
Dv|pswrwlf surshuwlhv ri ohdvw vtxduhv vwdwlvwlfv lq jhqhudo yhfwru
dxwruhjuhvvlyh prghov1

Ehqw Qlhovhq

Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri R{irug
) Qx!hog Froohjh/ R{irug R[4 4QI/ XN
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45 Mxo| 5334

Vxppdu|= D yhfwru dxwruhjuhvvlrq zlwk ghwhuplqlvwlf whupv dqg zlwk qr uh0
vwulfwlrqv wr lwv fkdudfwhulvwlf urrwv lv frqvlghuhg1 Vwurqj frqvlvwhqf| uhvxowv dqg dovr
vrph zhdn frqyhujhqfh uhvxowv duh jlyhq iru d qxpehu ri ohdvw vtxduhv vwdwlvwlfv1 Wkhvh
vwdwlvwlfv duh uhodwhg wr wkh ghqrplqdwru pdwul{ ri wkh ohdvw vtxduhv hvwlpdwru dv zhoo
dv wkh ohdvw vtxduhv hvwlpdwru lwvhoi1 Dssolfdwlrqv ri wkhvh uhvxowv wr wkh vwdwlvwlfdo
dqdo|vlv ri qrq0vwdwlrqdu| hfrqrplf wlph0vhulhv duh eulh | glvfxvvhg1

Nh|zrugv= Dv|pswrwlf qrupdolw|/ Frlqwhjudwlrq/ Ohdvw vtxduhv/ Pduwlqjdohv/
Vdpsoh fruuhodwlrqv/ Vwurqj frqvlvwhqf|/ Yhfwru dxwruhjuhvvlyh prgho/ Zhdn frqvlv0
whqf|1

4 Lqwurgxfwlrq

Lq wkh dv|pswrwlf dqdo|vlv ri dxwruhjuhvvlyh wlph vhulhv lw lv xvxdoo| dvvxphg wkdw
wkh surfhvv kdv qr h{sorvlyh urrwv1 Wklv lv vrphzkdw lq frqwudvw zlwk wkh vwdwlvwlfdo
dqdo|vlv zklfk lv shuiruphg zlwkrxw wkdw uhvwulfwlrq1 Riwhq wkh dvvxpswlrq ri qrq0
h{sorvlyhqhvv zloo qrw eh qhfhvvdu| dqg frqvhtxhqwo| wkh dxwruhjuhvvlyh prgho fdq eh
xvhg iru dqdo|vlqj hfrqrplf gdwd h{klelwlqj h{sorvlyh jurzwk1 H{dpsohv ri wklv duh
wkh vwurqj frqvlvwhqf| uhvxowv iru ohdvw vtxduhv hvwlpdwruv suryhg e| Uxelq +4<83, dqg
Odl dqg Zhl +4<;8,1 Zkloh Odl dqg Zhl irfxvvhg rq wkh ohdvw vtxduhv hvwlpdwru wklv
sdshu lv rulhqwhg wrzdugv vdpsoh fruuhodwlrqv zklfk kdyh d pruh qdwxudo qrupdolvdwlrq
wkdq wkh ohdvw vtxduhv hvwlpdwru1 Wkh uhvxowv duh wr d odujh h{whqw ghulyhg xvlqj
phwkrgv suhvhqwhg e| Odl dqg Zhl +4<;5d/e/ 4<;6d/e/ 4<;8, dqg �qg dssolfdwlrqv lq
dxwruhjuhvvlrq sureohpv vxfk dv odj ghwhuplqdwlrq/ vhh Sùwvfkhu +4<;<, dqg Qlhovhq
+5334e,/ xqlw urrw whvwlqj +Qlhovhq 5334d, dqg frlqwhjudwlrq dqdo|vlv +Qlhovhq/ 5333,1

Wkh prgho lq wklv sdshu lv d R0glphqvlrqdo wlph vhulhv/ f�3&c � � � c ffc � � � c fA vdw0
lvi|lqj d &wk rughu yhfwru dxwruhjuhvvlyh htxdwlrq
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Khuh wkh frpsrqhqw (| lv d yhfwru ri ghwhuplqlvwlf whupv vxfk dv d frqvwdqw/ d olqhdu
wuhqg/ ru vhdvrqdo gxpplhv/ zkloh 0| lv dq lqqrydwlrq whup1 Iru frqyhqlhqfh ohw
j| ' Ef �

|3�c � � � c f
�
|3&�

� ghqrwh wkh vwdfnhg yhfwru ri odjv ri wkh surfhvv1
Wkh dlp ri wkh sdshu lv wr ghvfuleh/ lq dq doprvw vxuh vhqvh/ wkh rughu ri pdjqlwxgh

ri wzr vwdwlvwlfv dulvlqj lq uhjuhvvlrq dqdo|vlv1 Wkh �uvw ri wkhvh vwdwlvwlfv lv wkh
ghqrplqdwru ri wkh ohdvw vtxduhv hvwlpdwru
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iru zklfk wkh vpdoohvw dqg odujhvw hljhqydoxhv zloo eh glvfxvvhg1 Wr jhw d pruh ghwdlohg
xqghuvwdqglqj ri +415, wkh surfhvv j| lv ghfrpsrvhg lqwr surfhvvhv L|c T|c`| zlwk
fkdudfwhulvwlf urrwv zkrvh devroxwh ydoxhv duh vpdoohu wkdq/ htxdo wr/ ru odujhu wkdq
rqh1 Wkh vdpsoh fruuhodwlrqv ehwzhhq wkhvh frpsrqhqwv ydqlvk dv|pswrwlfdoo| dqg
wkh udwh ri frqyhujhqfh lv glvfxvvhg1 Wkhvh uhvxowv iru wkh ghqrplqdwru pdwul{ zloo
idflolwdwh d glvfxvvlrq ri wkh qrupdolvhg ohdvw vtxduhv hvwlpdwru zklfk lv wkh vhfrqg
vwdwlvwlf ri lqwhuhvw/
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Wkh wzr vhwv ri uhvxowv jhqhudolvh wkrvh ri Odl dqg Zdl +4<;6e/ 4<;8, lq wkdw uhvxowv
frqfhuqlqj wkh rughu ri pdjqlwxgh ri vdpsoh fryduldqfhv duh vkdushqhg dqg vlqfh
ghwhuplqlvwlf whupv duh lqfoxghg1 Dq lpphgldwh frqvhtxhqfh ri wkh wzr uhvxowv lv
wkdw wkh vxp ri vtxduhg uhvlgxdov lq wkh uhjuhvvlrq jlyhq e| +414, lv dv|pswrwlfdoo|
htxlydohqw wr
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|'� 0|0

�
| zkhuhdv pruh lqyroyhg dssolfdwlrqv duh jlyhq e| Qlhovhq +5333/

5334d/e,1
Zkhq glvfxvvlqj wkh rughu ri pdjqlwxgh ri wkh deryh vwdwlvwlfv wkh dujxphqwv

ri Odl dqg Zhl fdq eh iroorzhg wr d odujh h{whqw1 Iroorzlqj wkhlu suhfhghqfh lw lv
dvvxphg wkdw wkh vhtxhqfh ri lqqrydwlrqv E0|� lv d pduwlqjdoh gl�huhqfh vhtxhqfh
zlwk uhvshfw wr dq lqfuhdvlqj vhtxhqfh ri j0�hogv EI|�c wkdw lv 0| lv I|0phdvxudeoh
zlwk (E0|mI|3�� ' f @�r� Lw zloo riwhq eh uhtxluhg wkdw wkh lqqrydwlrqv vdwlvi| wkh wzr
frqglwlrqv
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zkhuh b4�? ghqrwhv wkh vpdoohvw hljhqydoxh ri d v|pphwulf pdwul{1 Odl dqg Zhl
+4<;6d, uhihu wr +417,/ +418, dv wkh orfdo Pduflqnlhzlf}0]|jpxqg frqglwlrqv1

Wkh ghwhuplqlvwlf surfhvv zloo eh dvvxphg wr vdwlvi| wkh dvvxpswlrq

(| ' #(|3�c mi�}i? E#�m ' �c h@?! E(�c � � � c (_�4#� ' _�4#c +419,

zklfk lv lqvsluhg e| Mrkdqvhq +5333,1
Wkh rxwolqh ri wkh sdshu lv dv iroorzv1

¢5= Khuh wkh surfhvv j| lv ghfrpsrvhg lqwr wkh wkuhh surfhvvhv L|c T|c`|1

¢6= Wkh ghwhuplqlvwlf surfhvv (| dqg lq sduwlfxodu wkh rughu ri pdjqlwxgh iru +415,
iru wkh sxuho| ghwhuplqlvwlf fdvh lv glvfxvvhg1

¢7= Wkh rughu ri pdjqlwxgh ri wkh surfhvv j| lv glvfxvvhg1

¢8= Wkh vdpsoh fruuhodwlrq ri L| dqg (| lv suryhg wr ydqlvk dv|pswrwlfdoo|1

¢9= Wkh rughu ri pdjqlwxgh ri wkh odujhvw hljhqydoxh ri +415, lv irxqg1

¢:= Wkh qrq0h{sorvlyh frpsrqhqwv dqg lq sduwlfxodu wkh rughu ri pdjqlwxgh ri wkh
vpdoohvw hljhqydoxh ri +415, iru wklv fdvh lv dqdo|vhg1

¢;= Wkh rughu ri pdjqlwxgh ri wkh vdpsoh fruuhodwlrqv ri L|c T|c`|c (| dqg ri wkh
vpdoohvw hljhqydoxh ri +415, lv glvfxvvhg1

¢<= Wkh ohdvw vtxduhv vwdwlvwlf +416, lv glvfxvvhg

¢43= Vrph Fhqwudo Olplw Wkhruhpv zklfk fdq eh xvhg lq wkh dqdo|vlv ri +416, duh
suhvhqwhg1

¢44= Wkh surfhvv T| zlwk fkdudfwhulvwlf urrwv ri ohqjwk rqh fdq eh ghfrpsrvhg ixuwkhu
lqwr surfhvvhv zlwk xqlw urrwv dw gl�huhqw iuhtxhqflhv1 Wkh vdpsoh fruuhodwlrqv
ehwzhhq wkhvh duh glvfxvvhg1 Wkhvh uhvxowv rqo| krog zhdno|1

Wkh Vhfwlrqv 8/ ;/ < dovr frqwdlq vrph h{dpsohv vkrzlqj krz wkh uhvxowv fdq eh
dssolhg lq wkh dqdo|vlv ri qrq0vwdwlrqdu| wlph vhulhv1

Wkh iroorzlqj qrwdwlrq lv xvhg wkurxjkrxw wkh sdshu= Iru d pdwul{ k ohw k	2 ' kk�

dqg ohw nkn eh wkh Hxfolghdq qrup1 Zkhq k lv v|pphwulf wkhq b4�? Ek� dqg b4@ Ek�
ghqrwh wkh vpdoohvw dqg wkh odujhvw hljhqydoxh uhvshfwlyho|1 Zkloh ( E0|mI|3�� lv d
frqglwlrqdo h{shfwdwlrq wkh qrwdwlrq Et|m~|� ghqrwhv wkh uhvlgxdo ri wkh ohdvw vtxduhv
uhjuhvvlrq ri t| rq ~|� Wkh deeuhyldwlrqv @�r� dqg 3 duh xvhg iru surshuwlhv kroglqj
doprvw vxuho| dqg lq suredelolw|/ uhvshfwlyho|1
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5 Ghfrpsrvlwlrqv ri wkh surfhvv

Wkh surfhvv f| vdwlvi|lqj +414, lv ghfrpsrvhg lqwr vwdwlrqdu| dqg h{sorvlyh frpsr0
qhqwv dv zhoo dv frpsrqhqwv zlwk urrwv dw ydulrxv orfdwlrqv rq wkh xqlw flufoh1 Lq odwhu
vhfwlrqv lw zloo eh hvwdeolvkhg wkdw wkh vdpsoh fruuhodwlrqv ri wkhvh frpsrqhqwv duh
dv|pswrwlfdoo| qhjoljleoh1

Dv d �uvw vwhs zulwh wkh surfhvv rq frpsdqlrq irup
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Wkh hljhqydoxhv ri � duh wkh fkdudfwhulvwlf urrwv ri wkh surfhvv f|�
Wkh ghfrpsrvlwlrq fdq qrz eh lqwurgxfhg xvlqj d vlplodulw| wudqvirupdwlrq1 Iro0

orzlqj Khuvwhlq +4<:8/ s1 63;, wkhuh h{lvwv d uhjxodu/ uhdo pdwul{ � zklfk wudqv0
irupv � lqwr d uhdo/ udwlrqdo fdqrqlfdo irup1 Lq sduwlfxodu/ � fdq eh fkrvhq vr
���3� ' _�@} ENcVc`� lv d eorfn gldjrqdo pdwul{ zkhuh wkh devroxwh ydoxhv ri
wkh hljhqydoxhv ri Nc V dqg ` duh vpdoohu wkdq rqh/ htxdo wr rqh dqg dw ohdvw rqh/
uhvshfwlyho|1 Fruuhvsrqglqjo|/ gh�qh wkh surfhvvhv
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Wkh surfhvv T| zklfk kdv urrwv rq wkh xqlw flufoh fdq eh wudqviruphg ixuwkhu/ lqwr
frpsrqhqwv T�c|c � � � T,c| vr T�c| kdv fkdudfwhulvwlf urrwv dw i T E�w�� dqg i T E��w��
zkhuh w�c � � � c w, duh glvwlqfw dqg f � w� � Z�

Wkh ghwhuplqlvwlf whup (| kdv urrwv rq wkh xqlw flufoh dqg qr rwkhu urrwv1 Wkh
Ohppd 514 jlyhq ehorz vkrzv wkdw rqh ixuwkhu vlplodulw| wudqvirupdwlrq ohdgv wr wkh
uhsuhvhqwdwlrqv

L| ' �L| n �>L(| zkhuh �L| ' N �L|3� n eLc|c +515,

`| ' �̀
| n �>`(| zkhuh �̀

| ' ` �̀
|3� n e c̀|c +516,

iru vrph �>L dqg �>` � Dq h{dpsoh ri wklv lv zkhq (| ' � lq zklfk fdvh �>L '
EU �N�3� >� Lw lv dq lpphgldwh frqvhtxhqfh ri wkh uhsuhvhqwdwlrqv +515,/ +516, wkdw
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Wkh uhodwlrq ehwzhhq T| dqg wkh surfhvv �T| ' V �T|3� n eTc| lv pruh frpsolfdwhg vlqfh
# dqgV kdyh frpprq hljhqydoxhv dqg wkh surfhvv �T| zloo wkhuhiruh qrw eh glvfxvvhg1

Wkh uhsuhvhqwdwlrqv +515,/ +516, iroorz lpphgldwho| iurp wkh qh{w Ohppd vlqfh
wkh pdwulfhv Nc `c # kdyh qr frpprq hljhqydoxhv1

Ohppd 514 Ohw � 5 +@f@/ � 5 +KfK eh vtxduh pdwulfhv zkloh � 5 +@fK lv uhfwdq0
jxodu1 Wkhq wkh htxdwlrq �(�(� ' � kdv d xqltxh vroxwlrq ( 5 +@fK li dqg rqo|
li wkh pdwulfhv � dqg � kdyh qr frpprq hljhqydoxhv1

Surri ri Ohppd 5141 Wkh htxdwlrq fdq eh uhzulwwhq xvlqj wkh �iU0rshudwru dv

E�� 
 UK � U@ 
�� yhf( ' yhf�c

vhh Pdjqxv dqg Qhxghfnhu +4<<</ Fkdswhu 5,1 D xqltxh vroxwlrq fdq wkhuhiruh eh
irxqg zkhq wkh pdwul{ �� 
 UK � U@ 
� kdv ixoo udqn ru/ lq rwkhu zrugv/ zkhq lw kdv
qr }hur hljhqydoxhv1

Wzr surshuwlhv ri Nurqhfnhu surgxfwv duh qhhghg1 Iluvw/ wkh wzr pdwulfhv ��
 UK
dqg U@
� frppxwh dqg khqfh wkh| duh vlpxowdqhrxvo| xqlwdulo| vlplodu wr wuldqjxodu
pdwulfhv +Pluvn|/ 4<94/ Wkhruhp 431918,1 Vhfrqgo|/ d Nurqhfnhu surgxfw 8 
 C
kdv hljhqydoxhv ri wkh irup s�}� zkhuh sc } duh wkh hljhqydoxhv ri 8cC uhvshfwlyho|/
vhh Pdjqxv dqg Qhxghfnhu +4<<</ Wkhruhp 51614,1 Dv d frqvhtxhqfh wkh pdwul{
�� 
 UK � U@ 
 � lv xqlwdulo| vlplodu wr d wuldqjxodu pdwul{ zlwk gldjrqdo hohphqwv
jlyhq e| @� � K� zkhuh @� dqg K� duh hljhqydoxhv ri � dqg � uhvshfwlyho|1 Khqfh/ li �
dqg � kdyh qr frpprq hljhqydoxhv wkhq �� 
 UK � U@ 
� kdv ixoo udqn1

Qrz vxssrvh � dqg � kdyh d frpprq hljhqydoxh b dqg ohw % dqg + eh dvvrfldwhg
hljhqyhfwruv vr ��% ' b% dqg �+ ' b+� Vlqfh E�� 
 UK � U@ 
�� E%
 +� ' f wkh
yhfwru %
 + lv dq hljhqyhfwru iru ��
 UK� U@
� dvvrfldwhg zlwk wkh hljhqydoxh 31

6 Olplwlqj uhvxowv iru wkh ghwhuplqlvwlf frpsrqhqw

Lq wkh iroorzlqj vrph olplw uhvxowv zloo eh jlyhq iru wkh rughu ri pdjqlwxgh ri wkh
ghwhuplqlvwlf surfhvv (| dqg wkh vxp ri vtxduhv

SA
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	2
| � Wkh irupxodwlrq ri wkh

uhvxowv lv lqvsluhg e| Odl dqg Zhl +4<;6e, dv zloo ehfrph hylghqw lq ¢:1
Wkh uhvxowv lq wklv vhfwlrq h{sorlw d vlplodulw| wudqvirupdwlrq dv lq ¢51 Ehfdxvh

ri Dvvxpswlrq +419, wkhuh h{lvwv d uhjxodu/ uhdo pdwul{ � vr �(| ' E(�
�c|c � � � c(

�
?c|�
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dqg �#�3� kdv wkh irup
_�@} E#�c � � � c#?� c +614,
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zkhuh wkh eorfnv kdyh gl�huhqw hljhqydoxhv dqg hdfk eorfn/#�c lv d uhdo Mrugdq pdwul{

#� '

3
EEEEEC

\ U
1 1 1 1 1 1

1 1 1 U
\

4
FFFFFD c +615,

zkhuh E\c U� lv rqh ri wkh sdluv
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Wkh pxowlsolflw| ri wkh hljhqydoxhv ri hdfk eorfn/ #�/ lv ghqrwhg B� dqg lv jlyhq e|
_�4#�*_�4\�� Wkh pd{lpxp pxowlsolflw| ri dq| hljhqydoxh ri # lv jlyhq e|

B ' 4@ 
�$�$?

B� ' 4@ i4�*|�T*�U�|) Eb� G b lv dq hljhqydoxh ri #j � +617,

Wkh �uvw uhvxow frqfhuqv wkh rughu ri (|�

Wkhruhp 614 Vxssrvh Dvvxpswlrq 419 lv vdwlv�hg1 Wkhq n(An ' �EA B��

Wkh surri zloo eh irupxodwhg lq whupv ri d Ohppd zklfk zloo eh xvhg rqfh djdlq
lq Vhfwlrq 71

Ohppd 615 Ohw b eh d frpsoh{ qxpehu zlwk mbm ' � dqg ohw #oc#r kdyh glphqvlrq
o dqg r uhvshfwlyho| dqg eh frpsoh{ Mrugdq pdwulfhv ri wkh irup E��2� zlwk E\c U� '
Ebc �� � Ixuwkhu/ ohw � eh dq Eo � r� pdwul{1 Wkhq
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zlwk wkh frqyhqwlrq wkdw wkh elqrpldo frh!flhqw E@c K� lv � li @ ' K ' f dqg f li hlwkhu
@ 	 K ru K 	 f� Wkhuhiruh wkh E�c6�0wk hohphqw ri
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Wdnlqj devroxwh ydoxhv/ xvlqj mbm ' � dqg surshuwlhv ri wkh elqrpldo frh!flhqw vkrzv
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Ilqdoo|/ xvh wkdw wkh pdwul{ ri lqwhuhvw kdv d �qlwh qxpehu ri hohphqwv1

Surri ri Wkhruhp 6141 Dvvxph zlwkrxw orvv ri jhqhudolw| wkdw # lv ri Mrugdq
irup +615,1 E| wkh wuldqjoh lqhtxdolw|/ n(An � S?

�'� n(�cAn zkhuh hdfk whup n(�cAn '
�EA _�4(�� dffruglqj wr Ohppd 6151

D vhfrqg uhvxow frqfhuqv wkh rughu ri pdjqlwxgh ri wkh vxp ri vtxduhv ri (|�

Wkhruhp 616 Vxssrvh Dvvxpswlrqv 419 lv vdwlv�hg1 Wkhq wkhuh h{lvwv frqvwdqwv
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Wzr Ohppdv duh qhhghg wr suryh wklv uhvxow/ ri zklfk wkh �uvw lv hvvhqwldoo|
Wkhruhp 616 irupxodwhg iru wkh fdvh zkhuh # rqo| kdv hljhqydoxhv dw rqh iuhtxhqf|1

Ohppd 617 Vxssrvh Dvvxpswlrq 419 lv vdwlv�hg dqg wkdw (�c| ' #�(�c| zkhuh #� lv
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Surri ri Ohppd 6171 Rqo| wkh prvw frpsolfdwhg fdvh/ zkhuh #� kdv qrq0uhdo
hljhqydoxhv lv frqvlghuhg1 Lq wkdw fdvh U ' U2 lv wkh elyduldwh lghqwlw| pdwul{ dqg

\ '

#
ULt w t�? w
� t�? w ULt w

$
'

�

2

#
� �
� �

$+
i T E�w� f

f i T E��w�

,#
� ��
�� �

$
� +618,

Wkh pdwul{ #|
� lv wkh xsshu eorfn pdwul{ zlwk hohphqwv

�
#|

�

�
6c?

'

#
|

?�6

$
\|3?n6

dv lq wkh surri ri Ohppd 6151 Wkh elqrpldo frh!flhqw vdwlv�hv

�

A ?36

#
|

?�6

$
'

�

E?�6�-

�
|

A

�?36

n L E��

iru odujh A zkhuh wkh huuru lv xqlirup lq |� Vlqfh n\n ' � lw iroorzv wkdw

4@ 
|$A

��cA(�c| ' �
�
A3�*2

�
c

dqg wkh ghvluhg uhvxowv iroorzv e| surylqj wkdw
SA

r'� E��cA(�c|�
	2 lv frqyhujhqw zlwk

d srvlwlyh gh�qlwh olplw1
Qrz/ ohw Kc @ ghqrwh wkh odvw dqg vhfrqg odvw hohphqw ri (�cfc vdwlvi|lqj @2n K2 : f
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dqg lw krogv wkdw

�A ' E@n K�2
+
�

A

A[
|'�

�
|

A

�2_�4#�3?36
,#

f ��
�� f

$
n L E�� � +61;,

Lqvhuwlqj wkh h{suhvvlrq +61;, iru �A lq +619, dqg qrwlqj wkdw

�

2

#
� �
� �

$#
f ��
�� f

$#
� �
� �

$
'

#
� f
f �

$

vkrzv wkdw

*�4
A<"

A[
|'�

E��cA(�c|�
	2 '

+
E@ n K�2

2
U2

,



5
99997 *�4
A<"

�

A

A[
|'�

;AAA?
AAA=

E|*A �_�4#�3�

E_�4#�3��-
111

E|*A �f

f-

<AAA@
AAA>

	2
6
::::8 �

Wkh odwwhu olplw lv srvlwlyh gh�qlwh vlqfh sro|qrpldov ri lqfuhdvlqj rughu frqvwlwxwh d
edvlv iru ixqfwlrqv rq ��

D vhfrqg Ohppd lv frqfhuqhg zlwk vdpsoh fruuhodwlrqv ri ghwhuplqlvwlf frpsr0
qhqwv zlwk gl�huhqw urrwv1

Ohppd 618 Vxssrvh Dvvxpswlrqv 419 lv vdwlv�hg1 Wkhq
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Wkh ghvluhg uhvxow iroorzv dv lq wkh surri ri Ohppd 617 xvlqj +61:,1

Surri ri Wkhruhp 6161 Ghfrpsrvh (| dv lqglfdwhg deryh1 Wkh frpsrqhqwv
ri (| duh dv|pswrwlfdoo| xqfruuhodwhg e| Ohppd 618 dqg wkh uhvxow wkhq iroorzv e|
Ohppd 6171

7 Wkh rughu ri pdjqlwxgh ri wkh surfhvv

Lq wkh iroorzlqj wkh rughu ri pdjqlwxgh ri wkh surfhvvj| zloo eh lqyhvwljdwhg1 Wklv lv d
jhqhudolvdwlrq ri Odl dqg Zhl +4<;8/ Wkhruhp 4, zkhuh wkh fdvh zlwkrxw ghwhuplqlvwlf
frpsrqhqwv lv frqvlghuhg1 Wkh uhvxow zloo eh irupxodwhg lq whupv ri wkh pxowlsolflw|
ri wkh odujhvw hljhqydoxh ri �c wkdw lv

4 ' 4@ i4�*|�T*�U�|) Eb� G b lv dq hljhqydoxh ri � dqg mbm ' 4@ mi�}i? E��mj �
+714,

Wkhruhp 714 Vxssrvh Dvvxpswlrqv 417/ 419 duh vdwlv�hg1 Wkhq/ iru 1 	 �* E2 n �� c

njAn @�r�
'

;A?
A=

LiA E�31�*2jn�EA B� li 4@ mi�}i? E��m 	 �c
�iEA 243� *L} *L} A ��*2jn�EA 4nB3�� li 4@ mi�}i? E��m ' �c

�EA 43�4@ mi�}i? E��mA � li 4@ mi�}i? E��m : ��

Surri ri Wkhruhp 7141 Li 4@ mi�}i? E��m 	 � wkhq e| +515, dqg wkh wuldqjoh
lqhtxdolw|

njAn ' nLAn '
��� �LA n �>L(A

��� ' �
���� �LA

����n�En(An� �

Xvh wkdw mm �LA mm ' LiA E�31�*2j @�r� dv vkrzq e| Odl dqg Zhl +4<;8/ Wkhruhp 4/�,
wrjhwkhu zlwk Wkhruhp 6141

Zkhq 4@ mi�}i? E��m ' � wkh wuldqjoh lqhtxdolw| vkrzv njAn � nTAn n nLAn �
Wkxv lw vx!fhv wr frqvlghu nTAn � D vlplodulw| wudqvirupdwlrq ri ET �| c(

�
|�
� uhvxowv lq

frpsrqhqwv ri wkh w|sh
#

T�c|
(�c|

$
'

#
#_�4T� �>T�

f #_�4(�

$#
T�c|3�
(�c|3�

$
n

#
iT�c|
f

$
c

43



zkhuh #_�4T� dqg #_�4(�
duh Mrugdq pdwulfhv zlwk d frpprq hljhqydoxh1 Lw vx!fhv

wr vkrz wkdw T�cA lv ri wkh uljkw rughu iru hdfk �1 Qrz/
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Wkh �uvw whup lv �EA 43�4@ mi�}i? E��mA � dffruglqj wr Odl dqg Zhl +4<;8/ Wkhruhp
4/���, zkloh wkh rwkhu whupv duh ri vpdoohu rughu1

Lq wkh deryh surri ri Wkhruhp 714 wkh iroorzlqj jhqhudolvhg yhuvlrq ri wkh Pduflqnlhzlf}0
]|jpxqg Wkhruhp zdv lpsolflwho| xvhg1

Wkhruhp 715 EOdl dqg Zhl/ 4<;6d/ Fruroodulhv 6/7�
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8 Fruuhodwlrq ehwzhhq vwdwlrqdu| dqg ghwhuplqlvwlf frpsrqhqw

Rqh pdmru gl�huhqfh ehwzhhq wkh uhvxowv suhvhqwhg khuh dqg wkh zrun ri Odl dqg Zhl
+4<;8, lv wkdw ghwhuplqlvwlf whupv duh lqfoxghg lq wkh prgho1 Ehiruh wxuqlqj wr wkh
txhvwlrq ri krz elj wkh ghqrplqdwru pdwul{ fdq eh lq Vhfwlrq 9 lw lv frqyhqlhqw wr
frqvlghu wkh dv|pswrwlf rughu ri pdjqlwxgh ri fruuhodwlrqv ehwzhhq wkh }hur phdq
surfhvv zlwk urrwv vpdoohu wkdq rqh/ �L|c dqg wkh ghwhuplqlvwlf frpsrqhqw/ (|�
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erxqghg dzd| iurp }hur1
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Wkh uhvxow iru wkh vdpsoh fruuhodwlrq ri �L| dqg (| fdq qrz eh vwdwhg dqg suryhg1
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Surri ri Wkhruhp 8151 Wkh qrup ri wkh pdwul{ ri lqwhuhvw lv erxqghg e|
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dq dxwruhjuhvvlrq zlwk _�4L| urrwv dw rqh dqg _�4L| urrwv htxdo wr wkrvh ri N� Wkh
wklug whup lv ri rughu �EA3�*2� dffruglqj wr Wkhruhp 6161

Rqh lpphgldwh frqvhtxhqfh ri wkhvh uhvxow lv wkh iroorzlqj1

H{dpsoh 816 Vxssrvh Dvvxpswlrqv 417/ 418/ 419 duh vdwlv�hg1 Wkhq wkh Wkhruhpv
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htxlydohqw wr wkh vxp ri vtxduhg lqqrydwlrqv1
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Wkh rughu ri pdjqlwxgh ri wkh odujhvw hljhqydoxh ri wkh ghqrplqdwru pdwul{ lv gh0
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Fruroodu| 915 Vxssrvh Dvvxpswlrq 417/ 418/ 419 duh vdwlv�hg1 Uhfdoo wkh gh�qlwlrq
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Zkloh Wkhruhp 914 jlyhv d erxqg iru wkh vxp ri vtxduhv ri wkh surfhvv wkh iroorz0
lqj uhvxow jlyhv d erxqg iru vxp ri kljkhu rughu srzhuv ri wkh vwdwlrqdu| frpsrqhqw1
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Wkh �uvw wzr vxpv duh �qlwh ehfdxvh wkh hljhqydoxhv ri N duh vpdoohu wkdq rqh lq
devroxwh ydoxh1 Dv iru wkh wklug whup ghfrpsrvh lw dv
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Wkh odwwhu whup lv ri rughu �EA � ' LEA �n#� e| Dvvxpswlrq +417,1 Wkh �uvw whup lv d
pduwlqjdoh1 Qrupdolvhg e| A �n# lw frqyhujhv wr }hur @�r� rq wkh vhw5
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vhh Kdoo dqg Kh|gh +4<;3/ Wkhruhp 514;,1 Plqnrzvnl*v lqhtxdolw| vkrzv wkdw wklv vxp
lv �qlwh li wkh vxp
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3E�n#�(EneLc�n2n� mI|3�� lv �qlwh1 Dvvxpswlrq +417, hqvxuhv
wklv lv wkh fdvh1

: Olplwlqj uhvxowv iru wkh qrq0h{sorvlyh frpsrqhqwv

Wzr uhvxowv duh jlyhq iru wkh qrq0h{sorvlyh fdvh/ wkdw lv zkhq 4@ mi�}i?E��m � ��
Wkh �uvw frqfhuqv wkh vpdoohvw hljhqydoxh dqg wkxv d orzhu erxqg iru wkh pdwul{SA

|'� Ej|m(|�
	2 zklfk lv uhodwhg wr wkh ghqrplqdwru pdwul{ +415,1 Wkh vhfrqg uhvxow

lv ri d pruh whfkqlfdo qdwxuh dqg zloo eh xvhg lq wkh vxevhtxhqw Vhfwlrq1 Lw jlyhv wkh
rughu ri pdjqlwxgh ri wkh vfdodu 4@ |$A 7

�
|5
3�
A 7| zkhuh

7| '

#
j|

(|

$
c 5A '

A[
r'�

#
j|

(|

$	2
� +:14,

Wkh �uvw uhvxow jlyhv d orzhu erxqg iru
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	2 dqg lv uhodwhg wr Wkhruhp

6 ri Odl dqg Zhl +4<;8,1
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Lq rwkhu zrugv/ wkh udwh ri frqyhujhqfh ri wkh ghqrplqdwru pdwul{ lv dw ohdvw A
zklfk lv wkh udwh ri frqyhujhqfh iru vxpv ri vtxduhv ri vwdwlrqdu| surfhvvhv1 Wklv uhvxow
lv xvhixo lq ydulrxv zd|v dv zloo eh ghprqvwudwhg lq Vhfwlrq ;1 Zkloh lw dovr krogv
wkdw *�4 �?uA<" b4�?EA
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@�r�c dqg vxfk d uhvxow kdv qrw ehhq suryhg/ dowkrxjk d yhuvlrq kroglqj lq suredelolw|
lv jlyhq lq ¢441

Wkh surri ri Wkhruhp :14 lv edvhg rq wkh iroorzlqj jhqhudolvdwlrq ri Ohppd 9/���
ri Odl dqg Zhl +4<;6e,1 D voljkwo| vwurqjhu yhuvlrq ri wklv uhvxow lv suhvhqwhg wrzdugv
wkh hqg ri wklv vhfwlrq1
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Wkh vhfrqg dqg pruh whfkqlfdo uhvxow lv dq h{whqghg yhuvlrq ri Wkhruhp 6161
Uhfdoo wkh gh�qlwlrq ri wkh vwdfnhg surfhvv 7| dqg wkh vxp ri vtxduhv 5A lq E.����
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Ohppd :16 Vxssrvh Dvvxpswlrqv 419/ 417/ 418 duh vdwlv�hg dqg 4@ mi�}i? E��m � ��
Wkhq/ iru doo 1 	 �*E2 n ��c
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Wkh Ohppd :16 lv suryhg e| Odl dqg Zhl +4<;6e/ Wkhruhp 7, iru wkh vshfldo fdvh
zkhuh f lv d xqlyduldwh dxwruhjuhvvlrq zlwkrxw ghwhuplqlvwlf frpsrqhqwv dqg wkh
rughu ri pdjqlwxgh lv vkrzq wr eh L E��1 Wkh rxwolqh ri wkhlu surri fdq dovr eh xvhg
wr suryh wklv pruh jhqhudo dqg vwurqjhu uhvxow1

Wkh �uvw vwhs lq wkh dujxphqw lv dq dojheudlf uhvxow vwuhqjwkhqlqj Ohppd 6 ri
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qdolvhg dqg wkhuhiruh zlwkrxw orvv ri jhqhudolw| lw fdq eh dvvxphg wkdw �| ' 7| lv
xqlyduldwh1 E| Ohppd :16 lw krogv wkdw r32A %2A ' LEA31*e�� Wkhruhp :14 wkhq vkrzv
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Surri ri Wkhruhp ;161 Wkh qrup ri wkh �uvw h{suhvvlrq lv erxqghg e|
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Wkh �uvw whup lv ri rughu LEA31*H� dffruglqj wr Ohppd :161 Lq wkh vhfrqg whup wkh
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�Lr lv ri rughu �iEA *L} *L} A ��*2j ehfdxvh lw vdwlv�hv d vhfrqg rughu
dxwruhjuhvvlrq zlwk _�4L| urrwv dw rqh dqg _�4L| urrwv htxdo wr wkrvh ri N� Wkh
wklug whup lv �qlwh @�r� dffruglqj wr H{dpsoh 8161
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Wkh �uvw whup lv ri rughu LEA31*H� dffruglqj wr Ohppd :161 Wkh wzr whupv lqyroylqj
` duh frqyhujhqw dqg �qlwh dv irxqg lq Fruroodu| 9151

E| frpelqlqj wkhvh uhvxowv qhduo| doo sdluv ri wkh surfhvvhv �L|c T|c`|c (| kdyh ehhq
frqvlghuhg1 Wkh rqo| h{fhswlrq lv wkh vdpsoh fruuhodwlrq ri T| dqg (| zklfk zloo qrw
eh qhjoljleoh zkhq wkhvh surfhvvhv kdyh frpprq fkdudfwhulvwlf urrwv1 Wkh Wdeoh 4
vxppdulvhv wkh uhvxowv jlyhq lq Wkhruhp 815/ ;14/ ;15/ ;161
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Dv dq dowhuqdwlyh wr Wdeoh 4 wkh Wdeoh 5 suhvhqwv wkh vdpsoh fruuhodwlrqv ri wkh
uhvlgxdov E �L|m(|�c ET|m(|�c E`|m(|�� Wr ghulyh wkhvh uhvxow ohw �E%c +� dqg �E%c +m5�
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Ohppd <15 Vxssrvh wkh lqqrydwlrqv 0| vdwlvi| Dvvxpswlrqv 417/ 418/ 419 dqg wkdw
6| lv d pduwlqjdoh gl�huhqfh vhtxhqfh dgdswhg wr I| dqg vdwlvi|lqj Dvvxpswlrqv 417/
4181 Wkhq/ iru � � �c

;?
=

A[
|'�

#
j|

(|

$	2<@
>
3�*2

A[
|'�

#
j|

(|

$
6�

|n�
@�r�
' �

�
4@ 
|$A

n6|n
�
�

Surri ri Ohppd <151 Ohw 7| ' EL �|c T
�
| c (

�
|�
�� Dv d frqvhtxhqfh ri Wkhruhpv

;14/ ;15 dqg ;16/ vhh dovr Wdeoh 4/ wkh yhfwru ri lqwhuhvw htxdov

+
A[
|'�

#
`	2

| f
f 7	2|

$,3�*2 A[
|'�

#
`|

7|

$
6�

|n� i� n L E��j �

Wkxv wkh h{sorvlyh dqg qrq0h{sorvlyh frpsrqhqwv fdq eh frqvlghuhg vhsdudwho|1
Iru wkh h{sorvlyh frpsrqhqw qrwh wkdw

������
#

A[
|'�

`	2
|

$3�*2 A[
|'�

`|6
�
|n�

������ �
������
#

A[
|'�

`	2
|

$3�*2 A[
|'�

`|

������4@ 
|$A

n6|n c
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Khuh wkh �uvw whup lv frqyhujhqw dv suryhg deryh/ wkh vhfrqg vxp frqyhujhv wr }hur
e| Wkhruhp 916/ zkhuhdv wkh wklug whup lv erxqghg e| dvvxpswlrq +417,1

44 Fruuhodwlrqv ri surfhvvhv zlwk xqlw urrwv dw sduwlfxodu iuhtxhqflhv

Xqwlo qrz lw kdv ehhq dujxhg wkdw wkh vdpsoh fruuhodwlrqv ri wkh surfhvvhv �L|/ T|/
`| duh dv|pswrwlfdoo| qhjoljleoh lq dq doprvw vxuh vhqvh1 Li dq dujxphqw kroglqj
lq whupv ri zhdn frqyhujhqfh vx!fhv d olwwoh pruh fdq eh vdlg1 Xvlqj d vlplodulw|
wudqvirupdwlrq dv lq ¢5 wkh surfhvv T| fdq eh ghfrpsrvhg lqwr surfhvvhv T�c|c � � � c T,c|
zlwk glvwlqfw urrwv rq wkh xqlw flufoh1 Iru wkh fdvh zkhuhf lv xqlyduldwh Fkdq dqgZhl
+4<;;, kdyh vkrzq wkdw wkh vdpsoh fruuhodwlrqv ri wkhvh duh dv|pswrwlfdoo| qhjoljleoh
dqg wkh rughu ri frqyhujhqfh kdv ehhq uh�qhg e| Qlhovhq +5334d,1 D pxowlyduldwh
yhuvlrq zloo eh vwdwhg khuh dqg d surri zloo eh vnhwfkhg1
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Wr hvwdeolvk d frpprq qrwdwlrq ghfrpsrvh wkh surfhvvhv T| dqg (| lqwr frpsr0
qhqwv T�c|c � � � c T,c| dqg (�c|c � � � c(,c|c srvvleo| ri glphqvlrq }hur/ vr T�c| dqg (�c| kdyh
urrwv dw i T Ew�� dqg i T E�w�� zkhuh w�c � � � c w, duh glvwlqfw1 Dv lq wkh Vhfwlrq 43
wkh Dvvxpswlrq +4314, wkdw (E0	2| mI|3�� ' l @�r� zloo eh xvhg1 Wkh sulpdu| ixqf0
wlrq ri wklv lv wr hqvxuh wkdw wkh surfhvvhv T�c|c � � � c T,c|c vxlwdeo| qrupdolvhg/ frqyhujh
mrlqwo| lq glvwulexwlrq1 D zhdno| dv|pswrwlf uhvxow iru wkh vdpsoh fruuhodwlrqv ri wkhvh
surfhvvhv fdq qrz eh irupxodwhg1

Wkhruhp 4414 Vxssrvh Dvvxpswlrqv 417/ 419/ 4314 duh vdwlv�hg1 Ohw 7| eh jlyhq e|
�L|c `| dqg frpsrqhqwv T^c|c (^c| vr w^ 9' wo� Wkhq lw krogv iru doo # : f
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Zlwk wklv uhvxow lq kdqg wkh rughu ri pdjqlwxghv uhsruwhg lq Wdeoh 4 fdq qrz eh
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Wdeoh 7= Dv|pswrwlf rughu ri pdjqlwxgh ri sdluzlvh fruuhodwlrqv/ zkhuh # : f dqg
1 	 �*E2 n ��1

Wkh surri ri Wkhruhp 4414 zloo eh vnhwfkhg lq wkh iroorzlqj1 Wkh fdvh zkhuh
f lv d xqlyduldwh dqg ( lv devhqw kdv ehhq dqdo|vhg e| Fkdq dqg Zhl +4<;;, dqg
wkhq h{whqghg wr lqfoxgh (| e| Qlhovhq +5334d,1 Vlqfh wkh dujxphqw iru wkh jhqhudo
pxowlyduldwh fdvh lv phuho| d whglrxv h{huflvh lq qrwdwlrq d ghwdlohg surri lv rplwwhg1
Lw kdv vrph lqwhuhvw wkrxjk wr jlyh dq ryhuylhz ri wkh dujxphqwv ri Fkdq dqg Zhl
+4<;;, vr dv wr vhh zkhuh wkh dvvxpswlrq +4314, lv xvhg1

Wkh �uvw vwhs lv dq lqyduldqfh sulqflsoh iru sduwldo vxpv ri wkh lqqrydwlrqv1

Ohppd 4415 EFkdq dqg Zhl/ 4<;;/ Wkhruhp 515�
Vxssrvh Dvvxpswlrqv 417/ 4314 duh vdwlv�hg dqg wkdw _�4f ' �� Wkhq
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rq wkh vsdfh (dfc �o2, ri uljkw frqwlqxrxv ixqfwlrqv zlwk olplwv iurp wkh ohiw/ zkhuh �
lv d vwdqgdug Eurzqldq prwlrq1

Lw lv zruwk qrwlqj wkh pdujlqdo frqyhujhqfh ri d hohphqw vxfk dv
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wrjhwkhu zlwk Dvvxpswlrqv 417/ 418 wkh lqyduldqfh sulqflsoh ri Eurzq +4<:4/ Wkhruhp
6, fdq eh xvhg1 Dowhuqdwlyho|/ wkh lqyduldqfh sulqflsoh iru pl{lqjdohv e| PfOhlvk
+4<::, frxog eh xvhg1 Wkh wulfn| elw lv wr vkrz wkh mrlqw frqyhujhqfh ri wkh frpsr0
qhqwv1 Wklv krogv li wkh dyhudjh ri wkh frqglwlrqdo fryduldqfhv ri wkh lqqrydwlrqv lv
dv|pswrwlfdoo| qhjoljleoh1 Wr vhh wklv Fkdq dqg Zhl +4<;;, xvh Dvvxpswlrq 4314 dqg
d wuljrqrphwulf dujxphqw wr vkrz/ iru lqvwdqfh/
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Wkh vhfrqg vwhs lv wr orrn dw wkh vdpsoh fruuhodwlrqv ri wkh surfhvvhv T�c|c � � � c T,c|
iru wkh xqlyduldwh fdvh1 Zkloh wkh deryh Ohppd 4415 vkrzv wkdw wkhvh surfhvvhv
kdyh txlwh d elw lq frpprq zlwk udqgrp zdonv wkhlu vdpsoh fruuhodwlrqv kdyh d
frpsohwh gl�huhqw ehkdylrxu1 Iru wzr udqgrp zdonv frqvwuxfwhg iurp wzr vhwv ri
lqghshqghqw lqqrydwlrqv wkh vdpsoh fruuhodwlrq zloo frqyhujh lq glvwulexwlrq zkhuhdv
wkh wuljrqrphwulf frqvwuxfwlrq ri T�c|c � � � c T,c| hqvxuhv wkdw wkhlu vdpsoh fruuhodwlrqv
duh qhjoljleoh1 Wkh dujxphqw lv yhu| vlplodu wr wkdw pdgh iru wkh ghwhuplqlvwlf frp0
srqhqw (| lq Vhfwlrq 61 Dv orqj dv _�4f ' � dqg _�4( ' f lw fdq eh dvvxphg
zlwkrxw orvv ri jhqhudolw| wkdw Vo lv ri Mrugdq irup +615, zlwk E\c U� jlyhq e| +616,
zklfk ohdgv wr wkh iroorzlqj uhvxow1

Ohppd 4416 EFkdq dqg Zhl/ 4<;;/ Vhfwlrq 6�
Vxssrvh Dvvxpswlrqv 417/ 4314 duh vdwlv�hg dqg wkdw _�4f ' � dqg _�4( ' f� Ohw
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Wkh wklug dqg �qdo vwhs lv wr vkrz wkdw wkh uhvxow dfwxdoo| krogv iru # : f dqg
wr doorz h{sorvlyh dqg ghwhuplqlvwlf frpsrqhqwv1 Wklv h{whqvlrq lv jlyhq e| Qlhovhq
+5334d/ Ohppd D7/ E4,1
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Wkhvh wkuhh vwhsv fdq eh h{whqghg wr jlyh Wkhruhp 44141 Iru wkh xqlyduldwh fdvh
Ohppd 4416 kdv ehhq h{whqghg e| Fkdq +4<;<, wr vlwxdwlrqv zkhuh _�4( 9' f�

Lq wkh surri ri Ohppd 4416 d qrupdolvdwlrq/ �ocA vd|/ lv irxqg hqvxulqj wkdwSA
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	2 frqyhujhv lq glvwulexwlrq wr d udqgrp pdwul{ zklfk lv srvlwlyh gh�0
qlwh @�r� Lq wklv sxuho| udqgrp vlwxdwlrq �3�
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Wrjhwkhu zlwk Wkhruhp <14 wklv lpsolhv wkdw wkh ohdvw vtxduhv hvwlpdwru iru > lv dw
ohdvw zhdno| frqvlvwhqw dv orqj dv Dvvxpswlrqv 417/ 419/ 4314 duh vdwlv�hg1
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Eurzq/ E1P1 +4<:4,1 Pduwlqjdoh Fhqwudo Olplw Wkhruhpv1 Dqqdov ri Pdwkhpdwlfdo
Vwdwlvwlfv 75/ 8<0991

Fkdq/ Q1K1 +4<;<, Dv|pswrwlf lqihuhqfh iru xqvwdeoh dxwruhjuhvvlyh wlph vhulhv zlwk
guliwv1 Mrxuqdo ri Vwdwlvwlfdo Sodqqlqj dqg Lqihuhqfh 56/ 63406451

Fkdq/ Q1K1/ dqg F1]1 Zhl +4<;;,1 Olplwlqj Glvwulexwlrqv ri Ohdvw Vtxduhv Hvwlpdwhv
ri Xqvwdeoh Dxwruhjuhvvlyh Surfhvvhv1 Dqqdov ri Vwdwlvwlfv 49/ 69:07341

Gx r/ P1/ Vhqrxvvl/ U1 dqg Wrxdwl/ U1 +4<<4,1 Sursulìwìv dv|pswrwltxhv suhvtxh
vþuh gh o*hvwlpdwhxu ghv prlqguhv fduuìv g*xq prgëoh dxwruìjuhvvli yhfwrulho1
Dqqdohv gh o*Lqvwlwxw Khqul Srlqfduì 0 Suredelolwìv hw Vwdwlvwltxhv 5:/ 40581

Kdoo/ S1/ dqg Kh|gh/ F1F1 +4<;3,1 Pduwlqjdoh Olplw Wkhru| dqg Lwv Dssolfdwlrqv1
Dfdghplf Suhvv/ Vdq Glhjr1

Khuvwhlq/ L1Q1 +4<:8,1 Wrslfv lq Dojheud/ 5qg hglwlrq1 Qhz \run= Zloh|1

Mrkdqvhq/ V1 +4<<9,1 Olnholkrrg0edvhg lqihuhqfh lq frlqwhjudwhg yhfwru dxwruhjuhvvlyh
prghov1 5qg sulqwlqj1 R{irug Xqlyhuvlw| Suhvv1

Mrkdqvhq/ V1 +5333,1 D Eduwohww fruuhfwlrq idfwru iru whvwv rq wkh frlqwhjudwlqj
uhodwlrqv1 Hfrqrphwulf Wkhru| 49/ :730::;1

Odl/ W1O1 dqg Zhl/ F1]1 +4<;5d,1 Ohdvw vtxduhv hvwlpdwhv lq vwrfkdvwlf uhjuhvvlrq
prghov zlwk dssolfdwlrqv wr lghqwl�fdwlrq dqg frqwuro ri g|qdplf v|vwhpv1 Dq0
qdov ri Vwdwlvwlfv 43/ 48704991

Odl/ W1O1 dqg Zhl/ F1]1 +4<;5e,1 Dv|pswrwlf surshuwlhv ri surmhfwlrqv zlwk dssol0
fdwlrqv wr vwrfkdvwlf uhjuhvvlrq sureohpv1 Mrxuqdo ri Pxowlyduldwh Dqdo|vlv 45/
67906:31

Odl/ W1O1 dqg Zhl/ F1]1 +4<;6d, D qrwh rq pduwlqjdoh gl�huhqfh vhtxhqfhv vdwlv0
i|lqj wkh orfdo Pduflqnlhzlf}0]|jpxqg frqglwlrq1 Exoohwlq ri wkh Lqvwlwxwh ri
Pdwkhpdwlfv/ Dfdghpld Vlqlfd 44/ 40461

Odl/ W1O1 dqg Zhl/ F1]1 +4<;6e, Dv|pswrwlf surshuwlhv ri jhqhudo dxwruhjuhvvlyh
prghov dqg vwurqj frqvlvwhqf| ri ohdvw0vtxduhv hvwlpdwhv ri wkhlu sdudphwhuv1
Mrxuqdo ri Pxowlyduldwh Dqdo|vlv 46/ 40561

Odl/ W1O1 dqg Zhl/ F1]1 +4<;8, Dv|pswrwlf surshuwlhv ri pxowlyduldwh zhljkwhg vxpv
zlwk dssolfdwlrqv wr vwrfkdvwlf uhjuhvvlrq lq olqhdu g|qdplf v|vwhpv1 Lq S1U1
Nulvkqdldk/ hg1/ Pxowlyduldwh Dqdo|vlv YL/ Hovhylhu Vflhqfh Sxeolvkhuv/ 6:806<61
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wlrqv lq vwdwlvwlfv dqg hfrqrphwulfv1 Uhylvhg hglwlrq1 Fklfkhvwhu= Zloh|1

PfOhlvk/ G1O1 +4<::,1 Rq wkh lqyduldqfh sulqflsoh iru qrqvwdwlrqdu| pl{lqjdohv1
Dqqdov ri Suredelolw| 8/ 94909541

Pluvn|/ O1 +4<94,1 Dq lqwurgxfwlrq wr olqhdu dojheud1 Fruuhfwhg sulqw1 R{irug
Xqlyhuvlw| Suhvv1

Qlhovhq/ E1 +5333,1 Wkh dv|pswrwlf glvwulexwlrq ri olnholkrrg udwlr whvw vwdwlvwlfv iru
frlqwhjudwlrq lq xqvwdeoh yhfwru dxwruhjuhvvlyh surfhvvhv1 Glvfxvvlrq sdshu1

Qlhovhq/ E1 +5334d,1 Wkh dv|pswrwlf glvwulexwlrq ri xqlw urrw whvwv ri xqvwdeoh
dxwruhjuhvvlyh surfhvvhv1 Hfrqrphwulfd/ 9</ 544054<1

Qlhovhq/ E1 +5334e,1 Zhdn frqvlvwhqf| ri fulwhulrqv iru rughu ghwhuplqdwlrq lq d
jhqhudo yhfwru dxwruhjuhvvlrq1 Plphr1

Sùwvfkhu/ E1P1 +4<;<,1 Prgho vhohfwlrq xqghu qrqvwdwlrqdulw|= Dxwruhjuhvvlyh prg0
hov dqg vwrfkdvwlf olqhdu uhjuhvvlrq prghov1 Dqqdov ri Vwdwlvwlfv 4:/ 458:045:71

Uxelq/ K1 +4<83,1 Frqvlvwhqf| ri pd{lpxp0olnholkrrg hvwlpdwhv lq wkh h{sorvlyh
fdvh1 Vwdwlvwlfdo Lqihuhqfh lq G|qdplf Hfrqrplf Prghov +hg1 W1F1 Nrrspdqv,/
6890697/ Qhz \run= Zloh|1
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uhjuhvvlrq prghov1 Dqqdov ri Vwdwlvwlfv 46/ 47<;0483;1
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