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Zhe= kwws=22zzz1qx�1r{1df1xn2xvhuv2qlhovhq

7 Vhswhpehu 5333

Zkhq dqdo|vlqj frlqwhjudwlrq lq yhfwru dxwruhjuhvvlyh prghov lw lv xvxdoo| dvvxphg
wkdw +l, wkh qxpehu ri frlqwhjudwlqj uhodwlrqv lv qrw vpdoohu wkdq zkdw lv whvwhg iru/
+ll, wkh qxpehu ri xqlw urrwv htxdov wkh qxpehu ri frpprq vwrfkdvwlf wuhqgv/ dqg +lll,
wkh uhpdlqlqj fkdudfwhulvwlf urrwv ri wkh wlph vhulhv duh vwdwlrqdu| urrwv1 Frqglwlrq
+lll, frxog eh ylrodwhg lq gdwd iurp k|shu0lq dwlrqdu| hfrqrplhv dqg lq frqqhfwlrq
zlwk vhdvrqdoo| lqwhjudwhg gdwd zkloh frqglwlrq +ll, lv qrw vdwlv�hg e| surfhvvhv zklfk
duh lqwhjudwhg ri rughu wzr1 Khuh lw lv suryhg wkdw frqglwlrq +lll, lv uhgxqgdqw zkhq
ghwhuplqlqj wkh frlqwhjudwlrq udqn zkhuhdv erwk frqglwlrq +ll, dqg +lll, duh uhgxqgdqw
zkhq whvwlqj olqhdu uhvwulfwlrqv rq wkh frlqwhjudwlqj yhfwru1

4 Lqwurgxfwlrq

Frlqwhjudwlrq dqdo|vlv zdv ruljlqdoo| vxjjhvwhg e| Hqjoh dqg Judqjhu +4<;:, dv d
phwkrg iru �qglqj orqj0uxq htxloleuld dprqj vwrfkdvwlfdoo| wuhqglqj yduldeohv1 Wklv
dqdo|vlv lv w|slfdoo| xvhg lq wkh frqwh{w ri gl�huhqfh vwdwlrqdu| pxowlyduldwh wlph vh0
ulhv/ zkhuh wkh ohyhov ri wkh vhulhv h{klelw qrq0vwdwlrqdu| ehkdylrxu exw vwdwlrqdulw|
lv dfklhyhg e| gl�huhqflqj1 Lq wkdw vhwwlqj lw lv riwhq srvvleoh wr �qg vwdwlrqdu| olqhdu
frpelqdwlrqv zklfk fdq eh dvvrfldwhg dv orqj0uxq hfrqrplf htxloleuld1 Lq d uhfhqw
vwxg| e| Mxvholxv dqg Podghqrylf +4<<<, ri \xjrvodyldq k|shu0lq dwlrq gdwd lw lv
irxqg wkdw frlqwhjudwlrq dqdo|vlv lv d xvhixo hfrqrphwulf wrro ghvslwh wkh h{sorvlyh
ehkdylrxu ri gdwd dqg wkh frqvhtxhqw ylrodwlrq ri wkh xvxdo dvvxpswlrqv wr frlqwh0
judwlrq dqdo|vlv1 Lq wklv sdshu Mrkdqvhq*v +4<;;/ 4<<9, olnholkrrg0edvhg surfhgxuh
iru frlqwhjudwlrq dqdo|vlv lv lqyhvwljdwhg zlwk d ylhz wrzdugv wklv lvvxh1 Lq sduwlfxodu
lw lv irxqg wkdw wkh dv|pswrwlf uhvxowv duh ydolg iru h{sorvlyho| jurzlqj yduldeohv1

4Glvfxvvlrqv zlwk Ndwdulqd Mxvholxv dqg ]rulfd Podghqrylf duh judwhixoo| dfnqrzohgjhg1
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Wkh dydlodeoh whvwv iru frlqwhjudwlrq klqjh rq wkh dvvxpswlrq wkdw gdwd duh gl�hu0
hqfh vwdwlrqdu|1 Wklv fdq eh irupxodwhg pruh suhflvho| lq whupv ri wkuhh frqglwlrqv wr
wkh fkdudfwhulvwlf urrwv ri wkh wlph vhulhv= +l, wkh qxpehu ri frlqwhjudwlqj uhodwlrqv lv
qrw vpdoohu wkdq zkdw lv whvwhg iru/ +ll, wkh qxpehu ri xqlw urrwv htxdov wkh qxpehu ri
frpprq vwrfkdvwlf wuhqgv/ dqg +lll, wkh uhpdlqlqj fkdudfwhulvwlf urrwv duh vwdwlrqdu|
urrwv1 Lw lv suryhg wkdw wkh frqglwlrq +lll, lv uhgxqgdqw zkhq ghwhuplqlqj wkh qxpehu
ri frlqwhjudwlrq uhodwlrqv zkhuhdv erwk ri wkh frqglwlrqv +ll, dqg +lll, duh uhgxqgdqw
zkhq whvwlqj olqhdu uhvwulfwlrqv rq wkh frlqwhjudwlrq sdudphwhuv1

Wkh �qglqjv iru wkh pxowlyduldwh frlqwhjudwlrq prgho jhqhudolvh d uhvxow iru xqlw
urrw whvwv e| Qlhovhq +5333, dowkrxjk wkh surri lv pruh lqyroyhg1 Iru wkh xqlyduldwh
fdvh wkh lqwxlwlrq lv dv iroorzv1 Wkh xqlw urrw k|srwkhvlv lv whvwhg lq dq dxwruhjuhvvlyh
prgho ri rughu E&n�� e| �uvw uhjuhvvlqj gl�huhqfhv dqg odjjhg ohyhov ri wkh surfhvv rq
& odjjhg gl�huhqfhv/ dqg wkhq �qglqj wkh vdpsoh fruuhodwlrq ri wkh uhvlgxdov1 Lq wkdw
fdvh wkh frqglwlrqv +l,0+lll, frqfhuq & sdudphwhuv fruuhvsrqglqj wr wkh & odjv zklfk
duh holplqdwhg e| uhjuhvvlrq lq wkh �uvw vwhs ri wkh dqdo|vlv1 Lq wkh pxowlyduldwh fdvh
d R0glphqvlrqdo prgho ri rughu E&n�� lv dqdo|vhg1 Wklv lv dqdo|vhg dv ehiruh e| �uvw
uhjuhvvlqj rq & odjjhg gl�huhqfhv dqg wkhq �qglqj wkh vdpsoh fdqrqlfdo fruuhodwlrqv
ri wkh uhvlgxdov1 Qrz wkh frqglwlrqv +l,0+lll, frqfhuq &Rno fkdudfwhulvwlf urrwv/ zkhuh
o lv wkh qxpehu ri frlqwhjudwlqj uhodwlrqv1 Wkh �uvw vwhs ri wkh vwdwlvwlfdo dqdo|vlv
rqo| holplqdwhv &R urrwv/ zkhuhdv wkh uhpdlqlqj o urrwv uhodwh wr wkh frlqwhjudwlqj
uhodwlrqv1 Lq jhqhudo wkh frlqwhjudwlqj uhodwlrqv duh qrw qhfhvvdulo| vwdwlrqdu| dqg
wklv ihdwxuh dggv frqvlghudeo| wr wkh frpsoh{lw| wr wkh surri1

Vhfwlrq 5 suhvhqwv wkh vwdwlvwlfdo prgho dorqj zlwk wkh vwdwlvwlfdo dqdo|vlv dqg wkh
uhvxowv1 Urexvwqhvv zlwk uhvshfw wr pduwlqjdoh gl�huhqfh lqqrydwlrqv lv dovr glvfxvvhg1
Wkh surriv iroorz lq dq Dsshqgl{ dqg duh edvhg rq lghdv ri Mrkdqvhq +4<;;/ 4<<9,/
Odl dqg Zhl +4<;5/ 4<;6/ 4<;8, dqg Fkdq dqg Zhl +4<;;,1

Wkh iroorzlqj qrwdwlrq lv xvhg= iru d ER�o�0pdwul{ k zkhuh R � o wkh iR�ER�o�j0
glphqvlrqdo ruwkrjrqdo frpsohphqw lv ghqrwhg kzc zkhuhdv k ' kEk�k�3� dqg k	2 '
kk�� Iru d v|pphwulf vtxduh pdwul{ k ohw b4�?Ek� dqg b4@ Ek� ghqrwh wkh odujhvw
dqg wkh vpdoohvw hljhqydoxhv uhvshfwlyho|1 Wkh qrup mmkmm lv wkh Hxfolghdq qrup/ vr
mmkmm2 ' b4@ Ek

�k� iru d ER� o�0pdwul{ k� Wkh deeuhyldwlrqv @�r�c Gc S lqglfdwh wkdw
uhvxowv krog doprvw vxuho|/ lq glvwulexwlrq ru lq suredelolw|/ uhvshfwlyho|1

5 Prgho/ dqdo|vlv dqg uhvxowv

Lq wkh iroorzlqj wkh vwdwlvwlfdo prgho/ wkh vwdwlvwlfdo dqdo|vlv dqg wkh dv|pswrwlf
uhvxowv duh glvfxvvhg1 Lqlwldoo| d Jdxvvldq yhfwru dxwruhjuhvvlyh prgho zlwkrxw gh0
whuplqlvwlf frpsrqhqwv lv frqvlghuhg dqg vxevhtxhqwo| jhqhudolvdwlrq wr fdvhv zlwk d
frqvwdqw ohyho ru d olqhdu wuhqg dqg vrph urexvwqhvv lvvxhv duh glvfxvvhg1
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514 D prgho zlwkrxw ghwhuplqlvwlf whupv

Frqvlghu wkh vwdwlvwlfdo prgho iru d R0glphqvlrq wlph vhulhv/ f3&c � � � c ffc � � � c fA

jlyhq e| wkh E& n ��0wk rughu dxwruhjuhvvlyh htxdwlrq

{f| ' �f|3� n
&[

�'�

K�{f|3� n 0|c +514,

zkhuh wkh lqlwldo ydoxhv/ f3&c � � � cffc duh �{hg dqg wkh lqqrydwlrqv/ 0�c � � � c 0A c duh lq0
ghshqghqwo|/ lghqwlfdoo| qrupdo/�Efcl�c glvwulexwhg1 Wkh sdudphwhuv/ �cK�c � � � cK&cl
duh ER� R�0pdwulfhv dqg ydu| iuhho| vr wkdw l lv srvlwlyh gh�qlwh1

Zkhq � kdv uhgxfhg udqn o lw fdq eh zulwwhq dv � ' kq � iru vrph ER�o�0pdwulfhv
kc q� Wkh frlqwhjudwlrq sdudphwhu q fdq riwhq eh dvvrfldwhg zlwk orqj0uxq hfrqrplf
htxloleuld vlqfh wkh fxpxodwlyh h�hfw ri wkh lqqrydwlrqv lv ri ohvv lpsruwdqfh iru wkh
frlqwhjudwlqj uhodwlrq q �f| dqg wkh gl�huhqfhg surfhvv {f| wkdq lw lv lq jhqhudo iru
wkh surfhvv f|� Lq sduwlfxodu li f| kdv R� o n ^ xqlw urrwv wkhq q�f| dqg {f| kdyh
d prvw ^ xqlw urrwv zkloh wkh frpprq vwrfkdvwlf wuhqgv q�zf| kdyh dw ohdvw R � o
xqlw urrwv1 Wkh rwkhu sdudphwhu k ru udwkhu kz lv dvvrfldwhg zlwk wkh frpsrvlwlrq
ri wkh frpprq vwrfkdvwlf wuhqgv1 Lw lv wkhuhiruh ri lqwhuhvw wr ghwhuplqh wkh qxpehu
ri frlqwhjudwlqj uhodwlrqv dqg wr whvw uhvwulfwlrqv rq k dqg q�

Wkh k|srwkhvlv ri dw prvw o frlqwhjudwlqj uhodwlrqv lv jlyhq e|

M Eo� = udqn� � o ru � ' kq� iru kc q 5 +Rfo�

Li MEo� �� lv uhmhfwhg zkloh MEo� lv dffhswhg wkhq wkh frlqwhjudwlrq udqn lv irxqg wr
eh o 1 Rqfh wkh udqn lv ghwhuplqhg olqhdu uhvwulfwlrqv fdq eh whvwhg rq k dqg qc

Mk Eo� = k ' ��c

Mq Eo� = q ' M)c

zkhuh �cM duh nqrzq pdwulfhv zlwk ixoo froxpq udqn dqg glphqvlrqv ER �6� dqg
ER� r� uhvshfwlyho|1

515 Vwdwlvwlfdo dqdo|vlv

Lq wkh suhvhqfh ri wkh udqn uhvwulfwlrqv wkh olnholkrrg ixqfwlrq fdq eh dqdo|vhg xvlqj
Krwhoolqj*v +4<69, fdqrqlfdo fruuhodwlrqv1 Iru d fodvvlfdo uhjuhvvlrq prgho wkh udqn
k|srwkhvlv zdv dqdo|vhg e| Eduwohww +4<6;, zkhuhdv Dqghuvrq +4<84, vwxglhg wkh
k|srwkhvlv MkEo�� Wkh vdph surfhgxuh zdv lqwurgxfhg lq wkh frlqwhjudwlrq frqwh{w
e| Mrkdqvhq +4<;;/ 4<<9,1

Wkh olnholkrrg lv pd{lplvhg lq wzr vwhsv1 Iluvw/ {f| dqg f|3� duh fruuhfwhg iru
wkh uhpdlqlqj whupv ri htxdwlrq +514, e| ohdvw vtxduhv uhjuhvvlrq jlylqj wkh uhvlgxdov

E-fc|c -�c|� ' E{f|c f|3�m{f|3�c � � � c{f|3&�� +515,
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Vhfrqgo|/ wkh vtxduhg vdpsoh fdqrqlfdo fruuhodwlrqv/ � � 	b� � � � � � 	bR � fc ri -fc|

dqg -�c| duh irxqg1 Wklv lv grqh e| frpsxwlqj wkh vdpsoh surgxfw prphqwv#
7ff 7f�
7�f 7��

$
'

�

A

A[
|'�

#
-fc|

-�c|

$#
-fc|

-�c|

$�
dqg wkhq vroylqj hlwkhu wkh hljhqydoxh sureohp f ' _i|Eb7�� � 7�f7

3�
ff 7f�� ru wkh

�gxdo� sureohp f ' _i|Eb7ff � 7f�7
3�
�� 7�f� iru hljhqydoxhv 	b�1 Wkh olnholkrrg udwlr

whvw vwdwlvwlf iru MEo� djdlqvw wkh xquhvwulfwhg prgho MER� lv wkhq

u- iM Eo�mM ER�j ' �A
R[

�'on�

*L}
�
�� 	b�

�
�

Wkh sdudphwhuv kc q fdq eh hvwlpdwhg lq whupv ri wkh hljhqyhfwruv dvvrfldwhg zlwk
wkh hljhqydoxh sureohpv1 Rqh vhw ri hljhqyhfwruv �� vdwlvi| 	b�7���� ' 7�f7

3�
ff 7f���

dqg wkh sdudphwhu q lv hvwlpdwhg e| wkrvh fruuhvsrqglqj wr wkh o odujhvw hljhqydo0
xhv dqg lghqwl�hg wkurxjk wkh uhvwulfwlrq 	q

�
7��	q ' Uo zkhuhdv k lv hvwlpdwhg e|

7f�	qE	q
�
7��	q�

3�� Dqrwkhu vhw ri hljhqyhfwruv vdwlvi| 	b�7ff�� ' 7f�7
3�
�� 7�f�� dqg wkh

sdudphwhu kz fdq eh hvwlpdwhg e| wkrvh uhodwhg wr wkh R� o vpdoohvw hljhqydoxhv dqg
lghqwl�hg e| 	k�z7ff	kz ' UR3o�

Vrph ixuwkhu qrwdwlrq lv xvhixo zkhq lw frphv wr dqdo|vlqj wkh k|srwkhvhv rq k
dqg q1 Wkh uhvlgxdov -f duh riwhq suh0pxowlsolhg zlwk pdwulfhv vxfk dv kc kzc � ru
�zc zkhuhdv -� lv suh0pxowlsolhg zlwk qc qzc M ru Mz� Wkxv lq wkh qrwdwlrq iru wkh
vdpsoh surgxfw prphqwv �3� dqg �4� zloo riwhq eh uhsodfhg e| wkhvh v|perov/ vxfk dv
7�M ' �

�
7f�Mc 7��z ' �

�
7ff�z dqg fruuhvsrqglqjo| l��z ' �

�
l�z� Wkh qrwdwlrq

7��u�z ' 7�� � 7��z7
3�
�z�z

7�z� lv xvhg iru sduwldo vdpsoh surgxfw prphqwv1
Xqghu MqEo� wkh olnholkrrg lv pd{lplvhg lq whupv ri wkh vtxduhg vdpsoh fdqrqlfdo

fruuhodwlrqv/ � � 	b
q

� � � � � � 	b
q

r � fc vroylqj f ' _i|Eb7MM � 7Mf7
3�
ff 7fM�( vhh

Mrkdqvhq +4<<9/ Wkhruhp :15,1 Wkh olnholkrrg udwlr whvw vwdwlvwlf iru MqEo� djdlqvw
MEo� lv

u- iMq Eo�mM Eo�j ' A
R[

�'on�

*L}
��

�� 	b
q

�

�!�
�� 	b�

��
�

Iru wkh dqdo|vlv ri MkEo� lw lv frqyhqlhqw wr frqvlghu wkh gxdo hljhqydoxh sureohp1
Iroorzlqj Mrkdqvhq +4<<9/ Wkhruhp ;17 dqg Vhfwlrq ;16, wkh olnholkrrg lv pd{lplvhg

lq whupv ri wkh vtxduhg vdpsoh fdqrqlfdo fruuhodwlrqv/ � � 	b
kcq

� � � � � � 	b
kcq

6 � fc
vroylqj f ' _i|Eb7��u�z � 7�Mu�z7

3�
MMu�z

7M�u�z�� Wkh olnholkrrg udwlr whvw vwdwlvwlf
iru MkEo� djdlqvw MqEo� lv

u- iMk Eo�mMq Eo�j ' A
R[

�'on�

*L}
��

�� 	b
kcq

�

�!�
�� 	b

q

�

��
�
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516 Uhsuhvhqwdwlrq wkhruhpv

Zkloh wkh dxwruhjuhvvlyh uhsuhvhqwdwlrq +514, lv frqyhqlhqw iru irupxodwlqj wkh vwd0
wlvwlfdo dqdo|vlv dq lqwhusuhwdwlrq ri wkh surfhvv lv surylghg e| lwv prylqj dyhudjh
uhsuhvhqwdwlrq1 Iru wkdw sxusrvh wkh fkdudfwhulvwlf sro|qrpldo ri wkh surfhvv lv frq0
vlghuhg1 Xqghu wkh k|srwkhvlv MEo� wklv lv

� E5� ' UR E�� 5�� kq�5 �
&[

�'�

K�5
� E�� 5� c

dqg wkh fkdudfwhulvwlf urrwv vroyh wkh iRE& n ��j0wk rughu sro|qrpldo htxdwlrq f '
_i|�E5�1 Xqghu MEo� wkhuh duh dw ohdvw R�o xqlw urrwv zkhuhdv wkh uhpdlqlqj R&n o
urrwv duh wkh fkdudfwhulvwlf urrwv ri wkh yhfwru Ef �

|3�qc{f �
|3�c � � � c{f �

|3&�
�� Wkuhh

frqglwlrqv duh qhfhvvdu| wr dfklhyh dv|pswrwlf vwdwlrqdulw| ri q �f| dqg {f|

E�� udqn� ' oc
E��� wkh qxpehu ri xqlw urrwv/ 5 ' �c htxdov R� h@?!�c
E���� wkh uhpdlqlqj urrwv duh vwdwlrqdu| urrwv/ m5m : ��

Wkh frqglwlrq +ll, fdq eh irupxodwhg dojheudlfdoo| dv d ixoo udqn frqglwlrq iru wkh
ER�o�0glphqvlrqdo vtxduh pdwul{ k�z[qzzkhuh [ ' U�S&

�'� K�� Lw wkhq iroorzv wkdw
wkh pdwul{ Eqc[�kz� kdv ixoo udqn1

Wkh Judqjhu Uhsuhvhqwdwlrq fdq qrz eh irupxodwhg1

Wkhruhp 514 +Mrkdqvhq/ 4<<9/ Wkhruhp 715/ 71:, Vxssrvh htxdwlrq +514,/ wkh k|0
srwkhvlv MEo� dqg wkh frqglwlrqv E��c E���/ E���� duh vdwlv�hg1 Wkhq q�f| dqg {f| fdq
eh jlyhq vwdwlrqdu| lqlwldo glvwulexwlrqv zkloh f| kdv wkh dv|pswrwlf uhsuhvhqwdwlrq

f| ' �
|[

r'�

0r n }hur phdq vwdwlrqdu| surfhvvn � S n L� E�� �

Khuh � ' qzEk
�
z[qz�

3�k�z dqg � S ' �ff1

Zkhq wkh frqglwlrqv +ll, ru +lll, duh ylrodwhg wkh uhsuhvhqwdwlrq lv kdughu wr gh0
vfuleh dv lw lqyroyhv dgglwlrqdo w|shv ri vwrfkdvwlf frpsrqhqwv1 Lq hpslulfdo dqdo|vlv
wkh uhvlgxdo surfhvvhv duh riwhq sorwwhg vlqfh wkh| duh udwkhu vwdeoh1 Wklv dssolhv
hyhq lq jhqhudo fdvhv dv lqglfdwhg lq wkh qh{w wzr Wkhruhpv1 Wkh �uvw frqfhuqv wkh
�vwdwlrqdu|� uhvlgxdov q�-�c| dqg -fc|1

Wkhruhp 515 Vxssrvh htxdwlrq E2���/ wkh k|srwkhvlv MEo� dqg frqglwlrq E�� duh vdw0
lv�hg1 Li lq dgglwlrq hlwkhu E@� & : fc k�K& ' f ru EK� & ' f/ k n q ' fc wkhq

q �-�c| ' E�k�0|3�m{f|3�c � � � c{f|3&� c +516,

-fc| ' E0|m{f|3�c � � � c{f|3&� � +517,
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Wkh lqwxlwlrq ri wkh frqglwlrq k�K& ' f lv wkdw wkh rughu ri wkh fkdudfwhulvwlf
sro|qrpldo lv uhgxfhg iurp R& n & wr R& n R � o� Wkhvh urrwv lqfoxgh R � o xqlw
urrwv dv ghvluhg dv zhoo dv R& rwkhu urrwv zklfk duh holplqdwhg e| uhjuhvvlrq rq wkh
R&0glphqvlrqdo yhfwru jlyhq e| wkh odjjhg gl�huhqfhv1 Zkhq dgglqj dq h{wud odj wr
d zhoo0vshfl�hg prgho ri rughu & vd|/ wkhq wkh dgglwlrqdo sdudphwhu zrxog eh }hur
K& ' f dqg wkh frqglwlrq lv wulyldoo| vdwlv�hg1

Wkh iroorzlqj uhvxowv ghvfulehv �frpprq wuhqgv� uhvlgxdov q �z-�c|1 Wklv lv uhodwhg
wr wkh uhsuhvhqwdwlrq jlyhq e| od Frxu +4<<;,1

Wkhruhp 516 Vxssrvh htxdwlrq E2���/ wkh k|srwkhvlv MEo� dqg frqglwlrq E�� duh vdw0
lv�hg1 Wkhq wkhuh h{lvwv dq ^ : f/ glphqvlrqv r�c � � � c r^ � f vr

S^
�'� r� ' R� o dqg

ER � r��0pdwulfhv k�c q� vr k��k, ' q��q, ' f iru � 9' ,c tT@?Ek�c � � � c k^� ' tT@?Ekz�
dqg tT@?Eq�c � � � c q^� ' tT@?Eqz� dqg lq sduwlfxodu

�
q��-�c|

���q�-�c|

�
'

+�k��
�-

|3�[
r'�

r�3�0r n @�c|

�����q �f|3�c{f|3�c � � � c{f|3&

,
c

zlwk 4@ |$A mm@�c|mm @�r�' LEA �3�*2�� Li lq dgglwlrq frqglwlrq E��� lv vdwlv�hg wkhq ^ ' �1

517 Dv|pswrwlf glvwulexwlrq iru olnholkrrg udwlr whvw vwdwlvwlfv

Iru wkh uhvwulfwlyh vlwxdwlrq zkhuh wkh frqglwlrqv +l,/ +ll,/ +lll, duh vdwlv�hg Mrkdqvhq
+4<<9, ghulyhv wkh dv|pswrwlf glvwulexwlrq ri wkh deryh phqwlrqhg olnholkrrg udwlr
whvwv dv A $ 4� Lq wkh iroorzlqj lw zloo eh vkrzq wkh vdph dv|pswrwlf uhvxowv krog
zlwk ohvv uhvwulfwlyh dvvxpswlrqv1

Wkh �uvw uhvxow frqfhuqv wkh vtxduhg vdpsoh fdqrqlfdo fruuhodwlrqv1

Wkhruhp 517 Vxssrvh prgho E2���c wkh k|srwkhvlv MEo� dqg frqglwlrq E�� duh vdwlv0
�hg1 Wkhq
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Wkh surri lv edvhg rq dq dqdo|vlv ri wkh gxdo hljhqydoxh sureohp1 Lq jhqhudo
wkh dujxphqw fdqqrw eh edvhg rq wkh rwkhu hljhqydoxh sureohp vlqfh wkh dv|pswrwlf
surshuwlhv ri 7qq kdyh rqo| ehhq ghvfulehg lq sduw/ vhh Ohppd D17 lq wkh Dsshqgl{1

Iru wkh fdvh zkhuh wkh frqglwlrqv +ll,/ +lll, duh vdwlv�hg wkh uhvxow lv jlyhq e|
Mrkdqvhq +4<<9/ Vhfwlrq 4415,1 Uhodwhg uhvxowv kdyh ehhq irxqg iru L+5, prghov zkhuh
frqglwlrq +ll, lv ylrodwhg/ vhh Mrkdqvhq +4<<8,/ dqg iru vhdvrqdoo| lqwhjudwhg v|vwhpv
zkhuh +lll, lv ylrodwhg/ vhh Ohh +4<<5,1 Zkhq +ll, dqg +lll, duh lqghhg vdwlv�hg wkh o
odujhvw hljhqydoxhv frqyhujh wr wkh vroxwlrqv ri f ' _i|EbPqq � PqfP

3�
ff Pfq� zkhuh

PqqcPffcPqf duh wkh dv|pswrwlf fryduldqfh pdwulfhv iru wkh surfhvvhv q
�f|3� dqg{f|
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jlyhq sdvw ydoxhv1 D uhvxow ri wklv w|sh dfwxdoo| krogv zkhqhyhu 7qq lv frqyhujhqw1
Lw vhhpv uhdvrqdeoh wr h{shfw wkdw lq wkh fdvh *�4A<" 73�qq kdv uhgxfhg udqn wkhq
wkh io�udqnE*�4A<" 73�qq �j odujhvw hljhqydoxhv 	b� frqyhujh wr rqh zkhuhdv wkh qh{w
iudqnE*�4A<" 73�qq �j hljhqydoxhv frqyhujh wr qxpehuv ehwzhhq }hur dqg rqh1

Wkh udqn whvw lv edvhg rq wkh ER�o� vpdoohvw fdqrqlfdo fruuhodwlrqv1 Wkhlu dv|ps0
wrwlf ehkdylrxu ghshqgv rq wkh qxpehu ri xqlw urrwv dqg khqfh frqglwlrq +ll, lv qhhghg1

Wkhruhp 518 Vxssrvh prgho E2���c wkh k|srwkhvlv MEo� dqg wkh frqglwlrqv E��c E���
duh vdwlv�hg1 Ohw ` eh d ER� o�0glphqvlrq vwdqgdug Eurzqldq prwlrq1 Wkhq
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Wkh surri uhvhpeohv wkdw ri Mrkdqvhq +4<<9/ Wkhruhp 914, zkr suryhv wkh uhvxow
xvlqj frqglwlrq +lll,1 Iru wkh xqlyduldwh fdvh d surri lv jlyhq e| Qlhovhq +5333,1

Wkh qhfhvvlw| ri wkh frqglwlrq +l, lv glvfxvvhg e| Mrkdqvhq +4<<9/ Fkdswhu 45,
zkloh wkh qhfhvvlw| ri frqglwlrq +ll, lv revhuyhg lq L+5, dqdo|vlv/ vhh Mrkdqvhq +4<<8,1

D frqvlvwhqw surfhgxuh iru ghwhuplqlqj wkh frlqwhjudwlrq udqn fdq eh ghulyhg
iurp Wkhruhpv 517 dqg 5181 Iroorzlqj Mrkdqvhq +4<<9/ Fkdswhu 45, wkh lghd lv wr
whvw MEf�c ME��c � � � vhtxhqwldoo| djdlqvw MER�� Wkh �uvw k|srwkhvlv wr eh dffhswhg
ghwhuplqhv wkh udqn1 Li doo wkhvh whvwv duh frqgxfwhg xvlqj E� � B� txdqwlohv ri wkh
dv|pswrwlf glvwulexwlrq lq Wkhruhp 518 wkhq wkh udqn hvwlpdwru 	o lv frqvlvwhqw1

Fruroodu| 519 Vxssrvh prgho E2��� lv vdwlv�hg1 Wkhq

� E	o ' o� $
;A?A=

f li h@?!� : oc
�� B li h@?!� ' o dqg frqglwlrq E��� lv vdwlv�hg/
� B li h@?!� 	 o dqg frqglwlrq E��� lv vdwlv�hg1

Wkh whvwv rq k dqg q duh edvhg rq wkh o odujhvw fdqrqlfdo fruuhodwlrqv1 D pl{hg
Jdxvvldq dujxphqw lv xvhg lq wkh dv|pswrwlf dqdo|vlv ri wkh whvw rq q1 Wkh pl{lqj
sdudphwhu lv uhodwhg wr Eq�z-�c|mq�-�c|� vr Wkhruhp 516 fdq eh dssolhg1

Wkhruhp 51: Vxssrvh prgho E2���/ wkh k|srwkhvlv MqEo� dqg frqglwlrq E�� duh vdw0
lv�hg1 Wkhq

u- iMq Eo�mM Eo�j &$ �2 io ER� r�j �
Zkhq whvwlqj uhvwulfwlrqv rq k wkhq q �-�c| dsshduv lq wkh dv|pswrwlf dujxphqw

dqg Wkhruhp 515 zlwk lwv voljkwo| vwurqjhu dvvxpswlrqv lv qhhghg1 Wkxv frqvlghu d
irxuwk frqglwlrq

E��� Vxssrvh hlwkhu E@� & : f dqg k�K& ' fc EK� & ' f dqg k n q ' fc ru ES� wkh
frqglwlrqv E���c E���� duh vdwlv�hg1
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Wkhruhp 51; Vxssrvh prgho E2���c wkh k|srwkhvlv MkEo� dqg wkh frqglwlrqv E��c E���
duh vdwlv�hg1 Wkhq

u- iMk Eo�mMq Eo�j &$ �2 io ER�6�j �
Iru wkh fdvh zkhuh dovr frqglwlrq +ll,/ +lll, duh vdwlv�hg wkh wzr uhvxowv iroorz iurp

Mrkdqvhq +4<<9/ Wkhruhp :15/ ;15,1 Mrkdqvhq +4<<8, dovr frqvlghuv dv|pswrwlf wkhru|
iru q iru L+5, prghov zkhuh frqglwlrq +ll, lv ylrodwhg1

Wkh surriv ri Wkhruhpv 51:/ 51; kdyh wzr pdlq dujxphqwv1 Iluvw wkh dv|pswrwlf
glvwulexwlrq ri 	kz lv irxqg xvlqj wkh gxdo hljhqydoxh sureohp/ vhh Ohppd D1< lq
wkh Dsshqgl{1 Wkh olnholkrrg udwlr whvw vwdwlvwlfv duh wkhq zulwwhq dv surgxfwv ri
d ihz olnholkrrg udwlr vwdwlvwlfv uhodwlqj wkh k|srwkhvhv wr vlpsoh k|srwkhvhv rq kz
dqg hdfk ri wkhvh duh h{sdqghg lq whupv ri E	kz � kz�� Wklv lv d elw gl�huhqw iurp
Mrkdqvhq*v surri lq zklfk wkh rwkhu hljhqydoxh sureohp lv frqvlghuhg dorqj zlwk
vlpsoh k|srwkhvhv rq q�

Zkhq whvwlqj uhvwulfwlrqv rq k lq wkh fdvh & ' f wkh dvvxpswlrq ES� lv uhdoo|
qhfhvvdu|1 Wklv fdq eh vhhq iurp wkh iroorzlqj h{dpsoh
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Wkh dv|pswrwlf glvwulexwlrq ri wkh whvw iru k� ' ��Efc �� djdlqvw MEo� lv wkhq ri wkh
vdph w|sh dv glvfxvvhg lq Wkhruhp 5181 Frpsduh dovr zlwk wkh whvw iru k�z ' Efc ��
glvfxvvhg lq frqqhfwlrq zlwk Ohppd E14 lq wkh Dsshqgl{ E1

518 D prgho zlwk d frqvwdqw whup

Iru sudfwlfdo sxusrvhv wkh edvlf prgho +514, zrxog eh h{whqghg wr doorz iru d qrq0}hur
frqvwdqw ohyho dv lq wkh prgho jlyhq e|
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K�{f|3� n 0|c +519,

zkhuh �S lv d R0yhfwru1
Irxu w|shv ri k|srwkhvhv duh ri lqwhuhvw ri zklfk wkh �uvw lv wkh uhgxfhg udqn

k|srwkhvlv MSEo�= h@?!E�c�S� � o ru htxlydohqwo| E�c�S� ' kEq�c q �S� iru ER � o�0
pdwulfhv kc q dqg dq o0yhfwru q �S� Rqfh wkh udqn lv ghwhuplqhg lw pd| eh ri lqwhuhvw wr
whvw qS ' f vr wkh prgho uhgxfhv wr wkdw glvfxvvhg deryh MEo�= h@?!� � oc �S ' f�
Zkhq qS lv xquhvwulfwhg olqhdu uhvwulfwlrqv rq kc q fdq eh whvwhg xvlqj wkh k|srwkhvhv
MS

k Eo�= k ' �� dqg MS
q Eo�= q ' M)c q�S 5 +o� Whvw vwdwlvwlfv iru wkhvh k|srwkhvhv

duh ghulyhg dv lq Vhfwlrq 515 uhsodflqj wkh uhvlgxdov +515, e|+
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#
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Iru wkh suredelolvwlf dqdo|vlv ri wklv prgho dq lqyduldqfh surshuw| lv xvhixo1

Wkhruhp 51< Vxssrvh htxdwlrq E2�S�/ wkh k|srwkhvlv MEo� dqg frqglwlrq E�� duh vdw0
lv�hg1 Gh�qh wkh R0yhfwru � S ' �qq �S1 Wkhq wkh surfhvv f�

| ' f| � � S vdwlv�hv
q �f�
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Wkh fdqrqlfdo fruuhodwlrqv ri wkh uhvlgxdov +51:, duh wkh vdph dv wkrvh ri+
{f|c

#
f|3�m �
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$�����{f|3�c � � � c{f|3&

,
e| wkh lqyduldqfh ri fdqrqlfdo fruuhodwlrqv zlwk uhvshfw wr qrq0vlqjxodu olqhdu wudqv0
irupdwlrqv1 Zkhq Wkhruhp 51< lv vdwlv�hg lw lv wkhuhiruh htxlydohqw wr frqvlghu wkh
fdqrqlfdo fruuhodwlrqv ri+
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Lq rwkhu zrugv/ iru wkh suredelolvwlf dqdo|vlv lw vx!fhv wr dvvxph qS ' f dv orqj dv
frqglwlrq +l, lv vdwlv�hg1

Wkhruhp 5143 Vxssrvh prgho E2�S�c wkh k|srwkhvlv MSEo� dqg frqglwlrq E�� duh vdw0
lv�hg1 Wkhq
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Li lq dgglwlrq frqglwlrq E��� lv vdwlv�hg wkhq
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Li lq dgglwlrq wkh k|srwkhvlv M Eo� dqg frqglwlrq E��� duh vdwlv�hg wkhq

u- iM Eo�mMS Eo�j &$ �2 Eo� �

Li lq dgglwlrq wkh k|srwkhvlv MS
qEo� lv vdwlv�hg wkhq
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q Eo�
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Li lq dgglwlrq wkh k|srwkhvlv MS
kEo� dqg frqglwlrq E��� duh vdwlv�hg wkhq

u- iMS
k Eo�mMS Eo�j &$ �2 io ER�6�j

Wkh qhfhvvlw| ri frqglwlrq +ll, zkhq whvwlqj MEo� djdlqvw MSEo� fdq eh fkhfnhg
iurp wkh h{dpsoh +518, dqg htxdwlrq +E143, lq wkh Dsshqgl{1
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519 D prgho zlwk d olqhdu whup

Zkhq wkh gdwd h{klelw olqhdu jurzwk lw pd| eh ri lqwhuhvw wr lqfoxgh d olqhdu wuhqg
whup dv lq wkh htxdwlrq

{f| ' E�c�,�
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f|3�
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K�{f|3� n 0|� +51;,

Lq wklv prgho d zlgh udqjh ri k|srwkhvhv duh ri lqwhuhvw1 Wkh udqn k|srwkhvlv
lv dv ehiruh M, Eo�= udqnE�c�,� � o ru htxlydohqwo| E�c�,� ' kEq �c q �,�� Rqfh wkh
udqn lv ghwhuplqhg wkh prgho lv uhgxfhg wr wkh suhylrxv prgho e| whvwlqj MSEo�=
h@?!E�c >S� � o dqg �, ' f zkhuhdv wkh olqhdu wuhqg lv holplqdwhg iurp wkh frlq0
whjudwlqj yhfwru e| M,SEo�= q, ' f� Uhvwulfwlrqv rq kc q duh irupxodwhg dv deryh dv
M ,

kEo�= k ' �� dqg M ,
qEo�= q ' M)�

Wklv prgho kdv zhdnhu lqyduldqfh surshuwlhv wkdq wkh prgho zlwk d frqvwdqw1

Wkhruhp 5144 Vxssrvh prgho E2�H�/ wkh k|srwkhvlv MEo� dqg frqglwlrq E�� duh vdw0
lv�hg1 Li lq dgglwlrq frqglwlrq E��� lv vdwlv�hg/ ru pruh zhdno| d ER� o�0yhfwru q

�

z� ,
fdq eh fkrvhq vr k�z[qzq
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z� , ' k�zE>S n[qB��c wkhq gh�qh R0yhfwruv � Sc � , vr
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�

z� , ' k�z
�
>S n[qB�

�
c � S ' qk� E>S �[� ,� �

Wkh surfhvv f�
|3� ' f|3� � � S � � ,| wkhq vdwlv�hv wkh htxdwlrqv {f�

| ' {f| � � ,c
q �f�

|3� ' q �,Ef
�
|3�c |�� q �� Sc dqg

{f�
| ' kq �f�

|3� n
&[

�'�

K�{f�
|3� n 0|�

Wkh lqwhusuhwdwlrq ri wkh dvvxpswlrq wkdw k�z[qzq
�

z� , ' k�zE>S n [qB�� kdv d
vroxwlrq lv wkdw wkh srvvlelolw| ri txdgudwlf ru kljkhu rughu sro|qrpldo wuhqgv lv holp0
lqdwhg1 Wklv zdv glvfxvvhg iru dq L+5, prgho zlwk olqhdu wuhqg e| Udkehn/ Nrqjvwhg
dqg Mûujhqvhq +4<<<,1 Dv orqj dv wkh deryh dvvxpswlrqv duh vdwlv�hg wkh Wkhruhp
5143 lv hdvlo| jhqhudolvhg1

Wkh L+5, prgho zlwk d txdgudwlf wuhqg lv vwxglhg e| Sdurxor +4<<7,1 Iru wkdw
prgho wkh dvvxpswlrqv ri wkh deryh Wkhruhp 5144 duh ylrodwhg/ exw frqvlvwhqf| ri
wkh hljhqydoxhv dqg dv|pswrwlf uhvxowv iru 	q duh suryhg qrqhwkhohvv1 Lq wkh surri lw
lv qrwhg wkdw d txdgudwlf wuhqg grplqdwhv d fxpxodwhg udqgrp zdon1 Wkh surfhvv
f| srvvhvvhv whupv ri erwk w|shv exw lw fdq eh ghfrpsrvhg lqwr frpsrqhqwv ri hdfk
w|sh1 Wkh vdph vwudwhj| frxog suhvxpdeo| eh dssolhg pruh jhqhudoo|/ exw lw zrxog eh
whglrxv vlqfh sro|qrpldov dqg lqwhjudwhg surfhvvhv ri kljkhu rughu zrxog eh lqyroyhg1
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51: Urexvwqhvv

Wkh deryh phqwlrqhg dv|pswrwlf uhvxowv uhpdlq ydolg lq wkh pruh jhqhudo fdvh ri
lqqrydwlrqv vdwlvi|lqj d Pduwlqjdoh Gl�huhqfh Vhtxhqfh dvvxpswlrq1

Dvvxpswlrq 5145 Ohw I| eh dq lqfuhdvlqj vhtxhqfh ri j0�hogv dqg dvvxph i0|cI|j lv
d pduwlqjdoh gl�huhqfh/ vr .E0|mI|3��

@�r�
' f dqg .E0|0

�
|mI|3��

@�r�
' l� Ixuwkhu/ dvvxph

wkh lqqrydwlrqv kdyh erxqghg frqglwlrqdo prphqwv t�T|.Emm0|mm2n�mI|3��
@�r�
	 4 iru

vrph � : f1

Vwurqjhu dvvxpswlrqv duh uhtxluhg iru wkh whvwv rq k dqg q1

Dvvxpswlrq 5146 Vxssrvh � : e lq Dvvxpswlrq 5145 ru dowhuqdwlyho| wkdw � : 2
dqg frqglwlrq E��� lv vdwlv�hg1

Wkhruhp 5147 Vxssrvh wkh lqqrydwlrqv vdwlvi| Dvvxpswlrq 51451 Wkhq wkh dv|ps0
wrwlf uhvxowv jlyhq lq Wkhruhpv 516/ 517/ 518 dqg Fruroodu| 519 uhpdlq ydolg1 Li lq
dgglwlrq Dvvxpswlrq 5146 lv vdwlv�hg wkhq Wkhruhpv 51:/ 51; uhpdlq ydolg1 Wkhr0
uhp 5143 fdq eh fkdqjhg lq d vlplodu zd| vr Dvvxpswlrq 5146 lv qhhghg zkhq whvwlqj
uhvwulfwlrqv rq kc qc qS1

Wkh dvvxpswlrq ri erxqghg frqglwlrqdo prphqwv h{foxghv wkh dxwruhjuhvvlyh frq0
glwlrqdo khwhurvfhgdvwlflw| surfhvv vxjjhvwhg e| Hqjoh +4<;5,/ wkdw lv wkh xqlyduldwh
surfhvv 0| ' �

�*2
| �| zkhuh �| duh lqghshqghqwo| lghqwlfdoo| glvwulexwhg zlwk .�| ' fc

.�| ' � dqg �| ' kf n k�0
2
|3�� Zkhq �k2

� 	 � wklv surfhvv kdv vhfrqg prphqw dqg
.E02| mI|3�� ' �| lv wlph ydu|lqj dqg xqerxqghg1 Zkloh wkh dvvxpswlrq frxog eh
uhsodfhg zlwk dq xqfrqglwlrqdo prphqw frqglwlrq zkhq surylqj Ixqfwlrqdo Fhqwudo
Olplw Wkhruhpv/ vhh Kdqvhq +4<<5,/ lw lv kdughu wr glvshqvh zlwk lw lq wkh surri ri
htxdwlrq +F18, lq Dsshqgl{ F wkdw d surfhvv _| ' (_|3� n 0| zlwk m(m � � vdwlvi|SA

|'� m(3A_|3�m @�r�	 41 Wklv idlov iru wkh deryh phqwlrqhg surfhvv zkhq �| lv Ehuqrxool
glvwulexwhg rq ��c �/ kf ' f dqg mk�*(

2m : ��
Wkh dvvxpswlrq ri frqvwdqw frqglwlrqdo yduldqfh zrxog eh hdvlhu wr uhod{1 Zkloh

lw lv lqghhg xvhg e| Fkdq dqg Zhl +4<;;, lw lv qrw xvhg e| Odl dqg Zhl +4<;5/
4<;6/ 4<;8,1 Iru wkh frqvlvwhqf| ri wkh hljhqydoxhv wklv dvvxpswlrq fdq wkhuhiruh eh
uhsodfhg e| E@� A3�

SA
|'� 0|0

�
|
@�r�$ l suryhg lq Ohppd D14/ dqg EK� wkh olphv lqihulru

frqglwlrq suryhg lq Ohppd F151 Wr �qg wkh glvwulexwlrq ri wkh udqn whvw lw zrxog eh
qhfhvvdu| wr uhylvh Ohppdv D143 dqg D145 zklfk duh edvhg rq Fkdq dqg Zhl +4<;;,1
Ilqdoo| iru wkh whvwv rq k dqg q lw lv qhfhvvdu| wr pdnh dvvxpswlrqv hqvxulqj wkdw
wkh Ohppdv D15/ D146/ D147 duh ydolg1
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DSSHQGL[= Pdwkhpdwlfdo Surriv

Wkh dsshqgl{ lv rujdqlvhg dv iroorzv1 Iluvw d vhulhv ri Ohppdv duh vwdwhg lq Vhfwlrq
D1 Xvlqj wkhvh uhvxowv surriv ri wkh pdlq wkhruhpv duh jlyhq lq Vhfwlrq E1 Wkh
Ohppdv jlyh frqyhujhqfh uhvxowv kroglqj zlwk suredelolw| rqh/ lq suredelolw| dqg lq
glvwulexwlrq dqg duh suryhg lq wkh vxevhtxhqw Vhfwlrqv F0H1

D Vrph dv|pswrwlf uhvxowv

Lw lv frqyhqlhqw wr lqwurgxfh vrph qrwdwlrq1 Wkh gl�huhqfhg surfhvv zloo eh pxowlsolhg
e| wkh pdwul{
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c zkhuh �A '
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Lq wkh dqdo|vlv ri wkh ohyhov ri wkh surfhvv wzr gl�huhqw wudqvirupdwlrqv duh dssolhg1
Wr suryh wkh frqvlvwhqf| ri wkh hljhqydoxhv wkh surfhvv lv dqdo|vhg xvlqj wkh edvlv
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E18 Whvw iru q ' M) zkhq kz lv nqrzq
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Surri ri Wkhruhp 51431 Wkh surri lv rewdlqhg e| plqru prgl�fdwlrqv ri wkh
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F Surriv ri Doprvw Vxuh Uhvxowv
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Wkh fdvhv zkhuh wkh urrwv duh hlwkhu vpdoohu ru odujhu wkdq rqh duh ghdow zlwk e|
Odl dqg Zhl +4<;8/ Wkhruhp 5 dqg Htxdwlrq 61<, dqg Odl dqg Zhl +4<;8/ Fruroodu|
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H Surriv ri Glvwulexwlrqdo Uhvxowv
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Uhihuhqfhv

Dqghuvrq/ W1Z1 +4<84,1 Hvwlpdwlqj olqhdu uhvwulfwlrqv rq uhjuhvvlrq frh!flhqwv iru
pxowlyduldwh qrupdo glvwulexwlrqv1 Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv 55/ 65:0
6841 Fruuhfwlrq lq Dqqdov ri Vwdwlvwlfv ;/ 4733 +4<;3,1

Eduwohww/ P1V1 +4<6;,1 Ixuwkhu dvshfwv ri wkh wkhru| ri pxowlsoh uhjuhvvlrq1 Surfhhg0
lqjv ri wkh Fdpeulgjh Sklorvrsklfdo Vrflhw| 67/ 660731

Eloolqjvoh|/ S1 +4<9;,1 Frqyhujhqfh ri Suredelolw| Phdvxuhv1 Zloh|/ Qhz \run1

Eurzq/ E1P1 +4<:4,1 Pduwlqjdoh Fhqwudo Olplw Wkhruhpv1 Dqqdov ri Pdwkhpdwlfdo
Vwdwlvwlfv 75/ 8<0991

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

od Frxu/ O1 +4<<;,1 D sdudphwulf fkdudfwhul}dwlrq ri lqwhjudwhg yhfwru dxwruhjuhvvlyh
+YDU, surfhvvhv1 Hfrqrphwulf Wkhru| 47/ 4;:04<<1

Hqjoh/ U1I1 +4<;5,1 Dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw| zlwk hvwlpdwhv ri
wkh yduldqfh ri Xqlwhg Nlqjgrp lq dwlrq1 Hfrqrphwulfd 83/ <;:0433:1

Hqjoh/ U1I1 dqg Judqjhu/ F1Z1M1 +4<;:,1 Fr0lqwhjudwlrq dqg huuru fruuhfwlrq= Uhs0
uhvhqwdwlrq/ hvwlpdwlrq dqg whvwlqj1 Hfrqrphwulfd 88/ 58405:91

Iuhhgpdq/ G1 +4<:6,1 Dqrwkhu qrwh rq wkh Eruho0Fdqwhool Ohppd dqg wkh vwurqj
odz/ zlwk wkh Srlvvrq dssur{lpdwlrq dv d e|0surgxfw1 Dqqdov ri Suredelolw| 4/
<430<581

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

Kdqvhq/ E1H1 +4<<5,1 Frqyhujhqfh wr vwrfkdvwlf lqwhjudov iru ghshqghqw khwhurjh0
qhrxv surfhvvhv1 Hfrqrphwulf Wkhru| ;/ 7;<0833

Khuvwhlq/ L1Q1 +4<:8,1 Wrslfv lq Dojheud/ 5qg hglwlrq1 Zloh|/ Qhz \run1

Krwhoolqj/ K1 +4<69,1 Uhodwlrqv ehwzhhq wzr vhwv ri yduldeohv1 Elrphwulnd 5;/ 6540
6::1

Mrkdqvhq/ V1 +4<;;,1 Vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlrq yhfwruv1 Mrxuqdo ri Hfr0
qrplf G|qdplfv dqg Frqwuro 45/ 5640871
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Mrkdqvhq/ V1 +4<<8,1 D vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlrq iru L+5, yduldeohv1 Hfrqr0
phwulf Wkhru| 44/ 5808<1

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

Mxvholxv/ N1 dqg Podghqrylf/ ]1 +4<<<,1 Kljk lq dwlrq/ k|shu lq dwlrq dqg h{sorvlyh
urrwv1 Wkh fdvh ri Mxjrvodyld1 Plphr1

Odl/ W1O1 dqgZhl/ F1]1 +4<;5,1 Ohdvw vtxduhv hvwlpdwhv lq vwrfkdvwlf uhjuhvvlrq prg0
hov zlwk dssolfdwlrqv wr lghqwl�fdwlrq dqg frqwuro ri g|qdplf v|vwhpv1 Dqqdov
ri Vwdwlvwlfv 43/ 48704991

Odl/ W1O1 dqg Zhl/ F1]1 +4<;6,1 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 dqgZhl/ F1]1 +4<;8,1 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

Ohh/ K1V1 +4<<5,1 Pd{lpxp olnholkrrg lqihuhqfh lq frlqwhjudwlrq dqg vhdvrqdo frlq0
whjudwlrq1 Mrxuqdo ri Hfrqrphwulfv 87/ 407:1

Qlhovhq/ E1 +5333,1 Wkh dv|pswrwlf glvwulexwlrq ri xqlw urrw whvwv ri xqvwdeoh dx0
wruhjuhvvlyh surfhvvhv1 Wr dsshdu lq Hfrqrphwulfd1

Qlhovhq/ E1 dqg Udkehn/ D1 +5333,1 Vlplodulw| lvvxhv lq frlqwhjudwlrq dqdo|vlv1 R{0
irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 95/ 80551

Sdurxor/ S1 +4<<7,1 Wkh uroh ri wkh guliw lq L+5, v|vwhpv1 Mrxuqdo ri wkh Lwdoldq
Vwdwlvwlfdo Vrflhw| 6/ <604561 Fruuhfwlrq e| Sdurxor/ S1 dqg Qlhovhq/ E1 +4<<<,
pdqxvfulsw1

Skloolsv/ S1F1E1 dqg Vror/ Y1 +4<<5,1 Dv|pswrwlfv iru olqhdu surfhvvhv1 Dqqdov ri
Vwdwlvwlfv 53/ <:4043341

Udkehn/ D1/ Nrqjvwhg/ K1F1/ dqg Mûujhqvhq/ F1 +4<<<,1 Wuhqg vwdwlrqdulw| lq wkh
L+5, frlqwhjudwlrq prgho1 Mrxuqdo ri Hfrqrphwulfv <3/ 59805;<1
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WKH DV\PSWRWLF GLVWULEXWLRQ RI WKH OLNHOLKRRG UDWLR
WHVW VWDWLVWLFV IRU FRLQWHJUDWLRQ LQ XQVWDEOH YHFWRU

DXWRUHJUHVVLYH SURFHVVHV

GHWDLOV RI SURRIV

E| Ehqw Qlhovhq

7 Vhswhpehu 5333
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Surri ri Ohppd F16
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Surri ri Ohppd G14
I15 s1 76 Dv|pswrwlf uhvxowv iru

SA
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I1514 s1 77 Jhqhudolvlqj frqglwlrq E2��b�
I1515 s1 78 Urrwv htxdo wr rqh
I1516 s1 7; Urrwv htxdo wr plqxv rqh
I1517 s1 7; Urrwv htxdo wr i TE�w�� iru f 	 w� 	 2Z�
I1518 s1 86 Urrwv zlwk prgxoxv vpdoohu wkdq rqh
I1519 s1 86 Urrwv zlwk prgxoxv juhdwhu wkdq rqh

Surri ri Ohppd G15
I151: s1 86 Furvv surgxfw whupv
I1614 s1 88 Zkhq � kdv xqlw urrwv
I1615 s1 89 Zkhq � kdv urrwv rq xqlw flufoh/ exw qr urrwv dw rqh
I1616 s1 8; Zkhq � kdv vwdwlrqdu| urrwv
I1617 s1 8< Zkhq � kdv h{sorvlyh urrwv
I16 s1 88 Dv|pswrwlf uhvxowv iru E
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I17 s1 93 Jhqhudolvdwlrq wr wkh prgho zlwk frqvwdqw whup
I1714 s1 93 Frqvlvwhqf| ri hljhqydoxhv
I1715 s1 94 Dv|pswrwlf glvwulexwlrq ri udqn uhvw
I1717 s1 9: Whvw iru vlpsoh k|srwkhvlv rq kz zkhq q ' M)c

k ' �� dqg q�S 5 -o

I1718 s1 9< Whvw iru k ' �� zkhq q ' M)c q �S 5 -o

I1719 s1 :3 Whvw iru qS ' f zkhq kz lv nqrzq dqg q ' M)�

I171: s1 :4 Whvw iru qS ' f�
I171; s1 :5 Whvw iru q ' M) zkhq kz lv nqrzq dqg q �S 5 -o

I171< s1 :6 Whvw iru q ' M)
I18 s1 :7 Frxqwhu h{dpsohv

I1814 s1 :8 Qhfhvvlw| ri dvvxpswlrq +f, iru u-iMkEo�mMqEo�j
I1815 s1 :8 Qhfhvvlw| ri E��� zkhq whvwlqj qS ' f
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I1515 Urrwv htxdo wr rqh1
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I1516 Urrwv htxdo wr plqxv rqh
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Ohppd I1: Vxssrvh wkh surfhvv K| lv elyduldwh dqg wkdw � lv jlyhq e|#
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Wkh qrupdolvhg vxp ri wkh �uvw whup rq wkh uljkw kdqg vlgh ri wklv htxdwlrq/ +I149,/
frqyhujhv lq glvwulexwlrq wr +I148,/ xvlqj Ohppd I19 dqg wkh Frqwlqxrxv Pdsslqj
Wkhruhp iru wkh lqwhjudo ri wkh rxwhu surgxfw ri d elyduldwh frqwlqxrxv ixqfwlrq1
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I1518 Urrwv zlwk prgxoxv vpdoohu wkdq rqh

Wkh uhvxow iroorzv iurp Odl dqg Zhl +4<;8/ Wkhruhp 5/ htxdwlrq 61<, xvlqj wkh pdu0
wlqjdoh gl�huhqfh dvvxpswlrq dqg wkh Ohppd F151 Wkh| vkrz wkdw wkh qrupdolvdwlrq
fdq eh fkrvhq dv �S ' A3�*2� Wkh olplw/ 8Sc lv ghwhuplqlvwlf1

I1519 Urrwv zlwk prgxoxv juhdwhu wkdq rqh

Wkh uhvxow iroorzv iurp Odl dqgZhl +4<;8/ Fruroodu| 5, xvlqj wkh pduwlqjdoh gl�huhqfh
dvvxpswlrq dqg wkh Ohppd F151 Wkh| vkrz wkdw wkh qrupdolvdwlrq fdq eh fkrvhq dv
�_ ' (3A dqg wkdw �_
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I151: Furvv surgxfw whupv

Wklv vhfwlrq frqwdlqv wkuhh Ohppdh1 Wkh �uvw fryhuv furvv surgxfwv ehwzhhq wzr
whupv zlwk glvwlqfw urrwv rq wkh xqlw flufoh/ wkh qh{w glvfxvvhv furvv surgxfwv ehwzhhq
whupv zlwk urrwv rq wkh xqlw flufoh dqg whupv zlwk vwdwlrqdu| urrwv/ dqg �qdoo| furvv
surgxfwv ehwzhhq h{sorvlyh dqg qrq0h{sorvlyh whupv duh glvfxvvhg1
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I16 Dv|pswrwlf uhvxowv iru E
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Wklv vhfwlrq jlyhv wkh ghwdlov ri wkh surri ri Ohppd G15

Ohppd I146 +Ohppd G15, Vxssrvh htxdwlrq E2���/ wkh k|srwkhvlv/ MEo�c frqgl0
wlrq E��c dqg Dvvxpswlrq 5145 duh vdwlv�hg1 Ohw �| eh jlyhq dv hlwkhu ri wkh surfhvvhv
K�c|c S|c _| zkloh +| lv hlwkhu E|*A �& ru A3&3�*2
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Wkh surri iru wkh fdvhv K�c|c S|c _| lv hvvhqwldoo| jlyhq lq Qlhovhq +5333,1 Wkdw
sdshu ghdov zlwk d xqlyduldwh dxwruhjuhvvlyh surfhvv/ krzhyhu/ wkhuh duh qr vxevwdqwlyh
fkdqjhv zkhq jhqhudolvlqj wr wkh pxowlyduldwh fdvh1

Wkh fdvh @| lv qrw glvfxvvhg lq Qlhovhq +5333, exw lv d udwkhu vwudljkwiruzdug
frqvhtxhqfh ri wkh dqdo|vlv lq Vhfwlrq I17181

Wkh ghwdlov duh jlyhq lq wkh iroorzlqj vxevhfwlrqv1

I1614 Zkhq � kdv xqlw urrwv

Ohppd I147 Vxssrvh htxdwlrq E2���/ wkh k|srwkhvlv/ MEo�c frqglwlrq E��c dqg Dv0
vxpswlrq 5145 duh vdwlv�hg1 Ohw +| eh hlwkhu E|*A �& ru A3&3�*2
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Surri ri Ohppd I1471 Lw iroorzv iurp wkh dujxphqwv lq Vhfwlrq I1718 wkdw
d qrupdolvdwlrq �@ fdq eh irxqg vr wkdw A �*2�@@�cdA�o frqyhujhv lq glvwulexwlrq wr d
frqwlqxrxv ixqfwlrq ri d Eurzqldq prwlrq1 Olnhzlvh +dA�o frqyhujhv lq glvwulexwlrq wr
hlwkhu d sro|qrpldo ru d frqwlqxrxv ixqfwlrq ri d Eurzqldq prwlrq1 Lw fdq eh dujxhg
wkdw wkh wzr Eurzqldq prwlrqv frqyhujh mrlqwo| dqg wkh uhvxow wkhq iroorzv xvlqj wkh
Frqwlqxrxv Pdsslqj Wkhruhp1
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I1615 Zkhq � kdv urrwv rq xqlw flufoh/ exw qr urrwv dw rqh

Lq wklv fdvh wkh surri lv edvhg rq d prgl�hg yhuvlrq ri Fkdq dqg Zhl +4<;;/ Wkhruhp
514/ vxevhtxhqw uhpdun,1
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I1616 Zkhq � kdv vwdwlrqdu| urrwv

Lq wklv fdvh wkh surri lv edvhg rq d prgl�hg yhuvlrq ri Fkdq dqg Zhl +4<;;/ Ohppd
61716,1

Ohppd I14: Dvvxph i}|j dqg i�|j duh wzr vhtxhqfhv ri udqgrp yhfwruv lq +r vxfk
wkdw }| dqg �| duh I|0phdvxudeoh1 Vxssrvh wkhuh h{lvwv dq Er� r� frqvwdqw pdwul{ �
vxfk wkdw }| ' �}|3� n �|/ zkhuh }f ' �f ' f� Ixuwkhu/ vxssrvh .
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U
` 2

$
c

A �*2

#
A3�

�

$
7fS

&$
# ì
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U ì2

<A@A>
:8



vr wkdw ì
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iì
�

#iì
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�ì
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