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Résumé 
Nous modélisons les interactions entre mode de gestion (régie ou délégation) et coûts d'exploitation des services 
d'eau potable afin de comparer leurs performances et la tarification.  
Nous estimons ces modèles sur des données de panel en France. 
Nous montrons que le choix de la collectivité locale dépend des coûts et des caractéristiques des services.  
Il existe une différence significative d'efficacité productive moyenne en faveur de la gestion déléguée mais les 
services en régie semblent plus performants sur les rendements de réseau. 
Les marges réalisées par l'exploitant sont expliquées par les caractéristiques des services, et celles du contrat 
dans le cas de délégation. 

Mots clés : services d'eau potable, mode de gestion, modèle de sélection, fonction de coût, tarification, données 
de panel. 

Abstract 
Regulation and management regime: An econometric study of price and performance in the water supply 

industry 
We model the interactions between management regimes (municipal vs. delegated) and operating costs of water 
supply services in order to compare their performance and pricing. We estimate the models from panel data in 
France. We show that the choice between management regimes at the local community level depends on costs 
and service characteristics, that there is a significant difference in average productive efficiency in favor of 
delegated services, and that municipal services appear more efficient in network returns. Under delegation, the 
margins realized by operators depend on service and contract characteristics. 

Key words: water supply services, management regime, selection model, cost function, pricing, panel data. 

Classification JEL : C25, C33, D42, L25, L95. 

                                                           
* Les auteurs remercient deux rapporteurs anonymes ainsi que Bruno Crépon et Sébastien Roux pour leurs commentaires 
constructifs. Ce papier a bénéficié également des remarques d'Alain Carpentier et Patrick Sevestre, et aussi des participants 
aux journées AFSE (Rennes, 2004) et aux journées de microéconomie appliquée (Lille, 2004). Merci également à Laetitia 
Guérin Schneider ainsi qu'aux participants du Séminaire SEGEPRE (Montpellier, 2003) pour leurs réactions sur une première 
version de cet article. Les auteurs sont reconnaissants à D. Careil (DDAF), F. Regimbal (ESG) et le directeur d'une grande 
structure de distribution d'eau potable du Nord de la France pour la fourniture des données. 
1 Département de sciences économiques, Université de Montréal, C.P. 6128, succursale Centre-ville Montréal 
(QC) H3C 3J7, Canada  
2 Fellow CIRANO, Email marcel.boyer@cirano.qc.ca 

3 INRA UMR356 Economie Forestière, F-54000 Nancy, France 
Email garcia@nancy-engref.inra.fr  
4 AgroParisTech, Engref, Laboratoire d’Economie Forestière, F-54000 Nancy, France 



 !"#$%&'(#)%"

 !" "!#$%&!" '(!)* "+,- '!" .+,+/+0!" ,)-*#!0" 0+&)*12 3, 4#),&!5 0(+#6),%")-%+, '!" "!#$%&!"

/*70%&" 0+&)*1 %,&+.7! )*1 &+..*,!"2  !" "!#$%&!" '()0%.!,-)-%+, !, !)* /+-)70! 893:; !-

'()"")%,%""!.!,- /!*$!,- <-#! 6=#=" '%#!&-!.!,- /)# 0) &+..*,! 8!, #=6%!; +* 7%!, >)%#! 0(+7?!-

'(*,! '=0=6)-%+, '! "!#$%&! /*70%& 8@ *,! !,-#!/#%"! /#%$=!;2 A)," &! &+,-!1-!5 *,! -)#%B&)-%+,

)* &+C- .)#6%,)0 !,-#)D,! *, '=B&%- 7*'6=-)%#!2 A)," 0! &)" '(*,! 6!"-%+, /*70%E*!5 *,! "+0*-%+,

"!#)%- '! .)1%.%"!# 0! 7%!,F<-#! "+&%)0 "+*" &+,-#)%,-! '(=E*%0%7#! 7*'6=-)%#!2  +#"E*! 0) 6!"-%+,

!"- '=0=6*=!5 0(!,-#!/#%"! $) &G!#&G!# @ B1!# *, /#%1 )*F'!""*" '* &+C- .)#6%,)0 !- 0) &+00!&-%$%-= @

#='*%#! 0) .)#6! '! 0(!,-#!/#%"! -+*- !, 0(%,&%-),- @ >+*#,%# 0! .!%00!*# "!#$%&!

 

2 :+*# &!" #)%"+,"5 0)

/#+&='*#! '! '=0=6)-%+, /)""! /)# *, )//!0 '(+H#!"2 A!."!-I 8JKLM; /#=&+,%"! 0) &+,&*##!,&! /+*#

0! .)#&G= &+..! &+./0=.!,- $+%#! "*7"-%-*- '! 0) #=6*0)-%+, '* .+,+/+0!2 N%+#'), !- O)//%,6-+,

8JKMP; .+'=0%"!,- 0) /#+&='*#! +/-%.)0! '()--#%7*-%+, '! 0) &+,&!""%+, '(*, .+,+/+0! 0+#"E*! 0!"

/#+'*&-!*#" /+-!,-%!0" +,- *,! %,>+#.)-%+, /#%$=! "*# 0!" &+C-"2 Q+*6!+- !- R)!6!0!, 8STTU;

#!>+#.*0!,- &!--! -G=+#%! !, >)%"),- 0! 0%!, !,-#! #=6*0)-%+, '* .+,+/+0!  !" #"$%&'()*$+%& !-

/#+&='*#! '! .%"! !, &+,&*##!,&! /+*# 0! .)#&G=

!

2

R+-#! )#-%&0! "(%,"&#%- ')," &! &)'#! !, &)#)&-=#%"),- 0! .=&),%".! %,&%-)-%> +/-%.)0 )$!& )"VF

.=-#%!" ')," 0) '%"-#%7*-%+, '! 0(%,>+#.)-%+, 0+#"E*! 0) 6!"-%+, '! 0(!)* !"- '=0=6*=!2 W*!0E*!"

=-*'!" =&+,+.=-#%E*!" "(%,-=#!""!,- )*1 /#+70X.!" %,>+#.)-%+,,!0" ')," 0! "!&-!*# '! 0(!)*2  ()#F

-%&0! /%+,,%!# '! Y+0)Z 8JKK[; =-*'%! 0! "!&-!*# '! 0(!)* /+-)70! !, \)0%>+#,%! @ /)#-%# '(*, .+'X0!

'(%,>+#.)-%+, /#%$=! !- .+,-#! E*! 0(!"-%.)-%+, '!" &+C-" !"- .!%00!*#! E*! ')," *, .+'X0! )$!&

%,>+#.)-%+, &+./0X-!2  !" -#)$)*1 '! ])#&%) !- ^G+.)" 8STT_; !, 4#),&! !- &!*1 '! `#+&)" !- )02

8STTL; )*1 a-)-"Fb,%" .!--!,- )*""% !, =$%'!,&! 0!" '%"-+#"%+," '*!" )*1 )"V.=-#%!" '(%,>+#.)-%+,2

R+-#! -#)$)%0 ) &+..! +7?!&-%> "*//0=.!,-)%#! '! &+./)#!# 0!" &+C-"5 0) /!#>+#.),&! !- 0!" /#%1

!,-#! 0!" .+'!" '! 6!"-%+, 8#=6%! $"2 '=0=6)-%+,;2 c0 ,! "*d- /)" '(!"-%.!# 0! '%H=#!,-%!0 '!" &+C-"

+* '!" /#%1 !, *-%0%"),- *,! $)#%)70! 7%,)%#! %,'%E*),- 0! .+'! '! 6!"-%+, &G+%"% /)# 0) &+..*,!5

,% '(!"-%.!# "=/)#=.!,- 0!" =E*)-%+," '! &+C- +* '! /#%1 /+*# &G)E*! .+'! '! 6!"-%+,2 O(%0 !1%"-!

'%H=#!,-" .+'!" '! 6!"-%+, +H#),- &G)&*, '!" )$),-)6!" '%H=#!,-" /+*# 0) &+..*,!5 0! &G+%1 '(*,

.+'! /0*-e- E*(*, )*-#! "!#) '=-!#.%,= /)# *, &!#-)%, ,+.7#! '! >)&-!*#" !, /0*" '* '%H=#!,-%!0

 

 ! "#$%& '& $&!(& )!*+$,#()+!!&%%& -#$ &%%& &.( %)/& #0 '/1-)( '2)!*+$,#()+! '& %# -+%%&-()3)(/ .0$ %2&!($&"$).&

&(4+0 .0$ %& $/.&#05 6& "$+7%8,& "&0( /9#%&,&!( .& "+.&$ '#!. %# -#. '20!& 9&.()+! ')$&-(& +: %&. .&$3)-&. (&-;!)<0&.

'& %# -+,,0!& ')..),0%&$#)&!(= .-)&,,&!( +0 !+!= #0 -+!.&)% ,0!)-)"#% -&$(#)!&. )!*+$,#()+!. +0 -&$(#)!&. '& %&0$.

#-()+!. .0$ %& "%#! '& "$+'0-()+! #1! '& "$+1(&$ '& $&!(&. '& .)(0#()+!5

!

>#$+! &( ?@&$.+! ABCDEF -+!.)'8$&!( %& -#. +: %& $/90%#(&0$ A)-) %# -+%%&-()3)(/ %+-#%&F !2# "#. 0!& )!*+$,#()+!

-+,"%8(& .0$ %&. -+G(. ,#). &! -+!!#H( +0 "&0( &! &.(),&$ %# ').($)70()+!5 6& $/90%#(&0$ '/1!)( 0! ,/-#!).,&

+"(),#% &! ,#I),).#!( %2&."/$#!-& '20!& *+!-()+! %)!/#)$& '& %20()%)(/ '&. 0.#9&$. &( '&. "$+1(. '& %2&!($&"$).& .+0.

-+!($#)!(&. '& "#$()-)"#()+! &( '2)!-)(#()+! '& %2&!($&"$).&5 J+0$ )!-)(&$ %2&!($&"$).& ,+!+"+%& K $/3/%&$ .&. -+G(.

(+0( &! /3)(#!( '& %0) 3&$.&$ (+0( %& .0$"%0.= %& $/90%#(&0$ -$/& 0!& ').(+$.)+! A+"(),#%&F '#!. %# '&,#!'& &I"$),/&

&( -& *#).#!( #--&"(& 0!& -&$(#)!& "&$(& A,)!),#%&F '2&L-#-)(/5

J



 ! "#$%&' ()*#+!+ ,-!* #).*./%.  ! "! "0#/1 "#* 2/+3/% 4 2* 5/3/&  ! &.,!"%/#* ,#+&  ! ,-!&%/63%/#*

 !& .723%/#*&  ! "#$% #2  ! 8+/1 8#2+ ,!& &!+9/"!& !* +.)/! !% "!21 !* )!&%/#*  .,.)2.!'

:3 8#&&/5/,/%.  ! "0#/&/+ ,! 6# !  ! )!&%/#*  !& &!+9/"!&  -!32 !% ,!&  /;.+!*"!&  ! 8+/1 "#*&%3%.!&

 -2*! "#662*! 4 ,-32%+! #*%  #**. 63%/<+! 4  ! *#65+!21  .53%& &2+ ,-#+)3*/&3%/#*  !& &!+9/"!&

 -!32' =3/& &!2,!6!*% 72!,72!& .%2 !& #*% %!*%.  -!18,/72!+ ,! "0#/1  ! 6# !  ! )!&%/#*  !&

&!+9/"!&  -!32 !* >+3*"! !% &#* /683"% &2+ ,!& 8+/1

 

' ?3)! @ABBBC 6#*%+! 72! ,! 6# !  ! )!&%/#*

*-!18,/72! 83& 4 ,2/ &!2, ,!&  /;.+!*"!&  ! 8+/1  ! ,-!32 !% 72! ,3 "#683+3/&#*  /+!"%!  !& 8+/1 *!

8!2% 83& D%+! &3%/&E3/&3*%!' F-32%+!& .%2 !& &2+ ,!& &!+9/"!&  -!32 E+3*G3/& @=.*3+ !% ?32&&/!+H

IJJJ K L0#*) !% 3,'H IJJM K L3+8!*%/!+ !% 3,'H IJJMC &! +!N#/)*!*% &2+ "! "#*&%3% !% "#*",2!*% 72-/,

*-!1/&%! 83&  -393*%3)! 35&#,2  -2* 6# !  ! )!&%/#* &2+ ,-32%+! !% 72! ,3 8!+E#+63*"! !% ,! "0#/1

 ! 6# !  ! )!&%/#*  .8!* !*%  ! E3"%!2+& #5&!+9.& !% *#* #5&!+9.&'

F3*& *#%+! 3+%/",!H *#2& 2%/,/&#*&  !&  #**.!&  ! 83*!, &2+ ,!& "#$%&  -!18,#/%3%/#* !% ,!&

8+/1  ! &!+9/"!&  -OPQ !* +.)/! !% !*  .,.)3%/#* !* >+3*"!' :-3&&3/*/&&!6!*% 72/ "#*&%/%2! 2*!

83+% /68#+%3*%!  2 8+/1  ! ,-!32 63/& 72/ !&% 2* &!+9/"! /* .8!* 3*%  ! ,-OPQH !&% !1",2  2

8.+/6<%+!  ! *#%+! .%2 !' R* 8+!6/!+ %+393/, "#*&/&%! 4 6# .,/&!+ ,! "0#/1  ! 6# !  ! )!&%/#* 72/

!&%  .%!+6/*. 83+ ,3  /;.+!*"!  !& "#$%&H ,!& "3+3"%.+/&%/72!&  !& &!+9/"!& !% ,! 6# !  ! )!&%/#*

 ! ,-3&&3/*/&&!6!*%' S#2& 2%/,/&#*&  !& 6.%0# !&  -!&%/63%/#*  .+/9.!&  !& %+39321  ! T!"U63*

@ABVMH ABVBC !%  ! :!! @ABVWC 8#2+ %+3/%!+ ,-.9!*%2!, 5/3/&  ! &.,!"%/#*H 3 38%.!& 321  #**.!&

 ! 83*!,' S#2& !&%/6#*&  -35#+ ,! 6# <,! Q+#5/%  ! "0#/1  ! 6# !  ! )!&%/#* 72/ &! E3/% 4 2*!

8.+/# !  #**.!  ! E3G#*  .X*/%/9!' :!& "#$%&H #5&!+9.& &2+ 8,2&/!2+& 8.+/# !&H &#*% !*&2/%! +.)+!&&.&

&2+ ,!&  .%!+6/*3*%&  2 "0#/1 3/*&/ 72! &2+ ,!& +3%/#&  ! =/,,& /*9!+&!& /&&2&  ! ,3 8+!6/<+! .%38!

8#2+ "#++/)!+ ,! 5/3/&  ! &.,!"%/#*' :!& 6.%0# !&  -!&%/63%/#* 2%/,/&.!& !18,#/%!*% ,!& &8."/X"/%.&

 !&  #**.!&  ! 83*!, Y/*%+# 2"%/#*  -0.%.+#).*./%. *#* #5&!+9.! @!;!%& /* /9/ 2!,&C !% 8#&&/5/,/%.

 ! "#++.,3%/#* 39!" ,!& +.)+!&&!2+&' :! 6# <,! "#68,!% !&% / !*%/X.  ! E3G#* *#* 83+36.%+/72! !*

!1",23*% ,3 93+/35,! +!8+.&!*%3*% ,! 6# !  ! )!&%/#*  ! ,-3&&3/*/&&!6!*% 82/&72! "!,2/Z"/ *-3 83&

 -/683"% &2+ ,!& "#$%&  -OPQ' S#2& 8#29#*& 3,#+& "3,"2,!+ ,-!["3"/%. 8+# 2"%/9! !% ,!& +!* !6!*%&

 ! +.&!32  !& &!+9/"!&H !% "#683+!+ ,!& +.&2,%3%& &!,#* ,! 6# !  ! )!&%/#*

!

'

:! &!"#* %+393/, !&% ,3 6# .,/&3%/#*  ! ,3 %3+/X"3%/#* 8#2+ "0372! 6# !  ! )!&%/#*' L! 6# <,!

!&% "#*&%+2/%H 8#2+ ,!& +.)/!&H &2+ 2* 6# <,!  ! +.)2,3%/#*  !"# !$ "%&'()%' L!,3 "#* 2/% 4 ,3 E#+62,!

 

 !"#$%& !' ()*+$, -.//01 +*#'2!#' 3%! &!, 4$5'!%2, &6'!2+7#$#' 8! 5)*79 &! +*&! &! :!,'7*# 5*#&7'7*##!#'

$%,,7 8$ 5*#,*++$'7*# &;!$% &!, %,$:!2, &*+!,'73%!,<

!

=>!5 8;$%:+!#'$'7*# &!, 5*?', &! ,!2>75! 5!, &!2#7@2!, $##6!, !# 2$7,*# &! 8$ 5*+A8!97B5$'7*# !' 8$ ,A657$87,$'7*#

&% +6'7!2C 8$ A!24*2+$#5! 5*+A$26! &!, +*&!, &! :!,'7*# !,' &!>!#%! %#! A26*55%A$'7*# 52*7,,$#'! A*%2 8!,

&657&!%2, A*87'73%!, !' 5!2'$7#!, 7#,'7'%'7*#, 7#'!2#$'7*#$8!, 5*++! 8$ D$#3%! +*#&7$8!C >*72 A$2 !9!+A8! E,'$5)!

!'  *,,7 -.//.1< E# F2$#5!C %# !#,!+G8! &;7#&75$'!%2, &! A!24*2+$#5! %'787,6, A$2 8!, 5*88!5'7>7'6, 8*5$8!, $ 6'6

&6>!8*AA6 A*%2 5*#'2H8!2 8$ 3%$87'6 &% ,!2>75!C >*72 I%627#JK5)#!7&!2 !' L$M)8$ -.//N1< O8, A!%>!#' P'2! %'787,6, $B#

&! 5*+A$2!2 A8%,7!%2, ,!2>75!, &$#, 8! 5$&2! &! A$2'757A$'7*# >*8*#'$72! Q %# 26,!$% &!  !"#$%&'()"* *% G7!# &;%#

,",'@+! *G87:$'*72! &! 5*#5%22!#5! A$2 5*+A$2$7,*# -+&',-.)#( #/%0!.).)/"1<

I



 ! "#$% $&!  ! '!(%!() *% +!,-$.%  /"/+0/!1 "2 &.""!&-$3$-/ ".&2"! .(+2%$,! 0% 244!"  #.5(!, 4.0( "2

+!,-$.%  0 ,!(3$&! 42( 0%! !%-(!4($,! !6-/($!0(! !- "! 7/&2%$,7! .4-$72" 28.0-$- 9 0% 4($6 :2(.%;

<=!(,.%) >2%, &! &2,1 &#!,- "2  $5/(!%&! 4($6;&.?- 72(+$%2" @0$ !,- !,-$7/!) A!,  !06 7. B"!,

,.%- !,-$7/, ,0(  .%%/!,  ! 42%!" !% &.(($+!2%- "!, 8$2$,  ! ,/"!&-$.%) '!, (/,0"-2-, 7.%-(!%- @0!

"!, &2(2&-/($,-$@0!,  !, ,!(3$&!, !64"$@0!%- "!, 32($2-$.%,  ! 72(+!, .8,!(3/!, !- %.0, 4!(7!--!%-1

 2%, "! &2,  ! +!,-$.%  /"/+0/!1  ! &2"&0"!( "! %$3!20 7.=!%  !, (!%-!, $%C.(72-$.%%!""!,)

'2 ,0$-!  ! "#2(-$&"! !,- .(+2%$,/!  ! "2 C2D.% ,0$32%-!) '2 ,!&-$.% E 4(/,!%-! 8($B3!7!%- "#.(;

+2%$,2-$.% !- "2 (/+"!7!%-2-$.%  !, ,!(3$&!,  #!20 !% F(2%&!1 2$%,$ @0! "!, &2(2&-/($,-$@0!,  ! "2

-!&G%.".+$! 2H%  ! ,4/&$H!( "2 C.%&-$.%  ! &.?- 32($28"! 0-$"$,/!  2%, "! 7. B"! /&.%.7$@0!) I.0,

 /&($3.%, !%,0$-! "!, 82,!,  !  .%%/!,  ! ,!(3$&!,  #J*K !% (/+$! !- !%  /"/+2-$.%) '! 7. B"!  !

&G.$6  ! 7. !  ! +!,-$.%  !, ,!(3$&!, !,- !64.,/  2%, "2 ,!&-$.% L) '2 ,!&-$.% M !,- &.%,2&(/! 9

"2 4(/,!%-2-$.%  ! "2 4(.&/ 0(!  #!,-$72-$.% !-  !, (/,0"-2-,  #!,-$72-$.% &.%&!(%2%- "! &G.$6  !

7. !  ! +!,-$.% !- "!, &.?-,) I.0, 4(/,!%-.%, !%H% "#/-0 ! ,0( "2 -2($H&2-$.%  2%, "2 ,!&-$.% N)

'2  !(%$B(! ,!&-$.% &.%&"0- %.-(! -(232$")

 !"# #"$%&'"# ()"*+ ", -$*,'"

 !" #$%&'()&*(+' ,* $-%.,/,'*&*(+'

*% F(2%&!1 "!, ,!(3$&!,  #!20 OJ*K !- 2,,2$%$,,!7!%-P 4!03!%- Q-(! +/(/,  $(!&-!7!%- !% (/+$!

O23!& 20-.%.7$! H%2%&$B(! .0R!- 4!(,.%%2"$-/ 7.(2"!P .0 8$!% C2$(! "#.8S!-  #0% &.%-(2-  !  /"/;

+2-$.% O25!(72+! .0 &.%&!,,$.%P 23!& 0%! !%-(!4($,! 4($3/!

 

) >! -!", &.%-(2-, ,4/&$H!%- "2 %2-0(!

 !, ,!(3$&!, 2--!% 0,1 "! -2($C 42=/ 42( "!, 0,2+!(, !-1  2%, "! &2,  !, &.%-(2-,  #25!(72+!1 "2 42(-

 !, -(23206  ! (!%.03!""!7!%- $%&.782%- 9 "#.4/(2-!0() '! &.%-(2-  #25!(72+! !,- "2 C.(7! "2 4"0,

(/42% 0! !% F(2%&! O4.0( "#J*K1 TTU  ! "2 4.40"2-$.% !% +!,-$.%  /"/+0/!

!

P1 &2( &#!,- "2 C.(70"!

"2 4"0, ,.04"! 4!(7!--2%-  ! ,#2 24-!( 9 0% +(2% %.78(!  !, ,$-02-$.%,) V" !,- ,$+%/ !% +/%/(2"

4.0( 0%!  0(/!  ! W 9 XE 2%,) '#.4/(2-!0( 2 "2 (!,4.%,28$"$-/  ! "#!64".$-2-$.% !- "2 72$%-!%2%&!

 0 (/,!201 $" C2&-0(! "0$;7Q7! "! ,!(3$&! !- (! $,-($80! "2 42(- (!3!%2%- 9 "2 &.""!&-$3$-/)

Y0!" @0! ,.$- "! 7. !  ! +!,-$.%1 "!, ,!(3$&!,  #!20 C.%- C2&! 20 7Q7! !%3$(.%%!7!%- (/+"!;

7!%-2$(!) A#!,-  2%, "!, 2%%/!, XZZ[ @0! "#/3."0-$.%  ! "2 (/+"!7!%-2-$.% !,-  /-!(7$%2%-!) '2

".$ ,0( "#!20  ! XZZE (/2&-02"$,! "! &2 (! "/+$,"2-$C 7$, !% 4"2&! !% XZ\M) '2 ".$ ]^24$%_  ! XZZL 2

4.0( .8S!&-$C  ! 7!--(! 0% -!(7! 206 4(2-$@0!, $""$&$-!, !%-(! !%-(!4($,!, 4($3/!, !- (!,4.%,28"!,

 

 ! "#$!%&' ()&*+(,-.$.-,! /&0 0&#1-%&0 /)&$2 +$# /&0 &!.#&+#-0&0 +23(-42&0 /& 0.$.2.0 /& /#,-. +#-15 &0. #$#&

%,!.#$-#&6&!. 7 /)$2.#&0 +$80 /& ()9!-,! &2#,+5&!!& %,66& ():((&6$;!& ,2 (&0 <$80=>$0?

!

@-#&%.-,! /& ()&$2 $2 A-!-0.B#& /& ()$65!$;&6&!. /2 .&##-.,-#& &. /& ()&!1-#,!!&6&!.' %C-D#&0 #&+#-0 +$# E1&0

F$1&#!-&# /$!0 0,! #$++,#. /)-!G,#6$.-,! HIJJKL 7 ():00&63(5& !$.-,!$(& 02# (& M!$!%&6&!. &. ($ ;&0.-,! /& ()&$2?

L



 !" #$%%!#&'('&)" %$#*%!"

 

!+ '+&,$ -'"*+&  !" .,$#) -,!"  ! .-/%'#'&) !&  ! 0'"! !+ #$+#-,,!+#!

 !" #$+&,*&"  !  )%)1*&'$+ 2#$+#-,,!+#! .$-, %! 0*,#3)45 6!.!+ *+&7 '% +8!9'"&! .*"  8*-&$,'&)"

* 0'+'"&,*&'(!" !& :+*+#';,!" #!+&,*%!" .$-, ,)1', %!" ,;1%!" )#$+$0'<-!" <-!  !(,*'!+& ,!".!#&!,

%!" !+&,!.,'"!" !+ #3*,1!  !" "!,('#!" .-/%'#"  ! %8!*-5 6! "$+& %!" #$%%!#&'('&)"  )%)1*+&!" <-' "$+&

,!".$+"*/%!"  ! %* ,)1-%*&'$+ !&  - #$+&,=%!  !" "!,('#!"7 *' )" "' +)#!""*',! .*, %!" >>?@

!

$- .*,

-+ #$+"!'% .,'() 2#*/'+!&"  8*- '&45

A*, *'%%!-,"7 %!" "!,('#!"  8!*-  $'(!+& ,!".!#&!, %!" .,'+#'.!"  ! "!,('#! .-/%'#7  $+& %! .,'+#'.!

 8)1*%'&)  ! &,*'&!0!+&  !" -"*1!," #$+#!,+*+& %8*##;" *- "!,('#!7 %!" .,!"&*&'$+" !& %! &*,'B  -

"!,('#!

"

5 >! .%-"7 %!" "!,('#!"  8!*- "$+&  !" "!,('#!" .-/%'#" '+ -"&,'!%" !& #$00!,#'*-9 2CAD64 %!-,

'0.$"*+&  !" ,;1%!" .*,&'#-%';,!" &*+& "-, %! .%*+ E-,' '<-! <-8!+ 0*&';,! /- 1)&*',! !&  ! 1!"&'$+

 ! &,)"$,!,'!5 F! +$-(!*-  ,$'&  ! %8!*- '""-  ! %* %)1'"%*&'$+  ! GHHI !& %!" ,)1%!0!+&*&'$+" <-' $+&

"-'(' ,!J;&!+& %* ($%$+&)  !" .$-($'," .-/%'#"  ! 0'!-9 &!+', #$0.&!  !" ,)*%'&)" )#$+$0'<-!"  !"

"!,('#!"5 6!%* '0.%'<-! .*, !9!0.%! %* 0'"! !+ .%*#!  ! "!,('#!"  8!*- :+*+#';,!0!+& *-&$+$0!"7

#8!"&KLK ',! .,)"!+&*+& -+ /- 1!& )<-'%'/,) !& :+*+#) .*, %8-"*1!,5 M+ $-&,!7 %!" "!,('#!"  8!*-  !"

#$%%!#&'('&)"  ! .%-"  ! N OOO 3*/'&*+&" $+& %8$/%'1*&'$+  ! &!+', -+ /- 1!& ".)#':<-! *- "!,('#!7

.,$.,! $- *++!9!  - /- 1!& 1)+),*%  ! %* #$%%!#&'('&) !& %* ").*,*&'$+ !+&,! ?MA !& *""*'+'""!0!+&

 $'& P&,! #%*',! "-, %* B*#&-,!  ! %8!*-

#$

5 F!" *-&,!" #$+&,*'+&!" ,)1%!0!+&*',!" .$,&!+& "-, %* <-*%'&)

 ! %8!*-

##

5 F* ,)1%!0!+&*&'$+ !+(',$++!0!+&*%! *Q!#&! %!" "!,('#!"  8!*- L &,*(!," "$+ '0.*#& "-,

%! &,*'&!0!+&  ! %8!*- !& %!" #$R&"  ! ,) -#&'$+  8!S-!+&"  8!*-9 -")!"7 !&  ! 0*+';,! ' !+&'<-!

%$,"<-! %!" #$+ '&'$+" !+(',$++!0!+&*%!" "$+& 3$0$1;+!"5

M+ 1!"&'$+  ',!#&!7 %! .,'9  ! %8!*- !"& %! ,)"-%&*&  8-+!  )%'/),*&'$+  - #$+"!'% 0-+'#'.*% $-

"T+ '#*%  ! %* #$%%!#&'('&) %$#*%!5 F8$/E!#&'B .,'+#'.*% !"&  8*&&!'+ ,! %8)<-'%'/,! /- 1)&*',!5 F$,"<-!

%! "!,('#! !"&  )%)1-)7 %! .,'9 !"&  )&!,0'+) "-'&! *- ,)"-%&*&  ! %8*..!%  8$Q,!"5 U+! +$-(!%%! .3*"!

 ! +)1$#'*&'$+ 2.,'+#'.!  ! %8 !"# "# $%&'(!)%4 .!,0!& L %* #$%%!#&'('&) !& %8$.),*&!-,  8*E-"&!, %!

.,'9 !& %* <-*%'&)  ! "!,('#!5 F! .,'9 !"& )&*/%' L .*,&',  8-+ #$0.&!  8!9.%$'&*&'$+ .,)('"'$++!%

B$-,+' .*, %8$.),*&!-,5 F!  )%)1*&*',! .,)"!+&! %! .%-" "$-(!+&  !" 0*,1!" .,)('"'$++!%%!" <-*"'

+-%%!" 26*++!(* !& *%57 IOOV47  ! "$,&! <-! %* #$%%!#&'('&) .!-& #,$',! L -+ ,!0/$-,"!0!+&  !" #$R&"5

6!.!+ *+&7 %!" #$R&" +! "$+& <-! &,;" ,*,!0!+& #$+&,=%)"7 %*'""*+& %!" .,$/%;0!"  8'+B$,0*&'$+

 

 ! "#!$# "%& #'#(")# * )+%,%-&# .# /0&&1"2-0! (-$# * 301& .%!$ )% /0!/#$$-0! .#$ $#&4-/#$ .+#%1 .# 5&#!06)#7

!

8#$ 99:; <9-&#/2-0!$ 9="%&2#(#!2%)#$ .# )+:>&-/1)21&# #2 .# )% ;0&?2@ "#14#!2 ?2&# /A%&>=#$ .1 $1-4- .#$

.=)=>%2-0!$ .#$ $#&4-/#$ 01 .# )% &#/0!$2-212-0! .#$ /0B2$ .1 $#&4-/# )0&$ .+1!# !=>0/-%2-0! .# /0!2&%27

"

8# "&-!/-"# .# /0!2-!1-2= .0!!# %1' 1$%>#&$ 1! .&0-2 .+%//C$ !0&(%) #2 "#&(%!#!2 %1 $#&4-/#D #2 )# "&-!/-"#

.+%.%"2%2-0! &#E1-#&2 )+%.%"2%2-0! .1 $#&4-/# * )+=40)12-0! .#$ 6#$0-!$ .#$ 1$%>#&$7

#$

80- F%&!-#& GHHID J-2&# KD :&27 LM7

##

9#1' .-&#/2-4#$ =.-/2=#$ "%& )% N0((-$$-0! #1&0"=#!!# /0!/#&!#!2 )% E1%)-2= .#$ #%1' .# $1&O%/# "01& )%

"&0.1/2-0! .+#%1 "02%6)# #2 )% E1%)-2= .#$ #%1' .#$2-!=#$ * )% /0!$0((%2-0! A1(%-!#7 N#22# .#&!-C&# .=P!-2 )#$

/0!/#!2&%2-0!$ (%'-(%)#$ "01& QI "%&%(C2&#$ .# E1%)-2= .# )+#%1 "02%6)#7 8#$ %>#!/#$ .# )+#%1 #! ;&%!/# 0!2 %.0"2=

1!# "0)-2-E1# .# "&02#/2-0! .# )% &#$$01&/# 6%$=# $1& )#$ &#.#4%!/#$ .# "&=)C4#(#!2 #2 .# "0))12-0!7 8#$ &#4#!1$

.# /#$ 2%'#$ $0!2 &#.-$2&-61=$ #!2&# "0))1#1&$ #2 /0))#/2-4-2=$ )0/%)#$ $01$ )% O0&(# .+%-.#$ P!%!/-C&#$ .%!$ )# 612

.+-!4#$2-& .%!$ .#$ -!O&%$2&1/21&#$ /0((# .#$ $2%2-0!$ .+="1&%2-0!7

V



 !"#$% &'& !$(')*(+ ,&% -'!.*)% /0123*1)"(13"'&  %!.%3 /0$314)"! )0$#')*3"'& /*  !"5 2617*% 1&&$% %3

8$&$!1)%.%&3  '*! 2"&7 1&(+ 9%33% -'!.*)%  !$#'"3 *& 1:*(3%.%&3 /*  !"5 %& -'&23"'& /% )0$#')*3"'&

/* 2';3 /%(  !"&2" 1*5 -123%*!( /%  !'/*23"'&

 !

+ <*%) 7*% ('"3 )% .'/% /% 8%(3"'&= *& .'&31&3

>1  %)$  1!3 ?5% '* 14'&&%.%&3@ "&/$ %&/1&3 /* #')*.% /0%1* 2'&('..$  %*3 A3!% -123*!$+ B%)'&

)01!3"2)% CDEFF /% )1 )'" (*! )0%1* /% CGGH= )014'&&%.%&3 /'"3 3%&"! 2'. 3% /%( 261!8%( ?5%( /* (%!#"2%

%3 /%( 21!123$!"(3"7*%( /* 4!1&26%.%&3+ 9%33% /$?&"3"'& )12'&"7*% !%&/ (1 /$3%!."&13"'& /$)"213%

%3 )1"((% *&% .1!8% /% .1&I*#!% &'& &$8)"8%14)% 1*5 %5 )'"31&3(

 "

+

J% 26'"5 /% .'/% 8%(3"'& /%( (%!#"2%( /0%1* (% 3!1/*"3  1! *&% /"K$!%&2% /%  !"5 ("8&"?213"#%+

B%)'& )1 L"!%23"'& M$&$!1)% /% )1 9'&2*!!%&2%= /% )1 9'&('..13"'& %3 /% )1 N$ !%(("'& /%(

O!1*/%(= %& CGGP )%  !"5 .'Q%& /%( (%!#"2%( /0%1* %& !$8"% $31"3 /% CDR "&-$!"%*! S 2%)*" /%( (%!#"2%(

/$)$8*$(+ ,&% %&7*A3% (*! )1 .A.% 1&&$% !$#T)% *&% /"K$!%&2% /%  !"5  )*( .1!7*$% /% )0'!/!%

/% HUR  '*! )0VWX %3 HY=ZR  '*! )01((1"&"((%.%&3 >F&(3"3*3 -!1&[1"( /% )0%&#"!'&&%.%&3= F-%&=

HYYC@+ J0$21!3 (0$)T#% .A.% S \\R %&3!% )%( !$8"%( 2'..*&1)%( %3 )%( (Q&/"213( "&3%!2'..*&1*5

%& 1K%!.18%+ L01 !T( )% !1  '!3 ]1#%!&"%! >HYYC@= 2%33% /"K$!%&2% %&3!% )%( /%*5 $3*/%(  !'#"%&3

/% )1 &13*!% /%( $261&3"))'&( >*!41"& #(+ !*!1)@+ J%( 1!8*.%&3( /%( /$)$8131"!%(  '*! %5 )"7*%!

2%( $21!3( ('&3 &'.4!%*5 >315%(= "&#%(3"((%.%&3(= /"^2*)3$( /%( (%!#"2%(@= .1"( )%( 1#1&318%( /%

)1 8%(3"'&  1! /%( ' $!13%*!(  !"#$( %5"(3%&3 >$2'&'."%( /0$26%))% )"$%( S )1 8%(3"'& /%  )*("%*!(

2'&3!13(=  '(("4")"3$ /%  )12%.%&3( /% 3!$('!%!"%@+ J% !1  '!3 !1  %))% 1*((" )0%5"(3%&2% /01*3!%(

-123%*!( 1Q1&3 *& ". 123 (*! )%  !"5 3%)( 7*% )1 7*1)"3$ /* (%!#"2%= )%( 1(Q.$3!"%( /0"&-'!.13"'&

1* /$ %&( /%( 2'))%23"#"3$( %3 /%( *(18%!(= )% .1&7*% /% 2)1!3$ /%( 2'&3!13(= )% .1&7*% /0%5 %!3"(%

/%( 2'))%23"#"3$( %3 )%( 2'&3!_)%( "&(*^(1&3(+ X1! 1"))%*!(= (%)'& )1 9'*! /%( 2'. 3%(

 #

= )%( !$8"%(

'&3 /%( !%&/%.%&3( .$/"'2!%( >4%1*2'* /%  %!('&&%) "&(*^(1..%&3 7*1)"?$= .1*#1"( $313 /%(

!$(%1*5= 14(%&2% /% !"8*%*! /1&( )1 8%(3"'& %3 )1 -123*!13"'&@+

 !

 !"#$% &'()% *% *+&%,(%( %() &',*+-+ &"- $, .'%/.0%,) 1*02+-%,) *3$, .',)-") 4 53"$)-%6 *% 7",08-% 4 -%9+)%-

"$ 70%$: 53%,;0-',,%7%,) +.','70#$% *$ (%-;0.%< =" >'-7$5% *3".)$"50(")0', *$ &-0: *% 53%"$ %() *$ )?&% ($0;",) @

P = P0 × (k + a A
A0

+ b B
B0

+ ...), ";%. k + a + b + ... = 1< P %() 5% &-0: 4 "&&50#$%- .!"#$% ",,+% %) P0 5% &-0: *%

*+A$) *% .',)-")< k %() $,% .',()",)% 1($&+-0%$-% '$ +B"5% 4 CDE6D a %) b (',) 5%( .'%/.0%,)( "(('.0+( "$: -")0'( A
A0
D

B
B0

-%&-+(%,)",) 5%( ;"-0")0',( *% .'F) *%( >".)%$-( 10,*0.% C &'$- 53",,+% 0,0)0"5% *$ .',)-")6<

 "

=3G/.% 0,)%-,")0',"5 *% 53%"$ ('$50B,% #$% 5%( 7',)",)( *%( "A',,%7%,)( &%$;%,) "))%0,*-% &"->'0( EHC  /",
%) 0,)8B-%,) *% )'$)% +;0*%,.% *3"$)-%( +5+7%,)(D %,)-%)%,",) "0,(0 $,% .%-)"0,% '&".0)+ *%( .'7&)%(<

 #

I'0- 5%( -"&&'-)( &$A50.( ($- 5" B%()0', *%( (%-;0.%( &$A50.( *3%"$ %) *3"(("0,0((%7%,) 1EJJKD LCCM6<

Z



 ! "#$%&'(')*#

 ! "!#$!%& '! ()!*%

 !

"! +&,"!-$! #.//! %- /*&#0, '! -*$%&! /.-.+.(1"$12%! *% /.1-" +.%&

%-! +*&$1! '! "!" *#$131$,"4  )567 +!%$ 8$&! ",+*&,! !- '!%9 *#$131$," : (* +&.'%#$1.- ')!*% +.$*;(!

+&.+&!/!-$ '1$! !$ (* '1"$&1;%$1.- '! #!$$! !*% 3!&" '1<,&!-$!" #*$,=.&1!" ')%"*=!&"4  * '1"$&1;%$1.-

'! ()!*% +.$*;(! !-=!-'&!-$ '!" #.>$" ?9!" 1/+.&$*-$"4  * "+,#1?#1$, '!" *#$1@" '.--! A #!" #.>$"

?9!" %- #*&*#$B&! 1&&,3!&"1;(!4 C! +(%"D (* #.-"$&%#$1.- '! &,"!*%9 +*&*((B(!" !"$ $.%$ A @*1$ 1&&,*(1"$!

!$ #.-"$1$%! %-! 3,&1$*;(! ;*&&1B&! A ()!-$&,! +.%& %- #.-#%&&!-$ ,3!-$%!(D #! 2%1 #.-@B&! A ()*#$131$,

'! '1"$&1;%$1.- %-! "$&%#$%&! /.-.+.(1"$12%! -.- #.-$!"$*;(!4 7*& *1((!%&"D ()!*% !"$ %- +&.'%1$

(.%&' '.-$ (! $&*-"+.&$ !"$ #.>$!%9 !$ (! "$.#E*=! '1F#1(!D !$ (!" !91=!-#!" '! 2%*(1$, -,#!""1$!-$

%-! #!&$*1-! +&.91/1$, !-$&! (!" (1!%9 '! +&.'%#$1.- !$ '! #.-".//*$1.-4  )567 !"$ '.-# %-

"!&31#! 2%1 * -*$%&!((!/!-$ 1-#./;, *%9 #.((!#$131$," (.#*(!" !- G&*-#! !$ *1((!%&"4

 !" .;H!#$1@" =,-,&*%9 '% "!&31#! ')!*% +.$*;(! ".-$ '! +&.'%1&! %-! !*% '! ;.--! 2%*(1$, A

+*&$1& ')%-! !*% ;&%$! +.%3*-$ -,#!""1$!& %- $&*1$!/!-$ !$ '! (* /!$$&! A '1"+."1$1.- '!" %"*=!&"

!- ")*'*+$*-$ !- +!&/*-!-#! A (!%& '!/*-'! !$ !- +&,"!&3*-$ (* 2%*(1$, '! ()!*% '%&*-$ ".- ",H.%&

'*-" (! &,"!*%4  !" #.>$" ')!9+(.1$*$1.- '% "!&31#! ".-$ '.-# !-=!-'&," +*& $.%$!" (!" .+,&*$1.-"

*I*-$ $&*1$ A (* '!""!&$! !- !*% +.$*;(! '!+%1" (! +&,(B3!/!-$ '*-" (! /1(1!% -*$%&!( H%"2%)*%

&.;1-!$ '! ()%"*=!&

 "

4  )!-31&.--!/!-$ '*-" (!2%!( (! "!&31#! ,3.(%! !9+(12%! !- =&*-'! +*&$1!

(!" '1<,&!-#!" '! #.>$" J!$ '! +&19K .;"!&3,!" !-$&! '1<,&!-$" &,"!*%9 ')!*%4 7*& !9!/+(!D ()!*%

+.$*;(! +!%$ 8$&! +&.'%1$! A +*&$1& ')!*%9 ;&%$!" ".%$!&&*1-!" .% '! "%&@*#!4  )!*% 1""%! ')%-!

-*++! ".%$!&&*1-! !-=!-'&! '!" #.>$" +(%" 1/+.&$*-$" '! @.&*=! !$ '! +./+*=! *(.&" 2%! (!" #.>$"

'! $&*1$!/!-$ ".-$ ').&'1-*1&! +(%" #.-",2%!-$" +.%& (!" !*%9 '! "%&@*#!4 7*& *1((!%&"D (!" #.>$"

3*&1*;(!" +!%3!-$ 8$&! ,=*(!/!-$ $&B" '1<,&!-$" (.&" '! (* +0*"! '! '1"$&1;%$1.-D #*& 1(" ',+!-'!-$

'! @*L.- #&%#1*(! '! (* $*1((! '!" M.-!" '!""!&31!"D (!%& '!-"1$, !- +.+%(*$1.- !$ (* $.+.=&*+01!4

N-! +*&$1! '% 3.(%/! ')!*% /1" !- '1"$&1;%$1.- '*-" (! &,"!*% -)*$$!1-$ +*" "* '!"$1-*$1.-

?-*(!D +&1-#1+*(!/!-$ A #*%"! '! +!&$!" '%!" A '!" &%+$%&!" '! #.-'%1$!" .% '!" H.1-$" @%I*-$"

 #

4

O!$$! "+,#1?#1$, '.1$ 8$&! +&1"! !- #./+$! #*& (!" #.>$" '! +&.'%#$1.- !$ '! '1"$&1;%$1.- ',+!-'!-$

@.&$!/!-$ '! (),$*$ '% &,"!*%4  ! &!-'!/!-$ '! &,"!*% #*(#%(, #.//! (! &*$1. '% 3.(%/! @*#$%&,

*%9 %"*=!&" !$ '% 3.(%/! /1" !- '1"$&1;%$1.- !"$ %- 1-'1#*$!%& 1/+.&$*-$ +.%& (!" 1-=,-1!%&"

 !

 ! "!#$!%& '! ()!*% +,""-'! '!" #*&*#$.&/"$/0%!" "/1/(*/&!" 2 #!((!" ')*%$&!" *#$/3/$." /4'%"$&/!((!" !4 &."!*%

5.(!#$&/#/$.6 $.(.#,11%4/#*$/,4"6 $&*4"+,&$"7 8 "$&%#$%&! 1,4,+,(/"$/0%! '% 1*&#9.6 +&.',1/4*4#! '! (),+.&*$!%&

9/"$,&/0%!6 ,:(/;*$/,4" '! "!&3/#! +%:(/#<<< =*/" !4 '.+/$ '! #!" #*&*#$.&/"$/0%!" #,11%4!"6 /( !>/"$! '!" '/?.&!4#!"

/1+,&$*4$!" !4$&! (!" "!#$!%&" 8 +&,;&-" $!#94,(,;/0%!"6 #,4'/$/,4" '! '!1*4'!6 ;(,:*(/"*$/,4 '!" 1*&#9." 5@&*4#9/"A

"!1!4$ $&*4"@&,4$*(/!& '*4" (! "!#$!%& '!" $&*4"+,&$"6 +&."!4#! '! ;&*4'" ;&,%+!" $&*4"4*$/,4*%> '*4" (!" "!#$!%&

'! ()!*% !$ ().(!#$&/#/$. +*& !>!1+(!76 #!&$*/4" "!;1!4$" '! ()/4'%"$&/! ",4$ '!" 1,4,+,(!" 4*$%&!(" !$ ')*%$&!" +(%"

#,4#%&&!4$/!(" !$#<

 "

B,/& C*&#/* !$ D9,1*" 5EFFG7 +,%& %4! +&."!4$*$/,4 +(%" '.$*/((.! '! #!$$! $!#94,(,;/!<

 #

 ,&" '! ().$*+! '! +&,'%#$/,46 (!" #,4'%/$!" '! $&*4"@!&$ .$*4$ +!% 4,1:&!%"!"6 (!" @%/$!" ",4$ @*#/(!1!4$

(,#*(/"*:(!" !$ ',4# &*+/'!1!4$ &.+*&.!"<

P



 ! "# $%&'%() * *+,'-'.# ,&",'%) /."& ) - 0 -!'.##%'& - *" - &$', 1 2%&,'%  ! 34.5%- 67889:

-.")'0# #! ); <'-! #, *;+,.#.5' - * ,.=! -"(-!%#!' )) - - ).# >" ); </).'!%#! ,4.'-'! *;%,,&.?!& 

)% /&.*",!'.# *; %" /.!%() !."!  # 5%'#! #%#! );+!%! *" &+- %" '#,4%#0+ ." (' # * &+/%& & ) -

@"'! - -%#-  <!&%'& *%$%#!%0 *; %"1 A%& %')) "&-B 2%&,'%  ! 34.5%- 6788C: 5.#!& #! >"; # &%'-.#

* );'#@.&5%!'.# '#,.5/)D! -"& ) - ,.=!- * /&.*",!'.# *; %" /.!%()  ! * 5%'#! #%#, *" &+- %"

* *'-!&'("!'.# ).&->" )% ,.)) ,!'$'!+ ).,%) *+)D0" ); </).'!%!'.# *" - &$', /"()', E "# ./+&%! "&

/&'$+B  )) *.'! %"!.&'- & , * &#' & E F/&.*"'& G "# #'$ %" * / &! - *; %" -"/+&' "& %" #'$ %"

./!'5%) *;'#@.&5%!'.# ,.5/)D! 1

 !" #$%&'()*+($, %-) .$/+)

H% 5.*+)'-%!'.#  ! ); -!'5%!'.# * @.#,!'.#- * ,.=! %'#-' >" );+!"* * ); I ! *" !J/ * 

/&./&'+!+ 6/"()', ." /&'$+: * - - &$', - *; %" -"& ) "&  K,%,'!+ -.#! * - -"L !- >"' .#! +!+ !&%'!+-

/%& "# , &!%'# #.5(& *;%&!',) - * & ,4 &,4  5/'&'>" * /"'- /)"-' "&- %##+ -

 !

1 M-!%,4  !

N.--' 67887: /&+- #! #! ) -  -!'5%!'.#- * @&.#!'D& - * ,.=! *%#- ) ("! * 5 -"& & ); K,%,'!+

/&.*",!'$ * - ,.5/%0#' - /"()'>" -  ! /&'$+ - ,4%&0+ - * )% *'-!&'("!'.# * ); %" /.!%() *%#- )%

&+0'.# *;O-'  ! *" A%,'P>" 1 Q)- @.#! #.!%55 #! "# (& @ -"&$.) * - !&%$%"< &+%)'-+- E , -"L ! *%#-

) - ,! "& * ); %"1 A%& %')) "&-B R%%)  ! A%&S & 67888: +!"*' #! );'5/%,! * )% /&'$%!'-%!'.#  ! * )%

&+0")%!'.# +,.#.5'>"  !  #$'&.## 5 #!%) -"& )% / &@.&5%#, +,.#.5'>" * - - &$', - *; %"  #

2&%#* TU& !%0# E /%&!'& *;"# @.#,!'.# * ,.=! !&%#-).0 5")!'T/&.*"'!- 6OMA  ! %--%'#'-- 5 #!:1

H - +!"* - &+%)'-+ - -"& ) -"L !  ! )% * -,&'/!'.# * )% ! ,4#.).0' @%'! /)"- 4%"! #."- / &T

5 !! #! *;'* #!'P & /)"-' "&- *+! &5'#%#!- '5/.&!%#!- * - ,.=!- *; </).'!%!'.# V

W ) $.)"5 *; %" $ #*" 6V : X

W ) - /&'< * - @%,! "&- * /&.*",!'.# 6w: X

W * - ,%&%,!+&'-!'>" - ! ,4#'>" - 6CAR: V

W ) #.5(& *;%(.##+- * -- &$'- 6Ab:  ! )% ).#0" "& *" &+- %" 6Res:B ." ) "& &%!'. 6Dens Ab: X

W ) !%"< * & #* 5 #! 6rdt: ." );'#*', )'#+%'& * / &! -  # *'-!&'("!'.# 6ILP : X

W );.&'0'# * -  %"< (&"! - 6EB: X

W )% !./.0&%/4' * )% Y.# * *'-!&'("!'.# 6Topo: X

W ) !J/ * !&%'! 5 #! * /.!%(')'-%!'.# 6Trait:1

H% @.#,!'.# * ,.=! $%&'%() ,.#*'!'.## )) * ,."&! ! &5 / "! -;+,&'& * )% @%Z.# -"'$%#! V

CV (V,w;CAR), 69:

 !

 !"# $#%"& '( )%#*+!!," -./0123 4'"5'&6%78 '( 9'':;'< -./1=23 9'':;'< '( >;?'# -./1023 @,%((%A,%#??%3 B%##"<3

C%#%?%&%&3 '( D%E'' -.//F2 :%#8" *G%7(#'<H

[



 ! CV "#$"%&#'(# )#& * +(& ,-".-/)#& 01.'.12134 5 2& -, '& *6 .&. 78%(27.#" 2'# 9 '*(. ' 7#

* +( ,-".-/)# 07# * 2"( (#"1#3 $)2(:( ;282'# 9 '*(. ' 7# * +( ( (-) 07# ) '< (#"1#3 $ 2" $)2&.#2"&

"-.& '&4 =8-/ "7> 2'# 9 '*(. ' 7# * +( ,-".-/)# * '(.#'( )- 1?1# .'9 "1-(. ' ;2# )# $" *#&&2&

7# $" 72*(. ' 78 ".<.'#4 @'&2.(#> )- $%". 7# 78 /&#",-(. ' 7# ' ("# %*6-'(.)) ' #&( * 2"(# A ;2-("#

-''%#& $ 2" )#& &#",.*#& #' <#&(. ' 7%)%<2%# #( (" .& $ 2" )#& &#",.*#& #' "%<.#4 B-" * '&%;2#'(> 2'#

9 '*(. ' 7# * +( ( (-) 9-.&-'( )86C$ (6D&# ;2# ( 2& )#& 9-*(#2"& 0C * 1$".& )# *-$.(-)3 $#2,#'( &8-E2&F

(#" .'&(-'(-'%1#'( &#"-.( 2'# 1-2,-.&# &$%*.G*-(. '4 @'G'> ' 2& & 26-.( '& 1.'.1.&#" )8.1$-*( 7#

)- 7.H%"#'*# 7# * +(& 72 *-$.(-) #'("# )#& * '("-(& 78-H#"1-<# 0)# 1 7# 7# <#&(. ' 7%)%<2%# $"%&#'(

#I*)2&.,#1#'( 7-'& ' ("# %*6-'(.)) ' #( )-"<#1#'( 7 1.'-'( #' J"-'*#3 #( )- <#&(. ' $2/).;2#4

=-'& )# *-& 78-H#"1-<# 72 &#",.*#> )#& <" & .',#&(.&&#1#'(& #( "#' 2,#))#1#'(& & '( #' <%'%"-) K

)- *6-"<# 7# )- * ))#*(.,.(% #( )8#I$) .(-'( '8- ;28K #H#*(2#" )#& ("-,-2I 7# 1-.'(#'-'*#4 L#& 7%F

$#'&#& 7# "#' 2,#))#1#'( ,-".#'( 9 "(#1#'( 782' * '("-( K )8-2("# &2.,-'( ;2# )# "#' 2,#))#1#'( K

)- *6-"<# 72 7%)%<-(-."# #'<) /# &#2)#1#'( )# 1-(%".#) %)#*(" 1%*-'.;2#  2 7-,-'(-<# 78%)%1#'(&

72 &#",.*#4 L- "#&$ '&-/.).(% 72 "#' 2,#))#1#'( #&( $-"(-<%# #'("# )- * ))#*(.,.(% #( )# 7%)%<-(-."#>

#'("-M'-'( -.'&. 7#& ("-'&9#"(& 7# *6-"<#& G'-'*.D"#&4 N )8 $$ &%> )#& 7%$#'&#& 78#I$) .(-(. ' & '(

* 112'#& K )8#'&#1/)# 7#& * '("-(& 7# 7%)%<-(. ' 1-.& -2&&. 7#& * 1$(#& -71.'.&("-(.9& 7#& "%<.#&

1?1# &. )8-<"%<-(. ' 7#& *6-"<#& '8#&( $-& )- 1?1#4

 !" #$%&'()*(+, -$% -+,,.$%

5 2& '82(.).&#" '& $-& ( 2(#& )#& ,-".-/)#& &$%*.G%#& 7-'& )- 9 '*(. ' 7# * +( 0O3 $ 2" 7.H%"#'(#&

"-.& '&4 P#"(-.'#& ,-".-/)#& #I$).*-(.,#& 7#& * +(& %' '*%& $)2& 6-2( '8 '( $-& %(% .'(" 72.(#& 7-'&

*#((# 1 7%).&-(. ' & .( $-"*# ;2# )#& 7 ''%#& '8%(-.#'( $-& 7.&$ './)#& 0*8#&( )# *-& $ 2" )- ,-".-/)#

7# ( $ <"-$6.#3> & .( $-"*# ;2# )#&  /&#",-(. '& '# $"%&#'(-.#'( ;2# $#2 7# ,-".-(. ' $ 2" -, ." 2'

#H#( &.<'.G*-(.9 0#-2I /"2(#&> ("-.(#1#'(34 L- ).&(# 7#& ,-".-/)#& 2(.).&%#& %(-'( 7%EK -&&#Q ) '<2#>

)# $"%E27.*# '8#' #&( ;2# $)2& 9-./)#4

5 2& -, '& K ' ("# 7.&$ &.(. ' 7#2I /-&#& 7# 7 ''%#&4 R) &8-<.( $ 2" )- $"#1.D"# 7# &#",.*#&

7# 7.&("./2(. ' 78#-2 $ (-/)# 7# )- "%<. ' 7# S "7#-2I> 7%)%<2%& K 7#& #'("#$".&#& $".,%#& & 2&

* '("-( 78-H#"1-<# TLC ''-.&# 7#& #-2I 0<" 2$# U2#Q3> V%'%"-)# 7#& #-2I 0-2E 2"7862. W# ).-

#-23> PRU@> UXYZ> @)#*(".*.(% U#",.*# V." '7# 0@UV3 #( U[V@=[\

 !

4 L# &#* '7 %*6-'(.)) ' #&(

#I*)2&.,#1#'( * 1$ &% 7# &#",.*#& #' "%<.# ) *-).&%& 7-'& 2' 7%$-"(#1#'( 72 ' "7 7# )- J"-'*#

"#

4

L8%*6-'(.)) ' 7#& &#",.*#& #' <#&(. ' 7%)%<2%# * 1$"#'7 O]]  /&#",-(. '& * '*#"'-'( ^_ &#",.*#&

 !

 !"#$% &' (')! (! *+&&!*)! (!% (+,,-!%. $& / ' !# (! ,+012!#3 *4',5!0!,)% (',% &6+25',$%')$+, (!% %+*$-)-%

($%)2$1#)2$*!% (6!'# "+)'1&!7 8$%! !%) (!9!,#! :&$'&! (! ;<=> !, ?@@A !) &! 52+#"! B+#/5#!% ' *-(- ;<=> C D<E

D'2),!2% :, FGGH7 I;J (-)!,#! !, "'2)$! "'2 ;#!K ' -)- 9!,(#! C I L !, FGGG %#$)! '#3 (-5M)% $0"+2)',)% (! &'

)!0"N)! (! ?@@@7

"#

D+#2 (!% 2'$%+,% (! *+,:(!,)$'&$)-. ,+#% ,! "+#9+,% "'% (-9+$&!2 &6+2$5$,! !3'*)! (! *!% (+,,-!%7

]



 !""#$%#& !# '($)* %#& '#+ ,-' %$$.-' /0012 /0032 /004 -5 /0067 8!' )!$$.-' '!$5 9+*$ *9%,-"-$5

*''#-' )-' +%99!+5' +.%,*'.' 9%+ ,% :*+- 5*!$ :.9%+5-"-$5%,- )- ,;<=+* #,5#+- -5 )- ,% >!+?5 @::<>A

)- B*+!$)- C 9%+5*+ )-'  !"95-'D+-$)#' 5- E$*F#-' -5 G$%$ *-+' .5%H,*' %$$#-,,-"-$5 9%+ ,-'

).,.=%5%*+-'7 I-' +%99!+5'  !$5*-$$-$5 )-' *$J!+"%5*!$' '#+ ,-' ).9-$'-' -$ J% 5-#+' )- 9+!)# 5*!$2

)-' +-$'-*=$-"-$5' 5- E$*F#-' '#+ ,- +.'-%#2 %*$'* F#- )-' )!$$.-' '#+ ,-' K!,#"-' );-%#2 ,-'

 !$'!""%5*!$' );.,- 5+* *5. -5 7 L$- 9%+5*- )-' )!$$.-' 9+!K*-$5 .=%,-"-$5 );#$- -$F#?5- F#-

$!#' %K!$' +.%,*'.- )*+- 5-"-$5 %#9+M' )-'  !,,- 5*K*5.' -5 )# '-+K* -  !""-+ *%, );NOB F#* $!#'

% 9-+"*' )-  !$'#,5-+ '-' )! #"-$5'  !"95%H,-' -5 5- E$*F#-'7 P;. E%$5*,,!$ Q=-'5*!$ 9#H,*F#-R

 !"9+-$) 1S '-+K* -' !H'-+K.' '#+ ,-' %$$.-' /0012 /003 -5 /0042 '!*5 /13 !H'-+K%5*!$'7 T, ';%=*5

);*$J!+"%5*!$' 9+!K-$%$5 )-'  !"95-' %)"*$*'5+%5*J' 9!#+ ,-' )!$$.-' G$%$ *M+-' -5 )-'  !"95-'D

+-$)#' 5- E$*F#-' 9!#+ ,-' K!,#"-' );-%# -5 ,-' )!$$.-'  !$ -+$%$5 ,% 5- E$!,!=*- -5 ,- +.'-%#7

P;#$- )-' )*U.+-$ -' "%V-#+-' %K- ,;. E%$5*,,!$ '#+ ,-' '-+K* -' -$ =-'5*!$ ).,.=#.- -'5 F#;*,

$;-'5 9%' 9!''*H,- )- )*'5*$=#-+ ,-' ).9-$'-' -5 ,-' F#%$5*5.'  !++-'9!$)%$5 %# J% 5-#+ 5+%K%*,

)-  -,,-' %(%$5 5+%*5 %#& 5+%K%#& )- +.9%+%5*!$ -5 )- '!#'D5+%*5%$ -7 8!#' %K!$' )!$ ). *). )-

+-=+!#9-+ ,-' ).9-$'-' );-&9,!*5%5*!$ -$ 5+!*'  %5.=!+*-'  !$'5%$5-' F#-,F#- '!*5 ,- "!)- )- =-'5*!$

-5 ,;!9.+%5-#+ 9+*K. W ).9-$'-' );.,- 5+* *5. @EA2 ).9-$'-' )- 5+%*5-"-$5 @9!#+ 9!5%H*,*'-+ ,;-%#

-&5+%*5-A -5 );%$%,('- @9!#+  !$5+X,-+ ,% F#%,*5. )- ,;-%# 9!5%H,-A @T A2 -5 #$ -$'-"H,- )-  !Y5'

@%''-Z E.5.+!=M$-A F#- $!#' %K!$' $!"". Q%#5+-' ).9-$'-'R @AA7 P% '!""- )-  -' 5+!*' 5(9-'

)- ).9-$'-' @K%+*%H,-'A  !$'5*5#- ,-'  !Y5' );-&9,!*5%5*!$ @CV A2 -&9+*".' -$ -#+!'2 )# '-+K* -

);-%# 9!5%H,-7 I-55-  ,%''*G %5*!$ -'5 *$5.+-''%$5- )# 9!*$5 )- K#- )- ,% 9-+J!+"%$ - )-' '-+K* -'

9#*'F#;-,,- $!#' 9-+"-5 );*'!,-+ ,-' ).9-$'-' F#* 9-#K-$5 ?5+- ,% '!#+ - );*$-[ % *5. )%$' #$-

'-#,-  %5.=!+*- @AA7 N$ -U-52 9!#+  -+5%*$' J% 5-#+' )- 9+!)# 5*!$  !""- ,- 5+%K%*,2 ,-' 5+%K%#& )-

+.9%+%5*!$ -5 )- '!#'D5+%*5%$ -2 ,- +-'9!$'%H,- )# '-+K* - $;-'5 9%'  %9%H,- )- )*+- '* ,% F#%$5*5.

J!#+$*- -'5 !95*"%,- 9!#+ 9+!)#*+- ,-' K!,#"-' );-%# )-"%$).' W *, $-  !$$%\5 9%' ,;-U!+5 F#-

9-#5 +.%,*'-+ '!$ 9-+'!$$-, 9!#+ ,-' 5] E-' F#* ,#* '!$5 %''*=$.-' -5 -$ !+- "!*$' ,-'  %9% *5.' )-'

-$5+-9+*'-' %#&F#-,,-' *,  !$G- ,% +.%,*'%5*!$ )-  -+5%*$' 5+%K%#&7 ^%+ %*,,-#+'2 $!#' 9-$'!$' F#-

 -' +-=+!#9-"-$5' )- ).9-$'-' $- 9!'-$5 9%' )- 9+!H,M"-' . !$!".5+*F#-' *"9!+5%$5' 9#*'F#-

,;!HV-5 )- ,;.5#)- $;-'5 9%' );.5#)*-+ ,-' -U-5' )- '#H'5*5#5*!$ -$5+- ,-' J% 5-#+' )- 9+!)# 5*!$

 !

7

P- 9+*& )- ,;.,- 5+* *5. @wEA -'5 ).G$*  !""- ,- +%99!+5 -$5+- ,-' ).9-$'-' -$ .,- 5+* *5. -5 ,%

 !$'!""%5*!$ %$$#-,,- );.$-+=*- -5 % )!$  !""- #$*5. )-' /kWh7 I!""- *, $;% 9%' .5. 9!''*H,-

)- 5+!#K-+ #$- "-'#+- %).F#%5- )-' F#%$5*5.' #5*,*'.-' )- J% 5-#+' )!$$%$5 ,*-# C )-' ).9-$'-'

)- 5+%*5-"-$5 -5 );%$%,('-2 $!#' #5*,*'!$' ,-' F#%$5*5.' );-%# 9+!)#*5-' @-5 *"9!+5.-'A %G$ )-

 %, #,-+ #$ 9+*& #$*5%*+- %# m3
@wT A 9!#+  -55-  %5.=!+*- )- J% 5-#+'7 ^%+ %*,,-#+'2  !""- $!#'

 !

 ! "#$ %&##' ("& ()*+%+!" ,&" -"$ %))%./"0".$ #*'$ !% -%&#" 12&. +'%'# !*)# 1" !2"#$'0%$'*. (&'#,&" !" 3%-$"&)

$)%4%'! .2"#$ (%# &." 4%)'%+!" *0'#" 0%'# (!&$5$ &. 6!60".$ ,&" .*&# .2%4*.# (%# '#*!67 8%) -*.#6,&".$9 !" (%)%0:$)"

%##*-'6 %& ()'; 1& 3%-$"&) A 1"4)%'$ -%($") 6/%!"0".$ !"# "<"$# !'6# %& 3%-$"&) $)%4%'!7

0



 !"#$%& '%(')*+ , *& -"*./  " 0".+1$2'3 A (3 4"0.3*2& (3 ,2$(*0.'$% 3&. 0$5,$&+3 (3 ('6+23%.& 0$7.&

"&&38 -+.+2$19%3& 2312$*,"%. (3&  '1%3& 0$5,.": 3& "*&&' ('#32&3& )*3 "0-".& 3. &.$0;&/ .2"#"*< 3.

2+,"2".'$%&/ &$*&=.2"'."%03/ 3. (+,3%&3& 3% &" "'23&> ?% 2"'&$% (3  !":&3%03 (!'%4$25".'$%& &*2  3&

,2'< 3. (* ,2$: 953 (!-+.+2$1+%+'.+ (3 03 4"0.3*2/ %$*& "#$%& 0-$'&' (3 0$%&.2*'23 *% '%('03 (3 ,2'<

%$.+ wA 0$553 *% 0$7. *%'."'23 ,"2 m3
(!3"* ,$.": 3 5'& 3% ('&.2':*.'$%> @!-A,$.-9&3 '5, '0'.3

("%&  " 0$%&.2*0.'$% (3 03& ,2'< 3&. )*3  3& )*"%.'.+& ,-A&')*3& %$% $:&32#+3& (3& 4"0.3*2& (3

,2$(*0.'$% &$%. 0$22+ +3& ,$&'.'#353%. "#30  3& #$ *53& (!3"*>

@3 #$ *53 (!3"* ,2$(*'. )*' " +.+ 3630.'#353%. 0$5,.":' '&+ BV C 3&.  " &$553 (* #$ *53

4"0.*2+ "*< *&"132& D%" & 3. (* #$ *53 #3%(* E (!"*.23& &32#'03& (!3"* ,$.": 3> F3& )*"%.'.+&

(!3"* &$%. 3<,2'5+3& 3% m3
> @!'%('03  '%+"'23 (3 ,32.3& 3% ('&.2':*.'$% BILP C 3&.  3 #$ *53 (3&

,32.3& Vp B#$ *53 (!3"* 5'& 3% ('&.2':*.'$% − #$ *53 (!3"* 0$5,.":' '&+C 2",,$2.+ E  "  $%1*3*2

(3& 0"%" '&".'$%&/ 3. ,3253. (3 0$5,"232  !+.". ,-A&')*3 (3 (3*< 2+&3"*<> G"%& %$.23 5$(9 3 (3

0$7./ %$*& *.' '&$%& +1" 353%. (3& #"2'": 3& .30-%')*3& 0$553  3 %$5:23 (!":$%%+& BAbC 3.  "

 $%1*3*2 (3& 0"%" '&".'$%& BResC 3<,2'5+3 3% ;' $59.23&/ 23,2+&3%."%.  " ."'  3 (* 2+&3"*> @3 2".'$

(3 03& (3*< #"2'": 3& Ab/Res ($%%3  " (3%&'.+ (!":$%%+& "* ;5 B",,3 + Dens AbC> G3 5H53/ $%

0" 0* 3  " (3%&'.+ (3 ,2$(*0.'$% BDens P C 0$553  3 #$ *53 ('&.2':*+ ,"2 ":$%%+> @3 %$5:23 (3

0$55*%3& 0$%&.'.*"%.  3 &32#'03 (!I?J B&*,+2'3*2 E K ("%&  3 0"& (!*% &A%('0". '%.320$55*%" C

($%%3 *%3 '(+3 (3& +0$%$5'3& (!+0-3  3 ,$*#"%. H.23 2+" '&+3& ,"2 *%3 2".'$%" '&".'$% (3  " 13&.'$%

(3& D%"%03& 3. (3  !"5+%"1353%. (* .322'.$'23>

@3& &.".'&.')*3& (3&02',.'#3& (3& #"2'": 3& *.' '&+3& ,$*2  3& (3*< .A,3& (3 13&.'$% D1*23%.

("%&  3 .": 3"* K> @3& &32#'03& 3% 2+1'3 &$%. ("%&  !3%&35: 3 , *& ,3.'.& ,*'&)*!' & (3&&32#3%.

5$'%& (!":$%%+&/ ('&.2':*3%. 5$'%& (3 m3
(!3"* ,$.": 3 3. ,2+&3%.3%. *%3  $%1*3*2 .$." 3 (3

0"%" '&".'$%& 5$'%(23> @" (3%&'.+ (3 ,2$(*0.'$% 3&. *% ,3* &*,+2'3*23 ,$*2  3& &32#'03& 3% 13&.'$%

,*: ')*3 5"'&  " (3%&'.+ (!":$%%+& 3&. &3%&': 353%.  " 5H53 ,$*2  3& (3*< +0-"%.'  $%&> @3&

#" 3*2& 5$A3%%3& (3  !'%('03  '%+"'23 (3 ,32.3& '%(')*3%. *% +.". (* 2+&3"* (3 ('&.2':*.'$% 53'  3*2

,$*2  3& &32#'03& 3% 13&.'$% (+ +1*+3> @3& &32#'03& (3& (3*< +0-"%.'  $%& .'23%.  3*2& 3"*< :2*.3&

(3 %",,3& &$*.322"'%3& 3. 3  3& :+%+D0'3%. (3& 5H53& .A,3& (3 .2"'.353%. ,$*2  3 ,2$03&&*& (3

,$.":' '&".'$%> @" .$,$12",-'3 3&. +1" 353%. &'5' "'23 ,$*2 0-")*3 2+1'$% ,*'&)*3 ("%&  3& (3*<

0"&  " 0$%D1*2".'$% 1+$12",-')*3 3&. , *.L.  " , "'%3> @3& '%42"&.2*0.*23& (3 5'&3 3% ,23&&'$% %3

(3#2"'3%. ,"& ,"2 0$%&+)*3%. H.23 .29& ('6+23%.3&> ?%D%/  3& 0$7.& #"2'": 3& 5$A3%& (3& &32#'03&

BCVMC ,$*2 0-")*3 +0-"%.'  $% &$%. 3% 5$A3%%3 .29& ,2$0-3& BM/NO ,$*2  3& &32#'03& 3% 2+1'3

3. M/PQ ,$*2  3& &32#'03& (+ +1*+&C>

KM



 !"#  ! "#$#%&#%'()& *)&+,%-#%.)& *)& /+0$1#%2231&

 !"#$%& '()*$+(!  !"#$%& ,-*-.(-!

/012 %)"!345#$%&"6 /077 %)"!345#$%&"6

853$5)*! 9&$#- :%; :%;. <#, :$& :5= :%; :%;. <#, :$& :5=

CV  12 >1? @A 1>2 2B ?@? A @>? A>0 ?C7 >0> 1AA 0A0 >C7 >11 >B? >? 10@ 0 112 A?>

wE  DEFG ?H0>2 ?H0?C ?H0@> ?H?12 0H>>1 ?H?C1 ?H?C? ?H?@@ ?H?>> ?H>2?

wT  Dm3
?H?00 ?H??B ?H??B ?H??> ?H?CB ?H?0@ ?H?00 ?H??B ?H??0 ?H?AC

wA  Dm3
?H@CC ?H@1@ ?H0A> ?H?B2 0H?B7 ?H@CB ?H@22 ?H0?C ?H07A ?H72?

V m3
0?1 >@? 2? 07@ 0A7 >>C 00 ?A2 72B 220 @BC >C2 >1> @7? 10? @27 @0 C11 @ 0CC 2?A

Vp m3
1> B>A >@ ?B1 B@ >B1 0 20@ C0@ 1>C 0A7 C22 70 BA1 >>? 1BC A >CB 0 >17 @02

ILP m3
DEI 0 2?0 0 ?70 0 2BB 70 0> 77> 0 ?70 72B C77 07> A 7>2

Res EI A? >0 CA A 1?? 0A@ BA 02? B 7B?

Ab −− C0? A07 BB> 70 2 ?>7 > 7C2 0 7B7 @ >AB >1C 0C >0?

Com −− 1 @ 2 0 @C 1 @ C 0 @A

Dens V m3/J) >?BH0 >?0H? 2@HC 00CHA 1CAHA 07?H> 0CCH> @@H2 0?CHB @?AH7

Dens Ab J)DEI >>HA 0BH2 0>H1 CH7 22H2 >@H> >?H0 0>H@ 2HA 1>H2

CVM  ?H202 ?H1C@ ?H>>@ ?H0@@ 0HA?1 ?H1CB ?H12? ?H012 ?H>1B 0H>07

K%#!" L :%; M I%;!&&! 53$#GI-#$+(!H :%;. M I%;!&&! .-%I-#3$+(!H <#, M -N53#O#;'!P

 !"#$%&'()&"* $+"*",&-./ #. +0"&1 #/ ,"#/ #/ 2/')&"*

45367)+#%8 )&# *5/#(*%), 2)& %1#),$+#%31& )1#,) 93*) *) :)&#%31 )# +3;#& *5)<-23%#$#%31 *( &),.%+)=

4$ +322)+#%.%#/ 23+$2) '(% )&# ,)&-31&$62) *) 253,:$1%&$#%31 *)& &),.%+)& $ *)(< 3-#%31& -3&&%62)& >

)22) -)(# :/,), )22)?9@9) 2) &),.%+) 3( 6%)1 )1 +31A), 25)<-23%#$#%31 B (1) )1#,)-,%&) )<#/,%)(,)=

C0$'() 93*) *) :)&#%31 )1:)1*,) *)& +3;#& *5)<-23%#$#%31 *%D/,)1#&= E1 &(--3&) '() 2) +03%< *)

93*) *) :)&#%31 &) 8$%# B -$,#%, *) 2$ *%D/,)1+) *) +3;#& )# *)& -,/8/,)1+)& &-/+%A'()& *) +0$'()

+322)+#%.%#/ 23+$2)=

 !" #$% &'()% *$% %$+,-&$%

F -$,#%, *) 25/'($#%31 G HI 31 -)(# ,//+,%,) 2$ 831+#%31 *) +3;# .$,%$62) -3(, 2) &),.%+) i )# 2)

93*) *) :)&#%31 g )1 %1+3,-3,$1# 25)D)# *) .$,%$62)& $2/$#3%,)& *) 2$ 8$J31 &(%.$1#) >

CV g
i ≡ CV g

i (R
g
i , θ

g
i + εgci), GKH

3L CV g
i ,)-,/&)1#) 2)& +3;#& .$,%$62)& *( &),.%+) i -3(, 2) 93*) *) :)&#%31 g = 0, 1I $.)+ 25%1*%+)

MN5 -3(, 2$ ,/:%) -(62%'() )# 25%1*%+) M 5 -3(, 2$ :)&#%31 */2/:(/)= Rg
i )&# 2) .)+#)(, *)& .$,%$62)&

)<-2%+$#%.)& *)& +3;#& .$,%$62)&= O2 +39-,)1* V g
i 2) .32(9) *5)$( .)1*(I wg

i 2) .)+#)(, *) -,%<

*)& %1-(#& )# CARg
i 2) .)+#)(, *)& +$,$+#/,%&#%'()& #)+01%'()& *( &),.%+) *5)$( -3#$62)= P3(#)&

+)& .$,%$62)& &31# -$,8$%#)9)1# 36&),.$62)& -$, 25)<-23%#$1# *( &),.%+)I 2$ +322)+#%.%#/ 23+$2) )#

25/+3139Q#,)= R$1& 13#,) 93*Q2)I 25/+3139Q#,) *%&-3&) *) 2$ 9@9) %183,9$#%31 '() 2$ +322)+#%.%#/

&$(8 -3(, 2$ .$,%$62) θgi '(% ,)-,/&)1#) 25)S+$+%#/ -,3*(+#%.) *) 25)<-23%#$1#= E1 +31&%*Q,) '() θgi

  



 !"#$ %&'(&) *+") !&*+ #*" )"#," ")+ &-)"./ -," ( . , %&,,"%+0/0+12 30*)04 θgi )51%.0+ !" , 6 7&*

)#0/ *+" 8

θgi = θob
g

i + θnob
g

i , 9:;

&< θob
g

i *5")+ &-)"./1" =#" ( . , %&,,"%+0/0+1 9"+ *&* ( . ,51%&*&'>+.";2 ? *) ," % ) !5#*" @")+0&*

!1,1@#1"4 , %&,,"%+0/0+1 ("#+  /&0. #*" 0*6&.' +0&* )#. , =# ,0+1 !" )"./0%" !" ,5"*+."(.0)" ( .%"

=#" %"++" !".*0>."  !1AB 1+1 "* %C .@" !# )"./0%" ! *) ," ( ))1 &# -0"* ( .%" =#5#*" %&''#*"

/&0)0*" ")+ "* %&*+. +  /"% %"++" "*+."(.0)"2 D %&'(&) *+" θnob
g

i *5")+ ( ) &-)"./ -," 9*0 ( . , 

%&,,"%+0/0+14 *0 ( . ,51%&*&'>+.";2 E"++" !".*0>." ."F>+" ,50*6&.' +0&* (.0/1" !" ,5"$(,&0+ *+2

D" +".'" !5".."#. εgci % (+#." ,5"$0)+"*%" !5 ,1 ) )#. ,") %&G+)4 *&* &-)"./1) ( . , %&,,"%+0/0+1

"+ ,5"$(,&0+ *+2 H* *&+" CFi ,") %&G+) I$") !# )"./0%" =#0 )&*+ %&*)0!1.1) %&''" "$&@>*") "+ )&*+

)#((&)1) *" ( ) !1("*!." !# '&!" !" @")+0&*2 D") %&G+) I$") )&*+ ' A&.0+ 0."'"*+ )#((&.+1) ( .

, %&,,"%+0/0+1 ,&% ," =#",=#" )&0+ ," '&!" @")+0&*

  

2 J&#. %"++" . 0)&*4 *&#) %&*)0!1.&*) =#" ,"

%C&0$ !" , %&,,"%+0/0+1 )" - )" #*0=#"'"*+ )#. ,") %&G+) / .0 -,")2

 !" #$ %&'() *$ +'*$ *$ ,$-.('/

D %&,,"%+0/0+1 ,&% ," ("#+ @1.". ",,"K'L'" ," )"./0%" !5" # 9@")+0&* !0."%+" (#-,0=#"4 0*!0%" MN5;

&# -0"* %&*I". )&* "$(,&0+ +0&* B #*" "*+."(.0)" )(1%0 ,0)1" 9@")+0&* !1,1@#1"4 0*!0%" MO5;2 P,,"

1+ -,0+ ,") %&G+) !5"$(,&0+ +0&* !" )&* )"./0%" "* @")+0&* !0."%+"2 ? *) ," % ) &< ",," )&#C 0+"

!1,1@#". ," )"./0%"4 ",," , *%" #*  ((", !5&Q." )+0(#, *+ "))"*+0",,"'"*+ #* *0/" # !" )"./0%"2

E5")+ B ( .+0. !") %&'(+") !5"$(,&0+ +0&* (.1/0)0&**",) =#" ," ' 0." %C&0)0+ ,") % *!0! +)  !'0)

B *1@&%0".2 E") %&'(+") )&*+ 1, -&.1) ! *) , (C )" (.1K%&*+. %+#",," "+ (.1)"*+"*+ ,") !1("*)")

 #$=#",,") 6 0+ 6 %" ," !1,1@ + 0." (&#. @1.". ," )"./0%" "+ ,") ."%"++") =#50, ")(>." "* +0.". 9E **"/ 

"+  ,24 RNNS;2 H* )#((&)" =#" ," %C&0$ !# '&!" !" @")+0&* )" 6 0+ B ( .+0. !" , %&'( . 0)&* !")

%&G+) T, ( .+0" !") %&G+) &-)"./1" ( . , %&,,"%+0/0+1T (&#. #* *0/" # !" )"./0%" !&**12 U&#)

!1I*0))&*) #* '&!>," B .1@0'") 9 !"#$%"&' ()*+,; B , D"" 9OVWX; )#. , - )" !") 6&*%+0&*) !"

%&G+ !" %C =#" '&!" !" @")+0&*4 "+ !5#*" 6&*%+0&* %.0+>." 9&# 1=# +0&* !" )1,"%+0&*; !1%.0/ *+

," %C&0$

 !

2 D 6&*%+0&* %.0+>." ")+ !1I*0" "* )#((&) *+ =#" ," %C&0$ )" 6 0+ B #*" (1.0&!" !&**1"

(.1%1! *+ ,5"$(,&0+ +0&* &-)"./1" !# )"./0%"2 D %&,,"%+0/0+1 ,&% ," i (.16>." , @")+0&* !1,1@#1" B

, @")+0&* !0."%+" !" )&* )"./0%" !5" # )0 8

E(CV 0i )− E(CV 1i ) > κi, 9S;

  

 !"# $%&'!("# $!# )*!+%&,!-% !.%$ $/!0#%# $1"$%##(.%#2 0"% 3!&'(% )% $%# $14'# %#' '&!"#56&6% 7 /*136&!'%0&

$8!&-6 )% /*%93/1('!'(1" )0 #%&.($%: ;! 3!&'(% <9% )0 '!&(5 =(">,% %#'2 %" '861&(%2 )%#'("6% 7 $10.&(& $%# $14'# <9%#:

 !

? "1'&% $1""!(##!"$%2 #%0/ /% '&!.!(/ )% @0!"- %' !/: ABCCBD 3&131#% 0"% !33/($!'(1" )*0" ,1)E/% !.%$ =(!(# )%

#6/%$'(1" 7 /! ,%#0&% )*%F$!$('6 )% $14':

OR



 ! E(CV 0i ) "# E(CV 1i ) $ %# &"$ "$'()*%+"$ ,"$ + -#$ .*)/*0&"$ + %,/#/ %%"&&"1"%# *23  0$").*0&"$

," &* + &&"+#/./#(4 )"$'"+#/."1"%# ' 2) &* 5"$#/ % '20&/62" "# &* 5"$#/ % ,(&(52("7 8"&* $/5%/9" 62"

&* + &&"+#/./#( +: /$/# &* 5"$#/ % ,(&(52(" $/ &* ,/;()"%+" ," + -#$ "$# $2'()/"2)" < 2%" .*&"2) ,"

)($")." % %  0$").(" κi7 8"##" .*)/*0&" κi '"2# =#)" /%#")')(#(" + 11" &* ')(,/$' $/#/ % ," &*

+ &&"+#/./#( & +*&" < ,(&(52") $ % $")./+" ,>"*2 ' #*0&"4 "# '"2# */%$/ =#)" ' $/#/."  2 %(5*#/."7 ?%

$2'' $" 62" κi "$# @ %+#/ % ," .*)/*0&"$ 62/ ,(#")1/%"%# &"$ + -#$ ,2 $")./+" A+ %$ 11*#/ % ,"$

2$*5")$ Vi "# +*)*+#()/$#/62"$ ,2 $")./+" CARiB 1*/$ *2$$/ ," .*)/*0&"$ 62/ %>*;"+#"%# '*$ &" + -#$

,>CDE + 11" &" 1 ," ," 5"$#/ % ,2 $")./+" ,>*$$*/%/$$"1"%# ," +"##" 1=1" + &&"+#/./#( i4 % #(

ASSi F

κi = α0 + αV Vi + αCARCARi + αASSASSi + εi, AGB

 ! εi "$# 2%" "))"2) +*'#2)*%# ,"$ @*+#"2)$ *&(*# /)"$ % %  0$").*0&"$ '*) &* + &&"+#/./#( "# &>"3'& /H

#*%#4 62/ $2/# 2%" & / N(0, σ2ε)7 C/%$/4 < '*)#/) ,"$ (62*#/ %$ AIB "# AGB4  % '"2# (+)/)" &>(62*#/ %

$#)2+#2)"&&" ," $(&"+#/ % ," &* @*J % $2/.*%#" F

I∗i = δ0 + δ1
[
E(CV 0i )− E(CV 1i )

]
+ δV Vi + δCARCARi + δASSASSi − εi. AKB

D% % )1*&/$*%# σ2ε = 14 &>(62*#/ % AKB * &* @ )1" ,>2% 1 ,L&" E) 0/#7 D# , %+ $/ I∗i > 04 *& )$

&* + &&"+#/./#( & +*&" i +: /$/# ," ,(&(52") &>"3'& /#*#/ % ," $ % $")./+"7 D% '*)#/+2&/")4 ' 2) 2%

,/;()"%#/"& ," + -#$ E(CV 0i )− E(CV 1i ) ' $/#/@4  % $>*##"%, < +" 62" δ1 $ /# ' $/#/@7

 !"#$%&' ()*"*+(,-./0' 1'& )*2,& ', 10 )3*.4 10 +*1' 1' 5'&,.*"

M" 1 ,L&" $#)2+#2)"& < "$#/1") "$# + 1' $( ," ,"23 (62*#/ %$ ," )(5/1" A@ %+#/ %$ ," + -#B

"# ,>2%" (62*#/ % ," $(&"+#/ %7 N 2$ 2#/&/$ %$ ,"$ ') +(,2)"$ ,>"$#/1*#/ % $'(+/962"$ *23 , %%("$

," '*%"& A*."+ ";"#$ /%,/./,2"&$ + ))(&($B "# + ))"+#/ % ,2 0/*/$ ," $(&"+#/ %7

 !" #$%&'()$* (+*,-./0-.%1

N 2$ ,/$' $ %$ ," , %%("$ ," '*%"&7 N $ .*)/*0&"$ $ %# *& )$ /%,/+("$ '*) i )"')($"%#*%# &"$

/%,/./,2$ "# t &"$ '()/ ,"$ ," #"1'$7 i .*)/" ," 1 < N0 + N14 *."+ N0 &" % 10)" ," $")./+"$ "%

5"$#/ % ,/)"+#" "# N1 &" % 10)" ," $")./+"$ "% 5"$#/ % ,(&(52("7 M"$ $")./+" $ %#  0$").($ < '*)#/)

," &* '()/ ," t = 17 M" % 10)" ," '()/ ,"$ # #*& ,"$ $")./+"$ "% 5"$#/ % ,/)"+#" "$# % #(" T0 AT1

' 2) &"$ $")./+"$ "% 5"$#/ % ,(&(52("B7

O '*)#/) ," &>(62*#/ % APB4 % 2$ )((+)/. %$ &"$ (62*#/ %$ ," + -# ' 2) +:*62" )(5/1" AQR> F

5"$#/ % '20&/62"4 QS> F 5"$#/ % ,(&(52("B ,*%$ &"$62"&&"$ &" ."+#"2) ,"$ .*)/*0&"$ "3'&/+*#/."$ A1*/%H

#"%*%# /%,/+( '*) tB Rit "$# + 1' $( ," .*)/*0&"$ .*)/*%# ,*%$ &" #"1'$ Xit "# ," .*)/*0&"$ /%.*)/*%#

ST



 !"# $% &%'(# Zi )

CV 0it = β0X0
it + γ0Z0i + θ0i + ε0cit *+,

CV 1it = β1X1
it + γ1Z1i + θ1i + ε1cit, *-,

./ ε0cit %& ε1cit #."&  %# &%0'%#  1%00%20 3!04!"&  !"# $% &%'(# #243!"& $%#  4#&0452&4."# 0%#(%6&43%#

N(0, σ2ε0c
) %& N(0, σ2ε1c

)7 8%# &%0'%# θ0i %& θ1i #."&  %# %9%&# #(:64;<2%# !2= 4" 434 2# *4"3!04!"&

 !"# $% &%'(#,7 >$# #."& 4" :(%" !"&#  % ε0cit %& ε
1
cit7 >$# 0%(0:#%"&%"& $1%?6!64&:  %# %=($.4&!"&# %&

#."&  4#&0452:# !$:!&.40%'%"&  % '!"4@0% 4" :(%" !"&% N(0, σ2θ0) %& N(0, σ2θ1) 0%#(%6&43%'%"&
 !

7

>$# "% #."& (!# .5#%03:# (!0 $1:6.".'@&0% '!4# (%23%"& A&0% 0%6."#&4&2:# B (!0&40  %# (!0!'@&0%#

#&026&20%$# %#&4':#7 C.2# 0%34%" 0."# #20 6% (.4"& (.20 6!$62$%0 $1%?6!64&:  %# %=($.4&!"&# $.0#  2

6D.4=  % $! #(:64;6!&4."  % $! E."6&4."  % 6.F&7

8% 6D.4=  2 '. %  % G%#&4." 4"&%034%"& * % E!H."  :;"4&43%, B $! (:04. % I %& #% E!4&  ."6 #20

$! 5!#%  %# 6.F&# *%&  % #%#  :&%0'4"!"&#, B 6%&&% (:04. %7 J (!0&40  % $!  :6.'(.#4&4."  %# %9%&#

4" 434 2%$# θ0i = θob
0

i + θnob
0

i %& θ1i = θob
1

i + θnob
1

i K 4$ %#& (.##45$%  % 0::6040% $1:<2!&4." #&026&20%$$%

 % #:$%6&4." *L, *<24 "% 3!04% (!#  !"# $% &%'(#, #.2# 2"% E.0'% 0: 24&% )

I∗i = δ0 + δ1
[
β0X0

i0 + γ0Z0i + θob
0

i − (β1X1
i0 + γ1Z1i + θob

1

i )
]

+ δV Vi0 + δCARCARi0 + δASSASSi − εi

≡ λRi + δASSASSi + ui,

*M,

./ Ri %#& $% 3%6&%20  %# 3!04!5$%# %=($46!&43%#  %# 6.F&# 3!04!5$%# *4"6$2!"& Vi0 %& CARi0, .5#%03:#

B $! (:04. % I7 8% ".23%!2 &%0'%  1%00%20 ui #1:604& !$.0# )

ui = δ1(θ
ob0

i − θob
1

i )− εi. *NI,

8% &%0'%  1%00%20 ui  :(%"  %# %9%&# 4" 434 2%$# .5#%03:# (!0 $! 6.$$%6&434&: θob
0

i %& θob
1

i %&  %

εiK <24 #."& &.2#  4#&0452:# #%$." 2"% $.4 ".0'!$%7 ui #24&  ."6 !2##4 2"% $.4 ".0'!$%  % '.O%""%

"2$$% %&  % 3!04!"6% σ2u7 81%#&4'!&4."  %# :<2!&4."#  % 6.F&  .4& (0%" 0% %" 6.'(&% $% 6D.4=  %

$! 6.$$%6&434&: 6!0 6%$! 4"&0. 24& 2"% 6.00:$!&4." %"&0% $% &%0'%  1%00%20 ui %& $%# θobi  % 6D!<2%

:<2!&4."  % 6.F&7 >$ %" 0:#2$&% 2" 54!4#  % #:$%6&4."7

P(0@# ".0'!$4#!&4."  % σ2u = 1K ui #24& 2"% $.4 ".0'!$% #&!" !0 *6%"&0:% 0: 24&%, %& $1:<2!&4."

*M,  %34%"& 2" '. @$% Q0.54&7 R4 $1." ".&% Ψ = λRi + δASSASSiK $! 0@G$%  %  :64#4." (0.5!54$4#&%

 !

 !"# $" %&'()* + *,*-# ./*#0 )*# θ0
i *- θ

1
i #&"- 1&"#2'343# 1&%%* '*# 1&"#-!"-*# + *#-2%*45

NS



 ! "# $%& '()*+,- .

Prob(Ii = 1) = Prob(I∗i > 0) = Prob(Ψ > −ui) = Φ(Ψ)

Prob(Ii = 0) = Prob(I∗i ≤ 0) = Prob(Ψ ≤ −ui) = 1− Φ(Ψ),

#/ Φ &'- %0 1#2*-,#2  &  ,'-+,3!-,#2 *!"!%0-,4&  & %0 %#, 2#+"0%& '-02 0+ 5φ 1#2*-,#2  &  &2',-)67

82 +0,'#2  ! 3,0,'  & ')%&*-,#29 ,% 10!- 0:!'-&+ %&' -&+"&'  (&++&!+  &' );!0-,#2'  & *#<-  &

'#+-& ;!& %&!+ "#=&22& '#,- )>0%& ? @7 A02' %& *0 +&  (!2 "# $%& B+#3,-9 #2 C&!- )*+,+& .

E(θob
0

i |Ii = 0) = ρ0
φ(Ψ)

1− Φ(Ψ)

E(θob
1

i |Ii = 1) = ρ1
−φ(Ψ)

Φ(Ψ)
,

#/

φ(Ψ)
Φ(Ψ) &-

φ(Ψ)
1−Φ(Ψ) '#2- %&' +0-,#'  & D,%%' ,24&+'&' C#!+ *E0;!& );!0-,#2  & +)>,"&7 A& C%!'9 #2

0 ρ0 = δ1cov(θ
ob0
i , ui) &- ρ

1 = δ1cov(θ
ob1
i , ui)7 F2 *#2', $+& 0%#+' %&' );!0-,#2'  & *#<- 5*#2 ,-,#2G

2&%%&"&2- ? %&!+ "# &  & >&'-,#26 '!,402-&' .

CV 0it = β0X0
it + γ0Z0i + ρ0

(
φ(Ψ)

1− Φ(Ψ)

)
+ η0i + ε0cit 5HH6

CV 1it = β1X1
it + γ1Z1i + ρ1

(
−φ(Ψ)

Φ(Ψ)

)
+ η1i + ε1cit. 5HI6

82 ,2*%!02-

−φ(Ψ)
Φ(Ψ) &-

φ(Ψ)
1−Φ(Ψ)  02' %&' );!0-,#2'  & *#<-9 #2 *#++,>& %& 3,0,'  & ')%&*-,#2 -&% ;!&

E(η0i |Ii = 0) = 0 &- E(η
1
i |Ii = 1) = 09 04&* η0i = θob

0

i + θnob
0

i − ρ0
(

φ(Ψ)
1−Φ(Ψ)

)
&- η1i = θob

1

i + θnob
1

i −

ρ1
(
−φ(Ψ)
Φ(Ψ)

)
%&' 2#!4&0!J &K&-' ,2 ,4, !&%' +&C+)'&2-02- %(&L*0*,-)  & %(&JC%#,-02-  ! '&+4,*&7

M#!' !-,%,'#2' !2& C+#*) !+&  (&'-,"0-,#2 3,&2 *#22!& &2  &!J )-0C&'9  !& ? N&*O"02 5HPQP67

R&' C0+0"$-+&' λ &- δASS  & %();!0-,#2  & ')%&*-,#2 +) !,-& 5P6 S"# $%& B+#3,-S '#2-  (03#+ 

&'-,")' C0+ %0 ")-E# &  ! "0J,"!"  & 4+0,'&"3%02*&7 T#""& 2#!' 2(04#2' C0' %&' ,21#+"0-,#2'

'!+ %&' 40+,03%&'  & *#<- 540+,02-  02' %& -&"C'6 C#!+ %0 C)+,# &  & ',>20-!+&  & *#2-+0-9 2#!'

!-,%,'#2' %&' 40%&!+'  ,'C#2,3%&' ? %0 C)+,# & H7 R&' C0+0"$-+&' &'-,")' λ̂ &- δ̂ASS 2#!' C&+"&--&2-

&2 #!-+&  & *0%*!%&+ %&' +0-,#'  & D,%%' ,24&+'&' φ(Ψ̂)/Φ(Ψ̂) &- φ(Ψ̂)/(1 − Φ(Ψ̂)) 04&* Ψ̂ = λ̂Ri +

δ̂ASSASSi7 T&'  &+2,&+' '#2- &2'!,-& +&C#+-)'  02' %&' );!0-,#2'  & *#<-9 &- %&' C0+0"$-+&' β &-

γ '#2- &'-,")'  & "02,$+& *#24&+>&2-& '#,- C0+ %0 ")-E# &  & "#,2 +&' *0++)' ;!0',G>)2)+0%,')'

5DTUV69 '#,- C0+  &' ")-E# &' C0+ 40+,03%&' ,2'-+!"&2-0%&' 5WX6 #!  &' ")-E# &' Y,-E,2 '&%#2

%&' E=C#-E$'&'  (&J#>)2),-) 10,-&' '!+ %&' 40+,03%&' &JC%,*0-,4&'7 A02' 2#-+& "# $%&9 %&' C0+0"$-+&'

'-+!*-!+&%'  &' 1#2*-,#2'  & *#<- '#2- , &2-,Z)' >+[*& !2& *#2 ,-,#2  (&J*%!',#2 30')& '!+ %0 40+,03%&

ASSi ;!, &'- !2  )-&+",202-  ! *E#,J  & "# &  & >&'-,#2 "0,' 2(0 C0'  (,"C0*- '!+ %&' *#<-'9

'02' ;!#, %(, &2-,Z*0-,#2 '&+0,-  !& ? %0 2#2G%,2)0+,-)  &' +0-,#'  & D,%%' ,24&+'&'7

H\



 !"# $%&'"( #)*+,( j- ηji (./ +0+010 N(0, σ
2
ηj
)0 2( /(#,( 13(##("# εjcit (./ +0+010 N(0, σ

2
εjc
)- (/

4( /(#,( 13(##("# *4!5&4 .3)$#+/ vjit = ηji + εjit0 67 .( 84&$( 1!7$ 1&7. 4( $&1#( 13"7 ,!194( :

(;(/ +71+<+1"(4 &4)&/!+#( (/ !7 & 43%=8!/%9.( ."+<&7/( > E(vjvj
′

) = Ωj = tjσ2
ηj
B + σ2

εjc
(Q + B)-

!? B (/ Q .!7/ #(.8($/+<(,(7/ 4(. ,&/#+$(. 1( /#&7.@!#,&/+!7 A(/B((7 (/ C+/%+70 67 $!##+*(

43%)/)#!.$)1&./+$+/) 8#).(7/( 1&7. 4( ,!194( : (##("#. $!,8!.)(. (7 1+&*!7&4+.&7/ 4& ,&/#+$( Ωj -

(7 "/+4+.&7/ 4(. /#&7.@!#,&/+!7 ."+<&7/(. >

C̃V
j
= σ

εjc
Ω
−1/2
j CV j = (Q+

σ
εjc

σ̄j
B)CV j

X̃j = σ
εjc
Ω
−1/2
j Xj = (Q+

σ
εjc

σ̄j
B)Xj

Z̃j = σ
εjc
Ω
−1/2
j Zj = (Q+

σ
εjc

σ̄j
B)Zj ,

!? σ̄j2 = σ2
ηj
+

σ2
εjc

tj
0 67 1)D7+/ H̃j = [X̃j , Z̃j ,Millj ] !? Mill0 = φ

1−Φ (/ Mill1 = −φ
Φ - (/ Γ

j =

[βj , γj , ρj ]0 E&7. $( ,!194( : (;(/. &4)&/!+#(.- 43(./+,&/("# FGHI .3)$#+/ >

Γ̂jMCQG ≡ [β̂
j
MCQG, γ̂

j
MCQG, ρ̂

j
MCQG] = (H̃

j′H̃j)−1H̃j′C̃V
j
,

!? 4(. <&#+&7$(. /%)!#+'"(. 1(. (##("#. .!7/ #(,84&$)(. 8&# 4("# )'"+<&4(7/ (./+,) J<!+# 43&77(K( LM0

E&7. "7 ,!194( : (;(/. DK(.- 4(. ηji .!7/ $!7.+1)#). $!,,( 1(. $!7./&7/(. : (./+,(#0 2& 8#!N

$)1"#( 1( /#&7.@!#,&/+!7 C+/%+7 @&+.&7/ 1+.8&#&O/#( 4(. (;(/. DK(.- $(4& +,84+'"( '"( 43(./+,&/+!7

73(./ 8&. &;($/)( 8&# 4( 5+&+. 1( .)4($/+!70  !"# 4& ,P,( #&+.!7- +4 73(./ 8&. 8!..+54( 13+1(7/+D(#

4(. 8&#&,9/#(. &..!$+). &"K <&#+&54(. +7<&#+&7/ 1&7. 4( /(,8.0 L+7.+- .("4 βj
(./ (./+,) >

β̂j
Q = (X

j′QXj)−1Xj′Q CV j .

Q&".,&7 JRSTUM 8#!8!.( "7 /(./ 13(K!*)7)+/) $!7.+./&7/ : $!,8&#(# 43(./+,&/("# C+/%+7 : $(4"+

1(. FGHI

 !

0 23%=8!/%9.( 7"44( H0 /(./)( 1&7. 4( ,!194( 1( #)*#(..+!7 &<($ 1(. 1!77)(. 1(

8&7(4 (./ 4& 7!7 $!##)4&/+!7 1(. <&#+&54(. Xj
(/ 1( 43(;(/ +71+<+1"(4 ηji 0 2& ./&/+./+'"( 1( /(./

(./ 1!77)( 8&# > TH = q̂′[var(q̂)]−1q̂- &<($ q̂ = β̂j
Q − β̂j

MCQG0 V!". 43%=8!/%9.( H0- TH (./

1+./#+5")( &.=,8/!/+'"(,(7/ .(4!7 "7 χ2 &<($ $!,,( 1(*#). 1( 4+5(#/) 4( 7!,5#( 1( <&#+&54(. X0

V+ 43%=8!/%9.( H0 (./ #(W(/)(- &4!#. !7 8#)@)#(#& "/+4+.(# "7 (./+,&/("# XY0

V+ 43!7 +71+$( 8&# ZR3 4(. <&#+&54(. ."88!.)(. (K!*97(. (/ Z[3 4(. <&#+&54(. ."88!.)(. (71!*97(.-

 !

 ! "#$%&'($)*+ ,+ -'- .'//0"1(!'- ,+* +2+(* !-,!3!,4+"* -#+*( &1* /+5+(0+ &1/ "+ (+*( ,#614*71- 8!($!- 3*9

:;<= 71!* >4+ "1 /0?/+**!'- .'-(!+-( ,+* 31/!1@"+* !-31/!1-( ,1-* "+ (+7&* &'(+-(!+""+7+-( .'//0"0+* 13+. "+* +2+(*

!-,!3!,4+"*A 1"'/* '- &/0B)/+ 4(!"!*+/ 4- (+*( ,#614*71- @1*0 *4/ "1 .'7&1/1!*'- ,+* +*(!71(+4/* CD +( :;<=9
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 ! " #$$% #&'(')*$ (% +%&$',* -*) '!)&$#+*!&) "$ " ).* "%$ /%#)+%! *& 0%1( $ 2345367 /0 ,'8%"$9) :

AHT = [QX,X1, Z1]. 23;6

<( *=')&* -*) '!)&$#+*!&) )#""(.+*!&%'$*) >#' %+.(' $*!& (?*@,%,'&. -* (?*)&'+%&*#$ A<B C+*+'1% *&

D%E#$-1 2345F67 CD ,'8%"$9)7 "$ " )*!& (% +%&$',* -?'!)&$#+*!&) )#'G%!&* :AAM = [QX,X1s, Z1]

*& H$*#),I *& %(B 2345467 HDJ ,'8%"$9)7 (% +%&$',* ABMS = [QX,QX1s, QX2s, BX1, Z1] 2G '$

H$*#),I *& %(B7 34547 " #$ (% -.K!'&' ! -*) +%&$',* X1s *& X2s6B L?*="$*))' ! M.!.$%(* -* (?*)&'8

+%&*#$ A< *)& :

Γ̂jV I = (H
j′
P j
AH

j
)−1H

j′
P j
ACV

j
,

%G*, P j
A = Aj(Aj′Aj)−1Aj′

 N Aj
*)& (% +%&$',* -*) '!)&$#+*!&)B H *& CV ) !& -.K!') -* (%

+O+* P%Q ! >#* H̃ *& C̃V +%') "$*!!*!& %#))' *! , +"&* (?*!- M.!.'&. -* ,*$&%'!*) G%$'%R(*)7

G '$ /%#)+%! *& 0%1( $ 234536B S! #&'(')* #! &*)& -?/%#)+%! " #$ G.$'K*$ (% G%('-'&. -*) '!)&$#8

+*!&) %--'&' !!*()B L% )&%&')&'>#* -* &*)& )#'& #!* ( ' χ2 %G*, , ++* -*M$.) -* ('R*$&. (* ! +R$*

-?'!)&$#+*!&) )#""(.+*!&%'$*)B

T%!) (?*)&'+%&' ! *! -*#= .&%"*)7 )' (? ! 'M! $* >#* (*) $%&' ) -* D'(() '!G*$)*) '!&$ -#'&)

, ++* G%$'%R(*) *="(',%&'G*) -%!) (* )*, !-* .&%"* ) !& , !)&$#'&) U "%$&'$ -*) , *@,'*!&) *)&'+.)

*! "$*+'9$* .&%"*7 %( $) (% +%&$',* -* G%$'%!,*8, G%$'%!,* -*) "%$%+9&$*) *)&'+.) -%!) (% )*, !-*

.&%"* *)& ) #)8*)&'+.*B L*) +%&$',*) -* G%$'%!,*8, G%$'%!,* ) !& - !, , $$'M.*) , ++* -%!) L**

*& %(B 2345V6 *! &*!%!& , +"&* -* (% )&$#,&#$* "%!*( -*) .,I%!&'(( !)B E*) +%&$',*) " #$ (*)

*)&'+%&*#$) DEWX7 Y'&I'! *& A< ) !& -.&%'((.*) -%!) (?%!!*=* C

 !

B

Z!K!7 (*) "%$%+9&$*) -* (?.>#%&' ! )&$#,&#$*((* [$ R'& 2F6 "*#G*!& O&$* *)&'+.) "%$ #!* +.8

&I -* -* +%='+#+ -* G$%')*+R(%!,* )#$ (*) G%$'%R(*) *="(',%&'G*) Vi7 CARi7 ASSi *& (* -'\.$*!&'*(

-* , ]& 2*)&'+.6 ĈV
0

i − ĈV
1

i B L $)>#* (*) , ]&) ) !& *\*,&'G*+*!&  R)*$G.)7 (*) , ]&) *)&'+.) ) !&

,%(,#(.) U "%$&'$ -*) *)".$%!,*) , !-'&' !!*((*) :

E(CV 0it |I = 0) = β0X0
it + γ0Z0i + ρ0

(
φ(Ψ̂)

1− Φ(Ψ̂)

)

E(CV 1it |I = 1) = β1X1
it + γ1Z1i + ρ1

(
−φ(Ψ̂)

Φ(Ψ̂)

)
.

L $)>#* (*) , ]&) !* ) !& "%)  R)*$G.) "%$,* >#* (% , ((*,&'G'&. !?% "%) P%'& (* ,I '= -# + -* -* M*)8

&' ! %(&*$!%&'P7 (*) , ]&) ) !& *)&'+.) U "%$&'$ -# ,%(,#( -* (?*)".$%!,* -*) , ]&)  !"#$%$!""&''&(&"%

 !

 !"# $% &'()$% * %+%,# -.%#/ $%# 0!,1'# (% 21$$# 1"3%0#%# "4!55!0!1##%", 5!# (!"# $! 0670%##1'" 8!0 6$1&1"6# 5!0

$! ,0!"#9'0&!,1'" :1,;1"/ $! &!,018% (% 3!01!"8%<8'3!01!"8% "4! ('"8 5!# =%#'1" (4>,0% 8'00176%?

3^



 ! "#$%&' (!%  !" %) *! +)"' ,-.%/%  

E(CV 0it |I = 1) = β1X0
it + γ1Z0i + ρ1

(
−φ(Ψ̂)

Φ(Ψ̂)

)

E(CV 1it |I = 0) = β0X1
it + γ0Z1i + ρ0

(
φ(Ψ̂)

1− Φ(Ψ̂)

)
.

 !" #$$%&'()&*+ ,-$&.&/0,

 !"!# $%&'()'*+(,- ./ 0* 1,-'+(,- ./ ',2+

 ! "#$%&'#$ () %#*& +!,'!-.) )/& /01%'21) /).#$ .! "#,3) 4)5'-.) &,!$/.#6 789,'/&)$/)$ )& !.:;

<=><?:  @!+!$&!6) )/& AB@)..) '30#/) 0)B () ,)/&,'%&'#$/ ! 0,'#,' /B, .)/ %!,!%&1,'/&'AB)/ () .! &)%9C

$#.#6'): 8@)/& B$) !00,#5'3!&'#$ .#%!.); $#B/ %9#'/'//#$/ .! 3#D)$$) ()/ +!,'!-.)/ 7)$ .#6? %#33)

0#'$& () ,1"1,)$%)

 !

: E'$/'; .)/ %#)F%')$&/ () 0,)3'), #,(,) 0)B+)$& G&,) '$&),0,1&1/ (',)%&)3)$&

%#33) ()/ 1.!/&'%'&1/ () %#*& 1+!.B1/ H .! 3#D)$$) 761#31&,'AB)? () .@1%9!$&'..#$:  ! "#$%&'#$ ()

%#*& +!,'!-.) &,!$/.#6 /@1%,'& I

ln(CV ) = a0 +
∑

h

ah lnwh + av lnV +
∑

k

bk lnCARk

+
1

2

∑

h

∑

h′

ahh′ lnwh lnwh′ +
1

2
bvv(lnV )

2 +
∑

h

bhv lnwh lnV,
7<J?

#K CV ,)0,1/)$&) .)/ %#*&/ +!,'!-.)/; wh .) 0,'5 () .@'$0B& h; V .) +#.B3) (@)!B +)$(B )&

CARk .! +!,'!-.) &)%9$'AB) k:  @)$/)3-.) ()/ %!,!%&1,'/&'AB)/ ()/ /),+'%)/ ,)&)$B)/ )/& I CAR =

{ILP,Ab, Com}:  )/ 0!,!3L&,)/ H )/&'3), /#$& I 7a0; ah; av; bk; ahh′ ; bvv; bhv?: M#B/ /B00#/#$/

AB) .! "#$%&'#$ () %#*& /!&'/"!'& .)/ ,)/&,'%&'#$/ () /D31&,') /B'+!$&)/ I ahh′ = ah′h: N$ #B&,); B$)

"#$%&'#$ () %#*& -')$ (12$') (#'& ,)/0)%&), .! 0,#0,'1&1 (@9#3#61$1'&1 () ()6,1 < 0!, ,!00#,&

!B5 0,'5 ()/ "!%&)B,/: 8)&&) 0,#0,'1&1

 "

)/& '30#/1) !+!$& .@)/&'3!&'#$ () .! "#$%&'#$ () %#*& )$

('+'/!$& .)/ %#*&/ +!,'!-.)/ )& .)/ 0,'5 ()/ "!%&)B,/ () 0,#(B%&'#$ 0!, .) 0,'5 (@B$ "!%&)B, ,1"1,)$&;

'%' .) 0,'5 (B "!%&)B, A 7%!&16#,') (@!B&,)/ "!%&)B,/ AB) &,!+!'. )& 1.)%&,'%'&1?: O.B&P& AB) (@'3C

0#/), (@!B&,)/ ,)/&,'%&'#$/ /B, .! "#,3) 6.#-!.) () .! "#$%&'#$ () %#*& AB' 0#B,,!')$& ,)/&,)'$(,)

.)/ 0,#0,'1&1/ () 4)5'-'.'&1 () .! "#,3) &,!$/.#6; $#B/ $#B/ !//B,#$/ () /! %#$%!+'&1; B$) "#'/ .)/

0!,!3L&,)/ () .! "#$%&'#$ () %#*& )/&'31/; )$ +1,'2!$& AB) .! 3!&,'%) ()/ %#)F%')$&/ {ahh′} )/&

-')$ /)3'C(12$') $16!&'+) 7Q')R),& )& S!.)/ <=T>?:

M#B/ ,1!.'/#$/ 0.B/')B,/ &)/&/ 0#B, +1,'2), %),&!'$)/ 0,#0,'1&1/ () .! &)%9$#.#6'):  ) &)/& (@1.!/C

 !

 ! "#$%&'#$ () %#*& )+& )+&',-) .!/ /!..#/& 0 1! ,#2)$$) ()+ 3!/'!41)+ )5.1'%!&'3)+ %6)+&707('/) 1) 1#8!/'&9,)

()+ 3!/'!41)+ #4+)/3-)+ : lnX; <'$+'= &#>&)+ 1)+ 3!/'!41)+ 0 (/#'&) () 16-?>!&'#$ +#$& $#/,!1'+-)+ .!/ 1)>/ ,#2)$$)

8-#,-&/'?>) +>/ 16-%9!$&'11#$ )$ /)&/!$%9!$& E(lnX);
 "

@1 )+& -?>'3!1)$& (6',.#+)/ >$ )$+),41) () %#$&/!'$&)+ +>/ 1)+ .!/!,A&/)+ () 1! "#$%&'#$ () %#*& :

P

h ah =
1,

P

h ahh′ =
P

h′ ahh′ = 0,
P

h bhv = 0;

<T



 !"! # $% &'(& ! ' !)* '*! +!,% ")*&!& +* - !./)&%, 0%& ,%& ,!" !)*& /+,+.# ,!1'%& ahh′ = 0,∀h, h
′
2

+ /)', )(3%" !4 $% 5+0!$%, )' *)* 0+ &#/+,+(!0! # $%& 4+" %',& $% /,)$'" !)*6 7)'&  %& )*& +'&&!

089:/) 9;&% $89).) 9# !% $% 0+  %"9*)0)<!% =!*$#/%*$+*"% $%& /,!> $%& 4+" %',& % $%& *!5%+'>

$% /,)$'" !)*?6 @%0+ ,%5!%* - !./)&%, 1'% 0%& /+,+.; ,%& "),,%&/)*$+* +'> /,)$'! & ",)!&#&

%* ,% /,!> $%& 4+" %',& % 1'+* ! #& /,)$'! %& &)* ")*3)!* %.%* #<+'> - A#,) B bhv = 0,∀h6

C*D*2 *)'&  %& )*& &! 0+  %"9*)0)<!% *% &% ,#$'! /+& - '*% 4)*" !)* $% ")E @)((FG)'<0+&6

H)', "%0+2 !0 &'I $%  %& %, 0+ &!<*!D"+ !5! # $%& /+,+.; ,%& "),,%&/)*$+* +'>  %,.%& 1'+$,+F

 !1'%& $% 0+ 4),.%  ,+*&0)<2 "% 1'! ,%5!%* - !./)&%, 0%& ,%& ,!" !)*& &', 0%& /+,+.; ,%& &'!5+* %& B

ahh′ = 0, bvv = 0, bhv = 0,∀h, h
′
6

 !"!" #$%&'()(% *+,%(-.)(-/0

7)'& /,#&%* )*& $+*& 0%  +(0%+' J =")0)**% K? 0%& %& !.+ !)*& $%& /+,+.; ,%& $' .)$;0%

H,)(! =L? ,%/,#&%* +* 08#1'+ !)* $% &#0%" !)* &)'& &+ 4),.% ,#$'! %6 M%& /+,+.; ,%& %& !.#& /%,F

.%  %* $% "+0"'0%, 0%& ,+ !)& $% N!00& !*5%,&%& 1'! &%,5%* - "),,!<%, '* /)&&!(0% (!+!& $% &#0%" !)*

$+*& 08%& !.+ !)* $%& 4)*" !)*& $% ")E 5+,!+(0%6 O+//%0)*& 1'% 08%*&%.(0% $%& $# %,.!*+* & $'

"9)!> $% .)$% <%& !)* =&)'& &+ 4),.% ,#$'! %? %& ")./)&# $%& 5+,!+(0%& %>/0!"+ !5%& $%& ")E &2

*) #%& R2 .+!& +'&&! $% 0+ 5+,!+(0% ASS =1'! *8+P%" % /+& 0%& ")E & % 1'! &%, $% ")*$! !)*

$8%>"0'&!)*?6 M%& 4)*" !)*& $% ")E &)* %& !.#%& +5%" 0%& $!P#,%* %& .# 9)$%& 5'%& "!F$%&&'& Q 0%&

,#&'0 + & &)* /,#&%* #& $+*& 0%  +(0%+' R6

H)', 08#"9+* !00)* $% &%,5!"%& %* ,#<!%2 0%  %& $8S+'&.+* ")*&!& +* - ")./+,%, 0%& %& !.+ %',&

T! 9!* % N@UV *% ,%3%  % /+& 089:/) 9;&% *'00% $% *)* "),,#0+ !)* $%& 5+,!+(0%& %>/0!"+ !5%& % $%

08%P% !*$!5!$'%06 7)'& +5)*& +'&&! "+0"'0# 0+ & + !& !1'% $%  %& ")./+,+* 0%& %& !.+ %',& WXFSY

% N@UV $)* 0+ 5+0%', %& KZ2[[ % 0+ /F5+0'% \2KZ ")*$'!&+* +' .].% ,#&'0 + 6 M8%& !.+ %',

$%& N@UV %& $)*" 0% .%!00%', %& !.+ %', &+*& (!+!&6 C* ,%5+*"9%2 ")*"%,*+* 0+ 4)*" !)* $% ")E 

%* <%& !)* $#0#<'#%2 0+ 5+0%', $% 0+ & + !& !1'% $%  %& %& #<+0% - R^K2RZ &)'& 089:/) 9;&% *'00% H0

$% *)* "),,#0+ !)*6 _* ,%3%  % $)*" 089:/) 9;&% H0 +5%" '* ,!&1'% (!%* !*4#,!%', - K` % )* ' !0!&%

'*% .# 9)$% /+, WX6 G+*& "% "+&2 !0 %& *#"%&&+!,% $% 4+!,% $%& 9:/) 9;&%& $8%>)<#*#! #6 7)'&

")*&!$#,)*& 1'% 0%& 5)0'.%& $8%+' /,)$'! & *% &)* /+& %>)<;*%& "+,2 ")..% 0% .)* ,%* V+,"!+

% Y9).+& =R\\a?2 "% &)* $%& 5+,!+(0%& $% $#"!&!)* $%& %>/0)! +* & $%& &%,5!"%& 1'! %* ,%* $+*&

0% ")* ,+ $% $#0#<+ !)* % $#/%*$%* $' /+,+.; ,% θ $8%I"+"! #6 b!*&!2 *! 0+ 5+,!+(0% (lnV ) =% 

&)*  %,.% +' "+,,# (lnV )2? *! 0+ 5+,!+(0% (ln ILP ) =1'! %& ")*& ,'! % - /+, !, $' 5)0'.% $8%+'

/%,$'% Vp? *% &)* /,#&%* & $+*& 0+ .+ ,!"% $%& !*& ,'.%* & AHT $)**#% /+, 0+ 4),.'0% =Ka?6

M% ,#&'0 + $'  %& $8S+'&.+* =+5%" '*% 5+0%', $% Z2ZZ? 5+0!$% *)& 9:/) 9;&%& =/F5+0'% #<+0% -

\2aJ?6 @)..% %>/0!1'# /0'& 9+' 2 )* /%' ' !0!&%, $%& !*& ,'.%* & &'//0#.%* +!,%& /)', +"",)c ,%
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 !"#  ! "#$%&'$%()# *+# ,()-$%()# *+ -(.$ /'0%'12+

 !"#$%& '()*$+(!  !"#$%& ,-*-.(-!

/01$0)*! 2$#3$& 456 2$#3$& 456 748

5%&"#0&#! 9:;9<<=

∗∗∗
9:;:>?=

∗∗∗
9:;:@?A

∗∗∗

B<;<:>:C B<;<<@DC B<;<D=AC

lnV <;D<<=

∗∗∗
<;=D>?

∗∗∗
<;D@>9

∗∗∗
<;>A<?

∗∗∗
<;><@9

∗∗∗

B<;99?AC B<;<=?EC B<;<=<EC B<;<:9?C B<;<:@?C

lnwE <;9D?A

∗∗∗
<;9@=A

∗∗∗
<;<A@A

∗∗∗
<;<@=A

∗∗∗
<;<E:=

∗∗∗

B<;<=EEC B<;<:DAC B<;<<E:C B<;<<A=C B<;<<E:C

lnwT F<;<<>E F<;<9:> <;<=:E

∗∗∗
<;<D@E

∗∗∗
<;<=A@

∗∗∗

B<;<:9=C B<;<9>?C B<;<<E=C B<;<<?@C B<;<<E9C

ln ILP <;:=9?

∗∗∗
<;9@@=

∗∗∗
<;9@@>

∗∗∗
<;9?9:

∗∗∗
<;:<9>

∗∗∗

B<;<:9<C B<;<99DC B<;<9<:C B<;<<??C B<;<<@?C

lnAbon <;A::< <;D?D<

∗∗∗
<;:DE<

∗∗∗
<;=A=<

∗∗∗
<;=E=:

∗∗∗

B<;?<:<C B<;<=DAC B<;<ED=C B<;<::?C B<;<DDEC

(lnV )2 F<;<9?E F<;<D>E

∗∗
F<;<==? F<;<9A@

∗∗
F<;<9E:

B<;9<ADC B<;<9@EC B<;<=<AC B<;<<A@C B<;<:DDC

(lnwE)2 F<;<9@> F<;<@9D

∗∗∗
<;<>D>

∗∗∗
<;<<9> <;<>=>

∗∗∗

B<;<DD<C B<;<:AAC B<;<9E9C B<;<9A9C B<;<9E<C

(lnwT )2 <;<=?9 <;<D@D

∗∗
<;<::A

∗∗
<;<DEA

∗∗∗
<;<:@>

∗∗

B<;<=<:C B<;<:D<C B<;<9::C B<;<9<EC B<;<9:9C

lnwE × lnwT <;<D@=

∗
<;<>:?

∗∗
<;<9=A <;<:==

∗∗
<;<9D>

B<;<:E@C B<;<:<>C B<;<9:EC B<;<99AC B<;<9:AC

lnCom <;:99D

∗∗∗
<;9<=:

∗∗∗
<;9=<>

∗∗∗

B<;<:99C B<;<<?9C B<;<=9=C

Mill <;<EE>

∗∗∗
F<;<9=>

∗
<;<<==

B<;<9@>C B<;<<E:C B<;<9<<C

R2
0G("#- <;@=E: <;@AEE <;@<=? <;@E@? <;@E>:

H%#!" I N0 × T0 = 52× 3 !# N1 × T1 = 47× 4J KL01#"F#M'!" !&#1! '01!&#3N"!"J
∗
;

∗∗
!#

∗∗∗
'%(1 *!" &$O!0(P ,! "$.&$QL0#$O$#- 1!"'!L#$R" ,! 9<%; >% !# 9%J

23+4-'-%$5 *+ 23+#$%&'$+60 789 :+# ;<=($;>#+# *+ /'2%*%$5 *+# &'$0%-+# AAM +$ ABMS )+ #()$ ='#

0+?+$5+#@ )(6# -()-26()# *()- A6+ 23+#$%&'$+60 BCD +#$ 2+ &+%22+60 +#$%&'$+60 =(60 2' ,()-$%() *+

-(.$ *+ 2' E+#$%() *525E65+9 :+# 05#62$'$# *+ -+# $+#$# #()$ =05#+)$5# *')# 2+ $'12+'6 F9

:+# -(+4-%+)$# +#$%&5# *+ 2' /'0%'12+ *+ #52+-$%() '==+25+ Mill #()$ 0+=(0$5# *')# 2+ $'12+'6  9

G+$$+ /'0%'12+ +#$ -'2-625+ H ='0$%0 *+ 2' ,(0&62+ φ(Ψ̂)/(1 − Φ(Ψ̂)) =(60 2' ,()-$%() *+ -(.$ +)

E+#$%() =612%A6+ +$ −φ(Ψ̂)/Φ(Ψ̂) =(60 -+22+ +) E+#$%() *525E65+9 G+ -(+4-%+)$ +#$ #%E)%I-'$%/+&+)$

*%J50+)$ *+ K50( LH 6) )%/+'6 *+ MNO =(60 235-;')$%22() *+ 05E%+# &'%# ='# =(60 235-;')$%22() *+

#+0/%-+# *525E65#9 G+2' =0(6/+ 23+P%#$+)-+ *36) 1%'%# *+ #52+-$%() 2(0#A6+ 2+ -;(%P *+ 2' -(22+-$%/%$5

)3+#$ ='# =0%# +) -(&=$+ *')# 23+#$%&'$%() *+ 2' ,()-$%() *+ -(.$9 :+ #%E)+ =(#%$%, *6 1%'%# *+

#52+-$%() =(60 2' E+#$%() =612%A6+ #%E)%I+ A6+ 2+# -(.$# (1#+0/5# #()$ =26# 52+/5# A6+ -+ A63%2#

'60'%+)$ 5$5 #% 2' -(22+-$%/%$5 '/'%$ -;(%#% 2' E+#$%() *525E65+9 ") 0+/')-;+@ %2 )3< ' ='# *+ *%J50+)-+

#%E)%I-'$%/+ =(60 235-;')$%22() +) E+#$%() *525E65+9

:+# -(+4-%+)$# +#$%&5# *+# /'0%'12+# =+6/+)$ Q$0+ *%0+-$+&+)$ 6$%2%#5# =(60 2+ -'2-62 *+# 52'#R

$%-%$5# *+ -(.$ *6 #+0/%-+ &(<+) *+ -;'A6+ 5-;')$%22()

 !

+$ 23+#$%&'$%() *+# -(.$# &'0E%)'6P9

 !

 1SL! T *0 &%1U0*$"0#$%& ,!" ,%&&-!" B0''1%P$U0#$%& ,! *0 R%&L#$%& ,! L%V# 0(#%(1 ,! *0 U%M!&&!C; *!" '010F

 S



 !"#  ! "#$%&'('$ )*$ '*$'$ )+,(%$-(.

 !"# $!"#%&' $!"#%&'

()*+,"-+' .,/0%1,! (2023,2!

4%#5%' 6"7 89:$ ;<=>; ?>=<;<@A ;BC=BD ?>=>>>>A

EFG* 6"7 89:$ ;H=II ?>=;@JHA <J;=<H ?>=>>>>A

4%#5%' 6"7 EFG* H=HH ?>=D@D<A

EFGK8 6"7 EFG* <=D< ?>=BBJIA

EFGL8M 6"7 EFGK8 <=@H ?>=BBBJA

 !"#$ % &'()*+# #,"-# .)-#,"/0$#$1

/+*$'0-('01. )*$ 213'$ 4(50(6&*$ '1'(%7 81%5 29(:%* -1)* )* ;*$'01. *' &( 85#)02'01. )*$ 213'$

4(50(6&*$ '1'(%7  ! "#$%&'( )*+( +( ,( &!*- $.$!& /&/ 01*! ! 21--* )#250' *. <. )* $*2'01. =>?

.1%$ 8*5-*' )* 2(&2%&*5 &* )0@#5*.'0*& )* 213'$ *.'5* &*$ )*%7 -1)*$ )* ;*$'01.> /* 213' -(5;0.(&

*$' 2(&2%&# 21--* &* 851)%0' )% 213' -1A*. *' )* &+#&($'020'# )% 213' 8(5 5(8815' (% 41&%-* V >

B(5 *7*-8&*C *. 5*85*.(.' &( $8#20<2('01. '5(.$&1; D?=EC &* 213' -(5;0.(& *. ;*$'01. 8%6&0:%* *$'

2(&2%&# )* &( F(G1. $%04(.'* H

Ĉm
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