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Devwudfw

Wkh sdshu vwxglhv wkh lqwhjhu0ydoxhg dxwruhjuhvvlyh prgho ri rughu rqh dqg vxjjhvwv

d vshfl�fdwlrq iru sdqho gdwd1 Whvw vwdwlvwlfv djdlqvw xqghu0 ru ryhuglvshuvlrq zlwklq

d jhqhudol}hg Srlvvrq prgho duh rewdlqhg1 Suhglfwruv dqg suhglfwlrq huuru yduldqfhv

duh jlyhq iru xqlyduldwh dqg pxowlyduldwh prghov1 Wkh vpdoo vdpsoh shuirupdqfh ri

pd{lpxp olnholkrrg dqg qhz jhqhudol}hg phwkrg ri prphqwv hvwlpdwruv dqg whvwv duh

hydoxdwhg dqg frpsduhg1 Dq hpslulfdo looxvwudwlrq edvhg rq wkh qxpehu ri �upv lq

vhfwruv ri wkh Vzhglvk iruhvw lqgxvwu| 4<:3�4<<5 lv lqfoxghg1

Nh|Zrugv= Srlvvrq/ jhqhudol}hg Srlvvrq/ hvwlpdwlrq/ whvwlqj/ sdqho gdwd/ suhglfwlrq/

iruhvw vhfwru1

WL dp judwhixo wr Uxqdu Euçqqoxqg iru surylglqj wkh gdwd iru wkh looxvwudwlrq dqg wr Degxokdplg D1

Do}dlg dqg Shu Mrkdqvvrq iru frpphqwv1 Wkh �qdqfldo vxssruw iurp wkh Vzhglvk Uhvhdufk Frxqflo iru wkh

Kxpdqlwlhv dqg Vrfldo Vflhqfhv lv dfnqrzohgjhg1



41 Lqwurgxfwlrq

Lq wklv sdshu zh vwxg| wkh lqwhjhu0ydoxhg dxwruhjuhvvlyh prgho ri rughu rqh ^DU+4, prgho`1

Wkh Srlvvrq DU+4, prgho zdv �uvw lqwurgxfhg e| PfNhq}lh +4<;8, dqg odwhu glvfxvvhg

e| PfNhq}lh +4<;;,/ Do0Rvk dqg Do}dlg +4<;:, dqg rwkhuv1 Wklv sxuh wlph vhulhv prgho

forvho| uhvhpeohv wkh Jdxvvldq DU+4, prgho lq whupv ri wkh �uvw wzr prphqwv1 Lq rwkhu

uhvshfwv wkh prgho lv txlwh gl�huhqw/ krzhyhu1 Wkh Srlvvrq glvwulexwlrq kdv d vlqjoh sd0

udphwhu/ zklfk lv htxdo wr erwk wkh phdq dqg wkh yduldqfh1 Li hpslulfdoo|/ wkh yduldqfh

h{fhhgv wkh wkhruhwlfdoo| h{shfwhg yduldqfh zh wdon ri ryhuglvshuvlrq1 Fruuhvsrqglqjo| zh

pd| dovr wdon ri xqghuglvshuvlrq zkhq wkh hpslulfdo yduldqfh lv vpdoohu wkdq wkh wkhruhwl0

fdoo| h{shfwhg rqh1 Wklv lvvxh kdv lpsruwdqw hpslulfdo lpsolfdwlrqv iru lqwhusuhwdwlrq dqg

iru rewdlqlqj dq dssursuldwh fryduldqfh pdwul{/ zklfk lq wxuq lv lpsruwdqw/ iru lqvwdqfh/

iru whvwlqj sxusrvhv1

Uhjuhvvlrq prghov iru wlph vhulhv frxqw gdwd duh ehfrplqj lqfuhdvlqjo| riwhq dssolhg1

Gl�huhqw dssurdfkhv zhuh lqlwldoo| vxjjhvwhg e| ]hjhu +4<;;,/ ]hjhu dqg Tdjlvk +4<;9, dqg

Vplwk +4<:<,1 Uhfhqw zrun ri Euçqqçv dqg Mrkdqvvrq +4<<5/ 4<<7, dqg rwkhuv vxjjhvw wkdw

wkhvh dssurdfkhv duh hpslulfdoo| ihdvleoh1 Rqo| lq wkh uhjuhvvlrq dssurdfk ri ]hjhu dqg

Tdjlvk +4<;9, lv wkhuh dq h{solflw odj vwuxfwxuh1 Krzhyhu/ wklv lv txlwh gl�huhqw iurp wkh rqh

frqvlghuhg khuh1 Lq wkh rwkhu uhjuhvvlrq prghov wkh dxwrfruuhodwlrq vwuxfwxuh lv dvvxphg

wr eh gxh wr d odwhqw surfhvv1 D gl�huhqw wlph vhulhv prgho lv wkh vr fdoohg GDUPD prgho

ri Mdfrev dqg Ohzlv +4<;6,1 Lq wkh frqfoxvlrq wr wklv sdshu zh zloo pdnh vrph frpphqwv

rq krz wkh suhvhqw DU+4, iudphzrun fdq dffrpprgdwh h{sodqdwru| yduldeohv dv zhoo1

Lq sduwlfxodu/ zh rewdlq jhqhudol}hg phwkrg ri prphqw +JPP/ Kdqvhq/ 4<;5, hvwlpd0

wruv iru erwk wkh DU+4, Srlvvrq dqg wkh jhqhudol}hg Srlvvrq +Do}dlg dqg Do0Rvk/ 4<<6,

prghov1 Wkh jhqhudol}hg Srlvvrq prgho kdv wkh ghvludeoh surshuw| ri doorzlqj iru erwk

xqghu0 dqg ryhuglvshuvlrq1 Odjudqjh pxowlsolhu +OP, dqg Zdog w|sh whvw vwdwlvwlfv lq

wkh JPP grpdlq duh jlyhq djdlqvw xqghu0 dqg2ru ryhuglvshuvlrq/ zkhq wkh dowhuqdwlyh

k|srwkhvlv lv dq DU+4, jhqhudol}hg Srlvvrq prgho1 Wkh rewdlqhg hvwlpdwruv dqg whvw

vwdwlvwlfv duh hydoxdwhg dqg frpsduhg e| �qlwh vdpsoh Prqwh Fduor h{shulphqwdwlrq1 Lq

dgglwlrq/ wkh qhz JPP hvwlpdwruv duh frpsduhg wr pd{lpxp olnholkrrg +PO, dqg frqgl0

wlrqdo ohdvw vtxduhv +FOV, hvwlpdwruv lq wkh Srlvvrq fdvh1 Wkh odwwhu wzr hvwlpdwruv zhuh

iru wklv fdvh jlyhq dqg sduwo| hydoxdwhg e| Do0Rvk dqg Do}dlg +4<;:,1 Suhglfwruv dqg suh0

glfwlrq huuru yduldqfhv duh ghulyhg1 Iru pxowlyduldwh ghshqghqw DU+4, prghov iru sdqho

gdwd fruuhvsrqglqj phdvxuhv duh ghulyhg iru erwk wkh Srlvvrq dqg jhqhudol}hg Srlvvrq

fdvhv1

Wkh ghwdlov ri wkh edvlf prghov duh rxwolqhg lq Vhfwlrq 51 Lq Vhfwlrq 6 zh frqvlghu

hvwlpdwlrq/ zkloh whvwlqj djdlqvw xqghu0 dqg ryhuglvshuvlrq lv frqvlghuhg lq Vhfwlrq 71 Wkh

ghvljq dqg uhvxowv ri vpdoo vdpsoh Prqwh Fduor h{shulphqwdwlrq duh uhsruwhg lq Vhfwlrq

81 Vhfwlrq 9 surylghv suhglfwruv dqg suhglfwlrq huuru yduldqfhv1 Vhfwlrq : lqwurgxfhv

wkh sdqho gdwd DU+4, prgho1 Dq hpslulfdo looxvwudwlrq edvhg rq wkh qxpehu ri Vzhglvk

iruhvwu| sodqwv dffruglqj wr surgxfwlrq w|sh/ 4<:5�4<<3/ lv uhsruwhg lq Vhfwlrq ;1 Vrph

ri wkhvh vhulhv pdqlihvw xqghuglvshuvlrq1 D ihz frqfoxglqj uhpdunv duh pdgh dw wkh hqg

ri wkh sdshu1

4



51 Prghov

Frqvlghu d vwdwlrqdu| i||j surfhvv zlwk Srlvvrq pdujlqdo ghqvlwlhv1 Erwk iru vlpsolflw|

uhdvrqv dqg iru uhdvrqv ri ixwxuh hpslulfdo zrun zh uhvwulfw rxu lqwhuhvw wr wkh dxwruhjuhv0

vlyh prgho ri rughu rqh ^wkh DU+4, prgho`1 Dw dq duelwudu| wlph w zh zulwh

|| @ � � ||3� . �|> w @ 5> = = = > W= +4,

Khuh/ wkh qrwdwlrq +fi1 Vwhxwho dqg ydq Kduq/ 4<:<, ��| @
S+

�'� x�/ zkhuh x� lv d vhtxhqfh

ri lqghshqghqw dqg lghqwlfdoo| glvwulexwhg +l1l1g1, 304 udqgrp yduldeohv lqghshqghqw ri |

zlwk Su+x� @ 4, @ �1 Wkh ��| rshudwru uhsuhvhqwv elqrpldo wklqqlqj ri |/ vxfk wkdw hdfk

ri wkh | lqglylgxdov hlwkhu *vxuylyhv* +x� @ 4, zlwk htxdo suredelolw| � ru *glhv* +x� @ 3,

zlwk suredelolw| 4� �1 Xqghu wkhvh dvvxpswlrqv lw krogv wkdw

H+� � |, @ H+^|H+x�m|,` @ �H+|,

Y +� � |, @ Y+^H+� � |m|,` .H+^Y +� � |m|,` @ �
2
Y +|, . �+4� �,H+|,=

Wkh �| lv l1l1g1 Srlvvrq zlwk phdq � A 3 dqg lqghshqghqw ri ||3�1 Iru � 5 +3> 4, dqg |�

glvfuhwh vhoi0ghfrpsrvdeoh wkh DU+4, surfhvv lv vwdwlrqdu| +h1j1/ PfNhq}lh/ 4<;;,1

Wkh surshuwlhv ri wkh prgho kdyh ehhq ghwdlohg xsrq e| Do0Rvk dqg Do}dlg +4<;:,

dqg iru d voljkwo| gl�huhqw sdudphwul}dwlrq e| PfNhq}lh +4<;;,1 Lq wkh suhvhqw fdvh erwk

wkh phdq dqg wkh yduldqfh ri wkh i||j surfhvv lv �@+4 � �,1 Lw lv hdv| wr yhuli| wkdw wkh

dxwrfruuhodwlrq dw odj n lv �&/ zklfk reylrxvo| lv uhvwulfwhg wr eh srvlwlyh1

H{whqvlrqv wr pruh jhqhudo DUPD prghov duh glvfxvvhg e| PfNhq}lh +4<;;, dqg

rwkhuv1 Wkh prgho +4, uhpdlqv ri wkh vdph irup iru rwkhu glvwulexwlrqv vxfk dv wkh

elqrpldo/ qhjdwlyh elqrpldo ru jhqhudol}hg Srlvvrq +Do}dlg dqg Do0Rvk/ 4<<6/ PfNhq}lh/

4<;9,1 Wkh qhjdwlyh elqrpldo doorzv iru ryhuglvshuvlrq zkloh wkh jhqhudol}hg Srlvvrq prgho

kdv wkh dwwudfwlyh surshuw| ri doorzlqj iru erwk xqghu0 dqg ryhuglvshuvlrq1

Wkhuhiruh/ zh frqvlghu wkh jhqhudol}hg Srlvvrq +JS, ^vhh Frqvxo +4<;<, iru d ghwdlohg

wuhdwphqw ri wkh xqlyduldwh JS prgho dqg lwv hvwlpdwlrq` DU+4, prgho vshfl�fdwlrq ri

Do}dlg dqg Do0Rvk +4<<6,1 Lqvwhdg ri elqrpldo wklqqlqj zh qrz hpsor| d txdvlelqrpldo

wklqqlqj rshudwru/ � � ||3�1 E| wklv wkh suredelolw| wr uhwdlq dq hohphqw lv lqfuhdvlqj lq

||3� iru � A 3 dqg ghfuhdvlqj iru � ? 31 Zkhq ||3� lv JS glvwulexwhg zlwk sdudphwhuv

�
� dqg � ^JS+��> �,> vhh ht1 +<,/ ehorz/ iru wkh ghqvlw| ixqfwlrq` lw iroorzv wkdw � � ||3� lv

glvwulexwhg dv JS+���> �,1 Zkhq lq dgglwlrq �| lv glvwulexwhg dv JS++4��,��> �, lw iroorzv

wkdw || kdv d JS +��> �, glvwulexwlrq1 Wkh JS prgho kdv prphqwv> H+||, @ �
�
@+4 � �,/

Y +||, @ �
�
@+4��,� dqg wkh dxwrfruuhodwlrq dw odj n lv �&1 Xqghuglvshuvlrq +ryhu0, uhvxowv

iru � ? 3 +� A 3,/ zkloh wkh Srlvvrq fdvh dulvhv iru � @ 31

Wr pdnh wkh JS frpsdwleoh zlwk wkh suhylrxv Srlvvrq vshfl�fdwlrq zh ohw wkh �| surfhvv

kdyh sdudphwhuv � dqg �/ l1h1 � @ +4��,��1 Iru wkh fkrvhq vshfl�fdwlrq wkh phdq ri wkh

surfhvv lv �@^+4� �,+4� �,` @ �
�
@+4� �,/ zklfk iru � @ 3 uhgxfhv wr wkdw ri wkh Srlvvrq

prgho1

Iru wkh qhjdwlyh elqrpldo DU+4, prgho vrph ri wkh glvwulexwlrqdo ihdwxuhv duh wuhdwhg

e| PfNhq}lh +4<;9, dqg Do0Rvk dqg Do}dlg +4<<6,1 Iru d prgho vshfl�fdwlrq frpsdwleoh

zlwk wkh Srlvvrq prgho lq +4, zlwk H+�|, @ � dqg Y +�|, @ �. �
2
�
21 Zh rewdlq H+||, @

�@+4� �,/ Y +||, @ ^�. �+�. �
2
�,`@+4� �

2, zlwk �
& wkh dxwrfruuhodwlrq dw odj n1

5



61 Hvwlpdwlrq

Wkh hvwlpdwlrq ri � dqg � lq wkh vwdwlrqdu| Srlvvrq DU+4, fdvh e| frqglwlrqdo ohdvw vtxduhv

+FOV, dqg pd{lpxp olnholkrrg +PO, hvwlpdwruv zdv vwxglhg e| Do0Rvk dqg Do}dlg +4<;:,>

vhh dovr Mlq0Jxdq dqg \xdq +4<<4, dqg Urqqlqj dqg Mxqj +4<<5,1 Lq wklv vhfwlrq zh

dovr lqwurgxfh wkh qhz jhqhudol}hg phwkrg ri prphqw +JPP, hvwlpdwru dqg h{whqg wklv

hvwlpdwru wr wkh JS DU+4, prgho1

614 Frqglwlrqdo Ohdvw Vtxduhv

Wkh frqglwlrqdo phdq ri || jlyhq ||3� lv iru wkh Srlvvrq prgho jlyhq e|

H+||m||3�, @ �||3� . � @ j+#�,> +5,

zkhuh #� @ +�>�,� lv wkh yhfwru ri xqnqrzq sdudphwhuv wr eh hvwlpdwhg1 Wkh FOV

hvwlpdwru plqlpl}hv wkh fulwhulrq ixqfwlrq

T+#�, @
A[
|'2

^|| � j+#�,`
2
> +6,

zklfk |lhogv wkh hvwlpdwruv

a� @

SA
|'2 ||||3� � +

SA
|'2 ||

SA
|'2 ||3�,@WSA

|'2 |
2
|3� � +

SA
|'2 ||3�,

2@W

a� @ +
A[
|'2

|| � a�
A[
|'2

||3�,@W=

Lq wkh JS prgho wkh frqglwlrqdo phdq htxdov �||3� . �@+4� �,1 Wklv uhyhdov wkdw �

dqg � fdq qrw eh hvwlpdwhg vhsdudwho|/ xqohvv dgglwlrqdo lqirupdwlrq lv lqfrusrudwhg iru

wkh FOV hvwlpdwlrq sureohp1 Iru wkh qhjdwlyh elqrpldo prgho wkh frqglwlrqdo phdq lv ri

wkh irup +5,/ lqglfdwlqj wkdw �2 fdq qrw eh hvwlpdwhg iurp wkh frqglwlrqdo phdq1

615 Pd{lpxp Olnholkrrg

Iru d �{hg lqlwldo ydoxh |� wkh frqglwlrqdo orj0olnholkrrg ixqfwlrq pd| eh zulwwhq

c�+#�, @
A[
|'2

orjSu+||m||3�,> +7,

zkhuh iru wkh Srlvvrq prgho +fi1 Mrkqvrq dqg Nrw}/ 4<:3/ fk1 44 dqg Do0Rvk dqg Do}dlg/

4<;:,

Su+||m||3�, @ h{s+��,
6[
�'f

�
+|3�

+|| � l,$

#
||3�

l

$
�
� +4� �,+|3�3�> w @ 5> = = = > W +8,

lv wkh frqglwlrqdo ghqvlw| iru jlyhq ||3� dqg zkhuh p @ plq+||3�> ||,1 Zkloh wkh frqgl0

wlrqdo PO hvwlpdwru pd{lpl}hv +7,/ wkh h{dfw PO hvwlpdwru pd{lpl}hv

c+#�, @ c�+#�, . orjSu+|�,> +9,

6



zkhuh

Su+|�, @

�
�

4� �

�+� 4

|�$
h{s

�
�

�

4� �

�
> +:,

lv wkh vwhdg| vwdwh ghqvlw|1

Iru wkh JS prgho/ zlwk H+�|, @ �
�
@+4 � �,/ wkh dssursuldwh h{suhvvlrqv +Do}dlg dqg

Do0Rvk/ 4<<6, duh jlyhq e|

Su+||m||3�, @
6[
�'f

#
||3�

l

$
��

�

�
� . ||3��

%
��

� . l�

�
� . ||3��

&�3� %
�
�

. +||3� � l,�

�
� . ||3��

&+|3�3�3�

��
�

^�
�

. �+|| � l,`+|3�3� h{s^��
�

� �
�
�+|| � l,`@+|| � l,$ +;,

Su+|�, @ �
�+�� . �|�,

+�3� h{s^�+�� . �|�,`@|�$> +<,

zkhuh �
�

@ +4��,�� dqg wkh sdudphwhu yhfwru lv #2 @ +��> �> �,14 Zlwk � @ 3 h{suhvvlrqv

+;,0+<, uhgxfh wr wkrvh lq +8, dqg +:,/ zkhq lq wkh odwwhu �� lv uhsodfhg e| �
�

1

Wr rewdlq PO hvwlpdwhv xvlqj +9, d qxphulfdo pd{lpl}dwlrq dojrulwkp kdv wr eh hp0

sor|hg1 Wkh frqglwlrqdo ghqvlw| +;, ri wkh JSprgho lv txlwh frpsoh{ dv zloo wkh ghulydwlyhv

uhtxluhg iru PO hvwlpdwlrq eh1 Zdog dqg Odjudqjh pxowlsolhu whvwv duh wkhuhiruh dqdo|wl0

fdoo| dqg qxphulfdoo| gl!fxow wr rewdlq1 Wkh vdph zloo krog wuxh iru wkh qhjdwlyh elqrpldo

prgho1

616 Jhqhudol}hg Phwkrg ri Prphqwv

Lq wklv vxevhfwlrq zh frqvlghu wkh xvh ri wkh JPP hvwlpdwru ri Kdqvhq +4<;5, iru rxu

DU+4, sxusrvhv1 Wzr dssurdfkhv wr JPP hvwlpdwlrq fdq eh frqvlghuhg1 Iluvw/ zh pd|

hpsor| xqfrqglwlrqdo prphqw uhvwulfwlrqv edvhg rq wkh vwdwlrqdu| glvwulexwlrq wr irup

wkh hvwlpdwru1 Wkh vhfrqg dssurdfk lv edvhg rq frqglwlrqdo prphqw uhvwulfwlrqv +h1j1/

Qhzh|/ 4<;8/ Wdxfkhq/ 4<;9, dqg fdq eh vhhq dv dq h{whqvlrq wr wkh FOV hvwlpdwru1

Lqlwldo h{shulphqwdwlrq xvlqj xqfrqglwlrqdo prphqw uhvwulfwlrqv vxjjhvwhg wkdw wkh vpdoo

vdpsoh surshuwlhv duh qrw dw doo idyrxudeoh1 Wkhuhiruh/ zh rqo| frqvlghu wkh frqglwlrqdo

JPP hvwlpdwlrq sureohp1

Wr dyrlg qrq0xqltxhqhvv gxh wr d vxusoxv ri srvvleo| lqirupdwlyh prphqw uhvwulfwlrqv dv

zhoo dv wr *lqfuhdvh h!flhqf|* wkh JPP hvwlpdwru lv xvhixo/ wkrxjk lw pd| eh qxphulfdoo|

pruh lqyroyhg wkdq phwkrg ri prphqw hvwlpdwruv1 Wkh JPP hvwlpdwru plqlpl}hv d

txdgudwlf irup

t @p+#,� aZ3�p+#,> +43,

zkhuh p+#, lv wkh yhfwru ri prphqw uhvwulfwlrqv1 Vxemhfw wr plog uhjxodulw| frqglwlrqv

+h1j1/ PdfNlqqrq dqg Gdylgvrq/ 4<<6/ fk1 4:, wkh hvwlpdwru ri # lv frqvlvwhqw dqg dv|ps0

wrwlfdoo| qrupdo iru dq| v|pphwulf dqg srvlwlyh gh�qlwh pdwul{ aZ/ vxfk dv wkh lghqwlw|

pdwul{ L1 Wkh hvwlpdwru lv h!flhqw zkhq aZ lv wkh dv|pswrwlf fryduldqfh pdwul{ rip+#,1

Wr rewdlq aZ/ t fdq lq d �uvw vwhs eh plqlpl}hg xvlqj vd| wkh lghqwlw| pdwul{ L iru aZ1

Iru d vhfrqg vwhs wkh frqvlvwhqw hvwlpdwhv a# iurp vwhs rqh duh xvhg wr irup aZ1

4Iru w 	 f wkh JS ghqvlw| lq +<, lv lq idfw wuxqfdwhg1 Vlqfh +<, lv wkh pdujlqdo ghqvlw| iru dq| |/ wkh

wuxqfdwlrq fdq eh h{suhvvhg dv �hE+|� ' f iru +| : &1 Iru b� : f/ w lv uhvwulfwhg e| 4@ E3�c3b�*&� 	 w $ �

iru & : e1 Frqvxo +4<;</ fk1 5, jlyhv dgglwlrqdo ghwdlov dqg d glvfxvvlrq derxw wkh vpdoo h�hfw ri qhjohfwlqj

wkh wuxqfdwlrq1
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Iru sdvw revhuydwlrqv |�> = = = > ||3�/ wkh frqglwlrqdo phdq ri || lq wkh Srlvvrq DU+4,

prgho lv jlyhq lq +5, dqg wkh rqh0vwhs0dkhdg suhglfwlrq huuru h| @ || � �||3� � � lv

wkh lpsruwdqw sduw ri +6,/ vhh dovr Vhfwlrq 9/ ehorz1 Wkh qrupdo htxdwlrqv ri +6, duh

hpslulfdo prphqw uhvwulfwlrqv> W3�SA
|'2 h| @ 3 iru � dqg W

3�SA
|'2 ||3�h| @ 3 iru �/

zlwk fruuhvsrqglqj wkhruhwlfdo xqfrqglwlrqdo prphqwv H+h|, @ 3 dqg H+||3�h|, @ 31

Wkhvh xqfrqglwlrqdo prphqwv duh htxdo wr frqglwlrqdo rqhv/ vlqfh iru dq| ixqfwlrq k+�,/
H+k+||3�,h|, @ H+^H+k+||3�,h|m||3�` @ H+k+||3�,H+h|m||3�, @ H+k+||3�, � 3 @ 31 Wkh

FOV hvwlpdwru fdq wkhuhiruh eh lqwhusuhwhg dv d frqgwlrqdo JPP hvwlpdwru1 Lq dgglwlrq/

wkh qxpehuv ri xqnqrzqv dqg uhvwulfwlrqv duh htxdo/ dqg aZ lv htxdo wr wkh lghqwlw| pdwul{

ri rughu wzr/ L21

Dgglwlrqdo prphqw uhvwulfwlrqv duh dydlodeoh1 Iru lqvwdqfh/ lw fdq eh suryhg wkdw erwk

wkh frqglwlrqdo dqg xqfrqglwlrqdo h{shfwdwlrqv ri h|h|3� duh htxdo wr }hur1 Iurp Do}dlg

dqg Do0Rvk +4<;;, wkh jhqhudo uhvxow iru vwdwlrqdu| lqwhjhu0ydoxhg surfhvvhv ri rughu rqh

Y +||m||3�, @ H^+||�H+||m||3�,,
2m||3�` @ �+4��,||3� .Y +�|, fdq eh vhhq wr eh htxdo wr

H+h2| m||3�,1 Wklv uhvwulfwlrq suryhv wr eh prvw xvhixo/ lq sduwlfxodu/ iru wkh JS prgho15

Wkhvh dqg srvvleo| rwkhu frqglwlrqdo prphqw uhvwulfwlrqv fdq eh xvhg iru JPP hvwlpdwlrq1

Wkh dv|pswrwlf fryduldqfh pdwul{ aZ fdq/ lq sulqflsoh/ eh iruphg hlwkhu iurp lqlwldo

frqvlvwhqw hvwlpdwruv ri wkh sdudphwhuv dqg dq dqdo|wlfdo h{suhvvlrq ru iurp wkhvh hvwl0

pdwruv dqg wkh vdpsoh fryduldqfh pdwul{ ri wkh uhvwulfwlrqv1 Wkh odwwhu lv edvhg rq wkh

zlgho| xvhg frqvlvwhqw Qhzh| dqg Zhvw +4<;:d, hvwlpdwru

aZ @ a�f .

R[
�'�

+4�
m

s. 4
,^a�� . a��

�`> +44,

zkhuh

a�� @ W
3�

A[
|'�n�

p|+a#,�p|3�+a#,> m @ 3> 4> = = = > s>

dqg s kdv wr eh jlyhq1 Wkh s fruuhvsrqgv wr wkh rughu ri dq PD+s, surfhvv1 Wkhuhiruh/

iru wkh suhvhqw DU+4, surfhvv zh h{shfw wkdw s vkrxog eh fkrvhq odujh iru odujh � ydoxhv1

Wkh hvwlpdwhg dv|pswrwlf fryduldqfh pdwul{ ri wkh JPP hvwlpdwru edvhg rq aZ lv

Fry+a#, @
4

W
^ aJ� aZ3�J`3�> +45,

zkhuh wkh aJ pdwul{ kdv urzv J� @ Cp�+#,�@C#
� hydoxdwhg dw a#1

Dv sduw ri wkh Prqwh Fduor h{shulphqwv uhsruwhg ehorz/ zh kdyh dq lqwhuhvw lq vwxg|lqj

wkh lpsdfw ri wkh qxpehu ri uhvwulfwlrqv dv zhoo dv wkh lpsdfw ri aZ yhuvxv L1 Hyhq li aZ @ L

lq +43, lv hqirufhg zh qhhg wr kdyh wkh dv|pswrwlf fryduldqfh pdwul{ aZ ri wkh prphqw

uhvwulfwlrq yhfwru wr rewdlq wkh dssursuldwh fryduldqfh pdwul{ ri wkh sdudphwhu hvwlpdwhv1

71 Vshfl�fdwlrq Whvwlqj

Lq wklv vhfwlrq zh frqvlghu vshfl�fdwlrq whvwlqj djdlqvw xqghu0 dqg ryhuglvshuvlrq zkhq

xqghu wkh qxoo k|srwkhvlv zh kdyh dq DU+4, Srlvvrq prgho dqg xqghu wkh dowhuqdwlyh wkh

jhqhudol}hg Srlvvrq prgho1 Wkh whvw vwdwlvwlfv duh edvhg rq wkh JPP dssurdfk1 Wkh

5Wkh ghshqghqfh rq +|3� pdnhv wklv prgho gl�huhqw iurp wkh Jdxvvldq dxwruhjuhvvlrqv zlwk wkhlu

frqvwdqw yduldqfhv1
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Odjudqjh Pxowlsolhu +OP, whvw edvhg rq olnholkrrg wkhru| ri Kf = � @ 3 yv1 K� = � 9@ 3 lv

wrr frpsoh{ dqdo|wlfdoo| dv zhoo dv qxphulfdoo| wr eh ri hpslulfdo lqwhuhvw1

Wr whvw djdlqvw xqghu0 ru ryhuglvshuvlrq xvlqj wkh JPP dssurdfk zh pd| dsso| dqdo0

rjrxv whfkqltxhv dv xvhg zlwklq olnholkrrg wkhru| +Qhzh| dqg Zhvw/ 4<;:e,1 D Odjudqjh

pxowlsolhu +OP, ru vfruh vwdwlvwlf lv dqdo|wlfdoo| dqg qxphulfdoo| vlpsoh zkhq xqghu K�

wkh qxpehuv ri uhvwulfwlrqv dqg xqnqrzq sdudphwhuv duh htxdo +h1j1/ Gdylgvrq dqg PdfN0

lqqqrq/ 4<<6/ fk1 4:,1 Wkh OP vwdwlvwlf lv wkhq ri wkh irup

OP @ W p�+�#f,^Z+�#f,`
3�p+�#f,> +46,

zkhuh �#f @ +��> ��> � @ 3,� lv d JPP hvwlpdwru ri #f xqghu Kf dqg Z lv hvwlpdwhg xvlqj

wkhvh hvwlpdwhv1 Dv|pswrwlfdoo|/ OP lv glvwulexwhg dv d "
2+4, yduldwh1

Iru d prgho hvwlpdwhg xqghu K�/ l1h1/ xqghu wkh xquhvwulfwhg JS DU+4, prgho/ wkh

dssolfdwlrq ri wkh Zdog vwdwlvwlf lv vwudljkwiruzdug1 Zh vlpso| kdyh wr frpsduh a�
2
@Y +a�,/

zkhuh Y +a�, lv wkh dssursuldwh gldjrqdo hohphqw lq +45,/ wr d "
2+4, glvwulexwlrq1

81 Vpdoo Vdpsoh Shuirupdqfh

Wkh FOV/ h{dfw PO dqg JPP hvwlpdwruv duh frpsduhg iru wkh Srlvvrq DU+4, prgho

lq d vpdoo Prqwh Fduor h{shulphqw uhsolfdwlqj dqg h{whqglqj wkh vwxg| ri Do0Rvk dqg

Do}dlg +4<;:,1 Wr jhqhudwh wkh gdwd zh dvvxph � @ 3=4> 3=6> 3=8> 3=: dqg 3=< zlwk � @

4 dqg 81 Gxh wr wkh vshfl�fdwlrq ri wkh prgho zh wkhq rewdlq wkh phdqv ri || dv

43�@<> 43�@:> 5�> 43�@6> 43� iru � @ 3=4> = = = > 3=<1 Wr rewdlq d vwdwlrqdu| vhulhv zh vhw

|� htxdo wr wkh vwdwlrqdu| phdq �@+4 � �, dqg glvfdug wkh �uvw 483 jhqhudwhg revhuyd0

wlrqv1 Wzr vdpsoh vl}hv/ W @ 83 dqg 533/ duh hpsor|hg/ dqg wkh qxpehu ri uhsolfdwlrqv lv

4333 dw hdfk ghvljq srlqw1 Iru wkh h{dfw PO hvwlpdwru zh hpsor| uhsdudphwul}dwlrqv vxfk

wkdw � @ h{s+�, dqg � @ 4@+4 . h{s+�,, dqg pd{lpl}h zlwk uhvshfw wr wkh xquhvwulfwhg �

@ orj+�, dqg � @ orj+�3��4,1 Wkh JPP hvwlpdwru lv hydoxdwhg iru wkh JS DU+4, prgho

lq wkh fdvh ri � @ 3/ l1h1/ wkh gdwd lv jhqhudwhg iurp d Srlvvrq DU+4, prgho1 Wkh vl}hv ri

wkh OP dqg Zdog vwdwlvwlfv ri Kf = � @ 3 yv1 K� = � 9@ 3 duh frpsduhg dqg hydoxdwhg1

Wkh eldv dqg PVH uhvxowv iru wkh hvwlpdwruv lq wkh Srlvvrq fdvh duh jlyhq lq Wdeoh 41

Erwk wkh eldvhv dqg PVHv ri wkh FOV dqg PO hvwlpdwruv ri � duh vpdoo1 Wkh phdvxuhv

duh vpdoohu iru odujhu vdpsoh vl}hv/ dqg dv h{shfwhg/ wkh h{dfw PO hvwlpdwru kdv vpdoohu

PVH wkdq FOV1 Wkh eldv ri wkh FOV hvwlpdwru ri � lv odujhu iru � @ 81 Wkh xquhvwulfwhg

FOV hvwlpdwru |lhogv d vxevwdqwldo iudfwlrq ri a� hvwlpdwhv rxwvlgh ri wkh ^3> 4` lqwhuydo iru

vpdoo dqg odujh ydoxhv rq �1 Dv h{shfwhg wkhuh lv d kljk qhjdwlyh fruuhodwlrq ehwzhhq wkh

hvwlpdwruv ri � dqg � iru odujh �1 Rq frpsdulvrq zlwk wkh uhvxowv ri Do0Rvk dqg Do}dlg

+4<;:, wkh suhvhqw vwxg| hvvhqwldoo| frq�upv wkhlu frqfoxvlrqv1 Wkh PVH ri wkh FOV

hvwlpdwru ri � lqfuhdvhv zlwk � dqg lv odujhu iru � @ 8/ zkhq wkh yduldqfh ri wkh surfhvv lv

odujhu1 Wkh lqfuhdvhv duh pxfk vpdoohu iru wkh PO hvwlpdwru1 Zlwk uhvshfw wr �/ krzhyhu/

lw lv irxqg wkdw wkh shuirupdqfh ri wkh FOV hvwlpdwru ydulhv zlwk � ru htxlydohqwo| zlwk

wkh phdq ru wkh yduldqfh ri wkh i||j surfhvv1
Wkh eldv dqg PVH uhvxowv iru wkh Srlvvrq JPP hvwlpdwru duh edvhg rq Z @ Le dv

zhoo dv aZe1 +Wkh qrwdwlrq aZR lv xvhg wr lqglfdwh wkh qxpehu ri whupv s ri wkh Qhzh|

dqg Zhvw +4<;:d, hvwlpdwru lq +44,,1 Wkh irxu frqglwlrqdo prphqw uhvwulfwlrqv duh wkh

wzr qrupdo htxdwlrqv ri wkh FOV hvwlpdwru +wkh JPP uhgxfhv wr wkh FOV hvwlpdwru zkhq

Z @ L2,/ H+h2| m||3�,� �+4� �,||3� � � @ 3 dqg H+h|h|3�m||3�, @ 31 Wkhuh lv qr jdlq ri
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xvlqj aZe iru wkh vpdoohvw vdpsoh vl}h W @ 831 Lw lv iru wkh odujhu �0ydoxhv wkdw wkh JPP

hvwlpdwru kdv vpdoohu PVH wkdq FOV1 Iru � zh djdlq qrwh wkdw wkh JPP hvwlpdwru edvhg

rq Le grhv/ dw ohdvw/ htxdoo| zhoo dv wkh rqh edvhg rq aZe1 JPP kdv vxevwdqwldoo| vpdoohu

PVHv iru wkh odujhvw � ydoxhv1

Lq vrph dgglwlrqdo h{shulphqwv shuiruphg wr vwxg| wkh urexvwqhvv ri wkh JPP hvwl0

pdwru zlwk uhvshfw wr wkh fkrlfh ri prphqw uhvwulfwlrqv wkh frqglwlrqdo dqg xqfrqglwlrqdo

suhglfwlrq huuru yduldqfh uhvwulfwlrqv zhuh frpsduhg1 Wkh uhsruwhg JPP hvwlpdwru kdv

prvwo| pxfk vpdoohu PVHv/ exw iru W @ 83 dqg � vpdoo wkh rqh edvhg rq wkh xqfrqglwlrqdo

yduldqfh lv ehwwhu lq wkh PVH vhqvh1

Lq vxppdu|/ wkh PO hvwlpdwru kdv wkh vpdoohvw PVHv dqg iru vkruw wlph vhulhv wkhuh

lv d jdlq ri xvlqj wkh JPP hvwlpdwru dv frpsduhg wr FOV rqo| zkhq � lv uhodwlyho| odujh1

Iru wkh JS DU+4, prgho wkh frqglwlrqdo prphqw uhvwulfwlrq gxh wr wkh frqglwlrqdo

yduldqfh suryhg fuxfldo iru jhwwlqj durxqg wkh sureohp zlwk qrqxqltxhqhvv dulvlqj iurp

wkh udwlr �@+4 � �, lq wkh frqglwlrqdo phdq1 Wdeoh 5 suhvhqwv uhvxowv iru wkh fdvh ri

Z @ Le/ aZ2 dqg aZe dqg W @ 83 dqg 533/ iru wkh irxu frqglwlrqdo prphqw uhvwulfwlrqv

W
3�SA

|'2 h| @ W
3�SA

|'2^||��||3���@+4� �,` @ 3/ W3�SA
|'2 h|||3� @ 3/ W3�SA

|'2 h
2
| �

�+4� �,||3� � �@+4� �,� @ 3 dqg W
3�SA

|'2 h|h|3� @ 31

Rq frpsdulvrq/ wkhuh dsshduv wr eh olwwoh uhdvrq iru xvlqj aZ lqvwhdg ri Z @ Le/

zkhwkhu aZ lv edvhg rq s @ 7 lq +44, ru s @ 51 D jhqhudo frqfoxvlrq vhhpv wr eh wkdw

iru odujh � ydoxhv +ru odujh H+||,, eldvhv dqg PVHv ri/ lq sduwlfxodu/ � duh odujh lq dq

devroxwh vhqvh1

Lq Wdeoh 6 vl}hv duh uhsruwhg iru wkh OP dqg Zdog whvw vwdwlvwlfv ri Kf = � @ 3 djdlqvw

d wzr0vlghg dowhuqdwlyh iru d qrplqdo vl}h ri 31381 Iru vpdoo W wkh rewdlqhg vl}hv duh wrr

odujh1 Vl}h surshuwlhv lpsuryh dv W lqfuhdvhv1 Iru wkh Zdog vwdwlvwlf wkhuh lv qr fohdufxw

lqglfdwlrq ri zkhwkhu s @ 5 ru 7 lv wr eh suhihuuhg1

91 Suhglfwlrq

Frqvlghu wkh suhglfwlrq ri d ixwxuh ydoxh |An� jlyhq wkdw zh kdyh revhuyhg wkh vhulhv xs

wkurxjk wlph W / l1h1/ |�> = = = > |A lv revhuyhg1 E| uhshdwhg vxevwlwxwlrq zh pd| zulwh wkh

ixwxuh ydoxhv ri wkh surfhvv

|An� @ �
� � |A .

�[
�'�

�
�3� � �An�> k @ 4> 5> = = = >

zklfk vkrxog eh lqwhusuhwhg dv dq htxlolw| lq glvwulexwlrq1

Iurp wklv zh rewdlq wkh k0vwhs dkhdg suhglfwru iru wkh Srlvvrq prgho dv

a|An��A @ H+|An�m|�> = = = > |A , @ �
�
|A . �+4 . �. = = =. �

�3�,

@ �
�

�
|A �

�

4� �

�
.

�

4� �
> +47,

zkhuh lq wkh �qdo vwhs wkh htxdolw| +4.�. = = =.�
�3�, @ +4��

�,@+4��, kdv ehhq xvhg1

Wkh whup lq eudfnhwv phdvxuhv wkh ghyldwlrq ri wkh surfhvv iurp wkh phdq dw wlph W 1 Dv

k jrhv wr lq�qlw| dqg iru � ? 4/ wkh �uvw sduw jrhv wr }hur dqg zh khqfh �qg wkdw wkh

suhglfwru dssurdfkhv wkh phdq ri wkh surfhvv1 Dv � $ 4 wkh suhglfwru dssurdfkhv |A /

zklfk lv wr eh h{shfwhg rq frpsdulvrq zlwk d udqgrp zdon prgho1

:



Wkh suhglfwlrq huuru lv hAn� @ |An� � a|An��A 1 Lw iroorzv wkdw H+hAn�, @ 3/ iru dq|

k A 3/ l1h1/ wkh suhglfwru lv xqeldvhg1 Wkh suhglfwlrq huuru yduldqfh dw ohdg k @ 4 lv

Y +hAn�, @ H

k
+� � |A � �|A ,

2
l
.H

k
+�An� � �,2

l
@

�+4� �,�

4� �
. �

@
�

4� �

k
4� �

2
l
> +48,

zkhuh wkh uhvxowv vxppdul}hg lq Vhfwlrq 5 duh xvhg wr rewdlq wkh �uvw sduw ri wkh wklug

h{suhvvlrq1 Surfhhglqj lq d vlplodu zd| lw fdq eh vkrzq wkdw wkh suhglfwlrq huuru yduldqfh

dw dq duelwudu| ohdg k A 3 fdq eh zulwwhq rq wkh uhodwhg irup

Y +hAn�, @
�

4� �

k
4� �

2�
l
= +49,

Qrwh wkdw wkh suhglfwlrq huuru yduldqfh lqfuhdvhv zlwk wkh ohqjwk ri wkh iruhfdvw krul}rq

k1 Dv k$4/ wkh yduldqfh dssurdfkhv dq xsshu olplw ri �@+4� �,/ zklfk lv wkh yduldqfh

ri wkh surfhvv1

Wkh h{suhvvlrqv iru wkh JS DU+4, prgho zlwk H+�|, @ �@+4��, dqg Y +�|, @ �@+4��,�

duh jlyhq e|

a|An��A @ �
�

�
|A �

�

+4� �,+4� �,

�
.

�

+4� �,+4� �,

Y +hAn�, @
��

+4� �,+4� �,
+4� �. �

2 � �
� . = = =� �

2�3�,

.
�

+4� �,�
+4 . �

2 . = = =. �
2E�3��,

@
��

+4� �,+4� �,

4� �
2�

4 . �
.

�

+4� �,�
4� �

2�3�

4� �
=

:1 Sdqho Gdwd

Frqvlghu d sdqho riP furvv0vhfwlrq xqlwv dqg W wlph shulrgv1 Zh pd| zulwh dqP0yduldwh

DU+4, prgho iru lqwhjhu0ydoxhg gdwd dv3
EEEEC

|�

|2
111

|�

4
FFFFD
|

@

3
EEEEC

�� 3 = = = 3

3 �2 = = = 3
111

111
1 1 1 3

3 3 = = = ��

4
FFFFD �

3
EEEEC

|�

|2
111

|�

4
FFFFD
|3�

.

3
EEEEC

��

�2
111

��

4
FFFFD
|

> w @ 5> = = = > W

ru dv

|| @ D � ||3� . �|= +4:,

Wkh sdudphwhuv duh gl�huhqw iru gl�huhqw furvv0vhfwlrq xqlwv dqg zh ohw wkh ghshqghqfh

ehwzhhq xqlwv eh jhqhudwhg e|

�| @

3
EEEEC

�
W

�

�
W

2
111

�
W

�

4
FFFFD
|

. �|

3
EEEEC

4

4
111

4

4
FFFFD @ �W| . �|4=

;



Lq wkh Srlvvrq fdvh wkh �W�|> l @ 4> = = = >P> w @ 4> = = = > W / duh lqghshqghqw Srlvvrq yduldeohv

zlwk sdudphwhuv ��> l @ 4> = = = >P / dqg wkh vfdodu �|> w @ 4> = = = > W / lv lqghshqghqwo|

Srlvvrq glvwulexwhg zlwk sdudphwhu � +h1j1/ Mrkqvrq dqg Nrw}/ 4<9</ fk1 44,1 Ohw �"+v, @

H^�| � H+�|,`^�|nr � H+�|nr,`
� eh wkh dxwrfryduldqfh pdwul{ dw odj v1 Wkh dvvxpswlrqv

lpso| �"+v, @ 3/ v � 4/ dqg

�"+3, @

3
EEEEC

�� . � � = = = �

� �2 . � = = = �

111
111

1 1 1
111

� � = = = �� . �

4
FFFFD =

Lq dgglwlrq wr suhylrxv dvvxpswlrqv zh dgg wkdw ||3� dqg �| duh lqghshqghqw1 Lq wkh

elqrpldo wklqqlqj rshudwruv ri

D � ||3� @

#
�� � |� @

+�[
�'�

x��> = = = > �� � |� @

+�[
�'�

x��

$
�

|3�

>

wkh x�� duh dvvxphg wr eh l1l1g1 3 � 4 udqgrp yduldeohv dqg lqghshqghqw ri ||3� dqg

�|> w @ 4> = = = > W 1

Wkh phdq ri wkh P 0yduldwh Srlvvrq DU+4, surfhvv +4:, lv

H +||, @ +L�D,3� +�. �4, >

zkhuh �� @ +��> = = = > �� ,1 Diwhu vrph dojheudlf pdqlsxodwlrq zh rewdlq wkh fryduldqfh

pdwul{ ri +4:, dv

Fry+||, @

3
EEEEC

+�� . �,@+4� ��, �@ +4� ���2, = = = �@ +4� ���� ,

�@ +4� ���2, +�2 . �,@+4� �2, = = = �@+4� �2�� ,
111

111
1 1 1

111

�@ +4� ���� , �@+4� �2�� , = = = +�� . �, @ +4� �� ,

4
FFFFD =

Reylrxvo|/ lw lv srvvleoh wr frqfhlyh ri rwkhu dqg srwhqwldoo| pruh xvhixo sdudphwul}dwlrqv

iru sduwlfxodu fdvhv1

Wkh k0vwhsv dkhdg suhglfwru ri +4:, wdnhv wkh irup

a|An��A @ D�|A .
�
L.D. = = =.D�3�

�
+�. �4,

dqg wkh P0yduldwh rqh0vwhs0dkhdg suhglfwlrq huuru lv h| @ || � D||3� � � � �41 Wkh

rqh0vwhs dkhdg suhglfwlrq huuru yduldqfh lv

Y +hAn�, @

3
EEEEC

+�� . �,+4 . ��, � = = = �

� +�2 . �,+4 . �2, = = = �

111
111

1 1 1
111

� � = = = +�� . �,+4 . �� ,

4
FFFFD >

zklfk kdv d yduldqfh wkdw lv lq dwhg e| � lq frpsdulvrq zlwk wkh xqlyduldwh fdvh/ fi1 +48,1

Wkh � lv dovr wkh fryduldqfh ehwzhhq rqh0vwhs dkhdg suhglfwlrq huuruv1 Iru wkh jhqhudo

k0vwhsv dkhdg suhglfwlrq huuru fryduldqfh pdwul{ zh rewdlq/ iru k A 4/

Y +hAn�, @
k
D�+L�D�,

l
H+|A , .

�[
�'�

k
D�3��. �D�3�44�D�3�

l
>

<



zkhuh � @gldj+�,1

Iru wklv prgho w|sh wkh frqglwlrqdo ohdvw vtxduhv +FOV, hvwlpdwru lv gluhfwo| dssolfdeoh/

exw ��> l @ 4> = = = >P / dqg � fdqqrw eh vhsdudwho| hvwlpdwhg e| wklv hvwlpdwru1 D FOV

hvwlpdwru a#
�

@ +gldj + aD,�> +a�. a�4,�, lv rewdlqhg dv

a# @ dujplq
�

A[
|'2

h�|h|>

zkloh wr hvwlpdwh doo sdudphwhuv vhsdudwho|/ iru lqvwdqfh/ H+h|h
�

|m||3�, fdq eh xvhg wr

rewdlq d ihdvleoh frqglwlrqdo JPP hvwlpdwru1

;1 Hpslulfdo Looxvwudwlrq

Wr looxvwudwh/ zh frqvlghu irxu vkruw/ dqqxdo lqgxvwu| vhulhv lq wkh Vzhglvk sdshu dqg sxos

lqgxvwu|/ 4<:5 � 4<<31 Wkh vhulhv/ Phfkdqlfdo/ Vxoskdwh/ Vxosklwh dqg Sdshu/ uhsuhvhqw

wkh qxpehu ri sodqwv dqg duh h{klelwhg lq Iljxuh 41 Iru doo vhulhv wkhuh dsshduv wr eh voljkw

qhjdwlyh wuhqgv1 Lq whupv ri wkh Srlvvrq DU+4, prgho wklv judsklfdo hylghqfh vxjjhvwv

wkdw hlwkhu wkhuh lv d vpdoo � dqg d odujh � +|rxqj sodqwv, ru d odujhu � exw d vpdoo � +rog

sodqwv,1 Wkh odwwhu lqwhusuhwdwlrq lv wkh pruh uhdvrqdeoh rqh lq ylhz ri wkh fdslwdo lqwhqvlw|

ri wklv lqgxvwu|1 Dovr/ wkhuh dsshduv wr eh olwwoh yduldwlrq lq prvw vhulhv vxjjhvwlqj xqghu0

udwkhu wkdq ryhuglvshuvlrq16 Lq ylhz ri wklv/ wkh jhqhudol}hg Srlvvrq prgho dsshduv dq

lqwhuhvwlqj dowhuqdwlyh1 Zh dqwlflsdwh qhjdwlyh hvwlpdwhv ri � iru/ dw ohdvw/ wkh Phfkdqlfdo

dqg Vxoskdwh vhulhv1 Qrwh wkdw � ? 3 lqglfdwhv wkdw wkh suredelolw| ri h{lw lqfuhdvhv zlwk

wkh vwrfn ri sodqwv ||3�1

Lq prgho whupv wkh qxpehu ri hqwhulqj �upv lq d jlyhq wlph shulrg fdq eh vhhq dv

dulvlqj iurp dq xqrevhuydeoh dqg udqgrp qxpehu ri srwhqwldo hqwudqwv {|/ zkr ghflgh

wr hqwhu ru qrw wr hqwhu1 Zh pd| zulwh �| @
S%|

�'� }�|1 Khuh/ }�| @ 4 li wkh lwk srwhqwldo

hqwudqw fkrrvhv wr hqwhu dqg 3 rwkhuzlvh1 Ohw Su+}�| @ 4, @ �1 Xqghu dq l1l1g1 dvvxpswlrq

rq srwhqwldo hqwudqwv dqg d Srlvvrq +sdudphwhu �, dvvxpswlrq rq {| lw krogv wkdw �| lv

Srlvvrq glvwulexwhg zlwk sdudphwhu � @ ��1 Li dw wlph w�4 wkhuh duh qr �upv/ wkh qxpehu

ri �upv dw wlph w zloo eh �|1 Lq wkh shulrg iurp w wr w . 4 dqrwkhu �|n� �upv zloo hqwhu1

Rq wkh rwkhu kdqg/ wkh qxpehu ri �upv dw wlph w/ || @ �|/ zloo eh uhgxfhg e| wkh qxpehu

ri h{lwlqj �upv1 Li wkh suredelolw| ri h{lwlqj lv frqvwdqw dfurvv �upv dqg wlph shulrgv/

4�� / wkh qxpehu ri uhpdlqlqj �upv lv ghqrwhg � � || @
S+|

�'� x�|1 Wkh x�| duh djdlq l1l1g1

304 udqgrp yduldeohv zlwk Su+x�| @ 4, @ �1 Wklv rshudwlrq uhsuhvhqwv elqrpldo wklqqlqj

dqg |lhogv d Srlvvrq yduldeoh zlwk phdq ��/ zkhuh � lv wkh phdq ri wkh vwdwlrqdu| i||j
surfhvv1

Lq Wdeoh 7 hvwlpdwhv ri FOV/ PO dqg JPP hvwlpdwhv ri � dqg � duh jlyhq iru erwk

wkh Srlvvrq dqg jhqhudol}hg Srlvvrq prghov1 Wkh PO hvwlpdwru lv uhvwulfwhg wr qrw idoo

rxwvlgh wkh shuplvvleoh sdudphwhu vsdfh1 Qr sdudphwhu uhvwulfwlrqv duh hpsor|hg iru wkh

FOV dqg JPP hvwlpdwruv1 Wkh a� lv qhjdwlyh lq wzr lqvwdqfhv iru FOV dqg lq rqh lqvwdqfh

iru wkh JPP iru wkh JS prgho1 Wkh OP dqg Zdog vwdwlvwlfv ri � @ 3 yhuvxv � 9@ 3 lq wkh

JS DU+4, prgho gr qrw uhmhfw wkh qxoo k|srwkhvlv iru dq| ri wkh vhulhv1 Lq whupv ri a� lw

lv qhjdwlyh dqg odujh rqo| iru wkh Phfkdqlfdo surgxfwlrq vhulhv1

6Iru Phfkdqlfdo +phdq @ 5518/ vwdqgdug ghyldwlrq @ 516,/ Vxoskdwh +5;17/ 618,/ Vxosklwh +4:15/ 4316,

dqg Sdshu +8;1</ 916,1
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Wuhdwlqj wkh vhulhv dv d sdqho zlwk gl�huhqw �� dqg �� |lhogv a� @ 3=47; zkhq sdudphwhuv

duh hvwlpdwhg e| FOV1

<1 Frqfoxglqj Uhpdunv

Lw lv d pdlq dwwudfwlrq ri wkh suhvhqw prgho w|sh wkdw lw fdq eh h{whqghg lq vhyhudo zd|v1

Lq rwkhu vwxglhv ri �up hqwu| ru h{lwv wkhvh duh vwxglhg vhsdudwho|1 Wkh suredelolw| ri h{lw

4� � fdq eh pdgh ghshqghqw rq h{sodqdwru| yduldeohv/ xvlqj vd|/ d orjlvwlf glvwulexwlrq

ixqfwlrq1 Hvwlpdwlrq ri vxfk sdudphwulf irupv fdq wkhq jlyh dq hvwlpdwhg wlph sur�oh

ri sdvw h{lwv/ zkhq vxfk duh kdug wr revhuyh gluhfwo|1 Reylrxvo|/ wkh h{ dqwh suhglfwlyh

shuirupdqfh pd| lpsuryh dv zhoo1 Lq dq dqdorjrxv zd| wkh � sdudphwhu fkdudfwhul}lqj

hqwulhv pd| dovr eh pdgh/ vd|/ dq h{srqhqwldo ixqfwlrq ri h{sodqdwru| yduldeohv1 Lqlwldo

dwwhpswv lq wkhvh gluhfwlrqv iru wkh deryh vkruw wlph vhulhv vxjjhvwhg wkdw wkhvh duh ihdvleoh

dssurdfkhv1

Lq ylhz ri wkh uhvxowv iurp wkh Prqwh Fduor h{shulphqwv wkh vhulhv ohqjwkv lq wkh

hpslulfdo looxvwudwlrq vhhp vkruw iru vwurqj lqihuhqfhv ri sdudphwhuv/ hwf1 Lq d ixwxuh

vwxg| sdudohoolqj wkh rqh ri Pd|hu dqg Fkdsshoo +4<<5, orqjhu vhulhv zloo eh xvhg1 Dqrwkhu

dowhuqdwlyh ri jdlqlqj ghjuhhv ri iuhhgrp lv wr xvh sdqho gdwd1 Lq wklv fdvh d uhvwulfwlyh

sdudphwul}dwlrq fdq riwhq eh hvwlpdwhg hyhq zlwk yhu| vkruw wlph vhulhv1

Zkloh wkh prgho w|sh kdv ehhq looxvwudwhg e| �up vwrfn gdwd/ lwv dssolfdelolw| lv

reylrxvo| ri zlghu lqwhuhvw iru wkh hpslulfdoo| rulhqwhg hfrqrplvw1 Rwkhu �hogv wkdw vkduh

ihdwxuhv zlwk wkh �up vwrfn vhwwlqj lqfoxgh srsxodwlrq vl}h zlwk pljudwru| pryhphqwv

dqg qxpehu ri xqhpsor|hhv vhuyhg e| d vpdoo oderxu h{fkdqjh djhqf|1 Wkh vwuhqjwk ri

wkh prgho frphv rxw zkhq wkh revhuyhg lqwhjhu0ydoxhg frxqwv duh vpdoo1 Iru odujh frxqwv

rqh pd| h{shfw frqyhqwlrqdo wlph vhulhv prghov wr gr htxdoo| zhoo1

Uhihuhqfhv

Do0Rvk/ P1D1 dqg Do}dlg/ D1D1 +4<;:,1 Iluvw0Rughu Lqwhjhu Ydoxhg Dxwruhjuhvvlyh +LQDU

+4,, Surfhvv1 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv ;/ 59405:81

Do0Rvk/ P1D1 dqg Do}dlg/ D1D1 +4<<6,1 Vrph Jdppd Surfhvvhv Edvhg rq wkh Glulfkohw0

Jdppd Wudqvirupdwlrq1 Frppxqlfdwlrqv lq Vwdwlvwlfv= Vwrfkdvwlf Prghov </ 4560

4761

Do}dlg/ D1D1 dqg Do0Rvk/ P1D1 +4<;;,1 Iluvw0Rughu Lqwhjhu0Ydoxhg Dxwruhjuhvvlyh +LQDU

+4,, Surfhvv= Glvwulexwlrqdo dqg Uhjuhvvlrq Surshuwlhv1 Vwdwlvwlfd Qhhuodqglfd 75/

860941

Do}dlg/ D1D1 dqg Do0Rvk/ P1D1 +4<<6,1 Vrph Dxwruhjuhvvlyh Prylqj Dyhudjh Surfhvvhv

zlwk Jhqhudol}hg Srlvvrq Pdujlqdo Glvwulexwlrqv1 Dqqdov ri wkh Lqvwlwxwh ri Pdwk0

hpdwlfdo Vwdwlvwlfv 78/ 55605651

Euçqqçv/ N1 dqg Mrkdqvvrq/ S1 +4<<5,1 Hvwlpdwlrq dqg Whvwlqj lq d Prgho iru Vhuldoo|

Fruuhodwhg Frxqw Gdwd1 Lq yrq Froodql/ H1 dqg Jùe/ U1 +hgv1, Surfhhglqjv ri wkh

Vhfrqg Zÿu}exuj � Xphè Frqihuhqfh lq Vwdwlvwlfv1 Xqlyhuvlw| ri Zÿu}exuj1

Euçqqçv/ N1 dqg Mrkdqvvrq/ S1 +4<<7,1 Wlph Vhulhv Frxqw Gdwd Uhjuhvvlrq1 Frppxqlfd0

wlrqv lq Vwdwlvwlfv= Wkhru| dqg Phwkrgv 56/ 5<3:05<581

Frqvxo/ S1F1 +4<;<,1 Jhqhudol}hg Srlvvrq Glvwulexwlrq= Surshuwlhv dqg Dssolfdwlrqv +Pdu0

fho Ghnnhu/ Qhz \run,1
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Gdylgvrq/ U1 dqg PdfNlqqrq/ M1J1 +4<<6,1 Hvwlpdwlrq dqg Lqihuhqfh lq Hfrqrphwulfv

+R{irug Xqlyhuvlw| Suhvv/ R{irug,1

Kdqvhq/ O1S1 +4<;5,1 Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg ri Prphqw Hvwlpd0

wruv1 Hfrqrphwulfd 83/ 435<043871

Mdfrev/ S1D1 dqg Ohzlv/ S1D1Z1 +4<;6,1 Vwdwlrqdu| Glvfuhwh Dxwruhjuhvvlyh0Prylqj Dyhu0

djh Wlph Vhulhv Jhqhudwhg e| Pl{wxuhv1 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 7/ 4<0691

Mlq0Jxdq/ G1 dqg \xdq/ O1 +4<<4,1 Wkh Lqwhjhu0Ydoxhg Dxwruhjuhvvlyh +LQDU+s,, Prgho1

Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 45/ 45<04751

Mrkqvrq/ Q1O1 dqg Nrw}/ V1 +4<9<,1 Glvfuhwh Glvwulexwlrqv +Krxjkwrq Pl"lq/ Ervwrq,1

Pd|hu/ Z1M1 dqg Fkdsshoo/ Z1I1 +4<<5,1 Ghwhuplqdqwv ri Hqwu| dqg H{lw= Dq Dssolfdwlrq

ri wkh Frpsrxqghg Elyduldwh Srlvvrq Glvwulexwlrq wr X1V1 Lqgxvwulhv/ 4<:504<::1

Vrxwkhuq Hfrqrplf Mrxuqdo 8;/ ::30::;1

PfNhq}lh/ H1 +4<;8,1 Vrph Vlpsoh Prghov iru Glvfuhwh Yduldwh Wlph Vhulhv1 Zdwhu

Uhvrxufhv Exoohwlq 54/ 97809831

PfNhq}lh/ H1 +4<;9,1 Dxwruhjuhvvlyh Prylqj0Dyhudjh Surfhvvhv zlwk Qhjdwlyh0Elqrpldo

dqg Jhrphwulf Pdujlqdo Glvwulexwlrqv1 Dgydqfhv lq Dssolhg Suredelolw| 4;/ 9:<0

:381

PfNhq}lh/ H1 +4<;;,1 Vrph DUPD Prghov iru Ghshqghqw Vhtxhqfhv ri Srlvvrq Frxqwv1

Dgydqfhv lq Dssolhg Suredelolw| 53/ ;550;681

Qhzh|/ Z1N1 +4<;8,1 Jhqhudol}hg Phwkrg ri Prphqw Vshfl�fdwlrq Whvwlqj1 Mrxuqdo ri

Hfrqrphwulfv 5</ 55<05891

Qhzh|/ Z1N1 dqg Zhvw/ N1G1 +4<;:d,1 D Vlpsoh/ Srvlwlyh Gh�qlwh/ Khwhurvnhgdvwlflw| dqg

Dxwr Fruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{1 Hfrqrphwulfd 88/ :360:3;1

Qhzh|/ Z1N1 dqg Zhvw/ N1G1 +4<;:e,1 K|srwkhvlv Whvwlqj zlwk H!flhqw Phwkrg ri Pr0

phqwv Hvwlpdwlrq1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz 5;/ :::0:;:1

Urqqlqj/ J1 dqg Mxqj/ U1F1 +4<<5,1 Hvwlpdwlrq ri d Iluvw Rughu Dxwruhjuhvvlyh Surfhvv

zlwk Srlvvrq Pdujlqdov iru Frxqw Gdwd1 Lq Idkuphlhu/ O1 +hg1, Dgydqfhv lq JOLP

dqg Vwdwlvwlfdo Prghoolqj +Vsulqjhu0Yhuodj/ Ehuolq,1

Vplwk/ M1T1 +4<:<,1 D Jhqhudol}dwlrq ri wkh Ed|hvldq Iruhfdvwlqj Prgho1 Mrxuqdo ri Ur|do

Vwdwlvwlfdo Vrflhw| E74/ 6:806;:1

Vwhxwho/ I1Z1 dqg ydq Kduq/ N1 +4<:<,1 Glvfuhwh Dqdorjxhv ri Vhoi0Ghfrpsrvdelolw| dqg

Vwdelolw|1 Wkh Dqqdov ri Suredelolw| :/ ;<60;<<1

Wdxfkhq/ J1H1 +4<;9,1 Vwdwlvwlfdo Surshuwlhv ri Jhqhudol}hg Phwkrg ri Prphqwv Hvwl0

pdwruv ri Vwuxfwxudo Sdudphwhuv Rewdlqhg iurp Ilqdqfldo Gdwd +zlwk glvfxvvlrq,1

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 7/ 6<:07571

]hjhu/ V1O1 +4<;;,1 D Uhjuhvvlrq Prgho iru Wlph Vhulhv ri Frxqwv1 Elrphwulnd :8/ 9540

95<1

]hjhu/ V1O1 dqg Tdjlvk/ E1 +4<;;,1 Pdunry Uhjuhvvlrq Prghov iru Wlph Vhulhv= D Txdvl0

Olnholkrrg Dssurdfk1 Elrphwulfv 77/ 434<043641
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Wdeoh 4= Eldvhv dqg PVHv +�43, ri PO/ FOV dqg JPP +JPPU iru Le dqg JPP` iru
aZe, hvwlpdwruv/ W @ 83 dqg 5331

b ' � b ' D

k PO FOV JPPU JPP` PO FOV JPPU JPP`

EldvE	k�/ A ' Df

314 31459 31338 31485 0315<4 313:7 31:37 31584 031983

316 0315:: 031569 03138: 031745 03147: 31963 31557 03159;

318 031543 03163< 03135; 0314;5 0314;: 317:; 3143: 031393

31: 031467 0316<5 03137< 031343 03139; 317<6 3139; 31477

31< 03136< 0315;6 031343 31383 031349 316;; 31347 313:4

EldvE	k�/ A ' 2ff

314 031349 031358 31345 03159< 031355 31497 313<8 0316;5

316 031358 031366 31399 0314;6 031396 3145: 313:4 031547

318 0313:5 0313:5 31337 0313<9 03139: 31444 31346 0313:;

31: 03137: 031457 031355 03133; 031348 3143< 31345 31367

31< 03133< 031433 031335 31354 03133; 313<5 31343 31345

PVHE	k�/ A ' Df

314 3146< 314<3 31593 315;4 31466 31534 31678 31684

316 314;9 314<4 314;; 31649 314:< 314:< 3153< 31666

318 31454 31494 31444 314:5 31443 3144: 3143: 314;5

31: 31384 31456 31383 31398 31375 3139: 31375 3138:

31< 31339 3136: 31339 3133: 31337 3134< 31338 31339

PVHE	k�/ A ' 2ff

314 31378 31383 3138: 31399 31374 3137; 3139: 313:;

316 31376 31385 31379 31398 31374 31379 3137< 313:5

318 31364 31377 3135< 31374 31358 31369 31363 31364

31: 31345 3135< 31346 31347 31343 31357 31344 31344

31< 31334 31344 31334 31334 31334 31338 31334 31334

EldvE	b�/ A ' Df

314 031486 031555 03168< 31339 031695 071;59 041:43 61885

316 31683 3139; 03147< 314:< 41358 081:65 05136: 41853

318 31698 3169< 031569 0314;< 41<43 081;7; 0418:7 031344

31: 3157; 31;;8 03164: 0317:5 41389 0<14<5 041858 051:;:

31< 31496 51575 031734 031;5: 31:;; 0531448 041558 061<3:

EldvE	b�/ A ' 2ff

314 31337 031349 0313:4 314;8 3146; 04146< 031:5; 51376

316 31384 031374 0314<< 313;7 31685 041663 031:;9 41663

318 313<7 3138< 0313:3 03135< 318;< 04175; 031584 31889

31: 31444 3163< 031396 031467 3156; 05133: 03165: 03197<

31< 313:5 31<4; 0313:; 03159< 3166< 071:9< 03174: 031;:9

PVHE	b�/ A ' Df

314 31699 3174; 31967 31954 71<67 :16<; 451<4: 441;86

316 31885 3183< 319:7 31;77 431455 431636 4518<3 4;1:89

318 3189: 319<3 319:6 31:<3 441876 4513<9 45139< 4;1:8<

31: 31897 41578 31994 31:88 441<83 4<16;: 4613;7 4919;5

31< 31878 61369 31934 31:77 4413;9 7:1<4; 441766 4716<;

PVHE	b�/ A ' 2ff

314 313<: 31433 31487 31459 4185< 41:56 518<5 518;4

316 31455 31474 31496 314:4 515:6 51886 51;;9 61::4

318 31476 314<9 314;5 314;5 519;: 619<4 61646 61599

31: 31475 31653 314;5 314:8 51<:5 91;66 615:3 614:8

31< 3146< 413:; 31495 31497 51:8: 4618:; 51:;: 6139:



Wdeoh 5= Eldvhv dqg PVHv +�43, ri JPP hvwlpdwruv ri JS prgho zlwk Z @ Le +wrs,/ aZe

+plggoh, dqg aZ2/ W @ 83> 533 +erwwrp,1 Wkh ohiw sduw ri wkh wdeoh fruuhvsrqgv wr � @ 4
dqg wkh uljkw sduw wr � @ 81

b ' � b ' D b ' � b ' D

k Ue `e `2 Ue `e `2 Ue `e `2 Ue `e `2

EldvE	k�c A ' Df PVHE	k�c A ' Df

314 0314; 0315< 03163 03159 03169 0316; 3155 314; 314; 3156 314; 314;

316 0316: 03195 03197 03158 03184 03187 3157 3158 3158 3159 3157 3158

318 03175 03199 0319: 0315: 03189 0318: 3155 3157 3158 3159 3155 3157

31: 03183 03193 03195 0314: 03185 03185 3153 314< 314< 3158 314< 3153

31< 03164 031:3 0319: 03138 03175 03183 313: 3147 3146 3135 414; 3139

EldvE	k�c A ' 2ff PVHE	k�c A ' 2ff

314 03139 03155 03155 0313: 03154 03154 3139 3138 3138 3138 3138 3138

316 0313; 03157 03156 03138 03156 03153 3138 3139 3139 3139 3139 3139

318 03145 03157 03156 03139 0314; 03154 3139 3138 3139 3139 3138 3138

31: 03144 0314< 0314; 03136 0314; 03149 3138 3137 3137 3139 3137 3137

31< 03143 03146 03146 03136 0314; 03148 3136 3135 3135 3134 3135 3135

EldvE	b�c A ' Df PVHE	b�c A ' Df

314 317< 3186 3186 6138 61;; 61<8 31:9 319; 319: 46164 45136 441;<

316 31;7 4156 415: 7138 91<9 919< 415: 4165 415: 63197 6316< 5<1::

318 41;4 5139 41<6 :193 <179 ;1<6 6148 6134 51;< ;31;3 9;16< :5167

31: 8139 4184 4195 4;188 :1<3 <147 4:155 :189 :1;: 67<18< 4<714< 4;91<5

31< 55168 4139 6137 47158 4:<164 4<71<; 4:8163 4<7154 48;185 55613< 439;31< 4594817

EldvE	b�c A ' 2ff PVHE	b�c A ' 2ff

314 3146 315< 3163 31:< 41:; 41:3 3148 3148 3148 51<5 613< 51<8

316 315< 3177 3186 31<8 51:5 5187 315; 315; 3163 9146 9176 9187

318 3173 31;7 31:7 4159 617; 61<4 3196 318: 318; 48157 47133 4615:

31: 31<7 4175 414< 6195 :194 91<< 513: 4186 4175 8817< 76187 74165

31< :134 431:3 5183 ;188 6<194 6616: 681<: 587199 <184 448135 ;:519: <371<3

EldvE	w�c A ' Df PVHE	w�c A ' Df

314 0315; 03168 03168 0315< 0316; 0316< 3148 3148 3148 3148 3148 3148

316 03163 03178 0317: 03165 03193 0318; 3157 3159 3157 315; 3163 315<

318 03198 031:8 03197 03178 03188 03179 3188 3199 31:3 319; 319: 31:3

31: 041;9 3135 03137 04133 313; 03148 615; 5174 517: 51<9 5177 514:

31< 0<139 4136 3148 0414< 049134 04:183 5;156 7<1<5 68195 4184 ;51;6 <713<

EldvE	w�c A ' 2ff PVHE	w�c A ' 2ff

314 0313; 03145 03145 0313< 03146 03145 3136 3136 3136 3136 3136 3136

316 03148 03156 03159 03143 03156 03156 3139 3138 3139 3139 3139 3139

318 03147 03175 03166 03138 0315: 03163 3145 3145 3145 3145 3144 3144

31: 0315; 03196 03184 03146 03199 03193 316: 3164 3165 3179 3169 3166

31< 0516< 071;9 031;5 0318< 0617< 051;9 9133 8717< 5194 31;< :134 91;4
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Wdeoh 6= Vl}hv ri OP dqg Zdog + aZe dqg aZ2, whvw vwdwlvwlfv1 Qrplqdo vl}h lv 31381

� @ 4 � @ 8

� OP aZ7
aZ5 OP aZ7

aZ5

W @ 83

314 31437 31473 31449 31468 31467 31434

316 313<7 31479 31453 314:3 314:< 3149:

318 31474 314:; 31497 3148; 314;: 31497

31: 31487 3147; 31449 314:: 3149< 31476

31< 31536 31438 313<3 3154: 3138< 31376

W @ 533

314 313;3 313:5 31399 31434 313:9 313:6

316 313;9 313<3 313<< 313<: 313;; 313<9

318 313<7 31443 3144< 313;5 31453 313<<

31: 313;< 313;4 313:7 31438 31453 31434

31< 31437 31357 31366 31457 31344 3133<

Wdeoh 7= PO/ FOV dqg JPP + aZ , hvwlpdwhv ri Srlvvrq dqg jhqhudol}hg Srlvvrq DU+4,

prghov1 JS0JPP dqg S0JPP fruuhvsrqg wr jhqhudol}hg Srlvvrq dqg Srlvvrq/ uhvshf0

wlyho|1

Surgxfwlrq Hvwlpdwru a� a� a� OP2Zdog

PO 31<; 3184

Phfkdqlfdo FOV 31;4 61<;

S0JPP 31<9 3159 6149

JS0JPP 31<9 517; 07173 03135

PO 31<; 3199

Vxoskdwh FOV 4133 03183

S0JPP 31<: 3153 5175

JS0JPP 31<; 3149 3148 3135

PO 31<3 41;;

Vxosklwh FOV 31<5 0314;

S0JPP 31;< 3156 3187

JS0JPP 31<6 3138 4154 31<8

PO 31<: 41;7

Sdshu FOV 31<; 3146

S0JPP 31<: 31;9 318;

JS0JPP 31<< 03144 3199 3188
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