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Mrqdwkdq E1 Kloo-

Ghsw1 ri Hfrqrplfv/ Xqlyhuvlw| ri Frorudgr dw Erxoghu

Mre Pdunhw Sdshu &4

Wkh suhvhqw sdshu lv fxuuhqwo| xqghu uhylhz iru sxeolfdwlrq lq

Vwrfkdvwlf Surfhvvhv dqg wkhlu Dssolfdwlrqv1

Devwudfw

Pdq| yrodwloh �qdqfldo wlph vhulhv kdyh ehhq dvvxphg wr eh gulyhq e| d glvwulexwlrq

zlwk dq lq�qlwh srsxodwlrq yduldqfh ehjlqqlqj zlwk wkh vhplqdo revhuydwlrqv e| Pdqgoh0

eurw +4<96, dqg Idpd +4<98,1 Dowkrxjk d  rxulvk ri vwdwlvwlfdo dqg hfrqrphwulf uhvhdufk

Nh| Zrugv dqg Skudvhv= Ehvw Olqhdu Suhglfwruv/ vwdeoh0odz/ lq�qlwh yduldqfh/ fryduldwlrq

DPV 4<<4 Vxemhfw Fodvvl�fdwlrqv1 Sulpdu|= 93 J58> Vhfrqgdu|= 95 P431

-Ghsw1 ri Hfrqrplfv/ Fdpsxv Er{ 589/ Xqlyhuvlw| ri Frorudgr dw Erxoghu/ Erxoghu Fror1 ;363<0

3589/ mrqdwkdq1klooCfrorudgr1hgx
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lq wkh �hogv ri hvwlpdwlrq dqg lqihuhqfh iru surfhvvhv zlwk lq�qlwh yduldqfh kdv ehhq wkh

uhvxow/ ihz dwwhpswv kdyh ehhq pdgh wr fkdudfwhul}h wudfwdeoh dqg h!flhqw suhglfwlrq

whfkqltxhv1 H{lvwlqj whfkqltxhv duh uhvwulfwhg wr wkh fodvv ri suhglfwruv zklfk plqlpl}h

d suhglfwlrq huuru glvshuvlrq fulwhulrq1 Krzhyhu/ iru olqhdu rswlpdo iruhfdvwv zklfk duh

edvhg rq d �qlwh vdpsoh ri dydlodeoh gdwd/ plqlpxp glvshuvlrq phwkrgv jhqhudoo| uhvxow

lq eldvhg iruhfdvwv +l1h1 H ^ahm[` 9@ 3/ zlwk ah wkh suhglfwlrq huuru,/ ru suhglfwruv zklfk duh

qrw xqltxh lq wkh fdvh zkhq wkh srsxodwlrq phdq lq lq�qlwh1 Pruhryhu/ vroxwlrq dojr0

ulwkpv fdq eh kljko| fxpehuvrph1 Wklv dqdo|wlfdo uliw ehwzhhq wkh plqlpl}dwlrq ri dq

dssursuldwho| fkrvhq glvshuvlrq phwulf dqg fdqrqlfdo frqglwlrqdo h{shfwdwlrqv kdv odujho|

ehhq ljqruhg lq wkh olwhudwxuh1

Lq wkh suhvhqw sdshu/ zh ghyhors dqg frpsohwho| fkdudfwhul}h d wkhru| ri rswlpdo

olqhdu iruhfdvwv iru vwdwlrqdu| DUPD surfhvvhv edvhg rq wkh fulwhulrq ri xqeldvhgqhvv

+l1h1 H ^ahm[4> ===> [q` @ 3,1 Zh ghprqvwudwh wkdw wkh dgghg suhglfwlrq huuru glvshuvlrq eh0

frphv lqfuhdvlqjo| qhjoljleoh dv wkh glphqvlrq ri [ jurzv=Pruhryhu/ rxu phwkrg surylghv

xqltxh vroxwlrqv hyhq lq wkh fdvh zkhq wkh srsxodwlrq phdq lv lq�qlwh/ lv idu ohvv frvwo|

wr frpsxwh/ dqg rewdlqv wkh plqlpxp huuru glvshuvlrq ri wkh fodvv ri olqhdu suhglfwruv

iru dq| DU+s, gdwd jhqhudwlqj surfhvv zlwk q � s1 Ixuwkhu/ zh ghyhorsh d idvw uhfxuvlyh

vroxwlrq dojrulwkp frpsdudeoh wr wudglwlrqdo whfkqltxhv wkdw h{lvw rqo| iru surfhvvhv zlwk

�qlwh yduldqfh1 Ilqdoo|/ d qxphulfdo h{shulphqw ghprqvwudwhv wkdw wkh yduldelolw| ri wkh

plqlpxp glvshuvlrq suhglfwlrq eldv fdq eh uhodwlyho| h{whqvlyh/ zkloh wkh suhglfwlrq huuru

glvshuvlrq ri wkh ehvw olqhdu xqeldvhg suhglfwru lv frpsdudeoh wr wkh plqlpxp ohyho ri

glvshuvlrq/ vxjjhvwlqj wkdw wkh vlpsohu xqeldvhg phwkrg pd| surylgh wkh �ehvw� olqhdu

suhglfwru1
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41 Lqwurgxfwlrq

Lq wkh suhvhqw sdshu/ zh duh lqwhuhvwhg lq phwkrgv ri rswlpdo olqhdu iruhfdvwv ri wkh

fdxvdo0lqyhuwleoh DUPD surfhvv [q � !4[q�4 �===� !s[q�s @ �q . �4�q�4 .===. �t�q�t

zkhuh wkh lqqrydwlrqv �w duh llg qrq0qrupdo �0vwdeoh1 Wkh vwdeoh0odzv4 kdyh ehhq wkh irfxv

ri d jurzlqj erg| ri hpslulfdo dqg wkhruhwlfdo uhvhdufk lq �qdqfldo dqg pdfur0hfrqrplfv

vlqfh wkh qrz fodvvlfdo vwxglhv e| Pdqgoheurw +4<98, dqg Idpd +4<96, rq wkh glvwulex0

wlrqdo ehkdylru ri frpprq dvvhw sulfhv1 Lq sduwlfxodu/ lq wkrvh dqg vxevhtxhqw vwxglhv

+h1j1 Fkhqj dqg Udfkhy/ 4<<8/ Mdqvhq dqg gh Yulhv/ 4<<4/ dqg PfFxoorfk/ 4<;7/ 4<;:/

4<<9/ 4<<:, wkh hpslulfdo glvwulexwlrqdo fkdudfwhulvwlfv ri dvvhw uhwxuqv/ dvvhw sulfhv/ rswlrq

sulfhv/ dqg iruzdug dqg vsrw h{fkdqjh udwhv kdyh lq pdq| fdvhv glvsod|hg wkh fkdudfwhu0

lvwlf ri kdylqj �khdy| glvwulexwlrq wdlov�> lqghhg/ wkhuh h{lvwv hylghqfh iru d vxevwdqwldoo|

kljk suredelolw| ri odujh ghyldwlrqv1 Lpsruwdqwo|/ wkh rggv ri odujh srvlwlyh ru qhjdwlyh

vzlqjv duh w|slfdoo| wrr juhdw wr eh prghoohg e| d qrupdo glvwulexwlrq/ dqg zlwkrxw ixu0

wkhu ehkdylrudo lqirupdwlrq +h1j1 vwuxfwxudo euhdnv5,/ fkrlfh ri wkh dvvxphg xqghuo|lqj

4Uhfdoo wkdw dq| vwdeoh udqgrp yduldeoh zlwk k �' � lv uhsuhvhqwhg e| wkh *L}0f1i1 *?/E"c |� ' �B| 3

��|�kE� 3 �qd|*�|�o |@?d�DZko�/ zkhuh B M -c � : fc q M d3�c �o dqg k M Efc 2� ghqrwh uhvshfwlyho| wkh

orfdwlrq/ vfdoh2glvshuvlrq/ vnhzqhvv dqg fkdudfwhulvwlf h{srqhqw1 Zkhq q ' B ' f/ " lv v|pphwulf k0

vwdeoh +7k7,1 Lw lv zhoo nqrzq wkdw k ' t�TE^ G .�"�^ 	 "�/ lpso|lqj �k 	 2 wkh srsxodwlrq yduldqfh lv

lq�qlwh1 Lq wkh pxowlyduldwh fdvh/ k �' �/ iru dq| mrlqwo| glvwulexwhg vwdeoh E? n��0yhfwru Ejct � zh kdyh

*?/E|c r� ' �E�c |�3

]
7
q.4

�E|c t��k d�3 �vjqEt c |� |@?E�DZk�o _KE|c r�

zkhuh 7_ lv wkh xqlw k|shuvskhuh rq -_/ dqg K ghqrwhv wkh vwdeoh vshfwudo phdvxuh/ d �qlwh qrq0qhjdwlyh

Eruho phdvxuh rq 7?n�� Vshfldo fdvhv lqfoxgh k ' 2 +Jdxvvldq,/ k ' � +Fdxfk|, dqg k ' �*2 +lqyhuwhg

�
2,1 Vhh Leudjlpry dqg Olqqln +4<:4,/ ]rorudwhy +4<:4, dqg Vdprurgqlwvnl dqg Wdttx +4<<7, iru ixuwkhu

h{srvlwlrq rq vwdeoh surfhvvhv1 Wkurxjkrxw/ zh ljqruh wkh Fdxfk| fdvh +k ' �, iru frpsdfwqhvv/ krzhyhu

doo uhvxowv fdq eh h{whqghg wr Fdxfk| u1y1*v1

5Frpshwlqj olwhudwxuhv zlwk wkh vwdeoh dqg vwdeoh0grpdlq k|srwkhvhv h{lvw lq zklfk yrodwloh �qdqfldo

wlph0vhulhv duh prghohg dv glvwuxexwlrqdo �pl{wxuhv� ri qrupdo udqgrp yduldeohv/ pdunry vzlwfklqj vwuxf0
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glvwulexwlrq zrxog eh qhfhvvdulo| duelwudu|1

Vwdeoh udqgrp yduldeohv/ krzhyhu/ kdyh wkh surshuw| ri lq�qlwh srsxodwlrq yduldqfh

+l1h1 khdy| wdlov, iru doo vwdeoh0odzv h{fhsw wkh qrupdov/ dqg duh frqyhqlhqwo| glvwulex0

wlrqdoo| �vwdeoh� xqghu dgglwlrq= wkh vxp ri vwdeohv lv lwvhoi d vwdeoh udqgrp yduldeoh1

Wklv surshuw| ri vwdeoh vxppdwlrq lv sduwlfxoduo| dwwudfwlyh iru prghoolqj wkh ehkdylrudo

surshuwlhv ri yrodwloh orz iuhtxhqf| +h1j1 zhhno|2prwko|, dvvhw uhwxuqv zklfk duh frq0

vwuxfwhg dv vxpv +surgxfwv, ri kljk iuhtxhqf| uhwxuqv +h1j1 gdlo|2krxuo|, 1 Iru d jhqhudo

vxuyh| rq wkh ghyhorsphqw ri sulflqj prghov iru vwdeo|0glvwulexwhg dvvhwv/ vhh PfFxoorfk

+4<<9,1 Vhh/ dovr/ Jdpurzvnl dqg Udfkhy +4<<<,/ dqg wkh flwdwlrqv wkhuhlq/ iru wkh uhfhqw

ghyhorsphqw ri d vwdeoh0odz fdslwdo dvvhw sulflqj prgho1

Dowkrxjk uhvhdufk lq vwdwlvwlfdo dqg hfrqrphwulf wkhru| hpsor|lqj wkh vwdeoh0odzv/ ru

surfhvvhv zkrvh vfdohg vxpv frqyhujh wr vwdeoh udqgrp yduldeohv/ lv h{whqvlyh6 / vxusulv0

lqjo| olwwoh h{lvwv lq wkh hfrqrphwulf �hog ri olqhdu suhglfwlrq dqg wkh wkhru| ri rswlpdo

iruhfdvwlqj1 Rxu jrdo lv wr ghyhors d vlpsoh dqg dffxudwh surmhfwlrq whfkqltxh iru suhglfw0

wxuhv/ ru frpelqdwlrqv ri wkh deryh xqghu d JDUFK lqqrydwlrqv vwuxfwxuh1 Dqdo|wlfdo phwkrgv hpsor|hg

iru whvwlqj wkh qrupdo0pl{wxuhv k|srwkhvlv djdlqvw wkh vwdeoh k|srwkhvlv/ krzhyhu/ kdyh uhfhqwo| frph

xqghu vfuxwlq| lq PfFxoorfk +4<<:,1 Lq wklv zrun/ wkh qdwxuh ri wkh qxoo frpsrxqg k|srwkhvlv lv fulwl0

fl}hg +h1j1 wkh frpsrxqg qxoo ri l1l1g1 vwdeoh lv riwhq uhmhfwhg lq idyru ri d qrupdo0pl{wxuh,/ ru/ ydulrxvo|/

hpslulfdo vwdwlvwlfdo phwkrgv iru ghwhfwlrq ri surfhvvhv jryhuqhg e| lq�qlwh yduldqfh vwdeoh0odzv kdyh ehhq

vkrzq lq vlpxodwlrq vwxg| wr uhqghu eldvhg uhmhfwlrqv ri wkh qxoo lq idyru ri dowhuqdwlyh k|swkhvhv1

6Dghtxdwho| flwlqj wkh h{lvwlqj olwhudwxuh lv qhfhvvdulo| lpsrvvleoh/ krzhyhu zlwkrxw dq| dwwhpsw wr

eh lqfoxvlyh/ zh olvw d ihz sdshuv dqg wkhlu wrslfv khuh zklfk uhdvrqdeo| uhsuhvhqw wkh jluwk ri wrslfv

fryhuhg lq wkh �hog ri hvwlpdwlrq dqg lqihuhqfh zlwk lq�qlwh yduldqfh surfhvvhv= Kdqqdq dqg Ndqwhu

+4<::= ohdvw vtxduhv,/ Folqh +4<;6= ohdvw vtxduhv/ P0hvwlpdwlrq/ suhglfwlrq,/ Skloolsv +4<;:= xqlw urrw

dqdo|vlv ,/ Skloolsv dqg Oruhwdq +4<<4= Gxuelq0Zdwvrq whvw ,/ Nqljkw +4<<6= ohdvw devroxwh ghyldwlrq/ DU[

hvwlpdwlrq,/ Nrnrv}nd dqg Wdttx +4<<9= prylqj dyhudjh hvwlpdwlrq zlwk ghshqghqw huuruv ,/ Uxqgh +4<<:=

whvwv iru vhuldo ghshqghqfh,/ Fdqhu +4<<;= frlqwhjudwlrq whvwv,1
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lqj rxw0ri0vdpsoh ydoxhv ri wkh lq�qlwh yduldqfh surfhvv [ edvhg rq wkh dydlodeoh lqirupd0

wlrq [4> ===> [q1 Lq sduwlfxodu/ zh ghyhors phwkrgv zklfk gudpdwlfdoo| vlpsoli| h{lvwlqj

vroxwlrq phfkdqlfv iru ghulylqj wkh rswlpdo olqhdu iruhfdvw/ dqg surylgh suhglfwlrq zklfk

xqlirupo| rxw0shuirupv h{lvwlqj frpsxwdwlrqdoo| exughqvrph whfkqltxhv1

Li zh ghqrwh e| O wkh odj rshudwru/ zh kdyh

!
s
+O,[w @ �t+O,�w> +4,

zkhuh zh uhvwulfw wkh sro|qrpldov !s+O, @ 4 . }!4 .===. }s!s dqg �s+O, @ 4 . }�4 .===.

}t�t wr kdyh qr frpprq urrwv/ dqg wr vdwlvi|

!s+O,�s+O, 9@ 3 ;} 5 U vxfk wkdw m}m ? 4= +5,

Lq sduwlfxodu/ zh dvvxph !s+O, kdv qr urrwv rxwvlgh wkh xqlw flufoh1 Lw iroorzv +vhh Eurfn0

zhoo dqg Gdylv/ 4<;:/ Fi1 Folqh/ 4<;6, wkdw wkhuh h{lvw xqltxh vwdwlrqdu| vroxwlrqv wr

+4,/

[q @
4[
l@3

�l�q�l [q @ �q .
4[
l@4

#l[q�l +6,

zlwk
S
4

l@4 m�lm
� ? 4 dqg

S
4

l@4 m#lm
� ? 4/ � ? plq+4> �,/ dqg m�lm ? ��l iru vrph � A 3

dqg � 5 +3> 4, dv l $ 41

Iru d n0dkhdg iruhfdvw/ zh frqvlghu olqhdu suhglfwruv ri wkh wuxqfdwhg irup

a[q.n @
q[
l@4

dl[q.4�l +7,

n � 41 Iru qrq0qrupdo vwdeoh0odzv +l1h1 � ? 5,/ wkh sureohp ri ghyhorslqj dq rswl0

pdo olqhdu surmhfwlrq lv qrq0wulyldo/ dqg surgxfhv dq dqdo|wlfdo uliw wkdw kdv odujho| ehhq

ljqruhg lq wkh olwhudwxuh1 Lq sduwlfxodu/ zkhq � @ 5> wkh olqhdu vsdfh ri wkh Jdxvvldq

surfhvv lv d Kloehuw vsdfh zklfk surylghv wkh wkhru| ri plqlpxp phdq vtxduhg huuru

suhglfwlrq fulwhulrq1 Wklv hohjdqw wkhru| kdv ehhq ixoo| ghyhorshg lq wkh Jdxvvldq fdvh=
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wkh ppvh suhglfwru lv rswlpdoo| olqhdu dqg lghqwlfdoo| wkh frqglwlrqdo h{shfwdwlrqv1 Wkh

olqhdu vsdfh ri wkh vwdeoh0odzv zlwk 4 � � ? 5/ krzhyhu/ lv d Edqdfk vsdfh/ dqg zkhqhyhu

� ? 4/ rqo| d phwulf vsdfh1 Lqghhg/ zkhq � ? 5/ lq prvw fdvhv zh pxvw fkrrvh ehwzhhq

plqlpl}lqj dq dffhswdeoh O�0phwulf/ ru hpsor|lqj wkh wudglwlrqdo frqglwlrqdo h{shfwdwlrqv

irup/ H ^[q.nm[4> ===> [q` > ru v|qrq|prxvo| H^[q.n � d
3
[m[q.4�w` @ 31 Vhh Fdpedqlv

dqg Ploohu +4<<4= Wkhruhpv 819 dqg 81;, iru devwudfw h{dpsohv zklfk gl�huhqwldwh eh0

wzhhq frqglwlrqdo h{shfwdwlrqv dqg plqlpl}dwlrq ri dq dssursuldwho| fkrvhq O�0glvwdqfh

iru V�V u1y1*v lq vwrfkdvwlf lqwhjudo irup1 Pruhryhu/ lq pdq| fdvhv/ wkh frqglwlrqdo h{shf0

wdwlrqv pd| qrw uhqghu d wudfwdeoh olqhdu irup/ ru hyhq h{lvw/ Fi1 Kduglq hw do +4<<4, dqg

Fdpedqlv dqg Zx +4<<5,1 Iru h{dpsoh/ surylghg �w ehorqjv wr wkh grpdlq ri dwwudfwlrq

ri d vwdeoh0odz/ ihz uhvxowv h{lvw zklfk fkdudfwhul}h wkh +olqhdu, frqglwlrqdo h{shfwdwlrqv/

Fi1 Flrf}hn dqg Wdttx +4<<7,1 Wkh fhqwudo wkhph ri wklv sdshu/ wkhuhiruh/ lv wkh frpsohwh

dqdo|wlfdo duwlfxodwlrq ri wkh xqeldvhg olqhdu suhglfwlrq ri vwdeoh olqhdu surfhvvhv edvhg rq

frqglwlrqdo h{shfwdwlrqv dqg lwv shuirupdqfh zkhq frpsduhg wr wudglwlrqdo O�0phwkrgv1

Iru surfhvvhv zlwk lq�qlwh yduldqfh/ rswlpdo olqhdu suhglfwruv edvhg rq dq O�0fulwhulrq

lqfoxgh wlph0grpdlq plqlpxp glvshuvlrq iru xqlyduldwh dqg pxowlyduldwh surfhvvhv zklfk

ehorqj wr wkh grpdlq ri dwwudfwlrq ri d qrq0qrupdo vwdeoh0odz +Folqh/ 4<;6> Folqh dqg

Eurfnzhoo/ 4<;8> dqg Vrowdql dqg Prhdqdgglq/ 4<<7,/ plqlpl}dwlrq ri wkh h{shfwhg de0

vroxwh suhglfwlrq huuru dqg vshfwudo0grpdlq whfkqltxhv +Fdpedqlv dqg Vrowdql/ 4<;5,1 Lq

wkh xqlyduldwh plqlpxp glvshuvlrq fdvh/ d phwkrg zlgho| flwhg lq wkh olwhudwxuh/ Folqh

dqg Eurfnzhoo +4<;8,/ Fi1 Folqh +4<;6,/ hpsor| Vwxfn*v +4<:;, fulwhulrq ri plqlpl}lqj wkh

suhglfwlrq huuru glvshuvlrq/ zlwk glvshuvlrq ri d prylqj dyhudjh gh�qhg dv

glvs+[q, @ glvs

#
4[
l@4

�l�q�l

$
@

4[
l@4

m�lm
�= +8,

Zkhqhyhu wkh llg yduldwh �w lv jryhuqhg e| d vwdeoh0odz/ � 5 +3> 5,> zlwk vfdoh F� A 3/
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vwdqgdug f1i1 pdqlsxodwlrq glfwdwhv wkdw

[q

G
@ �4

#
4[
l@4

m�lm
�

$4@�

F�

[q
@ F�

�

4[
l@4

m�lm
� ?4 +9,

zkhuh wkh �qlwhqhvv ri wkh uhvxowlqj vfdoh iroorzv qhfhvvdulo| iurp +6,1 Wkxv/ plqlpl}dwlrq

ri wkh suhglfwlrq huuru glvshuvlrq lv lghqwlfdo wr wkh sureohp ri �qglqj d yhfwru d zklfk

plqlpl}hv wkh vwdeoh0vfdoh dvvrfldwhg zlwk wkh suhglfwlrq huuru/ surylghg wkh huuru lv vwdeo|

glvwulexwhg1 Lq rughu wr vhh wkdw wkh suhglfwlrq huuru ah � a[q.n �
S

q

l@4 dl[q.4�l lv

jryhuqhg e| d vwdeoh0odz ;q � 4/ revhuyh wkdw

[q.n �
q[
l@4

dl[q.4�l @
4[
l@3

�l�q.n�l �
q[
m@4

dm

4[
l@3

�l�q.4�m�l +:,

@
n�4[
l@3

�l�q.n�l .
q[
l@4

+�q.n�l � d4�q�l � ===� dq�l.4�3, �l

.
4[
l@3

+�q.n.l � d4�q.l � ===� dq�l, ��l

@
4[
l@3

�l�q.n�l
g
@ �4

#
4[
l@3

m�lm
�

$4@�

>

zkhuh
S
4

l@3 m�lm
� ? 4 iroorzv iurp +6, dqg Folqh +4<;6,1 Frqvhtxhqwo|/ glvs+ah, @

F�
�

S
4

l@3 m�lm
�> wkhuhiruh zlwkrxw orvv ri jhqhudolw| zh dvvxph F� @ 41

Pruhryhu/ li zh gh�qh wkh vljqhg0srzhu }?�A lq wkh xvxdo pdqqhu +l1h1 }?�A @

m}m�vjq+},,> wkhq iurp wkh IRF*v ri wkh plqlpl}dwlrq sureohp lw lv vwudljkwiruzdug wr

vkrz wkdw ;w @ 4==q dqg ;� 5 +3> 5,>

C glvs +ah,

Cdw
@ �

q.n�4[
l@n�4.w

�?��4A
l

�l�+n�4.w, �
4[

l@q.n

�?��4A
l

�l�+n�4.w, +;,

@ �
q�w[
l@3

�?��4A
l.n�4.w�l �

4[
l@q�w.4

�?��4A
l.n�4.w�l

@ �
4[
l@3

�?��4A
l.n�4.w�l @ 3> w @ 4==q=

Wkxv/ wkh vhw id = d @ dujplqglvs+[q.n �
Sq

l@4 dl[q.4�l,j vroyhv wkh krprjhqrxv

v|vwhp ri q0htxdwlrqv lpsolhg e| +;,1 Qrqolqhdulw| lq wkh vhtxhqfh i�?��4A
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. e?��4A ^}6> e}5`� e| lqvshfwlrq ri wkh vwdeoh fkdudfwhulvwlf ixqfwlrq dqg vshfwuxp/ Fi1

Ploohu +4<::,1 Wkh fryduldwlrq/ wkhuhiruh/ lv qrw/ lq jhqhudo/ v|pphwulf lq lwv dujxphqwv
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ri olqhdu xqeldvhg suhglfwruv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5/ zh ghulyh wkh uhodwlrqvkls
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vhtxhqfh �w lv jryhuqhg e| dq llg vwdeoh0odz1 Ixuwkhu ghwdlov fdq eh irxqg lq Fdpedqlv
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orqj wr wkh grpdlq ri dwwudfwlrq ri d vwdeoh0odz duh qrw jxdudqwhhg wr jhqhudwh d olqhdu
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rq nqrzq sdudphwhu ydoxhv1 Ixuwkhu/ e| Fruroodu| 6/ wkh vroxwlrq vhw +5;, uhqghuv wkh
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l@4

dl[q.4�l>[q.4�w

&
�

@ +76,

�

t.w[
m@w�t

dm

t[
l@3

�?��4A
l

��m.w.l .

t[
m@3

�?��4A
m

�m.n.w�4 @ 3
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zkhuh �m @ 3/ m ? 3> m A q/ �3 @ 4 dqg dm @ 3> m � 3> m A q= Wkh deryh lpsolflw olqhdu

v|vwhp ri htxdwlrqv fdq eh lpphgldwho| vroyhg xsrq dssolfdwlrq ri Fuäphu*v Uxoh/ zklfk

frpsohwhv wkh surri1

Uhpdun 4 = Wkh vroxwlrq vhw d lv xqltxh ;� 5 +3> 5,1 Revhuyh wkdw ;� ? 4 wkh

PGOS uhgxfhv wkh fkrlfh vhw ri d wr
�
q.t
t

�
srvvlelolwlhv dv ixqfwlrqv ri wkh vroxwlrqv wr wkh

sro|qrpldo }t . �4}
t�4 .===. �t @ 3/ Fi1 Folqh dqg Eurfnzhoo +4<;8= s1 5<6,1 Wkxv/ wkh

frpsxwdwlrqdo exughq zloo eh frpsdudwlyho| h{whqvlyh iru kljkhu rughu prylqj dyhudjh

surfhvvhv iru odujh q1

Ilqdoo|/ frqvlghu wkh jhqhudo DUPD+s> t, surfhvvhg ghqrwhg lq +4, 0 +6,/ dqg gh�qh

wkh iroorzlqj vhtxhqfh

*4 @ 4> *l @
l[

m@4

#m�l.4*l�4 l @ 5==n> +77,

zkhuh wkh frh!flhqwv i#mjm�4 duh gh�qhg lq +6,1 Wkhq/ e| +6,/ iru dq| n � 4 zh ghgxfh

[q.n @
n�4[
m@3

�
m
�q.n�m .

4[
m@4

�m[q.4�m +78,

zkhuh �
m
@
S

n

l@4 *l> m @ 4==n dqg �m @
S

n

l@4 #m.n�l*l> m @ 4> 5> ==1 Frqvhtxhqw wr Ohppd

5/ [q.n 5 S\
q dqg dm @ �m > m @ 4==q> lv wkh xqltxh vroxwlrq dv q $ 41 Pruhryhu/ iurp

+77, dqg +78, lw lv vwudljkwiruzdug wr yhuli| wkh iroorzlqj uhvxow1

Fruroodu| ; Iru dq| DUPD+s> t, surfhvv [q vxfk wkdw +4,0+6, krog/ dqg iru dq| n � 4

wkhuh h{lvwv d xqltxh fryduldwlrq ruwkrjrqdo olqhdu suhglfwru zklfk plqlpl}hv wkh suhglfwlrq

huuru dv q $ 41 Vshfl�fdoo|/ wklv olqhdu suhglfwru vdwlv�hv wkh uhfxuvlyh uhodwlrqvkls

a[q.n @
n�4[
m@4

#m
a[q.n�m .

4[
m@n

#m[q.n�m = +79,

Lq wkh fdvh ri DUPD+s> t, suhglfwlrq zkhq rqo| d �qlwh vdpsoh lv dydlodeoh/ zh r�hu

wkh vxevhtxhqw jhqhudo fruroodu| wr Ohppd 5 iru wuxqfdwhg DUPD+s> t, suhglfwruv1
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Fruroodu| < Iru dq| DUPD+s> t, surfhvv [q vxfk wkdw +4,0+6, krog/ iru dq| n � 4/ q �

4 dqg � 5 +3> 5,> � 9@ 4> wkhuh h{lvwv d xqltxh FROS frh!flhqw vhw d vxfk wkdw +l, 0 +y,

ri Ohppd 4 duh vdwlv�hg1 Lq sduwlfxodu/ dm vroyhv

q[
l@4

dl�l>w @
q[
l@4

�l�l>w .
w[

l@3

�q.4.l

3
C 4[
m@3

�m.w�4�
?��4A
q.4.m

4
D +7:,

.
4[

l@w.4

�q.4.l

3
C 4[
m@3

�m�
?��4A
q.4.m

4
D >

zkhuh ;w @ 4==q >

�l>w @ �l

q�w[
m@4�w

�?��4A
m

.
4[

m@q.4

�?��4A
m

�m�l +7;,

�m @
n[
l@4

#m.n�l*l

dqg �m @ 3/ m ? 31

Surri1 Vxevhtxhqw wr uhpdun 4 ri Ohppd 5/ ;w @ 4==q> ^[q.n � d
3
[m[q.4�w`� @ 3

lpsolhv +7:,/ dqg +7;, lv lpphgldwh gxh wr +77, dqg +78,1 Wkh xqltxh frh!flhqw vhw d

iroorzv iurp wudglwlrqdo phwkrgv iru vroylqj olqhdu v|vwhpv ri htxdwlrqv1

Uhpdun 4 = Zh pd| lqihu iurp +7:, dqg +7;, wkdw iru odujh q/ wkh wuxqfdwhg suhglf0

wru [�

q.n @
S

n�4
m@4 #m[

�

q.n�m .
S

q.n�4
m@n #

m
[q.n�m zloo eh forvh wr rswlpdo1 Ri frxuvh/

frqyhuvho| wkh wuxqfdwhg PGOS zloo eh dssur{lpdwho| xqeldvhg iru odujh q1

Vroylqj wkh lpsolhg q0htxdwlrq v|vwhp lq +7:, zloo eh gl!fxow hyhq iru orz rughu sur0

fhvvvhv1 Krzhyhu/ h{lvwlqj dojrulwkplf whfkqltxhv wkdw hpsor| uhfxuvlyh suhglfwlrq uhvlg0

xdov fdq eh hdvlo| h{whqghg wr wkh vwdeoh odzv1 Iru wkh iroorzlqj ghulydwlrqv/ zh uhtxluh

vrph frpsdfw qrwdwlrq/ lq dgglwlrq wr vwdeoh0uhsuhvhqwdwlrqv ghwdlohg lq suhylrxv vhfwlrqv1

Gh�qh wkh uhfxuvlyh suhglfwlrq uhvlgxdo hn @ [n.4 � a[n.4> n @ 3===q �4> zkhuh a[4 @ 3 e|

frqyhqwlrq= Dgglwlrqdoo|/ iru hdfk krul}rq k 5 3> gh�qh wkh uhdo0ydoxhg vhtxhqfh i�
+k,
q>l
jq
l@4
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vxfk wkdw d ehvw olqhdu xqeldvhg suhglfwru/ fi1 Ohppd 4 dqg Fruroodu| </ vdwlv�hv wkh uh0

fxulvlyh uhvlgxdov irupxod/ a[q.k @
S

q

l@4 �
+k,
q>l

+[q.4�l � a[q.4�l,= Wkh iroorzlqj wkhruhp

gholyhuv d uhfxuvlyh dojrulwkp iru rqh0vwhs dkhdg vwdeoh suhglfwlrq ri xqlyduldwh surfhvvhv

e| xwlol}lqj d zhoo0nqrzq suhglfwlrq uhvlgxdov irupdw wkdw kdv ehhq fkdudfwhul}hg rqo| lq

wkh fdvh ri Kloehuw0vsdfh suhglfwlrq> vhh/ h1j1/ Eurfnzhoo dqg Gdylv +4<;:,1

Wkhruhp 43 Iru dq| vwdeoh0odz [w/ wkh xqeldvhg �0ruwkrjrqdo rqh0vwhs dkhdg suhglfwru

H^[q.4m[q> ===> [4` @ a[q.4 vdwlv�hv a[q.4 @
S

q

l@4 �
+4,
q>l

+[q.4�l � a[q.4�l,> zkhuh iru

hdfk n @ 3===q� 4>

�
+4,

q>q�n
@

#
^[q.4>[n.4`� �

n�4[
l@3

�
+4,
q>q�l

^hl> [n.4`�

$
^hn> [n.4`

�4
�

= +7<,

Surri1 Frqvlghu wkh uhfxuvlyh suhglfwlrq uhvlgxdo irup/ a[q.4 @
S

q

l@4 �
+4,
q>q�l

+[q.4�l

� a[q.4�l,> iru dq| q A 3= Gl�huhqflqj zlwk uhvshfw wr [q.4 dqg dsso|lqj wkh �0

ruwkrjrqdolw| frqglwlrq/ fi1 Ohppd 4/ wr erwk vlghv ri wkh htxdolw| zlwk uhvshfw wr dq

duelwudu| hohphqw [n.4> n 5 ^3> q � 4`> zh rewdlq

k
[q.4 � a[q.4>[n.4

l
�

@

%
[q.4 �

q[
l@4

�
+4,
q>l
hq�l> [n.4

&
�

= +83,

Qrz/ revhuyh wkdw e| �0ruwkrjrqdolw|/ wkh xqeldvhg olqhdu suhglfwru qhfhvvdulo| uhqghuv

^hm > hn`� @ 3 iru dq| m A n= Frqvhtxhqwo|/ ^[q.4 � a[q.4> [n.4`� @ 3> wkhuhiruh wkh

sulqflsohv ri fryduldwlrq +olqhdulw| lq wkh �uvw dujxphqw, dqg +83, lpso|

3 @ ^[q.4> [n.4`�
n[
l@3

�
+4,
q>q�l

^hl> [n.4`� +84,

@ ^[q.4> [n.4`�
n�4[
l@3

�
+4,
q>q�l

^hl> [n.4`� � �
+4,
q>l

^hn> [n.4`� =

Vroylqj/ zh rewdlq

�
+4,

q>q�n
@

#
^[q.4>[n.4`� �

n�4[
l@3

�
+4,
q>q�l

^hl> [n.4`�

$
^hn> [n.4`

�4
�

> +85,
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zklfk suryhv wkh uhvxow1

Uhpdun 4 = Wkh vxevwdqwlyh glvwlqfwlrq ehwzhhq ehwzhhq wkh fodvvlfdo �uhvlgxdov�

Kloehuw0vsdfh dojrulwkp dqg wkh deryh vwdeoh0odz surfhgxuh olhv lq wkh qrq0v|pphwu| ri

wkh �0ruwkrjrqdolw| frqglwlrq/ ^hl> hm `�1 Lqghhg/ e| frqvwuxfwlrq/ ^[l.4 � a[l.4> [l.4�m `�

@ 3 iru hyhu| m @ 4> 5> ===l> krzhyhu/ dv ghwdlohg lq Vhfwlrq 4/ wkh fryduldwlrq lv lq jhqhudo

qrw v|pphwulf lq lw dujxphqwv1 Wkxv/ zkloh ^hl> hm `� @ 3/ l A m> pd| eh wuxh> ^hm > hl`�

@ 3 grhv qrw w|slfdoo| iroorz1 D vlpsoh frxqwhu0h{dpsoh h{lvwv iru wkh fdvh zkhq wkh

suhglfwlrq uhvlgxdov duh lqghshqghqw/ zklfk lv lq jhqhudo qrw wuxh lq wkh suhvhqw vhwwlqj/

e| frqvwuxfwlrq1 Ri frxuvh/ zkhq � @ 5> wkh O50lqqhu surgxfw lv v|pphwulf dqg +7<,

uhgxfhv wr wkh fodvvlfdo irupxod1 Vhh Eurfnzhoo dqg Gdylv +4<;:,1

91 Qxphulfdo H{shulphqw Lq wkh suhfhglqj vhfwlrqv/ zh suryhg wkdw lq wkhru|

wkh FROS wkh PGOS zloo eh �vlplodu� iru odujh q1 Lw lv ohiw iru h{shulphqwdwlrq wr

ghprqvwudwh wkh qdwxuh ri wkh gl�huhqwldo ehwzhhq wkh wzr suhglfwruv1 Wkhuhiruh/ lq wklv

frqfoxglqj vhfwlrq/ zh h{solflwo| ghulyh wkdw PD+4, dqg DUPD+4> 4, FROS dqg PGOS

frh!flhqwv/ ghqrwhg uhvshfwlyho| df>m dqg dp>m > ryhu d << � << sdudphwhu julg +�> �, �

^4=34> 4=<<` � ^=34> =<<`> dqg iru ydulrxv dxwruhjuhvvlyh sdudphwhuv ! 5 i3> =:j= Uhvxowv iru

qhjdwlyh sdudphwhu ydoxhv duh v|pphwulfdoo| lghqwlfdo/ dqg uhfdoo wkdw wkh FROS dqg

PGOS duh lghqwlfdo iru doo �qlwh rughu dxwruhjuhvvlyh surfhvvhv1 Dgglwlrqdoo|/ lw lv hdv| wr

vkrz wkdw vwhs ydoxhv n $4 prqrwrqlfdoo| glplqlvkhv erwk phdvxuhv ri glvshuvlrq zkloh

uhqghulqj uhvxowv frpsdudwlyho| vlplodu wr rqh0vwhs dkhdg suhglfwlrq/ / khqfh zh uhsruw

h{shulphqwv rqo| iru rqh vwhs0dkhdg iruhfdvwv +l1h1 n @ 4,= Zh h{solflwo| ljqruh surfhvvhv

zlwk orz rughu fkdudfwhulvwlf h{srqhqwv +l1h1 � ? 4, lq rughu wr h{sorlw wkh xqltxhqhvv

ri wkh PGOS iru sxusrvhv ri fulwhulrq frpsdudelolw|1 Iru hdfk olqhdu surmhfwlrq sureohp
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dqg duelwudu| q 5 i4> 43> 83> 433j zh sorw wkh gl�huhqwldo

glvs+[q.n � d
3

p[,� glvs+[q.n � d
3

f[, +86,

ryhu wkh frpsxwhg julg/ dqg uhsruw wkh h{wuhpd

plq
+�>�,�^4=34>4=<<`�^=34>=<<`

iglvs+[q.n � d
3

p
[,� glvs+[q.n � d

3

f
[,j +87,

pd{
+�>�,�^4=34>4=<<`�^=34>=<<`

iglvs+[q.n � d
3

p[,� glvs+[q.n � d
3

f[,j=

Dgglwlrqdoo|/ lq rughu wr ghprqvwudwh wkh eldv lq wkh fdqrqlfdo h{shfwhg suhglfwlrq huuru ri

wkh PGOS/ zh sorw wkh glvshuvlrq ri wkh frqglwlrqdo h{shfwdwlrqv ri wkh PGOS suhglfwlrq

huuru/

�gPGOS @
q[
m@4

m}m . �}m�4m
� .

�
m� . !m�

4� m!m�

�
}q> +88,

zkhuh }m @
S

m

l@3 !
m�l^+df>l � !df>l�4, � +dp>l � !dp>l�4,`1 Ri frxuvh/ e| Fruroodu| 7 wkh

FROS lv xqeldvhg/ khqfh �gFROS @ 3/ wkxv �gPGOS dovr vhuyhv dv wkh gl�huhqwldo1 Ilqdoo|/

iru hdfk q 5 ^4> 433` dqg ! 5 i3> =:j zh fdofxodwh wkh qxpehu ri julg srlqwv iru zklfk

mglvs+[q.n � d
3

p[,� glvs+[q.n � d
3

f[,m ? 43�; +89,

��� �gPGOS � �gFROS

��� ? 43�;

dqg vxevhtxhqwo| sorw wkh iuhtxhqf| surjuhvvlrqv=

Lq vxppdu|/ fohduo|/ wkh PGOS surylghv dq lpsuryhphqw ryhu wkh FROS edvhg rq

d fulwhulrq ri suhglfwlrq huuru glvshuvlrq ryhu d qrq0qhjoljleoh vxe0vhw ri wkh sdudph0

whu vsdfh iru vpdoo vdpsoh vl}hv +vhh Iljxuhv 4 dqg 5,1 Krzhyhu/ wkhuh h{lvwv d qhduo|

rqh0wr0rqh fruuhvsrqghqfh ehwzhhq wkh uhjlrqv lq zklfk wkh FROS suhglfwlrq huuru glv0

shuvlrq lv odujh dqg wkh suhglfwlrq huuru ri wkh PGOS edvhg rq frqglwlrqdo h{shfwdwlrqv

lv odujh +vhh Iljxuhv 6 dqg 7,1 Lqghhg/ dqg qrw vxusulvlqjo|/ wkh juhdwhu wkh lpsuryh0

phqw lq suhglfwlrq �vwdelolw|� e| hpsor|phqw ri wkh PGOS/ fhwhulv sdulexv/ wkh juhdwhu
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wkh uhvxowlqj suhglfwlrq huuru eldv/ d sureohp fodvvlfdoo| dvvrfldwhg zlwk h!flhqw/ eldvhg

suhglfwruv2hvwlpdwruv1

Lq wkh PD+4, fdvh/ Iljxuh 8 ghprqvwudwhv wkdw wkhuh h{lvwv d vxevwdqwldo prqrwrqlf

lpsuryhphqw ryhu wkh glvshuvlrq gl�huhqwldo dv d ixqfwlrq ri q1 Dv q jurzv odujh/ wkh

sdudphwhu uhjlrq ryhu zklfk wkh gl�huhqwldo lv qhjoljleoh +l1h1 ohvv wkdq 43�;, lqfuhdvhv

prqrwrqlfdoo|1 Krzhyhu/ dv !( 4 lq jhqhudo DUPD+4> 4, prghov/ wkh glvshuvlrq gl�huhq0

wldo lv d�hfwhg qrq0olqhduo|1 Lqghhg/ wkh uhodwlyh vsdwldo lpsuryhphqw ri erwk gl�huhqwldov

lv qhduo| lghqwlfdo lq wkh PD+4, fdvh1 Krzhyhu/ iru odujh m!m ydoxhv/ wkh PGOS lpsuryhv

rq eldv idvwhu wkdq wkh FROS lpsuryhv rq suhglfwlrq huuru glvshuvlrq zkhq q lv vpdoo1

Iru odujh q> krzhyhu/ fohduo| wkh xqeldvhg FROS lpsuryhv rq suhglfwlrq huuru glvshuvlrq

dw d juhdwhu udwh1

Iru lqvwdqfh/ e| Wkhruhp 7/ iru vpdoo prylqj dyhudjh frpsrqhqwv m�m> zh h{shfw

wkh FROS wr eh forvh wr wkh PGOS/ dv hylqfhg e| wkh deryh h{dpsoh1 Wkhuhiruh/ iru

DUPD+4> 4, surfhvvhv zlwk zhdn lqwhu0whpsrudo shuvlvwhqfh wkh PGOS vhhpv wr eh wkh

suhihuuhg surmhfwlrq phwkrg edvhg rq d fulwhulrq ri plqlpxp huuru glvshuvlrq1 Dv wkh

qxpehu ri gdwd srlqwv jurzv odujh dqg iru odujh sdudphwhu ydoxhv m!m/ edvhg rq wkh vdph

fulwhulrq wkh FROS frpsduhv zhoo zlwk wkh ehvw olqhdu suhglfwru1 Krzhyhu/ doo hylghqfh

vxjjhvwv wkdw wkh yduldelolw| ri wkh suhglfwlrq huuru eldv ri wkh PGOS rxwzhljkv wkh

ehqh�wv dvvrfldwhg zlwk plqlpl}dwlrq ri wkh suhglfwlrq huuru glvshuvlrq1

Zh dujxh/ lq frqfoxvlrq/ wkdw wkh xqeldvhg olqhdu iruhfdvw lv wkh �ehvw� olqhdu suhglfwru

+lqghhg/ lw lv wkh ehvw suhglfwru ri wkh fodvv ri olqhdu xqeldvhg suhglfwruv,1 Wkh xqeldvhg

suhglfwru uhqghuv d frpelqhg suhglfwru huuru glvshuvlrq dqg huuru eldv wkdw lv xqlirupo|

orzhu wkdq wkdw surylghg e| plqlpxp glvshuvlrq phwkrgv1 Pruhyrhu/ dqg shukdsv pruh

lpsruwdqwo| iurp d frpsxwdwlrqdo srlqw ri ylhz/ gxh wr d uhgxfwlrq lq wkh qrq0olqhdulw|
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ri wkh fulwhulrq ixqfwlrq/ wkh xqeldvhg suhglfwru lv xqlyhuvdoo| hdvlhu wr frpsxwh wkdq

h{lvwlqj phwkrgv1 Wkh uhvxow lv d grplqdqw phwkrg iru ghulylqj rswlpdo olqhdu iruhfdvwv

ri kljko| yrodwloh wlph0vhulhv1

Uhihuhqfhv

Eurfnzhoo/ S1M1 dqg U1D1 Gdylv/ 4<;6/ Uhfxuvlyh Suhglfwlrq dqg H{dfw Olnholkrrg

Ghwhuplqdwlrq iru Jdxvvldq Surfhvvhv/ Whfkqlfdo Uhsruw 98/ Ghsw1 ri Vwdwlvwlfv/

Frorudgr Vwdwh Xqlyhuvlw|1

Eurfnzhoo/ S1M1 dqg U1D1 Gdylv/ 4<;:/ Wlph Vhulhv= Wkhru| dqg Phwkrgv +Vsulqjhu=

Qhz \run,1

Fdpedqlv/ V1 dqg L1 Idnkuh0]dnhul/ Rq Suhglfwlrq ri Khdy|0Wdlohg Dxwruhjuhvvlyh

Vhtxhqfhv= Iruzdug Yhuvxv Uhyhuvh Wlph/ Wkhru| dqg Suredelolw| Dssolfdwlrqv 6</

54:05661

Fdpedqlv/ V1 dqg J1 Ploohu/ 4<;4/ Olqhdu Sureohpv lq swk Rughu dqg Vwdeoh Sur0

fhvvhv/ VLDP Mrxuqdo ri Pdwkhpdwlfv 74/ 7609<1

Fdpedqlv/ V dqg D1U1 Vrowdql/ 4<;5/ Suhglfwlrq ri Vwdeoh Surfhvvhv= Vshfwudo dqg

Prylqj Dyhudjh Uhsuhvhqwdwlrqv/ Whfk1 Uhsruw 44/ Fhqwhu iru Vwrfkdvwlf Surfhvvhv

+Xqly1 ri Q1 Fdurolqd/ Fkdsho Kloo,1

Fdpedqlv/ V1 dqg Z1 Zx/ 4<<5/ Pxowlsoh Uhjuhvvlrq rq Vwdeoh Yhfwruv/ Mrxuqdo ri

Pxowlyduldwh Dqdo|vlv 74/ 57605:51

Fdqhu/ Phkphw/ 4<<;/ Whvwv iru Frlqwhjudwlrq zlwk Lq�qlwh Yduldqfh Huuruv/ Mrxuqdo

ri Hfrqrphwulfv ;9/ 48804:81
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Fkhqj/ E1Q1 dqg V1W1 Udfkhy/ 4<<8/ Pxowlyduldwh Vwdeoh Ixwxuhv Sulfhv/ Pdwkhpdw0

lfdo Ilqdqfh 8/ 46604861

Flrf}hn/ U1 dqg P1 Wdttx/ 4<<7/ Grhv Dv|pswrwlf Olqhdulw| ri wkh Uhjuhvvlrq

H{whqg wr Vwdeoh Grpdlqv ri DwwudfwlrqB Mrxuqdo ri Pxowlyduldwh Dqdo|vlv 7;/ :30;91

Folqh/ G1E1K1/ 4<;6/ Hvwlpdwlrq dqg Olqhdu Suhglfwlrq iru Uhjuhvvlrq/ Dxwruhjuhv0

vlrq dqg DUPD zlwk Lq�qlwh Yduldqfh Gdwd/ Xqsxeolvkhg Sk1G1 Glvvhuwdwlrq +Gh0

sduwphqw ri Vwdwlvwlfv/ Frorudgr Vwdwh Xqlyhuvlw|,1

Folqh/ G1E1K1 dqg S1 Eurfnzhoo/ 4<;8/ Olqhdu Suhglfwlrq dqg DUPD Surfhvvhv zlwk

Lq�qlwh Yduldqfh/ Vwrfkdvwlf Surfhvvhv dqg Wkhlu Dssolfdwlrqv 4</ 5;405<91

Idpd/ H1/ 4<98/ Sruwirolr Dqdo|vlv lq d Vwdeoh Sduhwldq Pdunhw/ Pdqdjhphqw Vfl0

hqfhv 44/ 737074<1

Jdpurzvnl/ E1 dqg V1W1 Udfkhy/ 4<<</ D WHvwdeoh Yhuvlrq ri wkh Sduhwr0Vwdeoh

FDSP/ Pdwkhpdwlfdo dqg Frpsxwhu Prghoolqj 5</ 940;41

Kdqqdq/ H1M1 dqg Pduhn Ndqwhu/ 4<::/ Dxwruhjuhvvlyh Surfhvvhv zlwk Lq�qlwh Ydul0

dqfh/ Mrxuqdo ri Dssolhg Suredelolw| 47/ 74407481

Kduglq/ Fo|gh/ Jhqqdg| Vdprurgqlwvn| dqg Pxudg Wdttx/ 4<<4/ Qrqolqhdu Uhjuhv0

vlrq ri Vwdeoh Udqgrp Yduldeohv/ Wkh Dqqdov ri Dssolhg Suredelolw| 4/ 8;509451

Leudjlpry/ L1D1 dqg \x1Y1 Olqqln/ 4<:4/ Lqghshqghqw dqg Vwdwlrqdu| Vhtxhqfhv ri

Udqgrp Yduldeohv +Zrowhuv0Qrrugkri,1

Mdqvhq/ Ghqqlv dqg Fdvshu gh Yulhv/ 4<<4/ Rq wkh Iuhtxhqf| ri Odujh Vwrfn Uhwxuqv=

Sxwwlqj Errpv dqg Exvwv lqwr Shuvshfwlyh/ Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv

63/ 4;0571
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Nqljkw/ N1/ 4<<6/ Hvwlpdwlrq lq G|qdplf Olqhdu Uhjuhvvlrq Prghov zlwk Lq�qlwh

Yduldqfh Huuruv/ Hfrqrphwulf Wkhru| </ 8:308;;1

Nrnrv}nd/ Slrwu dqg P1V1 Wdttx/ 4<<9/ Lq�qlwh Yduldqfh Vwdeoh Prylqj Dyhudjhv

zlwk Orqj Phpru|/ Mrxuqdo ri Hfrqrphwulfv :6/ :<0<<1

Pdqgoheurw/ E1/ 4<96/ Wkh Yduldwlrq ri Fhuwdlq Vshfxdowlyh Sulfhv/ Mrxuqdo ri Exvl0

qhvv 69/ 6<7074<1

PfFxoorfk/ M1K1/ 4<;7/ Vwdeoh Rswlrq Sulfhv/ Rklr Vwdwh Xqlyhuvlw|/ Ghsw1 ri Hfr0

qrplfv1

PfFxoorfk/ M1K1/ Iruhljq H{fkdqjh Rswlrq Sulflqj zlwk Orj0Vwdeoh Xqfhuwldqwo|1 Lq

V1M1 Nkrxu| dqg D1 Jkrvk/ hgf1/ Uhfhqw Ghyhorsphqwv lq Lqwhuqdwlrq Edqnlqj dqg

Ilqdqfh 4/ 56405781

PfFxoorfk/ M1K1/ 4<<9/ Ilqdqfldo Dssolfdwlrqv ri Vwdeoh Glvwulexwlrqv/ Kdqgerrn ri

Vwdwlvwlfv yro1 47 +Hovhylhu= Qhz \run,1

PfFxoorfk/ M1 Kxvwrq/ 4<<:/ Phdvxulqj Wdlo Wklfnqhvv wr Hvwlpdwh wkh vwdeoh Lqgh{

= D Fulwltxh/ Mrxuqdo ri Exvlqhvv dqg Vwdwlvwlfv 48/ :70;41

Ploohu/ J1/ 4<::/ Vrph Uhvxowv rq V|pphwulf Vwdeoh Glvwulexwlrqv dqg Surfhvvhv/

Lqvwlwxwh ri Vwdwlvwlfv qr1 4454 +Xqly1 ri Q1 Fdurolqd/ Fkdsho Kloo,1

Skloolsv/ S1F1E1/ 4<<3/ Wlph Vhulhv Uhjuhvvlrq zlwk d Xqlw Urrw dqg Lq�qlwh0Yduldqfh

Huuruv/ Hfrqrphwulf Wkhru| 9/ 770951

Skloolsv/ S1F1E1 dqg Plfr Oruhwdq/ 4<<4/ Wkh Gxuelq0Zdwvrq Udwlr xqghu Lq�qlwh

Yduldqfh Huuruv/ Mrxuqdo ri Hfrqrphwulfv 7:/ ;704471
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Uxqgh/ Udoi/ 4<<:/ Wkh Dv|pswrwlf Qxoo Glvwulexwlrq ri wkh Er{0Slhufh T0vwdwlvwlf

iru Udqgrp Yduldeoh zlwk Lq�qlwh Yduldqfh= Dq Dssolfdwlrq wr Jhupdq Vwrfn Uh0

wxuqv/ Mrxuqdo ri Hfrqrphwulfv :;/ 53805491

Vdprurgqlwvn|/ J1 dqg P1V1 Wdttx/ 4<;</ Frqglwlrqdo Prphqwv ri Vwdeoh Udqgrp

Yduldeohv/ Vwrfkdvwlf Surfhvvhv1

Vdprurgqlwvn|/ J1 dqg P1V1 Wdttx/ 4<<7/ Vwdeoh Qrq0Jdxvvldq Udqgrp Surfhvvhv

+Fkdspdq dqg Kdoo/ Qhz \run,1

Vrowdql/ D1 dqg U1 Prhdqdgglq/ 4<<7/ Rq Glvshuvlrq ri Vwdeoh Udqgrp Yduldeohv

dqg lwv Dssolfdwlrqv lq wkh Suhglfwlrq ri Pxowlyduldwh Vwdeoh Surfhvvhv/ Mrxuqdo ri

Dssolhg Suredelolw| 64/ 9<409<<1

Vwxfn/ E1Z1/ 4<:;/ Plqlpxp Glvshuvlrq Olqhdu Ilowhulqj ri Vfdodu V|pphwulf Vwdeoh

Surfhvvhv/ LHHH Wudqv1 Dxw1 Frqw1 56/ 83: 0 83<1

]rorwduhy/ Y1P1/ 4<:4/ Rqh Glphqvlrq Vwdeoh Glvwulexwlrqv +Dphulfdq Pdwkhpdw0

lfdo Vrflhw|/ Surylghqfh,1
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