxqry

H{srqhqwv lq Hpehgghg G|qdplfv1 Sk|vlfd G/ <3/ 730881

Gh Judxzh S1/ Ghzdfkwhu K1 ) Hpeuhfkwv P1 +4<<6,1 H{fkdqjh Udwh Wkhru|=

Fkdrwlf Prghov ri Iruhljq H{fkdqjh Pdunhwv1 Eodfnzhoo Sxeolvkhuv1

Grplqjxh} N1 P1 +4<;9,1 Duh Iruhljq H{fkdqjh Iruhfdvwv UdwlrqdoB 0 Qhz Hylghqfh

iurp Vxuyh| Gdwd1 Hfrqrplfv Ohwwhuv/ 54/ 5::05;41

Gruqexvfk U1 +4<:9,1 H{shfwdwlrqv dqg H{fkdqjh Udwh G|qdplfv1 Mrxuqdo ri Srolw0

lfdo Hfrqrp|/ ;7/ 4494044:91

Hfnpdqq M10S1/ Rol�vrq Ndpskruvw V1/ Uxhooh G1 ) Flolehuwr V1 +4<;9,1 Oldsxqry

H{srqhqwv iurp Wlph Vhulhv1 Sk|vlfdo Uhylhz D/ 67/ 7<:407<:<1

Hfnpdqq M10S1 dqg Uxhooh G1 +4<;8,1 Hujrglf Wkhru| ri Fkdrv dqg Vwudqjh Dwwudf0

wruv1 Uhylhzv ri Prghuq Sk|vlfv/ 8:/ 94:09891

Hiurq E1 +4<:<,1 Errwvwuds Phwkrgv= Dqrwkhu Orrn dw wkh Mdfnnqlih1 Wkh Dqqdov ri

Vwdwlvwlfv/ :/ 40591

Hooqhu V1/ Jdoodqw D1 U1/ PfFd�uh| G1 I1 ) Q|fknd G1 Z1 +4<<4,1 Frqyhujhqfh

Udwhv dqg Gdwd Uhtxluhphqwv iru Mdfreldq0Edvhg Hvwlpdwhv ri O|dsxqry H{sr0

qhqwv iurp Gdwd1 Sk|vlfv Ohwwhuv D/ 486/ 68:06961

Iduphu M1 G1/ Rww H1 ) \runh M1 D1 +4<;6,1 Wkh Glphqvlrq ri Fkdrwlf Dwwudfwruv1

Sk|vlfd G/ :/ 48604;31

Iudqnho M1 D1 dqg Iurrw N1 D1 +4<;9,1 Xqghuvwdqglqj wkh XV Groodu lq wkh Hljkwlhv=

Wkh H{shfwdwlrqv ri Fkduwlvwv dqg Ixqgdphqwdolvwv1 Wkh Hfrqrplf Uhfrug/ V95/

5706;1

Iudqnho M1 D1 dqg Iurrw N1 D1 +4<<3,1 Fkduwlvwv/ Ixqgdphqwdolvwv dqg wkh Ghpdqg

iru Grooduv1 Lq Sulydwh Ehkdylrxu dqg Jryhuqphqw Srolf| lq Lqwhughshqghqw

Hfrqrplhv e| Frxudnlv D1 V1 dqg Wd|oru P1 S1 hgv1/ R{irug Xqlyhuvlw| Suhvv/

:604591

Iudqnho M1 D1 dqg Urvh D1 N1 +4<<8,1 Hpslulfdo Uhvhdufk rq Qrplqdo H{fkdqjh

Udwhv1 Lq Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv yro1 6 e| Jurvvpdq J1 P1 dqg

Urjr� N1 hgv1/ Qruwk0Kroodqg/ 49;<04:5<1
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Iudvhu D1 P1 dqg Vzlqqh| K1 O1 +4<;9,1 Lqghshqghqw Frruglqdwhv iru Vwudqjh Dw0

wudfwruv iurp Pxwxdo Lqirupdwlrq1 Sk|vlfdo Uhylhz D/ 66/ 4467044731

Jhqêd| U1 +4<<9d,1 D Vwdwlvwlfdo Iudphzrun iru Whvwlqj Fkdrwlf G|qdplfv yld

O|dsxqry H{srqhqwv1 Sk|vlfd G/ ;</ 59405991

Jhqêd| U1 +4<<9e,1 Qrq0olqhdu Suhglfwlrq ri Vhfxulw| Uhwxuqv zlwk Prylqj Dyhudjhv

Uxohv1 Mrxuqdo ri Iruhfdvwlqj/ 48/ 49804:71

Jhqêd| U1 dqg Ghfkhuw Z1 G1 +4<<5,1 Dq Dojrulwkp iru wkh ? O|dsxqry H{srqhqwv

ri dq ?0Glphqvlrqdo Xqnqrzq G|qdplfdo V|vwhp1 Sk|vlfd G/ 8</ 475048:1

Judvvehujhu S1 dqg Surfdffld L1 +4<;6,1 Fkdudfwhul}dwlrq ri Vwudqjh Dwwudfwruv1

Sk|vlfdo Uhylhz Ohwwhuv/ 83/ 679067<1

Kìqrq P1 +4<:9,1 D Wzr0Glphqvlrqdo Pdsslqj zlwk d Vwudqjh Dwwudfwru1 Frppx0

qlfdwlrqv lq Pdwkhpdwlfdo Sk|vlfv/ 83/ 9<0::1

Lwr W1 +4<<3,1 Iruhljq H{fkdqjh Udwh H{shfwdwlrqv= Plfur Vxuyh| Gdwd1 Wkh Dphu0

lfdq Hfrqrplf Uhylhz/ ;3/ 767077<1

Lwr W1 +4<<7,1 Vkruw0Uxq dqg Orqj0Uxq H{shfwdwlrqv ri wkh \hq2Groodu H{fkdqjh

Udwh1 Mrxuqdo ri wkh Mdsdqhvh dqg Lqwhuqdwlrqdo Hfrqrplhv/ ;/ 44<04761

Mhqvhq P1 F1 +4<:;,1 Vrph Dqrpdorxv Hylghqfh Uhjduglqj Pdunhw H!flhqf|1 Mrxu0

qdo ri Ilqdqfldo Hfrqrplfv/ 9/ <804341

Mrqvvrq P1 +4<<:,1 Vwxglhv lq Exvlqhvv F|fohv1 SkG wkhvlv/ Lqvwlwxwh iru Lqwhuqd0

wlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|1

Ndsodq G1 W1 dqg Jodvv O1 +4<<5,1 Gluhfw Whvw iru Ghwhuplqlvp lq d Wlph Vhulhv1

Sk|vlfdo Uhylhz Ohwwhuv/ 9;/ 75:07631

Nhqqho P1 E1/ Eurzq U1 ) Deduedqho K1 G1 L1 +4<<5,1 Ghwhuplqlqj Hpehgglqj

Glphqvlrq iru Skdvh0Vsdfh Uhfrqvwuxfwlrq Xvlqj d Jhrphwulfdo Frqvwuxfwlrq1

Sk|vlfdo Uhylhz D/ 78/ 6736067441

Nroprjrury D1 Q1 +4<8;,1 Qry|l phwulwmhvnlm lqyduldqw wudq}lwlyq|fk glqdplwmhvnlfk

vlvwhp l dywrpru�}pry survwudqvwy ohehjd1 Grnodg| Dndghpll Qdxn VVVU/ 44</

;940;971

Nxuwkv M1 dqg Khu}ho K1 +4<;:,1 Dq Dwwudfwru lq d Vrodu Wlph Vhulhv1 Sk|vlfd G/
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58/ 49804:51

Nÿqvfk K1 U1 +4<;<,1 Wkh Mdfnnqlih dqg wkh Errwvwuds iru Jhqhudo Vwdwlrqdu| Re0

vhuydwlrqv1 Wkh Dqqdov ri Vwdwlvwlfv/ 4:/ 454:045741

Odl G1 dqg Fkhq J1 +4<<8,1 Frpsxwlqj wkh Glvwulexwlrq ri wkh O|dsxqry H{srqhqw

iurp Wlph Vhulhv= Wkh Rqh0Glphqvlrqdo Fdvh Vwxg|1 Lqwhuqdwlrqdo Mrxuqdo ri

Elixufdwlrq dqg Fkdrv/ 8/ 4:5404:591

OhEdurq E1 +4<<9,1 Whfkqlfdo Wudglqj Uxoh Sur�wdelolw| dqg Iruhljq H{fkdqjh Lq0

whuyhqwlrq1 Zrunlqj Sdshu1

Ohylfk U1 P1 dqg Wkrpdv O1 U1 +4<<6,1 Wkh Vljql�fdqfh ri Whfkqlfdo Wudglqj0

Uxoh Sur�wv lq wkh Iruhljq H{fkdqjh Pdunhw= D Errwvwuds Dssurdfk1 Mrxuqdo

ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 45/ 78407:71

Olx U1 \1 dqg Vlqjk N1 +4<<5,1 Prylqj Eorfnv Mdfnnqlih dqg Errwvwuds Fdswxuh

Zhdn Ghshqghqfh1 Lq H{sorulqj wkh Olplwv ri Errwvwuds e| OhSdjh U1 dqg

Eloodug O1 hgv1/ Mrkq Zloh| ) Vrqv/ 558057;1

Pdôì U1 +4<;4,1 Rq wkh Glphqvlrq ri wkh Frpsdfw Lqyduldqw Vhwv ri Fhuwdlq Qrq0

olqhdu Pdsv1 Lq G|qdplfdo V|vwhpv dqg Wxuexohqfh e| Udqg G1 dqg \rxqj O1

hgv1/ Vsulqjhu0Yhuodj/ 56305751

PfFd�uh| G1 I1/ Hooqhu V1/ Jdoodqw D1 U1 ) Q|fknd G1 Z1 +4<<5,1 Hvwlpdwlqj

wkh O|dsxqry H{srqhqw ri d Fkdrwlf V|vwhp Zlwk Qrqsdudphwulf Uhjuhvvlrq1

Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;:/ 9;509<81

Phhvh U1 D1 dqg Urjr� N1 +4<;6,1 Hpslulfdo H{fkdqjh Udwh Prghov ri wkh Vhyhqwlhv=

Gr Wkh| Ilw Rxw ri VdpsohB Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 47/ 60571

Q|fknd G1/ Hooqhu V1/ Jdoodqw D1 U1 ) PfFd�uh| G1 +4<<5,1 Ilqglqj Fkdrv lq Qrlv|

V|vwhpv1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| E/ 87/ 6<<07591

Rvhohghf Y1 L1 +4<9;,1 Pxowlsolndwlyqmd hujrgqwmhvnmd whruhpd1 Fkdudnwhulvwlwmhvnlh

srnd}dwhol omdsxqryd glqdplwmhvnlfk vlvwhp1 Wuxg| Prvnryvnrjr Pdwhpdwlw0

mhvnrjr Revwmhvwyd/ 4</ 4:<05431

Sdfndug Q1 K1/ Fuxwfk�hog M1 S1/ Iduphu M1 G1 ) Vkdz U1 V1 +4<;3,1 Jhrphwu| iurp

d Wlph Vhulhv1 Sk|vlfdo Uhylhz Ohwwhuv/ 78/ :450:491
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Sduolw} X1 +4<<5,1 Lghqwl�fdwlrq ri Wuxh dqg Vsxulrxv O|dsxqry H{srqhqwv iurp

Wlph Vhulhv1 Lqwhuqdwlrqdo Mrxuqdo ri Elixufdwlrq dqg Fkdrv/ 5/ 48804981

Shlwjhq K10R1/ Mÿujhqv K1 ) Vdxsh G1 +4<<5,1 Fkdrv dqg Iudfwdov= Qhz Iurqwlhuv

ri Vflhqfh1 Vsulqjhu0Yhuodj1

Shvlq \1 E1 +4<::,1 Fkdudfwhulvwlf O|dsxqry H{srqhqwv dqg Vprrwk Hujrglf Wkhru|1

Uxvvldq Pdwkhpdwlfdo Vxuyh|v/ 65/ 8804471

Urvhqvwhlq P1 W1/ Froolqv M1 M1 ) Gh Oxfd F1 M1 +4<<6,1 D Sudfwlfdo Phwkrg iru

Fdofxodwlqj Odujhvw O|dsxqry H{srqhqwv iurp Vpdoo Gdwd Vhwv1 Sk|vlfd G/ 98/

44:04671

Urvhqvwhlq P1 W1/ Froolqv M1 M1 ) Gh Oxfd F1 M1 +4<<7,1 Uhfrqvwuxfwlrq H{sdqvlrq

dv d Jhrphwu|0Edvhg Iudphzrun iru Fkrrvlqj Surshu Ghod| Wlphv1 Sk|vlfd G/

:6/ ;50<;1

Urvvhu Mu1 M1 E1 +4<<:,1 Vshfxodwlrqv rq Qrqolqhdu Vshfxodwlyh Exeeohv1 Qrqolqhdu

G|qdplfv/ Sv|fkrorj|/ dqg Olih Vflhqfhv/ 4/ 5:806331

Uxhooh G1 +4<;<,1 Fkdrwlf Hyroxwlrq dqg Vwudqjh Dwwudfwruv= Wkh Vwdwlvwlfdo Dqdo|vlv

ri Wlph Vhulhv iru Ghwhuplqlvwlf Qrqolqhdu V|vwhpv1 Fdpeulgjh Xqlyhuvlw|

Suhvv1

Vdqr P1 dqg Vdzdgd \1 +4<;8,1 Phdvxuhphqw ri wkh O|dsxqry Vshfwuxp iurp d

Fkdrwlf Wlph Vhulhv1 Sk|vlfdo Uhylhz Ohwwhuv/ 88/ 43;5043;81

Vdxhu W1/ \runh M1 D1 ) Fdvgdjol P1 +4<<4,1 Hpehgrorj|1 Mrxuqdo ri Vwdwlvwlfdo

Sk|vlfv/ 98/ 8:<09491

Vkohlihu D1 dqg Vxpphuv O1 K1 +4<<3,1 Wkh Qrlvh Wudghu Dssurdfk wr Ilqdqfh1

Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 7/ 4<0661

Vlqd�� MD1 +4<8<,1 R srqmdwll hqwursll glqdplwmhvnrm vlvwhp|1 Grnodg| Dndghpll

Qdxn VVVU/ 457/ :9;0::41

Vmùvwhgw V1 +4<<:,1 Iruhfdvwlqj Phwkrgv iru Pxowlsoh Wlph Vhulhv dqg Uhvdpsolqj

Whfkqltxhv iru Qrqvwdwlrqdu| Vhtxhqfhv1 SkG wkhvlv/ Ghsduwphqw ri Pdwkh0

pdwlfdo Vwdwlvwlfv/ Xphè Xqlyhuvlw|1

Vwrrs U1 dqg Sdulvl M1 +4<<4,1 Fdofxodwlrq ri O|dsxqry H{srqhqwv Dyrlglqj Vsxulrxv
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Hohphqwv1 Sk|vlfd G/ 83/ ;<0<71

Vzhhqh| U1 M1 +4<;9,1 Ehdwlqj wkh Iruhljq H{fkdqjh Pdunhw1 Wkh Mrxuqdo ri Il0

qdqfh/ 74/ 49604;51

Wdnhqv I1 +4<;4,1 Ghwhfwlqj Vwudqjh Dwwudfwruv lq Wxuexohqfh1 Lq G|qdplfdo V|v0

whpv dqg Wxuexohqfh e| Udqg G1 dqg \rxqj O1 hgv1/ Vsulqjhu0Yhuodj/ 69906;41

Wd|oru P1 S1 dqg Doohq K1 +4<<5,1 Wkh Xvh ri Whfkqlfdo Dqdo|vlv lq wkh Iruhljq

H{fkdqjh Pdunhw1 Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 44/ 63706471

Wd|oru V1 M1 +4<<5,1 Uhzdugv Dydlodeoh wr Fxuuhqf| Ixwxuhv Vshfxodwruv= Frpshq0

vdwlrq iru Ulvn ru Hylghqfh ri Lqh!flhqw SulflqjB Wkh Hfrqrplf Uhfrug/ V9;/

43804491

Zkdqj \10M1 dqg Olqwrq R1 +4<<:,1 Wkh Dv|pswrwlf Glvwulexwlrq ri Qrqsdudphwulf

Hvwlpdwhv ri wkh O|dsxqry H{srqhqw iru Vwrfkdvwlf Wlph Vhulhv1 Iruwkfrplqj

lq Wkh Mrxuqdo ri Hfrqrphwulfv1

Zklwqh| K1 +4<69,1 Gl�huhqwldeoh Pdqlirogv1 Dqqdov ri Pdwkhpdwlfv/ 6:/ 97809;31

Zroi D1/ Vzliw M1 E1/ Vzlqqh| K1 O1 ) Ydvwdqr M1 D1 +4<;8,1 Ghwhuplqlqj O|dsxqry

H{srqhqwv iurp d Wlph Vhulhv1 Sk|vlfd G/ 49/ 5;8064:1

]hqj [1/ H|nkrow U1 ) Slhonh U1 D1 +4<<4,1 Hvwlpdwlqj wkh O|dsxqry0H{srqhqw

Vshfwuxp iurp Vkruw Wlph Vhulhv ri Orz Suhflvlrq1 Sk|vlfdo Uhylhz Ohwwhuv/

99/ 655<065651

]hqj [1/ Slhonh U1 D1 ) H|nkrow U1 +4<<5,1 H{wudfwlqj O|dsxqry H{srqhqwv iurp

Vkruw Wlph Vhulhv ri Orz Suhflvlrq1 Prghuq Sk|vlfv Ohwwhuv E/ 9/ 880:81


