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() # .&&#6) 7(,! -".4  # #0"* #* 6)4"*"+ (7. (#) #'  *"" !"(,! + 3!")  !"  "**.() .- ( 64"

@"+ (7. "4 .  !" &") "* #'  !" /(8"-D (+ +6$ *.& "4 () .*".+ 3( ! +(,)(A&.) +-#/"1 I)  !" &.+" #'

. CKP +-#/"E K1Q 7 +/. (.- *"+#-6 (#)E .)4 .++67(), /-.)" ,*#6)4 +6*'.&"E /(8"- !"(,! .44( (0"

"**#* 3(-- $" . 7#+ K1LL 7 3( ! . 7".) 0.-6" #' R"*#1

;6&! 0.-6"+ .*" #'  !" +.7" #*4"* #' 7.,)( 64" .+ O(:2S .- (7" *(& .&&6*.&5E .)4 -#3"*  !.)

!"(,! 7".+6*"+ /"*'#*7"4 #)  !" A"-41 9!"*"'#*"E  !" 7" !#4 $.+"4 #) *" .()(),  !" 7.8(767

0.-6" '#* ".&! /(8"-E 3( !#6 () "*/#-. (#)E 3(-- $" 6+"4 '*#7 )#3 #)1 9!" (++6" #' 0#(4 /(8"-+

3(-- $" .44*"++"4 -. "* #)1
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 ." /,0+1-2*$0&2, 23 '$%&'(' )$*(+4

 !"#$% &'() *!"!+,- .#$/,0% 123%-. 2/ 4-2+ 05,6-,!.( 78'9 1 .4,+!,- $%.2-#+!2:;'

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

 !" #$%$&'( &"))'$* +,#"( -. /0 $1 &!" $+'%" ,2 %),3*# "("4'&$,*5 6),3*# 7,$*&1 '88,3*& 2,) '

4")9 1+'(( 7),7,)&$,* ,2 &!" :!,(" 7,$*& 8(,3# $* 2,)"1&"# ')"'15 ;,) "<'+7("= ,* &!" >'3?'*9

7(,&= %),3*# 7,$*& #"*1$&9 $1 ,*(9 @5A +

 !

-:!,(" 7,$*& 8(,3#B AC5A0= '*# &!" 1&'*#')# #"4$'&$,*

@5D +

 !

5 E* 7')&$83(')= ('1") 73(1"1 ')" 3*'F(" &, )"'8! &!" 2,)"1& G,,) F"(,: (')%" &)""1 :$&!

#"*1" 8),:*1= "4"* $* ')"'1 :$&! !$%! 7,$*& #"*1$&95 H38! ')"'1 ')" $#"*&$I'F(" '1 &!" #')J

F(3" 7'&8!"1 $* I%3)" K5LF5 6),3*# 7,$*& #"*1$&9 $1 !$%!") $* ')"'1 :!")" &)""1 ')" +,)" 17')1"

-F,&&,+ ("2& M3')&")0 ,) $* 3*2,)"1&"# ')"'1 138! '1 ),'#1 -($*"1 '(,*% &!" ("2& F,)#") '*# $* &!"

F,&&,+ )$%!& 8,)*")05  !" (,: #"*1$&9 ,2 %),3*# 7,$*&1 !'1 &:, ,)$%$*15 N$&!") 8'*,79 $1 4")9



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

 !"#! $" %!& '()#!# *!$+, -,! .*/(" 0 /* '()#!# $*! $+-($))1 *!2!+-! 31 -,! .*/(" 0 3(- -!**$4"

#(*%$+! 4# #/ */(., /* #/ +*/& ! 31 )/& 5!.!-$-4/" -,$- $ 5!*1 +/"#!*5$-45! #-*$-!.1 4# $ /'-! 

%/* '/4"- +)$##46+$-4/"7 8" 3/-, +$#!#0 -,! "(93!* /% '/4"-# +)$##46! $# .*/(" '/4"-# 4# )/& $" 

-!**$4" #(*%$+! 4# /")1 +/$*#!)1 9/ !)! 7

:)-,/(., -,! *!#()-4". .*/(" '/4"-  !"#4-1 4# -,!/*!-4+$))1 "/- #(;+4!"- -/  !*45! $ <=> &4-,

-,! #$9! #'$-4$) *!#/)(-4/" $# -,! <?>0 $##(9'-4/" 4# 9$ ! -,$- -!**$4" $#'!+- 4# )/+$))1 ')$"!7

=,! 94##4". 5$)(!# &4)) 3! 4"-!*'/)$-! #/ -,$- -!**$4" ,!4.,- 4# $5$4)$3)! -/ !#-49$-! -*!! ,!4.,-

31 #(3-*$+-4". 4- -/ -,! <?> $- -*!!-/' )/+$-4/"#7 =,! 5$)(!# /% -,! <=> $*! +$)+()$-! 31

34)4"!$* 4"-!*'/)$-4/" /% .*/(" '/4"-# $- -,! +//* 4"$-!# /% '4@!) +!"-!*#7 =,! +$"/'1 ,!4.,-

9/ !) ABC>D 4# +$)+()$-! $# -,!  4E!*!"+! 3!-&!!" -,! <?> $" -,! <=> A6.(*! F7GD7 H"!

9(#- 3$*! 4" 94" -,! %$+- -,$- 4" */(., -!**$4"0 !**/*# 4" -,! <=> &4)) '*/'$.$-! 4"-/ +$"/'1

,!4.,- !#-49$-!#7
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 !"#$% &'() *!"!+,- +%$$,!. /01%- ,.1 2$03. 4%!"4+ /01%- 05 6-0+ 24,7-,!89 :;'< / 86,+!,- $%80-#+!0.='

!)3)3) "#,0/' ,4 567 ,( "87 4,( 1$901$ -'&'/&0,+

:- -,4# #-$.!0 4- 4# -!9'-4". -/ (#! -,! BC> %/* -*!!-/'  !-!+-4/"7 8" !! 0 -,! 5!.!-$-4/"

,!4.,- 4#  4*!+-)1 $++!##43)!7 C/&!5!*0 -,! #(3-*$+-4/" /% -,! <=> -/ -,! BC> *!#()-# 4" $

 4#-/*-4/" /% -*!! +*/&"# 4" $*!$# &4-, #-!!' #)/'!7 8" '$*-4+()$*0 -*!!-/' '/#4-4/" 4# #,4%-! 

-/&$*  /&"#)/'! %/* -*!!# &4-, *!)$-45!)1 2$- /* */(" ! -/'# A6.(*! F7ID7 =,! '*/3)!9 !@4#-#

%/* 3*/$ )!$5! -*!!#0 3(- $)#/ %/* #/9! +/"4%!*#0 #(+, $# #4)5!* 6*#0 &,/#! -/'# -!" -/ 2$--!"

&4-, $.! %/*  /94"$"-0 9$-(*! -*!!#7 =,! /* !* /% 9$."4-( ! /% '/#4-4/" #,4%- 4# 9!-*4+0 #/

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

%/* $(-/9$-4+ 9$-+,4". /% 6!) -*!!# -/  !-!+-! -*!!-/'#7 8" #(+, +$#!# -,! -*!!-/' ,!4.,- 4#

$)#/ /5!*J!#-49$-! 7 =/ $5/4 -,4# #,4%-4". !E!+-0 -,! <?> 4# (#! %/* )/+$) 9$@49$  !-!+-4/"7

=,! BC> 4#  4#')$1! %/* -,! +/"5!"4!"+! /% 54#($) $"$)1#4# 4" -,! %/))/&4". 6.(*!# $" (#! 

%/* $ '/#-!*4/*4 *!-*4!5$) /% -*!!-/' ,!4.,-7 :"1&$10 '*!)494"$*1 -!#-# #,/&! -,$-  !-!+-4/"

'!*%/*9$"+! &$# /")1 9$*.4"$))1 $E!+-! &,!" -,! BC> 4# (#! %/* )/+$) 9$@49$  !-!+-4/"

4"#-!$ /% <?>7

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

=,! #+$""4". '$--!*" *!#()-# 4" #!5!*$) $*-4%$+-# 4" -,! <?>K

J 5/4 '4@!)# &,!*! "/ )$#!* '/4"-# $*! '*!#!"- A4"#(;+4!"- #$9')4".  !"#4-10 #,$ 4". !E!+-

/% -*!!# $- "/" "$ 4* $".)!#D0

J )/& '4@!)# 4" -*!! +*/&"# A-,! )$#!* '()#! !"-!*# 4"#4 ! -,! -*!! +*/&" -,*/(., .$'# $" 4#

*!2!+-! 31 )/& 3*$"+,!# /* )!$5!#D7



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

 !" #$%  &" '(%

 !"#$% &'() *%+,$-./!,0 ,+ /$%% 1$,20 3#% /, /4% 1,$$%1/!,0 ,+ 5%"%/./!,0 4%!"4/ 2!/4 /%$$.!0 4%!"4/'  ,$

/4% $,#03 /$%%6 4%!"4/ !7 ,5%$%7/!-./%3 .03 /$%%/,8 8,7!/!,0 74!+/%3 9:;#% ;!0%<'

 ! "#$%&'$( $)*+, -./0,!!$(+ *%+/.$&1)! 1*2, (/ !-,0$30 -./0,4#., &/ 1*(4%, 2/$4 -$5,%!6 &1,

2*%#,! /7 &1, 0/..,!-/(4$(+ -$5,%! $( &1, 89: *., *;,0&,4 &/ &1, 8<:6 =1$01 $! ,>#$2*%,(& &/

!,&&$(+ &1,) &/ ?,./ $( &1, @A:B

 !"!1!2 3+4*&. 5',+-

91, -.,!,(0, /7 %/= -$5,%! $( &1, 8<:6 /. )/., -.,0$!,%C /7 ?,./ 2*%#,! $( &1, @A: 0*( ",

0/(!$4,.,4 *! $)-#%!, /. D!*%& *(4 -,--,.E (/$!,B F( &1$! 0*!,6 &1, ),4$*( 3%&,.6 =1$01 $! *(

/.4,.'!&*&$!&$0 G(/( %$(,*.H 3%&,.6 $! -*.&$0#%*.%C ,;,0&$2, IJK6 -B LKMNB 91, ),4$*( 3%&,. .,-%*0,!

&1, 2*%#, f(x, y) "C &1, ),4$*( /7 &1, 2*%#,! /7 -$5,%! %/0*&,4 $( * +$2,( (,$+1"/.1//4 SxyB O;,0&
/7 &1, ),4$*( 3%&,. 7/. 4$;,.,(& !$?,! /7 &1, (,$+1"/.1//4 G4,3(,4 "C n =1,., 2n+1 $! &1, =$4&1
/7 &1, !>#*., =$(4/=H $! 4,-$0&,4 $( 3+#., MBMB F( &1$! 0*!,6 &1, (/$!, $! .,)/2,4 ,2,( =$&1 *(

*--%$0*&$/( /7 &1, ),4$*( /( * !)*%% (,$+1"/.1//4 Gn = 1HB 9.,, 0/(&/#.! *., *%!/ !)//&1,4B
9.,,! &1*& *--,*. *! !&*.! $( &1, @A: G01*.*0&,.$!&$0 /7 !-.#0, ".*(01,!6 !#01 *! 4/)$(*(&

&.,,! $( -%/& 01*"%*$!L6 7/. ,5*)-%, &1, &.,, *& )*&.$5 0//.4$(*&,! PQ6RQPH *--,*. )/., ./#(4,4B

S(, 4$!*42*(&*+, $! &1*& %/0*% )*5$)* G-/!!$"%, &.,,&/-!H *%!/ 1*2, &1,$. 2*%#,! .,-%*0,4 "C &1,

),4$*(6 =1$01 )$+1& %,*4 &/ *( #(4,.',!&$)*&$/( /7 1,$+1&B :/.,/2,.6 &1, D-,--,.'%$T,E (/$!,

$( (/& #($7/.)%C 4$!&.$"#&,46 *! -*&01,! G!1*4$(+ ,;,0& /7 &.,,!6 *! ,5,)-%$3,4 $( &1, 0*(/-C

+*- $( &1, "/&&/)'.$+1& /7 3+#., MBL"H /. %$(,! G%/=,. -#%!, 4,(!$&C *0./!! -%*&7/.) &.*U,0&/.CH

)$+1& *--,*.B 91, (,$+1"/.1//4 )#!& ", ,5-*(4,4 &/ !*&$!7*0&/.$%C 3%&,. !#01 0*!,!6 "#& &1$!

=$%% .,!#%& $( * %/!! /7 $(7/.)*&$/( $( /&1,. *.,*!B
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 4" 1+.20*03 n = 2

 !"#$% &'&) =>%1/ ,+ -%3!.0 ?;/%$ 2!/4 3!>%$%0/ 0%!"4:,$4,,3 7!@% 97A#.$% 2!03,2 ,+ 2n+1 8!B%;7 2!3/4<'

 !/%#&$/( 7/. "/&1 *!-,0&! $! &1, *4*-&$2, ),4$*( 3%&,.B 91$! 3%&,. *0&! $( &=/ !&,-!B @/('



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

 !"#$ % &!'#( (x, y) %)" !* )#!+,-.$,.." Sxy/ 0!$ * *,# %(+.$!*,1 2.1&%$# *,# 1#"!%) 3%(4# .5

Sxy *. *,# 1!)!141 %)" 1%'!141 !) *,! )#!+,-.$,.."/ 65 *,# 1#"!%) ! #74%( *. .)# .5 *,. #

3%(4#8 !* ! (!9#(: *,%* % 1%;.$!*: .5 &!'#( !) *,# )#!+,-.$,.." %$# %2*4%((: ).! # &!'#( 8 %)"

*,#$#5.$# *,# )#!+,-.$,.." ! !)2$#% #" %)" *,# %)%(: ! $#<!*#$%*#"/ =*,#$>! # *,# %(+.$!*,1

&$.2##" *. *,#  #2.)"  *#&/ 6* ! ).> *,# 3%(4# %* *,# 2.) !"#$#" &!'#( f(x, y) *,%* ! 2.1&%$#"

*. *,# 1!)!141 %)" 1%'!141/ 65 !* ! #74%( *. .)# .5 *,#18 !* ! (!9#(: *,%* *,# &!'#( ! !)"##"

).! : %)" !* ! $#&(%2#" -: *,# 1#"!%) 3%(4#/ =*,#$>! #8 !* 3%(4# $#1%!) 4)2,%)+#"/

?,# %"%&*!3# 1#"!%) @(*#$ ,% *>. %"3%)*%+# .3#$ *,# -% !2 1#"!%) @(*#$A !* %"%&* *,# )#!+,<

-.$,.." 4)*!( *,#  4&&. #" &$.&.$*!.) .5 ).! : &!'#( ! (.> #).4+,8 %)" !* $#&(%2# .)(: *,#

).! : &!'#( / 6) .4$ 2% #8 >,#$# .)(: *,# B&#&&#$<(!9#C ).! # ! &$# #)*8 *,# %(+.$!*,1 ! 1."!@#"

 . *,%* 1%'!141 3%(4# %$# ).* *%9#) !)*. %22.4)* !) *,# @$ *  *#&8 ).$ $#&(%2#" !) *,#  #2.)"

.)#/ ?. *%9# %"3%)*%+# .5 *,# %"%&*!3# )#!+,-.$,.."8 3.!" &!'#( !) *,# DEF %$# ).*  #* *. *,#

3%(4# !) *,# D?F -4* *. G#$.8 2.)*$%$: *. .*,#$ *# *#" ).)<(!)#%$ @(*#$ / 6)"##"8 % &%*2, .5

3.!" &!'#( !) *,# DEF >!(( -# $#&(%2#" -:  #3#$%( "!H#$#)* 3%(4# 5$.1 *,# D?F8 % *#$$%!) ! 

+#)#$%((: ).* I%*/ ?,# &%*2, >!(( ).* %&&#%$ % % 4)!5.$18 ).! : %$#% %)" *,# %(+.$!*,1 >!(( ).*

!)2$#% # *,# )#!+,-.$,.."/

J# !"# 8 *,! &$.-(#1  *!(( #'! * 5.$ (.> 3%(4# >!*,!) *,# 3#+#*%*!.)/ 0.$ #'%1&(# >!*,!) %

2$.>) .5 ,#!+,* %-.3# KL 18 *>. %";%2#)* &!'#( >!*, 3%(4# MN %)" MM 1 2%) -# 5.4)"/ ?,#

%"%&*!3# 1#"!%) %(+.$!*,1 >!(( .)(: 2.$$#2* *,# (.>#$/ 6* 14 * -# %&&(!#" *>!2# !5 -.*, 3%(4# 

%$# *. -# 2.$$#2*#"/ 0!+4$# O/P "! &(%: *,# #H#2* .5 .)# .$ *>.  422#  !3# %&&(!2%*!.) .5 *,#

%"%&*!3# 1#"!%) @(*#$/ Q!*, .)# !*#$%*!.)8 1. * .5 (.> &!'#( %$# 2.$$#2*#"/ Q!*, *>. !*#$%*!.) 

R@+4$# O/P2S8 $#1%!)!)+ (.> &!'#( >!*,!) *,#  *%$< ,%&#"  &$42# 2$.>) ,%3# "! %&&#%$#"/
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 -" 01/ !,,(%-!.%/'2

 !"#$% &'() *+%,- ./ 0102-!3% 4%1!05 67-%$'

)*4*5*4 6-(%#-7-810$7 97&'(3

T(*#$)%*!3# *..( 5.$ *,# $#1.3%( .5 (.> &!'#( %$# &$.3!"#" -: 1%*,#1%*!2%( 1.$&,.(.+:/ ?,! 

&.>#$54( *,#.$: ,% )41#$.4 %&&(!2%*!.) 5.$ !1%+# &$.2#  !)+ &$.-(#1 / =&#$%*!.) !) 1%*,<

#1%*!2%( 1.$&,.(.+: %$# -% #" .)  *$42*4$!)+ #(#1#)* REUS i/ 6) *,!  *4":8 .)(: 2#)*#$#"8

-!)%$: "! 9 %$# 4 #"/ ?,! 2,.!2# ! "$!3#) -: *,# 5%2* *,%* *$## 8 >,!2, %$# *,# #(#1#)* *. -#

,!+,(!+,*#" !) *,# !1%+#8 %$# +#)#$%((: .5 2!$24(%$  ,%&#/ ?,# *>. -% !2 .&#$%*!.) .5 1%*,#1%*<

!2%( 1.$&,.(.+: %$# #$. !.) %)" "!(%*!.)/ 6) % +$%:< 2%(# !1%+#8 *,# #$. !.) ǫi R$# &/ "!(%*!.)

δiS .5 %) !1%+# 2.) ! * !) $#&(%2!)+ #3#$: &!'#( -: *,# 1!)!141 R$# &/ 1%'!141S 3%(4# .5 !* 

)#!+,-.$,.." "#@)#" -: *,#  *$42*4$!)+ #(#1#)* i/ Q!*, *,# # *>. -% !2 .&#$%*.$ 8 1.$# 2.1<

&(#' .&#$%*!.) %$# "#@)#"/ V(. !)+ ψ .5 %) !1%+# f 2.) ! * !) % "!(%*!.) 5.((.>#" -: #$. !.)

>!*, *,#  %1# EU i/

ψi(f) = ǫi(δi(f)) RO/NS



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

 !" #$#%!" &'# !( '#)(*# ")&++ ,(+#" &-. /++ -&''(0 1&2" 3/14'# 56786 9*#- 0:!, & ")&++ "!'4%;

!4':-1 #+#)#-!< ,(+#" &'# /++#. &-. )&=:)4) ,#:1,!" &'# -(! +(0#'#. 3/14'# 567>86 ?,# .:"%'#!#

&22'(=:)&!:(- (@ & %:'%+# (@ /*# 2:=#+" 0:.!, :" &%!4&++A .:&)(-.;",&2#.< 0,:%, !#-." !( 2'(.4%#

.:&1(-&+ &'!:@&%!" :- !,# /+!#'#. :)&1#6 B#":.#"< "()# >':.1#" &22#&' 0,#'# !'##" 0#'# 2'#*:(4"+A

"#2&'&!#. >A -&''(0 1&2"< &-. >:11#' ,(+#"< 2("":>+A !'4# %&-(2A 1&2"< &'# '#.4%#.6 ?,# .:"%'#!#

&22'(=:)&!:(- SEdisk
n (@ !,# .:"C "!'4%!4':-1 #+#)#-!" (@ ":D# n 4"#. :- !,# /14'#" &'#E

SEdisk
1 =





0 1 0
1 1 1
0 1 0



 SEdisk
2 =













0 0 1 0 0
0 1 1 1 0
1 1 1 1 1
0 1 1 1 0
0 0 1 0 0













356F8
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 +" ,(-.%'& /%01 SEdisk
1
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 2" ,(-.%'& /%01 SEdisk
2

 !"#$% &'() *+%,- ./ ,0.1!2" 30-%$ 4!-5 6!171 ./ 6!+%$%2- 1!8%1 91 1-$#,-#$!2" %0%:%2-1'

?( &*(:. !,:" !#-.#-%A !( (*#';/++ !,# 1&2"< &-. )('# 1#-#'&++A !,# .#1'&.&!:(- (@ (':1:-&+

",&2#" >A !,# "!'4%!4':-1 #+#)#-!< !,# %+(":-1 >A '#%(-"!'4%!:(- (2#'&!(' ψi
R %&- ># :-!'(.4%#.

&" GFH5IE

ψi
R(f) = Rǫ

f (δ
i(f)) 0:!, Rǫ

f !,# 1#(.#":% '#%(-"!'4%!:(- >A #'(":(- 356J8

?,# &.*&-!&1# (@ '#%(-"!'4%!:(- (2#'&!('" :" !,&! @#&!4'#" ")&++#' !,&- !,# "!'4%!4':-1 #+#)#-!

&'# '#)(*#.< >4! 0:!,(4! &+!#':-1 !,# ",&2#6 K+(":-1 >A '#%(-"!'4%!:(- '#)(*#" !,# 4-%(--#%!#.

+(0 @#&!4'#" 3/14'# 56L86 ?,# +(0 2:=#+" &'# "&!:"@&%!(':+A /++#. 0,:+# !,# (':1:-&+ ",&2# :"

2'#"#'*#.6 M(0#*#'< "()# +(0 2:=#+" '#)&:- :- !,# !'## %'(0-"6

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

?,# 2'#*:(4" "!#2 (@ -(-;+:-#&' /+!#':-1 )&:-+A &:)" &! '#)(*:-1 !,# &'!:@&%!" :- !,# *#1#!&!:(-

)(.#+ .4# !( !,# &%N4:":!:(- 2&'&)#!#'"6 ?,# -#=! "!#2 :" !( C##2 (-+A !,# :-@(')&!:(- '#+&!#.

!( !'##"6  -.##.< !,# /-&+ (>O#%!:*# :" !( .#!#%! !,# !'##!(2" 0:!, & +(%&+ )&=:)& /+!#':-16

P ":)2+:/#. @'#N4#-!:&+ :-!#'2'#!&!:(- (@ & %&-(2A;,#:1,! (' .:1:!&+;"4'@&%# )(.#+ :)&1# :" !(

%(-":.#' !,&!E

; *#'A +(0 @'#N4#-%:#" &'# +:-C#. !( !#''&:- *&':&!:(-"< 2'(*:.#. !,&! "+(2# :" %(-"!&-! & "%&+#

")&++#' !,&! !,# 0:.!, (@ & !'## 3&22'(=6 QR ) 2#':(.8<

; +(0 @'#N4#-%:#" &'# +:-C#. !( !'## #-*#+(2#" 3F )8<

; )#.:4) @'#N4#-%:#" !( >'&-%,#" 3R6S )8<

; &-. ,:1, @'#N4#-%:#" !( ")&++ >'&-%,#"< +#&*#" &-. T:UPV -(:"# 3R6Q )86



 ! "#$%&'( )* +,&(-./0&1-, $,. 2'&#-.3
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 !"#$% &'() *+%,- ./ ,0.1!2" 34 $%,.21-$#,-!.2 50-%$ 6!-7 8!191 ./ 8!+%$%2- 1!:%1 ;1 1-$#,-#$!2" %0%<%2-1'

 !" !#$! %&"'(")*+ *,)-")- #. /#0"/+ -, #)1(*" ."2"&3/ /,*3/ 435#43 -!3- 6#// ),- *,&&".7,)1

-, 3*-(3/ -&""-,7.8 9)1"& -!" .-&,)$ !+7,-!".#. -!3- :&3)*!".; /"32". 3)1 <#=>? ),#." *3)

:" *,).#1"&"1 3. 3 &3)1,4 ),#.". 6#-! @"&, 4"3); ,)" "A*#")- 63+ -, &"4,2" -!"4 #. /#)"3&

.4,,-!#)$8 B"&" 1#.*&"-" 377&,5#43-#,). ,% C3(..#3) /,673.. D/-"&. 3&" (."18  !" 1#.*&"-"

377&,5#43-#,) Gσ ,% 3 C3(..#3) 0"&)"/ ,% 73&34"-"& σ #. *,)2,/2"1 6#-! -!" ),)E/#)"3& D/-"&"1
2"$"-3-#,) !"#$!- #43$" f -, ,:-3#) -!" .4,,-!"1 #43$" f̂ 8

f̂ = f ⋆ Gσ FG8HI

J5347/". ,% C3(..#3) .4,,-!#)$ 377/#"1 -, -!" 1#$#-3/ .(&%3*" 4,1"/ 7&"2#,(./+ D/-"&"1 :+ -!"

3137-#2" 4"1#3) D/-"& 3&" 1#.7/3+"1 #) D$(&" G8KL8 M#-! σ = 0.25 4 FD$(&" G8KL3I; -!" "N"*- #.

:3&"/+ ),-#*"3:/"8 O) 73&-#*(/3&; :&3)*!". ,% -!" /3&$".- .7&(*" -&"". 3&" .-#// &"43&03:/"; 3)1 /,6

7#5"/. #) -!" *&,6) &"43#) 2#.#:/" F43-&#5 *,,&1#)3-". PL; KLPI8 M#-! σ = 1 4; .43// 31Q3*")-
-&"". -!3- 6"&" #1")-#D3:/" 3. .43// +"//,6 73-*!". #) -!" *")-"& ,% -!" #43$" D/-"&"1 :+ 3137-#2"

4"1#3) #43$" FD$(&" G8R:I 3&" 4"&$"1 #)-, 3 .#)$/"; :3)3)3E.!37"1 :/,: F43-&#5 *,,&1#)3-".

RL; GL #) D$(&" G8KL*I8 M#-! σ = 0.5 4; -&"". 377"3& *,).#1"&3:/+ /".. :&3)*!+ :(- .43// -&"".
3&" 7&"."&2"18

O- #. ),-"6,&-!+ -!3- C3(..#3) .4,,-!#)$ 1,". ),- !3)1/" -!" .34" -+7" ,% ),#." 3. -!" 7&"2#,(.

),)E/#)"3& D/-"&.8  !,." -6, -+7". ,% D/-"& 3&" *,47/"4")-3&+8 S,& "5347/"; #% 3 2"&+ /,6 23/("

#. 7&".")- 6#-!#) 3 *&,6); -!" /,6E73.. D/-"& 6#// ,)/+ 73&-#3//+ #)*&"3." #-; 3)1 6#// 3/., /,6"&

-!" )"3&:+ 23/(".8 T) -!" *,)-&3&+; ),)E/#)"3& D/-"&. 1, ),- &"4,2" 3// -!" !#$!E%&"'(")*+ ),#.";

"2") -,($! -!" 4"1#3) D/-"& F3)1 -, 3 /".."& "5-")-; */,.#)$ D/-"&I !3. 3 .4,,-!#)$E/#0" "N"*-

6!") "47/,+"1 ,) /3&$" 6#)1,6.8

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

<,*3/ 435#43 3&" 1"-"*-"1 :+ *!"*0#)$ %,& "3*! 7#5"/ (x, y) #% #-. 23/(" #. "'(3/ -, -!" 435#4(4
23/(" #) #-. )"#$!:,&!,,1 Sxy8 O% f(x, y) #. #)1""1 3 $/,:3/ 435#4(4 #) Sxy; -!" ,7"&3-#,)
#. &"#-"&3-"1 6#-! 3 /3&$"& )"#$!:,&!,,18 B"&"; *,).#1"&"1 )"#$!:,&!,,1. 3&" *")-"&"1; .'(3&"

6#)1,6. ,% 6#1-! 2n + 1 7#5"/.; Sn
xy8 =(&#)$ -!" ./#1#)$ 7&,*".. ,% -!" 23&#3:/" .#@" 6#)1,6; 3

435#43 #43$" m #. *,47(-"18

m(x, y) =

{

0 #% f(x, y) < maxf (S
1
xy)

2n+1
2 #% f(x, y) = maxf (S

n
xy) 3)1 f(x, y) < maxf (S

n+1
xy )

FG8PI

6!"&" maxf (S
i
xy) #. -!" 435#4(4 23/(" ,% f #) -!" )"#$!:,&!,,1 Si

xy8  !" 23/(" ,% 3 7#5"/ #) m
#. @"&, #% -!#. 7#5"/ #. ),- 3 /,*3/ 435#4(4; 3)1 #. ,-!"&6#." "'(3/ -, !3/% -!" 6#1-! ,% -!" /3&$".-



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

 !"#$% &'()* +,%-. /0 12#33!24 35//.6!4" /0 .6% !52"% 78.%$%9 :; 292<.!=% 5%9!24 >7"#$% &'?:@A B!.6

9!,%$%4. =28#%3 0/$ σ >5@' C<2.!28 $%3/8#.!/4 !3 )'D 5' E2$FG:8#% 0$25%3 !4 .6% 78.%$%9 !52"%3 523F .6%
:/$9%$ %,%-.3'

 !"#$% &'()*& &+%$% ', ' -.*/#. 0#1'0"02 3( ,+' 4$*5%  6 78#)9#5%(, 0#1'0# &',+ %!"#. +%'-+,

0#: /% %1,$#5,%)2 3(  "5+ 5# % 6 *(.: *(% 0#1'0# #0*(- ,+% 0#1'0# ,+#, #$% 785*((%5,%) ' 

$%,#'(%)2 ;% "., *< 0#1'0# %1,$#5,'*( *( )'=%$%(,.: >.,%$%) '0#-% #$% )' 4.#:%) '( >-"$% ?2@@2

A',+*", .*&4#  >.,%$ B>-"$% ?2@@#C6 # +'-+ ("0/%$ *< 0#1'0# ' )%,%5,%)2 D+%'$ ("0/%$  %%0 

0*$% $%# *(#/.% &+%( # (#$$*& E#"  '#( F%$(%. ' " % <*$  0**,+'(- B>-"$% ?2@@/C2 G*&%H%$6

 *0% <#. % )%,%5,'*( $%0#'(6 0#'(.: '( (*( <*$% ,%) -#4 B)#$F /."% #$%# C6 /", #. * '( ,+% <*$0

*< (%#$/: 0#1'0# &',+ #  0#.. H#."% '( m B5*04#5, -$*"4 *<  0#..  !"#$% C2 A',+ σ = 0.5 06

 0#.. 0#1'0# -$*"4 +#H% )' #44%#$%)2 I(<*$,"(#,%.:6 0#(: .*5#. 0#1'0# &',+  0#.. H#."% 

'( m ,+#, &+%$% 5.* % ,* .#$-%$ *(% +#H% #. * /%%( $%0*H%)6 <*$ %1#04.% '( ,+%  4$"5% ,$%% #,

0#,$'1 5**$)'(#,% BJK6 @KJC6 *$ (%#$ ,+%  '.H%$ >$ #, BLK6 MJC2
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 !" #$%&'()* +*$(%, - σ = 0.25
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 ." #$%&'()* +*$(%, - σ = 0.5

 !"#$% &'(() *+,-. /-0!/- 1%2%,2%1 +3 !/-"%4 +52-!3%1 56 - ,+/5!3-2!+3 +7 -1-82!9% /%1!-3 :.2%$!3"

-31 ;-#44!-3 4/++2<!3"' =-,>"$+#31 !4 2<% :.2%$%1 !/-"% #4%1 7+$ .+,-. /-0!/- 1%2%,2!+3' =.-,>

4?#-$%4 -$% 2<% 1%2%,2%1 /-0!/-' @6/5+. 4!A% !4 8$+8+$2!+3-. 2+ 2<% 9-.#% +7 8!0%.4 !3 m(x, y)'

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

 ! "##$%&& '(% )$!*+%, !- '(% !.%$ #%'%/'0!1 !- '$%%'!)&2 "1 "##0'0!1"+ )$!/%#3$% -!$ ,"40,"

&%+%/'0!1 0& )%$-!$,%#5 6' $%+0%& !1 '7! ,"01 "&&3,)'0!1&8

9 '$%%& (".% " ,010,3, (%0:(';

9 '(% (0:(%$ " '$%%2 '(% *0::%$ 0'& #0&'"1/% '! 0'& 1%0:(*!$ !- %<3"+ (%0:('5



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

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

&,*+ *4+ &,"50$(&*&"' &,6+(6&,7 $ #&,&#0# !"&7!* $,/ *!" ."($*&+,'!&- 1"*4"", $ #$%&#$ !"&7!*

hl(x, y) $,/ &*' /&'*$,)" m(x, y) *+ *!" ,"$."'* !&7!". -&%"(8 hl &' *!" )$,+-3 !"&7!* #+/"(
)$()0($*"/ $' *!" /&9".",)" 1"*4"", *!" ,+,:(&,"$. ;(*"."/ <=> $,/ *!" < >8 ?6", *+07!

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

-."2".."/ 2+. *!" "%*.$)*&+, +2 #$%&#$ !"&7!* $' '#++*!"/ !"&7!*' $." 7",".$((3 /")."$'"/ 2+.

#$%&#$ -&%"('8 A, *!" ",/@ $ (+)$( #$%&#0#@ 4&*! )++./&,$*"' (x, y)@ 4!&)! /+"' ,+* 20(;( *!"
2+((+4&,7 &,"50$(&*&"'@ &' /&')$./"/8

{

m(x, y) ≥ mmin +mprop × hl(x, y)

hl(x, y) ≥ hmin
BC8CD

(mmin,mprop, hmin) $." *!" '"(")*&+, -$.$#"*".'8  !" ;,$( &#$7" +2 '"(")*"/ #$%&#$ ms(x, y)
&' +1*$&,"/ 13 '"**&,7 *+ E".+ *!" 6$(0"' &, m(x, y) *!$* /+ ,+* )+#-(3 4&*! &,"50$(&*&"' C8C8
F&70." C8GH /&'-($3' *!" ."'0(* +2 #$%&#$ '"(")*&+,8  !" !"&7!* *!."'!+(/ ."#+6"' (+)$( #$%&#$

&, *!" (+4 6"7"*$*&+, B/$.I 1(0" $."$' &, ;70." C8GH1D8  !" *!."'!+(/ $--(&"/ *+ m ."#+6"'

#$%&#$ +, *!" '#$(("'* ,"&7!1+.!++/' B;70." C8GH)D8 =+#" +2 *!"# #&7!* $)*0$((3 1" *.""*+-'8

 

 

20 40 60 80 100 120 140

20

40

60

80

100

120

5

10

15

20

25

 !" #$ %&'&()*$+  ,-./& 01223"
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 3" hmin = 5 4
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 (" mprop = 05 mmin = 1 4

 !"#$% &'()* +,%-. /0 1/-21 324!32 5%1%-.!/6' 7839/15 2$% .:% 523% 25 !6 ;"#$% &'(('

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

F+. "$)! '"(")*"/ #$%&#$ J -&%"( (x, y) 4&*! ms(x, y) > 0 J *4+ 6$(0"' $." $6$&($1("8 ms(x, y) &'
*!" /&'*$,)" *+ *!" ,"$."'* -&%"( *!$* !$' !&7!". 6$(0"@ $,/ &' +2 (&**(" &,*"."'* +,)" *!" '"(")*&+,

!$' 1"", -".2+.#"/8 hl(x, y) &' *!" "'*&#$*"/ !"&7!*8 K, $//&*&+,$( &,2+.#$*&+, $1+0* *!" $(("7"/
*."" &' +1*$&,"/ 13 '"7#",*$*&+, +2 *!" <=> *+ /"(&,"$*" *."" 1+0,/$.&"'8  !" (&#&*' 1"*4"",

$/L$)",* *.""' )$, 1" /"*".#&,"/ 0'&,7 *!" 4$*".'!"/ '"7#",*$*&+, $(7+.&*!# MNH@ -8 OCNP8  !&'

#+.-!+(+7&)$( +-".$*&+, )+,'&'*' &, /"*".#&,&,7 $."$' 4!"." $(( -&%"(' $." )+,,")*"/ *+ $ '&,7("

#&,&#0# 4&*! $ #+,+*+,&)$((3 /")."$'&,7 -$*!8  !"'" $."$' $." )$(("/ *!" 4$*".'!"/'8 Q&%"('

*!$* /&6&/" *4+ +. #+." $/L$)",* 4$*".'!"/' $." *!" 4$*".'!"/ (&,"'8 ?$)! 4$*".'!"/ &, *!"

R&--"/:+6". <=> )$, 1" )+,'&/"."/ $' *!" ).+4, +2 *!" *."" $''+)&$*"/ *+ *!" (+)$( #$%&#0# &,

*!" <=>8 F&70." C8GS$ '!+4' *!" '"7#",*' +1*$&,"/ 13 4$*".'!"/ '"7#",*$*&+, +2 *!" '#++*!"/

<=>8 K' "$)! #$%&#0# &,/0)"' $ ,"4 4$*".'!"/@ *!" &#$7" &' +6".'"7#",*"/8  + +1*$&, $

'"7#",*$*&+, *!$* &' )+,'&'*",* 4&*! *!" '"(")*"/ #$%&#$@ *!" 4$*".'!"/ $(7+.&*!# &' )+,'*.$&,"/

13 -."6&+0'(3 /"*".#&,"/ #$.I".'T $ (+)$( #&,&#$ )$, ,+* 7&6" 1&.*! *+ $ ,"4 4$*".'!"/ &2 &*

&' ,+* (+)$*"/ +, $ #$.I".8 U"."@ #$.I".' $." *!" '"(")*"/ #$%&#$8 F&70." C8GS$ /&'-($3' *!"

'"7#",*' +1*$&,"/ 13 #$.I".:)+,'*.$&,"/ 4$*".'!"/@ $,/ ;70." C8GS) /&'-($3' *!" 4$*".'!"/



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

 !"#$ %" &'# ()*+ ,$ -#  ,$ &'# $# #.&#/ 0,1!0,2 34&#5 $#60#"&,&!%"+ ," ,//!&!%", 7!839

:,5,0#&#5 !$ ,$$%.!,&#/ &% #,.' $# #.&#/ 0,1!0,; &'# ,5#, %4 !&$ -,&#5$'#/ al+ 6!<#" => &'#

"?0=#5 %4 :!1# $ -!&'!" !&$ $#60#"& 0? &!: !#/ => &'# :!1# $!@# !" $A?,5# 0#&#5$2
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 4" 5!($2)/$- 6,'$) !'- &!23$2)

 !"#$% &'()* +$%% ,%-!.%/0!1. 2!03 2/0%$43%, 4%"5%.0/0!1.* 6/7 $%4#-0!." 4%"5%.048 697 $%4#-0 1: 4%";

5%.0/0!1. <1.40$/!.%, 9= 03% 4%-%<0%, 5/>!5/ /4 5/$?%$4 /., 6<7 2/0%$43%, -!.%4 4#@%$!5@14%, 1. 03%

ABC /-1." 2!03 4%-%<0%, 5/>!5/ 6×8 23!0% <$144%4 /$% 03% 4%-%<0%, 5/>!5/ -1</0%, 1#04!,% 03% D%-,
@-10 5/4?7' E. 6/7 /., 697 <1-1$4 $%:%$ 01 4%"5%.0 .#59%$4'

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

B'# %=C#.&!<# !$ &% &#$& &'# $#"$!&!<!&> %4 &'# /#&#.&!%" , 6%5!&'0 &% :,5,0#&5!@,&!%" ,"/ &% 4%5#$&

$&5?.&?5#2 3$ "?0#5%?$ .,$#$ -!  =# &#$&#/+ !& !$ "%& :%$$!= # &% 0,"?,  > .'#.D ,  /#&#.&!%"

5#$? &$2 3" ,?&%0,&!. ,$$#$$0#"& :5%.#/?5# -!  "%& =# ,= # &% ',"/ # ,  :,5&!.? ,5 .,$#$+

'%-#<#5 !& !$ 0?.' 4,$&#5 ,"/ -!  &5#,& ,  .,$#$ .%"$!$&#"& >2 B'# :5%.#/?5# ?$#/ !" &'!$ -%5D

!". ?/#$ &-% ,$:#.&$2

E 3" ,?&%0,&#/ 0,&.'!"6 :5%.#/?5# &% ,$$#$$ &'# /#&#.&!%" 5,&#2 F& !$ =,$#/ %" &'# G8

/!$&,".# =#&-##" $# #.&#/ 0,1!0, ,"/ &'# :%$!&!%"$ %4 H# / &5##&%:$2

E 3 I$.%5#J <, ?# 4%5 &'# /#&#.&!%" :#54%50,".# &',& &,D#$ =%&' &5?# ,"/ 4, $# :%$!&!<#$ !"&%

,..%?"&2

B'%$# &-% ,$:#.&$ ,5# :5#$#"&#/ !" &'# 4%  %-!"6 :,5,65,:'$2

 !"!# "$ %&'()*+, -./(012.0

B% ,$$#$$ &'# ,..?5,.> %4 &5##&%: /#&#.&!%"+ ," ,?&%0,&#/ 0,&.'!"6 :5%.#/?5# !$ :#54%50#/2 F&

!$ =,$#/ %" &'# .%0:,5!$%" %4 /!$&,".#$ =#&-##" $# #.&#/ 0,1!0, ,"/ &'# :%$!&!%"$ %4 &5##&%:$

,  #6#/ 45%0 &'# H# / !"<#"&%5>+ ,"/ #$&!0,&#$ &'# :5%:%5&!%" %4 .%55#.& > /#&#.&#/ &5##$2 F&

!$ ,$$?0#/ &',& KLM :%$!&!%"!"6 : ,"!0#&5!. #55%5 ǫgps !$ !"4#5!%5 &% N2O 0 ,"/ &',& &'# $ %:#

%4 , &! &#/ &5## stree !$ !"4#5!%5 &% NPQ R<, ?# /#&#50!"#/ => 0#,$?5#$ :#54%50#/ %" &'# ST

'!6'#$& &5##$ !" U,?C,">V2 )#!6'& 0#,$?5#$ ,..?5,.> !$ #$&!0,&#/ &% =# ǫh = 15%2 W"/#5 &'#$#

,$?0:&!%"$+ &'#  !0!& 0,&.'!"6 /!$&,".# =#&-##" , $# #.&#/ 0,1!0, ,"/ , &'#%5#&!., &5##&%:

 %.,&#/ <#5&!.,  > ,& ht 0#&#5$ ,=%<# &'# KLM :%$!&!%" %4 &5## T !$;

dmax(ht) = ǫgps ×
√

1 + s2terrain + stree × (ǫh + 1)× ht RT2XV

-!&' sterrain &'# &#55,!" $ %:#+ $#& &% GYQ2



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

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

!4 +.( /(2% 02!+5 64( !0+$!4 $, +! 7(!2!*"+( +.( /(2% &!84%"'$(, 9$+. " :;< "4% +! (3*28%(

1"3$1" +."+ %! 4!+ ="22 $4,$%( +.( +.(!'(+$*"2 02!+5 >8( +! +!0!7'"0.$* *!4,+'"$4+,- '("2 /(2%

02!+ 1"? &( @8$+( %$)('(4+ ='!1 +.( 02!+ %(/4(% &? +.( :;< *!!'%$4"+(, != $+, =!8' *!'4(',5

A(,$%(,- +.( +!0 != "4 $4#(4+!'$(% +'(( 1"? &( 2!*"+(% !8+,$%( 02!+ &!84%"'? &(*"8,( != +$2+5

 .('(=!'(- +.( 02!+ "'(" $, %(/4(% ", +.( 84$!4 != &8)(' %$,B, *'("+(% "'!84% ("*. +'(( 9$+.

" '"%$8, 0'!0!'+$!4"2 +! +'(( .($7.+- "4% 7$#(4 &? (@8"+$!4 C5D5  .( /(2% 02!+ 1",B $, +.8, "

&$4"'? $1"7( E/78'( C5FG"H5 ;!,,$&2( .!2(, $4 +.( &8)(' "'( /22(% &? " *2!,$47 !0('"+$!4 9$+.

,$3 1(+(' '"%$8, *$'*82"' ,+'8*+8'$47 (2(1(4+5 ;'(#$!8, &!'%(' $, '(*!4,+'8*+(% &? 1!'0.!2!7$*"2

'(*!4,+'8*+$!45 I$4"2 1"+'$3 != ,(2(*+(% 1"3$1" !4 +.( /(2% 02!+ $, !&+"$4(% ", +.( (2(1(4+9$,(

0'!%8*+ != +.( ,(2(*+(% 1"3$1" $1"7( 9$+. 02!+ 1",B $1"7(5 642? +.!,( 1"3$1" "'( 8,(% %8'$47

+.( 1"+*.$47 0'!*(%8'(5
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 1" +,'!-.-./ '!0-'! !.2 3,$2

&4,,(

 !"#$% &'()* +,-./!0" 1$2.%3#$%' 4,5 6207-$#.-!20 28 192- :,7; 4<,.;"$2#03 !:,"%5 8$2: -/% $%"=

#9,$!>,-!20 28 -$%% <#?%$7 4.!$.9%75' 4<5 @%9%.-%3 :,A!:, 92.,-%3 !07!3% -/% <#?%$ 4<9,.; 7B#,$%7C 7!>%

1$212$-!20,9 -2 1!A%9 D,9#% !0 m5 ,03 4.5 .2:1,$!720 E!-/ F%93 -$%%7 4$%3 .!$.9%7C 7G:<29 7!>% 1$212$-!20,9
-2 /%!"/-5'

I!' ("*. 0"$' *!4,+$+8+(% != " +'(( T "4% " 1"3$181 M != '(,0(*+$#( .($7.+, ht "4% hm- "
1"+*.$47 $4%(3 IT,M $, *!108+(% ", +.( '"+$! != +.( %$,+"4*( dT,C &(+9((4 +.( ",,81(% +'((+!0
"4% +.( %(+(*+(% 1"3$181- "4% dmax(ht)5

IT,M =
dT,M

dmax(ht)
EC5JH

 .( 0!+(4+$"2 0"$' 9$+. +.( 2!9(,+ 1"+*.$47 $4%(3 $, #"2$%"+(% "4% +.( 2$,+, != '(1"$4$47 1"3$1"

"4% +'((, "'( 80%"+(% &(=!'( '($+('"+$47 +.( 0'!*(%8'(5 K$4B$47 (4%, 9.(4 "22 '(1"$4$47 #"28(,

!= IT,M "'( 7'("+(' +."4 F5 I'!1 +.$, 0'!*(%8'(- +.'(( *",(, *"4 &( %$,+$478$,.(%L

M +'8( 0!,$+$#( E!' *!''(*+2? %(+(*+(% +'((H- 9.(4 " ,(2(*+(% 1"3$181 $, ,8**(,,=822? 2$4B(%

+! " /(2% +'((-

M ="2,( 0!,$+$#( E!' ="2,( "2"'1- *!11$,,$!4 (''!'H- 9.(4 " ,(2(*+(% 1"3$181 *"4 4!+ &(

1"+*.(% +! "4? /(2% +'((-

M ="2,( 4(7"+$#( E!1$,,$!4 (''!'H- 9.(4 " /(2% +'(( *"4 4!+ &( 1"+*.(% +! "4? ,(2(*+(% 1"3M

$1815

K(+ NTP , NFP , NFN &( +.( 481&(', != +'8( 0!,$+$#(,- ="2,( 0!,$+$#(, "4% ="2,( 4(7"+$#(, '(,0(*M

+$#(2?5 N( ."#( NTP + NFN = NT "4% NTP + NFP = NM 9.('( NT $, +.( 481&(' != /(2%

+'((, "4% NM +.( 481&(' != ,(2(*+(% 1"3$1"5 O4 (3"102( != '(,82+ != "8+!1"+(% 1"+*.$47

!= ,(2(*+(% 1"3$1" 9$+. /(2% +'((, $, %$,02"?(% !4 /78'( C5FP5  .( ="*+ +."+ %(+(*+(% +'((, "'(

1"$42? %!1$4"4+ !4(, "00("', *2("'2? !4 /78'( C5FP&5
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 !"#$% &'()* +%,#-. /0 1#./21.%3 21.45!6" 78 $%3 -!6%,9 :%.;%%6 � <!=>+ ,%-%4.%3 21?!21 163 × @%-3

.$%%./A, 7,41-%, 1$% !6 2%.%$9'

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

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

"+'$,(* #-'+'#$"+,2$,# 6789: #;+4"< =-,#- ,2 $-" /)%$ %& $-" $+;" /%2,$,4"2 +'$,% 4"+2;2 $-" &')2"

/%2,$,4"2 +'$,%> ?"+" $+;" '(0 &')2" /%2,$,4" +'$,%2 '+" 0"@("0 '2 RTP = NTP

NT
'(0 RFP = NFP

NT
>

A"2,0"2< &%+ '##;+'#3 '22"22."($ ' $+'0"5%! 1"$=""( $-" $+;" '(0 &')2" /%2,$,4"2 +'$,%2 -'2

$% 1" &%;(0> B$ ,2 '22;."0 $-'$ &%+ "4"+3 @4" '00,$,%(') $+;" /%2,$,4"2< %(" &')2" /%2,$,4" ,2

$%)"+'$"0> C-" 0"$"#$,%( 2#%+" S ,2 $-;2 #%./;$"0 '2D

S = (w ×RFP )
2 + (1−RTP )

2
=,$- w = 5 6E>F:

=-,#- #%++"2/%(02 $% $-" 2G;'+"0  ;#),0"'( 0,2$'(#" $% $-" /"+&"#$ .'$#- 6NFP = 0 '(0NTP = NT :

=,$- $-" &')2" /%2,$,4"2 +'$,% =",*-$"0 13 ' &'#$%+ H>



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



 !"#$%& '

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

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

 !" #$%&'$ (%)*+%( ,%) -)""-%. /"-"0-1%2 %2 ' .$%- 13 /13.$'4"/ 12 5#6)" 7898 :'0! 3-". %, -!"

'$#%)1-!; 13 .)"3"2-"/ 12 -!" .)"<1%63 0!'.-")8
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 !"#$% &'() *+$,-+. /+$ 0$%%0+1 2%0%30!+4'

 !"#$ $%&%  !" '$#%)1-!; 13 -"3-"/ %2 == .$%-3 ,)%; -!" ,%$$%(12# >1?@A '0B6131-1%23C

D E!';%21F G-!)"" .$%-3C H%633%6FI J)-!'K '2/ E%))6'KLI

D E!'&$'13 G"1#!- .$%-3 26;&")"/ ,)%; 9 -% MLI

D H6)1'2"--" GE%;&"$%6. .$%-LI

D N")0%)3 GO'12-D@#2'2 ;')-"$%30%." /1<1/"/ 12 ,%6) .$%-3 26;&")"/ ,)%; 9 -% PLI

D N'$/)Q;" G;')-"$%30%." /1<1/"/ 12 ,%6) .$%-3 26;&")"/ ,)%; 9 -% PL8

D N'6R'24 G)%0*,'$$ "F.")1;"2- ')"' /1<1/"/ 12 -(% .$%-3C $%(") '2/ 6..") .')-L8

@$$ .$%-3 ')" 3B6')" .$%-3 %, S8=T !'I "F0".- '- O'12-D@#2'2 G)"0-'2#6$') 3!'."C 40 × 62.5 ; 

L

'2/ N'6R'24 G2% .')-106$') 3!'."I '..)%F1;'-"$4 S8UU !'L8  !" 31K" %, -!"3" -)'1212# .$%-3

13 2"0"33')4 -% $1;1- &%)/") "V"0-3 /6)12# -!" ;'-0!12# .)%0"338 W2/""/I "))%)3 ;'4 %006) '-

.$%- &%)/")3 /6" -% .%%) XYO .)"0131%2 '2/ 3-";3 &"12# -1$-"/8 Z1-! &1##") .$%-3I -!" ')"' -%

.")1;"-") )'-1% 120)"'3"3I (!10! /"0)"'3"3 -!" 12+6"20" %, &%)/") "V"0-3 %2 /"-"0-1%2 30%)"8

'!()* $%&% @0B6131-1%2 .')';"-")3 %, >1?@A 36)<"43 ')" .)"3"2-"/ 12 -'&$" P8=8 A"36$-12#

"0!% /"231-1"3 ,%) -!" 5"$/ .$%-3 ')" /13.$'4"/ 12 -'&$" 7898

T7



 ! "#$%&'( )* +,%-.($&.(/ 0'102&232&/ $1$-/020

 !"#$ %&'( )*+,- $./0 1$23*4*$3 56

 !

7 08 90*243 .#!33*:$1 !3 ;<0=21 5>7 !21 ?$;$4!4*02 5@7 80< 4/$ AA

:$#1 9#043&

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

()*+!*$,- 0.8 19.0 (".+/!"01 3.0 3.6 ,#*23*34 0.9 8.4
()*+!*$,5 1.1 10.7 ("660*7 0.4 6.0 8*!%6"./- 1.9 8.5
()*+!*$,9 1.1 12.4 ."0,,"0: 0.3 8.0 8*!%6"./5 1.7 7.5
()*+!*$,4 0.9 13.1 "6#)*79 0.5 8.7 8*!%6"./9 1.5 12.8
()*+!*$,; 0.5 17.6 ,#*23*3- 0.9 9.9 8*!%6"./4 1.6 14.0
()*+!*$,< 0.8 12.3 ,#*23*35 1.1 11.9 8*0=*3>+* 1.4 37.8
()*+!*$,? 0.7 8.0 ,#*23*39 0.7 8.7 8*0=*3>)* 0.8 20.7
()*+!*$,@ 0.8 26.0

4'0&'5 %$($6'&'(0 A" *,,/,, #)/ ,/3,$#$8$#> "B #)/ %/#/(#$"3 *!2"6$#). #" 1*6*./#6$7*#$"3

*3% B"6/,# ,#60(#06/C B"6 /*() #6*$3$32 1!"# 30./6"0, (".+$3*#$"3, "B 1*6*./#/6, *6/ #/,#/%D

A)/ #/,#/% 8*!0/, B"6 #)/ ,1*#$*! 6/,"!0#$"3 "B #)/ EFG *3% EAG $.*2/, *6/ res ∈ {1
5 ,

1
4 ,

1
3 ,

2
5 ,

1
2 ,

2
3 ,1,

3
2} $3 ./#/6,D  6/!$.$3*6> #/,#, H$#) 1$:/! H$%#) 26/*#/6 #)*3 5 . ,)"H/% #)*# %/#/(#$"3

1"#/3#$*! $, %6*,#$(*!!> !$.$#/% B"6 ("*6,/ 6/,"!0#$"3,D

A)/ 16/!$.$3*6> #/,#, *!," ,)"H/% #)*# #)/ $3#/61"!*#$"3 ./#)"% 0,/% B"6 EFG (*!(0!*#$"3 )*,

!$##!/ /I/(# "3 %/#/(#$"3 1"#/3#$*!D F$.$!*6!>C /:#6*(#$32 #)/ .*:$.* "3 #)/ EFG "6 "3 #)/

JKG >$/!%/% ,$.$!*6 6/,0!#,D L*,/% "3 #)",/ M3%$32,C #)/ EFG $, ()",/3 *, #)/ +*,$, $.*2/

B"6 .*:$.* /:#6*(#$"3 *3% $# $, (*!(0!*#/% +> 6/#*$3$32 $3 /*() 1$:/! #)/ .*:$.0. )/$2)# "B

("3#*$3/% N$EOP 1"$3#,D

Q"3R!$3/*6 M!#/6, *6/ #/,#/% ,/1*6*#/!>D O%*1#$8/ ./%$*3 $, *11!$/% ,0((/,,$8/!> nadapt ∈ {1, 2,
3, 4} #$./,D G/%$*3 *3% ."61)"!"2$(*! M!#/6, *6/ *11!$/% H$#) M!#/6 ,$7/ rm ∈ {0.25, 0.5, 0.75,
1, 1.5, 2, 3, 4} $3 ./#/6,D E/1/3%$32 "3 #)/ 6/,"!0#$"3 resC %$,(6/#/ M!#/6 ,$7/ $, *116":$.*#/% #"
#)/ 3/*6/,# $3#/2/6 30.+/6 "B 1$:/!,D rm ("66/,1"3%, #" #)/ H$3%"H )*!BRH$%#) B"6 #)/ ./%$*3

M!#/6 *3% #" ,#60(#06$32 /!/./3# ,$7/ S%$,T 6*%$0,U B"6 ."61)"!"2$(*! M!#/6,D

A/,#/% 8*!0/, B"6 #)/ &*0,,$*3 ,.""#)$32 1*6*./#/6 *6/ σ ∈ {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1,
1.25, 1.5} $3 ./#/6,D E$,(6/#/ *116":$.*#$"3, "B #)/ &*0,,$*3 %$,#6$+0#$"3 *6/ 0,/%D
J6$#/6$* B"6 #)/ )/$2)# #)6/,)"!% "B %/#/(#/% .*:$.* *6/ hmin ∈ {0, 2.5, 5, 7.5, 10, 12.5, 15} $3
./#/6,D

A/,#/% (6$#/6$* B"6 #)/ 6/!*#$"3,)$1 +/#H//3 * .*:$.* )/$2)# *3% $#, %$,#*3(/ #" #)/ 3/*6/,# )$2)/6

1$:/! *6/ (mmin,mprop) ∈ {(0.5, 0), (0.75, 0), (1, 0), (1.25, 0), (1.5, 0), (1.75, 0), (2, 0), (1.5, 1
80),

(1, 1
40), (

2
3 ,

1
30), (

2
5 ,

1
25), (0,

1
20)}

V"6 /*() 1!"#C * #"#*! "B 188160 (".+$3*#$"3, *6/ #/,#/%D O!! (".10#*#$"3, *6/ 1/6B"6./%
0,$32 G*#!*+

"©
*3% $#, W.*2/  6"(/,,$32 A""!+":D

 !" #$%&'(%

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

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

,$&4+)*#+$)% +% $)35 111720 /$' "*,1 -3$#6 7*43" 869 -'"%")#% #1" 4"%# ("#",#+$) '"%!3#% $4#*+)"(
$) "*,1 -3$# *)( #1" ,$''"%-$)(+): %"##+):%6 7'!" -$%+#+;"% '*#+$ '*):"% /'$& 9<68 #$ <=6> ?6 @*3%"

-$%+#+;"% '*#+$ +% 3$A"' #1*) B6> ?6 C,$'"% *'" +) #1" +)#"';*3 [0.06, 0.54]6 71" 4"%# -"'/$'&*),"
+% /$' -3$# ,1*43*+%B0 A1+,1 +% * '",")#35 #1+))"( 5$!): %-'!," -3*)#*#+$) $) * D*# *'"* ERTP =
80.5% A+#1 2;" /*3%" -$%+#+;"%F6  "#",#+$) '*#+$ +% $)35 9<68? +) G$&43"3$!-0 A+#1 /$!' /*3%"

-$%+#+;"%6



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

 !"#$ %!&#% '() *+#%# ,#%* %#**!-.% /)# /$0/1% ,#$(0 234 56 #"7#8* '() 8$(* 9 !- :/!-*;<.-/- 0!*+

93= 5> <$$ -(-;$!-#/) ?$*#)% /)# )#8)#%#-*#@6 %/A# 7$(%!-. ,1 )#7(-%*)B7*!(- C/@/8*!A# 5#@!/-D

E6 5#@!/-D F6 7$(%!-.D EG> H- (-# 8$(*6 *+# ,#%* )#%B$* !% (,*/!-#@ 0!*+(B* -(-;$!-#/) ?$*#)!-.

C()*+/&4G> I#./)@!-. (*+#) 8/)/5#*#)% C-(-;$!-#/) /-@ J/B%%!/- ?$*#)% %!&#%6 %#$#7*!(- 7)!*#)!/G6

-( *)#-@ !% )#5/)K/,$#>

L+# +#!.+* @!%*)!,B*!(-% (' @#*#7*#@ /-@ 5!%%#@ *)##%6 /% 0#$$ /% '/$%# 8(%!*!A#% !% /A/!$/,$# !-

/88#-@!" M>4>2 C?.B)#% M>N /-@ M>OG> P(5!-/-* *)##% /)# .#-#)/$$1 0#$$ @#*#7*#@> L+# @#*#7*!(-

)/*# @#7)#/%#% '() %5/$$#) *)##%>

 !"#$ %&'( )$*+ ,$+$-+./0 1$*2#+* !0, -/11$*3/0,.04 !#4/1.+56 3!1!6$+$1* 7/1 +5$ '' +$*+$, 3#/+*& 8/09

#.0$!1 3!1!6$+$1 n -/11$*3/0,* +/ +5$ 026"$1 /7 .+$1!+./0* /7 +5$ !,!3+.:$ 6$,.!0 ;#+$1< /1 +/ +5$ =.,+5
2n+ 1 .0 6$+$1* /7 +5$ =.0,/= >6$,.!0 ;#+$1? /1 /7 +5$ *+12-+21.04 $#$6$0+ >-#/*.04 ;#+$1*?&

 $(* !@ res Q(-;$!-#/) ?$*#) σ hmin mmin mprop RTP RFP S R!#$@

C5G L18# n C5G C5G C5G CSG CSG *)##%

7+/,$/!%2 1/3 /@> 5#@> 4 0.3 5 0 0.05 51.6 3.9 0.27 153
7+/,$/!%9 1/5 7$(%!-. 2 0.3 15 0.75 0 46.6 2.9 0.31 174
7+/,$/!%4 1/4 7$(%!-. 0.5 0.2 2.5 1 0 64.7 2.0 0.13 102
7+/,$/!%T 1/3 7$(%!-. 2 0.1 5 0.4 0.04 47.6 3.7 0.31 82
7+/,$/!%= 1/4 7$(%!-. 0.75 0.5 15 0.75 0 55.9 2.1 0.21 145
7+/,$/!%F 1/3 /@> 5#@> 3 0.3 7.5 0.5 0 80.5 2.7 0.06 185
7+/,$/!%E 1/5 7$(%!-. 0.4 0.75 5 0 0.05 36.7 5.8 0.48 139
7+/,$/!%N 1/4 5#@!/- 1 0.1 10 0.5 0 45.9 3.7 0.33 109
7(5,#$(B8 1/5 7$(%!-. 1.4 0.3 10 2 0 28.7 3.5 0.54 115
7())B/& 1/5 7$(%!-. 0.8 0.1 10 0 0.05 31.7 2.7 0.48 186
5(B%%(B" 1/5 /@> 5#@> 2 0.5 12.5 1.25 0 44.5 6.0 0.40 281
()*+/&4 1/2 -(-# 0 0.3 7.5 0.67 0.03 45.3 4.1 0.34 148
%*/.-/-2 1/5 7$(%!-. 0.8 0.4 10 0.5 0 55.1 3.8 0.24 78
%*/.-/-9 2/5 /@> 5#@> 1 0.5 15 1.5 0 47.9 0.0 0.27 94
%*/.-/-4 1/3 5#@!/- 0.67 0.75 7.5 0.5 0 40.4 1.1 0.36 94
%*/.-/-T 1/3 5#@!/- 0.67 0.5 10 1.25 0 43.0 4.3 0.37 93
A/$@)(5#2 1/3 5#@!/- 0.67 0.2 10 0.4 0.04 67.7 3.0 0.13 198
A/$@)(5#9 1/4 /@> 5#@> 4 0.4 12.5 1.5 0 67.1 4.0 0.15 149
A/$@)(5#4 1/5 /@> 5#@> 4 0.4 12.5 0.4 0.04 58.9 5.3 0.24 265
A/$@)(5#T 1/5 5#@!/- 0.2 0.2 10 0.4 0.04 58.2 6.5 0.28 400
A/BU/-1,/ 1/5 /@> 5#@> 4 1 7.5 0.5 0 38.0 0.0 0.38 92
A/BU/-1+/ 1/3 5#@!/- 1 0.5 7.5 1.25 0 38.5 2.1 0.39 96

V- 7/%# (' *!#@ %7()#% '() / .!A#- 8$(*6 *+# '($$(0!-. 7)!*#)!/ /)# %B77#%%'B$$1 7(-%!@#)#@ B-*!$

(-$1 (-# )#%B$* )#5/!-%D

; $(0#) '/$%# 8(%!*!A#% )/*!(6

; $/).#) 8!"#$ 0!@*+6

; 5#@!/- ?$*#) !% B%#@6

; 7$(%!-. ?$*#) !% B%#@6

; 7$(%!-. ,1 )#7(-%*)B7*!(- ?$*#) !% B%#@6

; 0!-@(0 0!@*+ '() -(-;$!-#/) ?$*#)!-. !% *+# ,!..#%*6 () -B5,#) (' !*#)/*!(-% '() /@/8*!A#

5#@!/- !% *+# %5/$$#%*6

; +#!.+* *+)#%+($@ hmin !% *+# $/).#%*6

; A/$B# '() *+# @!%*/-7# *+)#%+($@ mmin !% *+# $/).#%*6

; A/$B# '() 7(#W7!#-* mprop !% *+# $/).#%*>



 ! "#$%&'( )* +,%-.($&.(/ 0'102&232&/ $1$-/020

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

)*4*4*5 61&(.789&2.1

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

-4"')*#. !-$ #'(% ,3-"6 "%# 3)0" -! (-$$#("37 .#"#("#. "$##0 1)"% "%#)$ ,'$'&#"#$0 &#'0/$#. -* "%#

8#3. 9%#)+%" h '*. .)'&#"#$ d: '*. "%# 3)0" -! (-$$#0,-*.)*+ 0#3#("#. &'2)&' 1)"% "%#)$ ;)< =
,'$'&#"#$0 9%#)+%" hl '*. ($-1* '$#' al:> ?-$ "$##0 -* ' +)@#* ,3-"5 3)*#'$ $#+$#00)-* &-.#30
'$# "$')*#. "- 8" $#3'")-*0%),0 4#"1##* "%# 8#3. ,'$'&#"#$0 h '*. d '*. "%# #2"$'("#. ;)< =
,'$'&#"#$0 hl '*. al>

?-$ "%# A'3.$B&# ,3-"05 '33 %#)+%"0 %'@# *-" 4##* &#'0/$#. -* "%# 8#3.> C*37 (-$$#("37

.#"#("#. "$##0 1)"% ' 8#3. @'3/# '$# /0#. )* "%# '*'370)0>

)*4*4*4 :'2;#& '0&2<$&'0

D"'")0")(0 -! "%# .)E#$#*(# 4#"1##* ;)< = %#)+%" '*. "%# 8#3. &#'0/$#. %#)+%" -! "%# (-$$#("37

.#"#("#. "$##0 '$# 0%-1* )* "'43# F>G> H#'* .)E#$#*(# )0 #)"%#$ *#+'")@# -$ ,-0)")@# 9IJ>K "-

J>G &:> L%# .)0"$)4/")-* -! h − hl )0 *-" 07&&#"$)( '4-/" K 9p < 0.055 "1-I0).#. M)3(-2-*
0)+*#.I$'*N "#0": !-$ "%)$"##* ,3-"0> L%# %)+%#0" 4)'0#0 '$# !-$ ,3-"0 (%'43')0O '*. -$"%'PG>

D"'*.'$. .#@)'")-* -! .)E#$#*(#0 $'*+#0 !$-& K>FF & "- Q>Q &5 $#0,#(")@#37 !-$ ,3-"0 (%'43')0O

'*. (-&4#3-/,> L%# $--" &#'* 0R/'$# -! .)E#$#*(# h− hl $'*+#0 !$-& J>K "- Q>Q &> ;-1 @'3/#0

'$# -4"')*#. )* ,3-"0 (%'43')0G5 (%'43')0S '*. (%'43')0F>

;)*#'$ $#+$#00)-* &-.#30 1)"% 8#3. %#)+%" '0 .#,#*.#*" @'$)'43# '*. ;)< = %#)+%" '0 )*.#I

,#*.#*" @'$)'43# '$# 8""#. 47 -$.)*'$7 3#'0" 0R/'$#0 1)"% "%# .'"' -! (-$$#("37 .#"#("#. "$##0 -*

#'(% ,3-"6

h = α+ βhl 1)"% (α, β) "%# &-.#3 ,'$'&#"#$0 9F>J:

L'43# F>G .)0,3'70 $#+$#00)-* &-.#3 ,'$'&#"#$0> <'"' ,-)*"0 '$# @#$7 (3-0# "- "%# J6J 3)*#

98+/$# T>JK:5 '*. $#+$#00)-* ,'$'&#"#$ β )0 (3-0# "- J5 #2(#," !-$ @'/U'*74' '*. 0-&# ,3-"0
)* D')*"I +*'* '*. )* A'3.$B&# 1%#$# )" )0 3-1#$ "%'* K>V> A'3/#0 !-$ '.UI=

 

'$# '4-@# K>W5

#2(#," )* @'3.$-&#Q '*. @'3.$-&#G> </# "- "%# !')$37 +--. (-$$#0,-*.#*(# 4#"1##* ;)< =

%#)+%" '*. &#'0/$#. %#)+%"5 "%# $--" &#'* -! 0R/'$#. $#0)./'30 -! $#+$#00)-* &-.#30 )0 -*37

03)+%"37 $#./(#. (-&,'$#. "- "%# $--" &#'* 0R/'$#. .)E#$#*(#0 9$#0,#(")@#37 rmsr '*. RMS )*
"'43# F>G:> X&,$-@#&#*" )0 &')*37 ./# "- 4)'0 (-$$#(")-* )* ,3-"0 1)"% 0&'33 @'$)'*(# -! h − hl
9#>+> ,3-"0 (%'43')0O5 -$"%'PG '*. (%'43')0J:>

Y3-"0 -! h '0 !/*(")-* -! hl '$# .)0,3'7#. )* "%# ',,#*.)2 T>G>Q 98+/$#0 T>JK '*. T>JJ:5
'3-*+ 1)"% "%# -4"')*#. $#+$#00)-* &-.#30> X* (#$"')* ,3-"05 "%# %#)+%"0 -! "%# "'33#0" "$##0 0##&

-@#$#0")&'"#. 98+/$# T>JJ5 D')*"I +*'* ,3-"05 @'3.$-&#Q '*. @'/U'*74':> Z-1#@#$5 D,#'$&'*

(-$$#3'")-* (-#[()#*"0 ρ 4#"1##* h '*. h−hl )*.)('"# "%'" 0)+*)8('*" $#3'")-*0%),0 '$# !-/*. )*
T%'43')0 ,3-"05 (-&4#3-/,5 &-/00-/2 '*. "%$## -! "%# A'3.$B&# ,3-"05 '*. '$# )* !'(" ,-0)")@#

(-$$#3'")-*0> X* "%#0# ,3-"05 "$## %#)+%"0 '$# '33 "%# &-$# /*.#$#0")&'"#. '0 "$##0 '$# "'33>

)*4*4*= >$0$- $('$ '0&2<$&'0

L1- "7,#0 -! $#+$#00)-* &-.#30 '$# "#0"#. !-$ 4'0'3 '$#' $#"$)#@'3 !$-& "1- ;)< = .#$)@#.

,'$'&#"#$06 %#)+%" hl '*. 0#+&#*" '$#' al> L%# '..)")@# &-.#3 )0 '* -$.)*'$7 3#'0" 0R/'$#0
&/3")@'$)'"# 3)*#'$ $#+$#00)-*5 "%# &/3"),3)('")@# &-.#3 )0 -4"')*#. 47 3-+I"$'*0!-$&'")-* -! '33

@'$)'43#0 ,$)-$ "- ',,37)*+ "%# '..)")@# &-.#3>

g = α+ βhl + γal 9F>Q:

g = αhβl a
γ
l 9F>G:



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

 !"#$ %&'( )*++$,-#. /$-$,-$/ -+$$0 12-3 4$#/56$!07+$/ 3$283-( 0-!-20-2,0 *9 -3$ /2:$+$;,$ "$-1$$; 8+*7;/

-+7-3 !;/ <2=>? 3$283- @6$!;A 0-!;/!+/ /$B2!-2*;A +**- 6$!; 0C7!+$A !;/ DE$!+6!; ,*++$#!-2*; ,*$95

4,2$;- ρ 12-3 6$!07+$/ 3$283-FA !;/ +$8+$002*; 6*/$# "$-1$$; 4$#/ 3$283- h !;/ <2=>? 3$283- hl(
h = α+βhl @6*/$# E!+!6$-$+0A !/G5? 

!;/ +**- 6$!; 0C7!+$ +$02/7!#0F& D28;24,!;,$ #$B$#0(

!!! p < 0.001A
!! p < 0.01A ! p < 0.05A • p < 0.1& D28;24,!;,$ #$B$#0 2; -3$ HI$!;J ,*#76; ,*++$0E*;/ -* -3$ K2#,*L*;
028;$/5+!;M -$0- !EE#2$/ -* h− hl&

 !"# $%

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

"0 #+**. 5*-3 ,#% %*67 15, ρ α β -%891

 

+(.+

/:-)!-$.; 79 0.97!!! 1.02 1.40 0.48!!! 0.35 1.05 0.93 1.00
/:-)!-$.< 81 0.76!!! 1.62 1.78 0.41!!! 0.12 1.02 0.86 1.61
/:-)!-$.= 66 0.46!!! 0.90 1.00 0.29! 0.17 1.02 0.97 0.88
/:-)!-$.> 39 0.87!!! 1.34 1.59 0.28• 0.88 1.00 0.98 1.33
/:-)!-$.? 81 −0.05 1.11 1.10 0.30!! 1.13 0.96 0.80 1.10
/:-)!-$.@ 149 1.27!!! 0.77 1.49 0.22!! 1.82 0.96 0.85 0.77
/:-)!-$.A 51 0.36! 1.19 1.23 0.30! −0.31 1.04 0.96 1.16
/:-)!-$.B 50 −0.04 1.66 1.65 0.42!! −1.39 1.06 0.95 1.59
/"()*!"'4 33 −0.28 2.24 2.23 0.38! 1.03 0.95 0.79 2.20
/"++'-C 59 0.57!! 1.50 1.59 0.00 1.50 0.95 0.95 1.45
("'.."'D 125 0.62!!! 1.76 1.86 0.39!!! 0.56 1.00 0.83 1.75
"+#:-C= 67 1.31!!! 1.18 1.75 0.11 1.06 1.01 0.95 1.17
.#-23-3; 42 −0.98!!! 1.45 1.74 0.24 2.27 0.87 0.86 1.35
.#-23-3< 45 −1.03!!! 1.89 2.13 0.07 5.26 0.75 0.72 1.64
.#-23-3= 38 −0.52 1.91 1.95 0.03 3.14 0.84 0.82 1.73
.#-23-3> 40 −0.16 1.69 1.67 −0.04 2.17 0.89 0.87 1.59
6-!%+"(*; 45 0.91!!! 1.09 1.41 0.28• 2.43 0.92 0.81 1.06
6-!%+"(*< 33 0.07 1.91 1.89 0.32• 6.16 0.71 0.52 1.73
6-!%+"(*= 52 0.15 1.49 1.49 0.11 4.76 0.74 0.70 1.30
6-!%+"(*> 96 0.39!! 1.42 1.47 0.29!! 2.00 0.89 0.77 1.38
6-'8-3E)- 35 −0.91! 2.03 2.20 −0.10 2.20 0.89 0.89 1.88
6-'8-3E:- 37 −0.50 1.91 1.95 0.10 1.12 0.94 0.92 1.85

F:* 4'+4".* :*+* $. 3"# #" %*6*!"4 3*G H$IJ19)-.*% -!!"(*#+$/ +*!-#$"3.:$4. 0"+ #+** %$-(*#*+

"+ )-.-! -+*- 4+*%$/#$"37 K# $. 8'.# #" .:"G #:-#L G:*+*-. :*$2:# 4+*%$/#$"3 0+"( H$IJ1 $.

M'$#* .#+-$2:#0"+G-+%L %*+$6-#$"3 "0 "#:*+ #+** 4-+-(*#*+. $. - 0-+ ("+* %$N/'!# #-.O $3 /"(4!*DL

:*#*+"2*3*"'. 0"+*.#.7

F-)!* A7> %$.4!-E. #:* -%891

 

/"*N/$*3# 0"+ )"#: #E4*. "0 ("%*!.L G:*3 "3!E H$IJ1 :*$2:# $.

'.*% -. 6-+$-)!* -3% G:*3 /+"G3 -+*- $. -!." $3/!'%*% -. 6-+$-)!*7 -%891

 

+-32*. 0+"( P7P@ #" P7BP

G:*3 "3!E hl $. *(4!"E*% -. 6-+$-)!* $3 #:* -%%$#$6* ("%*!7 Q3 ."(* 4!"#.L $3/!'%$32 al $3/+*-.*.
#:* %*2+** "0 R#7 K3 #:* R+.# #:+** 4!"#. "0 S-!%+T(*L -%%$#$6* +*2+*..$"3 ("%*!. G$#: "3!E hl -+*
4""+!E R##*%L )'# #:* $3/!'.$"3 "0 al 2+*-#!E $3/+*-.*. #:* -%891 

7 K(4+"6*(*3# $. -!." 3"#$/*-)!*

$3 4!"#. /:-)!-$.; -3% .#-23-3;7 U$#: #G" H$IJ1 6-+$-)!*.L )*.# +*.'!#. 0"+ #:* -%%$#$6* ("%*!

-+* ")#-$3*% 0"+ 4!"#. /:-)!-$.;L /:-)!-$.BL /"++'-C -3% /:-)!-$.=L G$#: -%891

 > 0.87
U$#: #:* ('!#$4!$/-#$6* ("%*!L -%891

 

6-!'*. -+* 2*3*+-!!E )*##*+ )'# .$($!-+ #+*3%. -+* 3"#$/*9

-)!*7 5$3$('( -3% (-D$('( 6-!'*. -+* (0.06, 0.93) -3% (0.36, 0.93) 0"+ ("%*!. G$#:"'# -3%
G$#: al +*.4*/#$6*!E7 F:* $3/!'.$"3 "0 al E$*!%. - 2+*-# $(4+"6*(*3# $3 -!! S-!%+T(* 4!"#.L -3%
$3 /:-)!-$.B7 Q)#-$3*% )*.# R#. -+* .!$2:#!E )*##*+ G$#: -%891

 

0"+ /:-)!-$.>L /:-)!-$.BL S-'8-3E

4!"#.L /:-)!-$.= -3% 6-!%+"(*< -)"6* P7B7

K# $. 3"#*G"+#:E #:-# ,4*-+(-3 /"++*!-#$"3 /"*N/$*3# )*#G**3 #:* -%891

 

6-!'* "0 #:* ('!#$9

4!$/-#$6* ("%*! G$#: #G" H$IJ1 6-+$-)!*. -3% #:* .#*( %*3.$#E :-. - 3*2-#$6* 6-!'* V9P7@<WL



 ! "#$%&'( )* +,%-.($&.(/ 0'102&232&/ $1$-/020

 !"#!$%&#' &' '() p < 0.01 *)+)*, -.//)*&'!.# 0!'( .'()/  '&#1 2&/&3)')/ 4 '&#1 5& &* &/)& &#1

1.3!#&#' ()!"('6 &/) #.'  !"#!$%&#' 4p > 0.16,

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

 

-. /0#123#$ 4$54$662-7 /-)$#6 .-4 18$ 34$)2912-7 -. "!6!# !4$! :218 ;2<=, >!42!"#$6

?8$2581 hl !7) 94-:7 !4$! al .-4 9-44$91#@ )$1$91$) 14$$6 :218 A$#)+/$!604$) 8$25816B&

7*.' !1

8935)/ &1:;<

 

.= 39*'!2*) /)"/)  !.# 3.1)*

.= '/)) g = α+ βhl + γal g = α+ βhl g = αhβl a
γ
l g = αhβl

%(&5*&! > 79 ?,@A ?,B@ ?,BB ?,BA

%(&5*&! A 81 ?,CA ?,CA ?,D? ?,D?

%(&5*&! C 66 ?,@> ?,EB ?,@C ?,EE

%(&5*&! D 39 ?,BD ?,F@ ?,GC ?,GC

%(&5*&! F 81 ?,DE ?,D> ?,DF ?,DC

%(&5*&! B 149 ?,CE ?,CF ?,BB ?,FG

%(&5*&! E 51 ?,BE ?,BE ?,EE ?,EE

%(&5*&! @ 50 ?,@A ?,@? ?,@B ?,EE

%.35)*.92 33 ?,DA ?,CG ?,BD ?,BF

%.//9&H 59 ?,@> ?,@? ?,EA ?,EC

3.9  .9I 125 ?,C@ ?,C@ ?,FE ?,FE

./'(&HC 67 ?,E> ?,BD ?,EG ?,EE

 '&"#&#> 42 ?,BA ?,DG ?,FB ?,DE

 '&"#&#A 45 ?,BA ?,FB ?,B> ?,FA

 '&"#&#C 38 ?,FF ?,FB ?,EB ?,EB

 '&"#&#D 40 ?,BF ?,BF ?,E? ?,E>

+&*1/.3)> 45 ?,BB ?,CE ?,DF ?,DD

+&*1/.3)A 33 ?,EE ?,DF ?,@> ?,DD

+&*1/.3)C 55 ?,DG ?,?B ?,DC ?,?B

+&*1/.3)D 96 ?,CE ?,C@ ?,CG ?,CB

+&9:&#J5& 35 ?,BG ?,E? ?,@D ?,@F

+&9:&#J(& 37 ?,EE ?,ED ?,@D ?,@C

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

K9) '. '() (!"( #935)/ .= %.35!#&'!.# L .#*J & "/&2(!%&* .+)/+!)0 .= '() /) 9*' ! 2/) )#')1,

M# '() =.**.0!#" $"9/) L '() 3.#.'.#!%&**J !#%/)& !#" 5./1)/ .= '() 2.!#' "/.92 )#+)*.2) 

4)N%!)#%J =/.#'!)/6 &/) /)2/) )#')1 !# '() (RFP , RTP ) 2*&#)L 0!'( RFP ≤ 0.2 &#1 RTP ≥ 0.2,
O&%( 2.!#' /)2/) )#' & 2&/&3)')/ %.35!#&'!.#L "/.92 &/) %.# '!'9')1 &%%./1!#" '. +&*9) .=

& "!+)# 2&/&3)')/, P() 922)/ 5./1)/ .= '() 1!Q)/)#' 2.!#' "/.92 !#1!%&') 0()'()/ & "!+)#

2&/&3)')/ (& *!3!'!#" )Q)%' .# 1)')%'!.# 2)/=./3&#%), M5+!.9 *JL '(! /.9"( &22/.&%( %&##.'

&11/)  '() %.35!#)1 )Q)%' .= 2&/&3)')/ ,

<)"&/1!#" '() '/&1);.Q 5)'0))# '/9) &#1 =&* ) 1)')%'!.# L  .3) ")#)/&* '/)#1 &/) #.'!%)&5*),

R!'( (.3.")#).9  '&#1 L '/9) 2. !'!+) /&'!. !#%/)& ) "/)&'*J 0()# & =)0 =&* ) 2. !'!+) &/)

'.*)/&')1, P()# '/9) 2. !'!+) /&'!. =9/'()/ !#%/)& )  *.0*J )+)# != 3./) =&* ) 2. !'!+) &/) '.*;

)/&')1, OI&32*) =./ '(! %& ) ! "!+)# 5J 2*.' %(&5*&! BL 0(!%( ! & J.9#"  2/9%) 2*&#'&'!.#, S./

 '&#1 '(&' &/) 3./) ()')/.")#).9 L  9%( & 2*.' %(&5*&! FL %(&5*&! > &#1 %(&5*&! E 4$"9/) E,A&6L

'() .5 )/+)1 <M- %9/+) ! 3./) /.9#1, T# ()')/.")#).9  '&#1 L '() <M- %9/+) &* .  ))3 

3./) U&' =./  '&#1 1.3!#&')1 5J & =)0 +)/J *&/") '/)) L  9%( & 2*.' +&9:&#J(&L  '&"#&#> ./

%(&5*&! D 4$"9/) E,A56,

R!'( 2!I)*  !H)  3&**)/ '(&# &22/.I!3&')*J ?,F 3)')/L &%(!)+)1 1)')%'!.# 2)/=./3&#%) !  !3;
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 !"#$% &'() *+,!%-,. /$0-1!%$ /0$ 234 56017 8!19 :3$!0#7 9%1%$0"%-%!1. 0$ 2;4 9%1%$0"%-%0#7 56017 <0=!>

-31%< ;. 3 /%8 63$"% 1$%%7'

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

) 3&! - 4&  - 5 6 786.#& 9+:";+

< =&#&/* /%/>! /&"# 8!*&#- ? &!1 @&#? - 2 !"# #&-.!*-+ A%B&@&#0 '!%- /6 5? #&'%/-*#.'* %/  - $#&>

C.&/*!? !&-- &D' &/* *("/ '!%- /6 %# 2&1 "/ 8!*&#-+ 786.#& 9+:5;+

E(& - 4& %$ *(& F".-- "/ G&#/&! $%# !%B)"-- 8!*&# /6 6#&"*!? "=&'*- *(& *#"1&>%= 5&*B&&/ $"!-&

"/1 *#.& )%- * @&- #"* %-+ ,%# σ "5%@& H+9I 2&*&# *#.& )%- * @&- #"* %  - 5%./1&10 5.* -% 1%&-

*(& $"!-& )%- * @&- #"* %+ J/1&&10 B *( σ = 1 20 RFP 6&/&#"!!? #&2" /- 5&!%B KHL+ ,%# @"!.&-

5&!%B H+I 20 /% 6&/&#"! )"**&#/  - /%* '&"5!& 786.#& 9+:';+
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 /" σ  $"

 !"#$% &'?) *@%,1 0/ 53$3=%1%$7 0- 19% %+,!%-,. /$0-1!%$ 0/ 19% <%1%,1!0- 36"0$!19= /0$ 5601 ,93;63!7?'

M=&'* %$ *(& (& 6(* *(#&-(%!1 #&"!!? 1&)&/1- %/ *(& $%#&-* -*#.'*.#&+ N/ -%2& )!%*-0 ( 6(

*(#&-(%!1- 5%./1 *(& *#.& )%- * @&- #"* %+ N/ )!%* '("5!" -K0 B( '(  - " #"*(&# -)"#-&0 ?%./6

 ##&6.!"# -*"/10 ( 6( *(#&-(%!1- #&2%@& -2"!! 1&*&'*&1 *#&&- 5.* %*(&# @"!.&- ("@& /% /%* '&"5!&

&=&'* 786.#& 9+O";+ N/ )!%*- B *( " @&#? ( 6( "/1 (%2%6&/&%.- '"/%)? '%@&#0 *(#&-(%!1 /6 *(&

(& 6(* @"!.&- ("- /%/ &=&'* 786.#& 9+O5;+ J/ %*(&# '"-&-0  /*&#2&1 "*& @"!.&- $%# *(& *(#&-(%!1

(&!) #&2%@ /6 1&*&'*&1 -(#.5- "/1 B( !& G&&) /6 -2"!! *#&&- 786.#& 9+O';+

M=&'* %$ *(& 1 -*"/'& *(#&-(%!1 1 -)!"?- /% 6&/&#"! *#&/10 -(%B /6 *("*  * 2 6(* 5& %/!? "

-&'%/1"#? "-)&'*+ N/ 2%-* )!%*- (%B&@&#0 -&!&'* %/ 5"-&1 %$ @"!.&- %$ mmin 6#&"*&# *("/ K+I 2

#&-.!*  / !%B&# 1&*&'* %/ )&#$%#2"/'&+
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 !"#$% &'() *+%,- ./ 0!+%$%1- 234#%5 /.$ -6% 6%!"6- -6$%56.40 73$38%-%$ hmin 98: .1 -6% %;,!%1,< /$.1-!%$'

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

)*4*!*5 6'1'($- 7.1028'($&2.10

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

#!./(.,3*4! 3*1 "%3*1 #3.3,!%!." 3.! $*5!"%$63%!17 83-'! 97: #.!"!*% %&! ;#!3.,3* .3*< 4(..!=

'3%$(* 4(!>4$!*% ρ -!%)!!* "%3*1 #3.3,!%!." 3*1 %&! %.+! #("$%$5!" .3%$( (-%3$*!1 )$%& %&! -!"%
"!%%$*6 /(. !34& #'(%7 8.+! #("$%$5!" .3%$( $" #("$%$5!'? 4(..!'3%!1 %( 4(*$/!.(+" %.!! #.(#(.%$(*

@p < 0.05A -+% $" *!63%$5!'? 4(..!'3%!1 )$%& 1(,$*3*% &!$6&% @p < 0.05A7 B(..!'3%$(* $" "$6*$0=
43*% 3% %&! p < 0.1 '!5!' /(. "%!, 1!*"$%? @ρ = 0.37A7 C% $" *(%!)(.%&? %&3% %&! *+'' &?#(%&!"$"
%&3% 1(,$*3*% &!$6&% 3*1 4(*$/!.(+" #.(#(.%$(* 3.! *(% 4(..!'3%!1 43**(% -! .!D!4%!1 @p = 0.7A7
E'(% 4&3-'3$"F 3##!3." 3" 3* (+%'$!. 3*12 )&!* .!,(5!1 /.(, %&! 13%3"!%2 4(..!'3%$(*" 3.! '!""

"$6*$043*% /(. 1(,$*3*% &!$6&% 3*1 "%!, 1!*"$%?7

=3>4% &'?) @7%3$831 ,.$$%43-!.1 ,.%;,!%1- ρ >%-A%%1 -6% -$#% 7.5!-!2%5 $3-!. 310 /.$%5- 5-310 73$38%-%$5'
 !$5- $.A ./ -6% -3>4% 0!5743<5 $%5#4-5 A6%1 344 BB 74.-5 3$% ,.15!0%$%0' @%,.10 $.A 7$%5%1-5 $%5#4-5 /.$

344 74.-5 %C,%7- -6% .#-4!%$ ,63>43!5D' @!"1!E,31,% 4%2%4)

• p < 0.1F  p < 0.05'

;+-"!%

G3"3' ;%!,  (,$*3*% B(*$/!.(+"

3.!3 1!*"$%? &!$6&% #.(#(.%$(*

@3''A 0.07 0.37• −0.45 0.53 

@= 4&3-'3$"FA 0.19 0.33 −0.37• 0.53 

)*4*!*4 "(.0093$-28$&2.1 .: .%&2;$- 0'&&21<0

H$6+.! 97: 1$"#'3?" -(I#'(%" (/ "4(.!" (-%3$*!1 (* 3'' #'(%" /(. %&! "!%%$*6" (#%$,$J!1 (* !34&

#'(% $*1$5$1+3''?2 3*1 )$%& 3 6'(-3' K35!.36!L "!%%$*67 8&$" "!%%$*6 $" %&! #3.3,!%!." 4(,-$*3%$(*

%&3% ?$!'1" %&! '()!"% ,!3* "4(.! (* 3'' #'(%"2 $7!7 smin = argmin(
∑

i S
j
i ) )$%& S

j
i %&! "4(.!

(-%3$*!1 (* #'(% Pi )$%& %&! "!%%$*6 sj 7 8&! (-%3$*!1 smin 4(*"$"%" $* %&! /(''()$*6 #3.3,!%!."M

4(,#+%3%$(* (/ $,36!" (/ "#3%$3' .!"('+%$(* res = 0.4 ,2 0'%!.$*6 )$%& (*! $%!.3%$(* (/ %&!
313#%$5! ,!1$3* 0'%!.2 N3+""$3* ",((%&$*6 )$%& σ = 0.75 ,2 .!,(53' (/ ,3I$,3 )$%& &!$6&% h
+*1!. hmin = 5 ,2 3*1 (/ ,3I$,3 )&("! 53'+!" $* %&! ,3I$,3 $,36! 1( *(% "3%$"/? m ≥ 0.05×h
@mmin = 0 3*1 mprop = 0.05A7

H(. "!5!.3' "!%%$*6"2 (+%'$!. "4(.!" 3.! #.!"!*% @1(%" /3. (+%"$1! %&! )&$"<!." $* 06+.! 97:3A7

8&!"! 53'+!" 3.! ,3$*'? (-%3$*!1 (* #'(% 4(,-!'(+#7 8&.!! "!%%$*6" %+.* (+% %( ?$!'1 5!.?
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 !"#!$%& "&'(%)'* )+&'& !"& )+& ,-)#.!% '&))#/0' 1&)&".#/&1 ,/ -%,)'  !%1",.&23 4+!$%!#'5 !/1

4+!$%!#'6 7%!"0& $,8&' #/ 90("& :;<!=; >+& .&!/ '4,"& ?#)+ )+& ! &"!0& '&))#/0 #' @;2: ?#)+

! ')!/1!"1 1& #!)#,/ ,A @;B<; >+& .#/#.(. !/1 .!8#.!% '4,"&' !"& ,$)!#/&1 ?#)+ )+& -%,)'

)+!) !%', C#&%1&1 )+& .#/#.(. !/1 .!8#.(. '4,"&' ?#)+ )+& ,-)#.!% '&))#/03 "&'-&4)# &%C -%,)

4+!$%!#'6 !/1 4,.$&%,(-; >+& .&!/ '4,"& ?#)+ ,-)#.!% '&))#/0' #' @;D@3 ?#)+ @;BE ')!/1!"1
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 !"#$% &'() *+,-.+/ +0 1%/%2/!+3 42+$%4 +5/6!3%1 +3 6.. 77 -.+/4 0+$ /8% 4%//!3"4 1%/%$9!3%1 +3 %628 -.+/

!31!:!1#6..;< 631 0+$ /8% 6:%$6"% 4%//!3"'

F#0("& :;6 1#'-%!C' $,8-%,)' ,A '4,"&' ,$)!#/&1 ?#)+ !%% ,-)#.!% '&))#/0' A," &!4+ -%,); G&H

)&4)#,/ '4,"&  !%(&' !"& )+& '!.& !' #/ 90("& :;<3 &84&-) )+!) )+&C !"& 0",(-&1 $C )&')&1 -%,)

#/')&!1 ,A )&')&1 '&))#/0; I!/C ,()%#&"' !"& /,)#4&!$%& 790("& :;6!=3 ?+#4+ .&!/' )+!) A," !%%

-%,)' ',.& #/!--",-"#!)& '&))#/0' &8#'); J(4+ -,#/)' 4,""&'-,/1' ), '&))#/0' ,-)#.#K&1 A," -%,)'

4+!$%!#'63 4+!$%!#'5 !/1  !%1",.&23 )+!) +! & '+,?/ -,," -&"A,".!/4& #/ )+& -"& #,(' 0"!-+;

>+& 4,.$&%,(- -%,) 0# &' )+& .,')  !"#!$%& 1&)&4)#,/ "&'(%)'; >+& ! &"!0& '&))#/0 1&)&4)#,/

'4,"& #' (/1&" )+& 9"') L(!")#%& ,A 1&)&4)#,/ '4,"&' A," B< -%,)' 790("& :;6$=; M) #' %,4!)&1 !$, &

)+& .&1#!/ A," ,/%C A,(" -%,)' 74+!$%!#'<3 4+!$%!#'53  !%1",.&D !/1  !%1",.&2=;

I&!/ '4,"&' 4!/ $& 4!%4(%!)&1 -%,)H?#'& ," '&))#/0H?#'&; I&!/ '4,"& A," -%,) Pi #' S̄i =
1
N

∑

j S
j
i !/1 .&!/ '4,"& A," '&))#/0 sj #' S̄j = 1

N

∑

i S
j
i ; F#0("& :;: 1#'-%!C' )+& '4!))&"-%,)

,A (S̄i, S̄i)3 #;&; )+& .&!/ 1&)&4)#,/ '4,"& ,$)!#/&1 ?#)+ !%% '&))#/0' ,/ -%,) i !' ! A(/4)#,/ ,A

)+& .&!/ '4,"& ,$)!#/&1 ,/ !%% -%,)' ?#)+ )+& '&))#/0 1&)&".#/&1 ,/ -%,) i; >+& .&!/  !%(& ,A

1&)&4)#,/ '4,"&' A," -%,) 4,.$&%,(-3 !/1 ), ! %&''&" &8)&/)3 -%,) ')!0/!/B !"& +#0+ 7:;N !/1 D;:

"&'-&4)# &%C=; O,?& &"3 )+& '&))#/0' 1&)&".#/&1 ,/ )+&'& -%,)' !"& L(#)& ",$(') !' )+&C C#&%1 .&!/

1&)&4)#,/ '4,"&' ,/ !%% -%,)' ,A @;<: !/1 @;ND "&'-&4)# &%C; P/ )+& 4,/)"!"C3 '&))#/0' 1&)&".#/&1

,/ -%,)'  !%1",.&23 4+!$%!#'5 !/1 4+!$%!#'6 0# & -,," "&'(%)' ?#)+ .&!/ 1&)&4)#,/ '4,"&' ,A 5;B3

6;@ !/1 <;N3 $() '4,"&' ,$)!#/&1 ,/ )+&'& -%,)' ?#)+ ,)+&" '&))#/0' !"& '!)#'A!4),"#%C ?#)+ .&!/

1&)&4)#,/ '4,"&' ,A @;6E3 @;<N !/1 @;<E; Q%,) 4+!$%!#'D %#&' #/ ! #/)&".&1#!)& -,'#)#,/ 4,.-!"&1 ),

)+& )?, !A,"&.&/)#,/&1 0",(-'; >+& "&.!#/#/0 -,#/)' !"& 0!)+&"&1 #/ !/ !"&! $,(/1&1 $C S̄i < 3
!/1 S̄i < 2; J-&!".!/ "!/R 4,""&%!)#,/ ρ $&)?&&/ (S̄i) !/1 (S̄i) #' −0.63 7p < 0.01= #A !%% -,#/)'
!"& 4,/'#1&"&13 !/1 −0.56 7p < 0.05= #A )+& '#8 -,#/)' .&/)#,/&1 -"& #,('%C !"& "&., &1; >+#'
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 !"#$% &'() *+,-.+/ +0 1%/%2/!+3 42+$%4 +5/6!3%1 7!/8 6.. 4%//!3"4 0+$ %628 -.+/' 92+$%4 +5/6!3%1 7!/8 /8%

6:%$6"% 4%//!3" 6$% 1!4-.6;%1 64 × $%1 2$+44%4'
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 !"! #$%&'%%$() * 

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

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

 !"!+!+ ,(&-. /-0$/- 1023-&2$()

 !" #$%&# '&()'& "(*+&%*)$, &#-$+)*!' %$,.).*. $/ ,0'"+$0. .*"1.2 3$+ "&%! $,"4 ."5"+&# 1&+&'6

"*"+. !&5" 7"", *".*"84 #"&8),- *$ & )'1$+*&,* ,0'7"+ $/ *".*"8 %$'7),&*)$,.2 9$:"5"+4 +".0#*.

),8)%&*" *!&* *!" :!$#" 1+$%".. %$0#8 7" .$'":!&* .)'1#);"82 <".)8".4 .$'" .#)-!* '$8);%&*)$,.

%&, 7" 1"+/$+'"8 ), $+8"+ *$ '&=" %$'1&+).$,. 7"*:"", 1&+&'"*"+ ."*. '$+" '"&,),-/0#2

>"-&+8),- +".$#0*)$,4 )* &11"&+. *!&* "5", :!", ?)@A> 8&*& ). *!"$+"*)%&##B ,$* 8",." ",$0-!

*$ %$'10*" )'&-". :)*! .'&## 1)("# .)C"4 -$$8 8"*"%*)$, 1"+/$+'&,%" &+" $7*&),"82  !). ')-!*

7" #),="8 :)*! *!" /&%* *!&* ,$,6#),"&+ ;#*"+. &+" .0%%"../0# ), ;##),- "'1*B 1)("#.2  !", *!"

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

 !). #"&8. *$ & '&+-),&##B 7"**"+ 8"*"%*)$, 1"+/$+'&,%" :)*! *!" '&*%!),- 1+$%"80+" 7&."8 $,

8).*&,%". 7"*:"", *!" &..0'"8 *+""*$1 &,8 *!" 1$.)*)$, $/ *!" #$%&# '&()'0'2  !" ),/$+'&*)$,

$+)-),&##B %$,*&),"8 ), *!" 1$),* %#$08 ). ),8""8 7"**"+ +"*&),"8 ), ;,"+ -+)8.2 9$:"5"+4 *!"

%$'10*&*)$,&# 70+8", /$+ 1+$%"..),- .0%! )'&-". ). !)-!"+2 D/ .)')#&+ 1"+/$+'&,%" ). $7*&),"8

:)*! .#)-!*#B %$&+."+ +".$#0*)$,4 "2-2 E2F $+ E2G '4 :$+=),- :)*! .0%! 1)("# .)C" ')-!* 7" '$+"

"H%)",* ), $1"+&*)$,&# &11#)%&*)$,.2 I$+"$5"+4 )/ 8"#),"&*)$, $/ *+"". J :!)%! 8"'&,8. "5", '$+"

KLM J ). 1"+/$+'"8 &/*"+ '&()'& ."#"%*)$,4 &, &#*"+,&*)5" /$+ 7"**"+ ".*)'&*)$, $/ *+"" 1$.)*)$,

&,8 !")-!* :$0#8 7" *$ ."#"%* *!" 1$.)*)$, $/ *!" !)-!".* ?)@A> "%!$ ), *!" ?)@A> 1$),* %#$08

%$,*&),"8 ), *!" ."-'",*2

>"-&+8),- ,$,6#),"&+ ;#*"+.4 )* &11"&+. *!&* ;#*"+. *!&* &+" *!" #".. %$,."+5&*)5" :)*! .!&1".

N'"8)&, &,8 %#$.),-O B)"#8 7"**"+ +".0#*. *!&* %#$.),- 7B +"%$,.*+0%*)$,2  !). .!$:. *!&* ), *!"

1+$%".. $/ 8"*"%*),- *+""*$1.4 ;," 8"*&)#. $/ *+"" %+$:,. 8).*0+7 *!" 8"*"%*)$, $/ *!" -#$7&# .!&1"

$/ *+"".2  !" %&." $/ *!" &8&1*)5" '"8)&, ;#*"+ ). P0)*" 8)Q"+",*4 &. )* ). P0)*" %$,."+5&*)5" :)*!

%+$:, 8"*&)#. 70* &#.$ &8R0.*. *!" :),8$: .)C" *$ *!" ".*)'&*"8 ,$)." #"5"#2  !). ')-!* "(1#&),

:!B )* 1+$80%". -$$8 +".0#*.2 9$:"5"+4 /$+ & '$+" *+0*!/0# %$'1&+).$, $/ ,$,6#),"&+ ;#*"+.4

.)')#&+ :),8$: .!&1". .!$0#8 7" 0."82 D,8""84 .P0&+" :),8$:. &+" 0."8 /$+ *!" ;#*"+. 7&."8 $,

'"8)&,4 :!"+"&. 8).= .*+0%*0+),- "#"'",*. &+" 0."8 /$+ %#$.),- ;#*"+.2 S)5", *!" .!&1" $/ *+"".4

%)+%0#&+ :),8$:. ')-!* 7" & 7"**"+ %!$)%"2  !). +"'&+= &#.$ .*&,8. /$+ *!" :),8$: 0."8 /$+ #$%&#

'&()'& 8"*"%*)$,2 9$:"5"+ *!). ). #)="#B *$ -)5" $,#B '),$+ 8)Q"+",%". TUGVW2

 !" &88)*)$,&# ."#"%*)$, 7&."8 $, '),)'0' !")-!* 1+$5"8 0."/0#4 '&),#B ), .1&+." .*&,8.2 D,

/&%*4 8"*"%*"8 '&()'& ')-!* +"&##B %$++".1$,8 *$ .'&## *+"". $+ 70.!".2 <0* &. *!"." 1#&,*. &+"

,$* %$,.)8"+"8 ), *!" ;"#8 ),5",*$+B4 $+ &+" ,$* ),*"+".*),- *$ *!" /$+".* '&,&-"+4 )* ). 7"**"+ *$

+"'$5" *!"' ), $+8"+ ,$* *$ 7)&. *!" 8"*"%*)$, 1"+/$+'&,%" $+ .*&,8 1&+&'"*"+. ".*)'&*". N"2-2

,0'7"+ $/ .*"'. &7$5" & %"+*&), @<9O2

X"#"%*)$, 7&."8 $, *!" +"#&*)$,.!)1 7"*:"", *!" 5&#0" ), *!" '&()'& )'&-" m4 :!)%! %$+6
+".1$,8. *$ *!" .)C" $/ *!" :),8$: :!"+" *!" 1)("# ). #$%&# '&()'0'4 &,8 1)("# !")-!* ).
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(RTP , RFP )
(0.74, 0.03), (0.86, 0.1) (0.92, 0.08)

(RTP , RFP ) = (45.4, 5.5) n = 2584
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 4" 72 3&)4,56- S(r) !$. S(ri)

 !"#$% &'() *+,-#./.!+0 +1 .2% 3-%4.$#, 1+$ -5+. 42/65/!37' 8/9 *:; /. <'= , $%3+5#.!+0' 869 >?

3-%4.$#, +6./!0%@ 6A ? B' 849 (? 3-%4.$#,) $%@ @+.3 /$% /55 .2% -+!0.3 S(r)C 65/4D 5!0% !3 .2% S(ri)
/E%$/"% 4#$E%'

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

 !" #$%&'$(&)* +,)-"'.," $&/0 $( -)/+$,&*1 (!" '"("-(&)* +",2),/$*-" )2 #$,&).0 +)00&3&%&(&"0

2), $%1),&(!/ +$,$/"(,&4$(&)*5 6" -)*0&'", $ #$%&'$(&)* +%)( P v
$*' $ 0"( T )2 n (,$&*&*1 +%)(0

(P i)i∈{1,··· ,n}5

 !" 7,0( +)00&3&%&(8 () +$,$/"(,&4" (!" $%1),&(!/ &0 () -!)0" (!" 0"((&*1 sTmin (!$( 8&"%'0 (!" %)9"0(

/"$* 0-)," )* $%% (,$&*&*1 +%)(05  !&0 $#",$1" 0"((&*1 &0 '"(",/&*"' $0 sTmin = argmin(
∑

i S
j
i , j ∈

A) 9&(! Sj
i (!" 0-)," )3($&*"' )* +%)( 9&(! (!" 0"((&*1 sj 5  !" 0"( A )2 111720 -)/3&*$(&)*0

("0("' &* (!" +,"#&).0 -!$+(", &0 -)*0&'","' 2), (sj)i∈A5  !" '"("-(&)* +",2),/$*-" 0-)," )3:
($&*"' 38 .0&*1 sTmin )* (!" #$%&'$(&)* +%)( P

v
&0 *./3","' Saverage5

 !" 0"-)*' +)00&3&%&(8 &0 () $++%8 (!" )+(&/&4"' 0"((&*1 )3($&*"' )* $ (,$&*&*1 +%)( (!$( 3"0(

,"0"/3%"0 (!" #$%&'$(&)* +%)(5  !" 3"0(:/$(-! (,$&*&*1 +%)( &0 (!" )*" 9&(! (!" /&*&/./ ;.:

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

)3($&*"' 38 '"("-(&*1 (,""0 )* P v
9&(! (!" )+(&/$% 0"((&*1 )2 (!" +%)( 9&(! %)9"0( '&0($*-" 2),

(!" !"&1!( '&0(,&3.(&)* <,"0+5 0+"-(,./= -,&(",&)* &0 *./3","' SH−opt <,"0+5 SS−opt)5
>), -)/+$,&0)* +.,+)0"0? (!" %)9"0( 0-)," )3($&*"' )* P v

9&(! (!" )+(&/$% 0"((&*1 (Topt) )2 (!"

(,$&*&*1 +%)(0 &0 $%0) ,"-),'"'5  !" 0"((&*1 &0 -!)0"* $0 sTopt = argmin(
∑

i S
j
i , j ∈ Topt)? $*' (!"

,"0.%(&*1 0-)," )* P v
&0 Sopt5  !" 0-)," )3($&*"' 9&(! $ ,$*')/%8 0"%"-("' 0"((&*1 &* Topt &0 $%0)

,"-),'"' $0 Srandom5

 ) $00"00 (!" &*@."*-" )2 (!" *./3", )2 (,$&*&*1 +%)(0 )* (!" '"("-(&)* +",2),/$*-" )2 "$-!

)2 (!"0" +$,$/"(,&4$(&)* $%(",*$(&#"0? (!" 2)%%)9&*1 +,)-"'.," &0 &/+%"/"*("'5 A #$%&'$(&)* +%)(

&0 0$/+%"' 2,)/ (!" BB ,"2","*-" +%)(05 n (,$&*&*1 +%)(0 $," 0$/+%"' 2,)/ (!" BC ,"/$&*&*1 +%)(05

D$%."0 )2 Saverage? SH−opt? SS−opt $*' Sopt )3($&*"' 9&(! (!" +,)+)0"' 9),E@)9 $," ,"-),'"'5

 !" -)/+.($(&)* &0 ,"+"$("' 104 (&/"0 2), "$-! #$%." )2 n &* {5, 6, · · · , 21}5



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

 !" #$%&'(%

 !"!# $%&'()*

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

 !"#$% &'( )*+,) -*% *%!"*- .!)-$!/#-!+0 +1 2!345 6+!0-) +1 -*% $%1%$%07% 68+-)' 9- !) 0+-%,+$-*:

-*;- *%!"*- .!)-$!/#-!+0 +1 6+!0-) !) <#!-% )!=!8;$ -+ *%!"*- .!)-$!/#-!+0 +1 -$%%) !0 7+$$%)6+0.>

!0" 68+-) ?;66%0.!@ AB'  +$ %@;=68%C -*% *+=+"%0%+#) 7;0+6: 7+D%$ !0 -*% )!0"8%>8;:%$%. 68+-)

7*;/8;!)E ;0. 7*;/8;!)F ;66%;$) ;) )*;$6>6%;G%. .!)-$!/#-!+0) !0 /+-* 7;)%) ?H"#$% &'(/B' I*%

%@!)-%07% +1 -,+ 8;:%$) !0 68+- 7*;/8;!)J 7+#8. %@68;!0 -*% 6$%)%07% +1 -,+ =+.%) !0 -*% 6+!0-)

*%!"*- .!)-$!/#-!+0 ?H"#$% &'(;B' K8+- 7+$$#;L *;) =+$% )=;88 -$%%) -*;0 -*% +-*%$ A*;=+0!@

68+-)C ,*!7* !) $%M%7-%. /: -*% *!"*%$ 6$+6+$-!+0 +1 8+, 2!345 6+!0-) ?H"#$% &'(7B' I*% .!N%$>

%07%) !0 -*% *%!"*- .!)-$!/#-!+0) +1 -*% -,+ 68+-) +1 O;#P;0: ;0. +1 -*% 1+#$ 68+-) +1 Q;!0->4"0;0

;$% *;$.8: 0+-!7%;/8% ?H"#$%) &'(. ;0. &'(%B' I*% .!)-$!/#-!+0) !0 -*% O;8.$R=% 68+-) $%M%7-

-*% 1;7- -*;- ;88 68+-) %@*!/!- ; )!0"8%>8;:%$C *+=+"%0%+#) )-$#7-#$%C /#- ,!-* )8!"*-8: .!N%$%0-

.+=!0;0- *%!"*-)' I*%: ;$% ;88 6%;G>)*;6%.C /#- )*!1-%. ;8+0" -*% *%!"*- ;@!) ?H"#$% &'(1B'

 +$ 8+, *%!"*-)C -*% 7+$$%)6+0.%07% !) 0+- )+ )-$;!"*-1+$,;$.C ;) )=;88 -$%%) ;0. /#)*%) ;$%

0+- !0D%0-+$!%.' I*% D%$: 78+)%. 7;0+6: !0 68+- 7*;/8;!)E $%)#8-) !0 -*% ;/)%07% +1 6+!0-) 0%;$

-*% "$+#0.C ,*%$%;) ,*%0 7;0+6: !) 8%)) .%0)% +$ 6$%)%0-) ";6)C 8+, 6+!0-) ;=+#0- -+ ; 8;$"%$

6$+6+$-!+0' I*% 7+=/%8+#6 68+- !) ; %@-$%=% %@;=68%C ;) 6+!0-) /%-,%%0 ( ;0. ('E =%-%$) *!"*

$%6$%)%0- ;8=+)- +0% 1+#$-* +1 -*% -+-;8' I*!) =!"*- /% %@68;!0%. /: -*% 1;7- -*;- -*% 2!345

)#$D%: ,;) 6%$1+$=%. !0 8%;1>+N 7+0.!-!+0)C +$ /: ; /;. 6$%>6$+7%))!0" +1 -*% 6+!0- 78+#.'
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 >" 7!&4?@15 )&*+(

 !"#$% &'() *!+,$!-#,!./ .0 1.!/, 23.#4 5%!"5,+ !/ ,5% $%0%$%/2% 13.,+'



 ! "#$%&'(  ) *+,-%'(./,'0 $123(/&#4 %$($4'&(/5$&/3+

 )6)7)6 "$+3%8 #'/2#& 430'1 ,%'9&($

 !"#$% &'( )!*+,-.* /0% 12 *+%3/$- S(ri) 45 /0% $%5%$%63% +,4/*'  $%7#%63!%* /0-/ 34$$%*+46)

/4 /$%% %68%,4+%* -$% -++$49!:-/%,. !6 /0% $-6"% [0.05, 0.5] : !

;+%$!4) !6 [2, 20] :%/%$*<' =,4/
30->,-!*? 0-* -6 04:4"%6%4#* #++%$ ,-.%$ 45 ,-$"% /$%%* @0!30 :!"0/ %9+,-!6 @0. !/* *+%3/$#:

0-* /0% ,-$"%*/ 8-,#%* 54$ 5$%7#%63!%* >%/@%%6 A'AB -6) A'1B :

 !

;C"#$% &'(-<' =,4/ 30->,-!*B 0-*

-6 04:4"%6%4#* 3-64+. 45 *:-,,%$ /$%%*D -6) /0% *+%3/$#: )!*+,-.* - /->,%E,!F% -$%- >%/@%%6

5$%7#%63!%* A'AB -6) A'G :

 !

D @0!30 :!"0/ 34$$%*+46) /4 +,-6/-/!46 *+-3!6" ;C"#$% &'(><' H4:%

$%:-$F->,% +%-F* 433#$ !6 /0% *+%3/$- 45 :4#**4#9 -6) 30->,-!*1 +,4/* -/ 5$%7#%63!%* A'?G -6)

A'BB $%*+%3/!8%,.' I0!* !6)!3-/%* +%$!4)!3 5%-/#$%* /0-/ :!"0/ >% ,!6F%) @!/0 -,!"6%) */$!+* 45 84!)

+!9%,* !6 /0% JKL 3-#*%) >. /0% *3-66!6" +-//%$6' I0%*% ,!6%* -$% 8!*!>,% !6 /0% A'M : JKL 45

+,4/ :4#**4#9 ;C"#$% J'G%<D >#/ -$% >-$%,. 64/!3%->,% 54$ /0% JKL 45 30->,-!*1 -* /0%!$ 8-,#%

!6 /0% *+%3/$#: !* :4$% /0-6 /%6 /!:%* *:-,,%$ ;C"#$% J'?><' I0% 84!) +!9%,* :!"0/ -,*4 >%

$%*+46*!>,% 54$ /0% 0!"0 %6%$". 8-,#%* !6 /0% 8%$. 0!"0 5$%7#%63!%* 45 /0% *+%3/$#: 45 */-"6-6?'

N6 :-6. -$%-*D /0% A'M : JKL $%*%:>,%* - 30%** >4-$) -/ +!9%, ,%8%,'  !%,) +,4/ -$% #*#-,,.

-,!"6%) 46 346/4#$ ,!6%* !6 4$)%$ /4 %-*% C%,)@4$F'  4$ /0% *-:% $%-*46D OPH *#$8%. Q!"0/ +-/0*

-$% -,!"6%) 46 346/4#$ ,!6%*' R0%6 /0% JKL !* $4/-/%) /4 -,!"6 /0% +,4/ @!/0 !:-"% "$!)D /0%

*3-66!6" +-//%$6 !* -,*4 -,!"6%) @!/0 /0% !:-"% "$!)D @0!30 %60-63%* /0% $%*#,/!6" 64!*% !6 /0%

JKLD -* @04,% 04$!S46/-, ,!6%* $%:-!6 @!/04#/ !654$:-/!46'
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 !"#$% &'() *+,-.%/0$1 S(ri) 02% $%3%$%4/% .560-' 7.%/0$#8 /6%9/!%40- 64 02% :,1;!- 1$% 56",-/15%<' ;,1;!-

!- 51=%55%< !4 1=-65#0% 3$%>#%4/!%- ?8

 !

@'



 !"! #$%&'(%  )

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

 !"!"!) *+,&$+-$ ./ (012+2+3 %$( %24$

 !"#$% &'( )!*+,-.* /0% 1%-2 -2) */-2)-$) )%3!-/!42 45 *64$% 3-,#%* 47/-!2%) 8!/0 /0% 104

$%+%/!/!42*' 9#$3%* *048 /0-/ $-2)41 *%,%6/!42 45 42% 45 /0% *%//!2"* 5$41 /0% /$-!2!2" +,4/*

$%*#,/* !2 -2 -3%$-"% *64$% 45 1.8: 8!/0 - */-2)-$) )%3!-/!42 45 -$4#2) 4.6' ;0% /0%4$%/!6-, *64$%
47/-!2%) 7. /0% *%,%6/!42 45 /0% 7%*/ *%//!2" !2 /0% -3-!,-7,% /$-!2!2" +,4/* .!%,)* 1%-2 3-,#%*

,48%$ /0-/ <'(= 8!/0 <'>< */-2)-$) )%3!-/!42' ;0%*% 3-,#%* )%6$%-*% *,!"0/,. 80%2 /$-!2!2" *%/ *!?%

!* !26$%-*%) -2) $%-60 0.38± 0.16 54$ n = 21' ;0% 1%-2 *64$% 47/-!2%) 8!/0 /0% -3%$-"% *%//!2"
)%/%$1!2%) 42 /0% /$-!2!2" +,4/* */-$/* 5$41 <'@A -2) *%%1* /4 )%6$%-*% #2/!, n > 10 80%$% !/
$%1-!2* B#!/% */-7,% -$4#2) <'=<' ;0% */-2)-$) )%3!-/!42 45 Saverage !* 14$% /0-2 0-,3%) 80%2
/0% 2#17%$ 45 /$-!2!2" +,4/* !26$%-*%* 5$41 C3% /4 C5/%%2 -2) /0%2 )%6$%-*%* 14$% *,48,. /4 <'D

54$ n = 21' E%-2 *64$%* 47/-!2%) 8!/0 *%//!2" *%,%6/!42 7-*%) 42 *+%6/$#1 4$ 0%!"0/ )!*/$!7#/!42

)!*/-26%* 0-3% 1%-2 3-,#%* 0!"0%$ /0-2 /04*% 45 /0% -3%$-"% *%//!2": 7#/ 8!/0 - 5-*/%$ )%6$%-*!2"

/$%2) 8!/0 /0% 2#17%$ 45 /$-!2!2" +,4/*' ;0% !1+$43%1%2/ 45 /0% 1%-2 *64$% 8!/0 /$-!2!2" *%/

*!?% !* 7%//%$ 54$ /0% *+%6/$#1 /0-2 54$ /0% 0%!"0/F7-*%) *%,%6/!42: 8!/0 3-,#%* )%6$%-*!2" 5$41

1.51± 4.21 /4 0.58± 0.38 641+-$%) /4 1.16± 2.13 /4 0.64± 0.50' G+%6/$#1F7-*%) *%,%6/!42 "!3%*
7%//%$ $%*#,/* /0-2 0%!"0/ *%,%6/!42 54$ ,-$"%$ /$-!2!2" *%/ *!?%* Hn > 11I: 7#/ */!,, +$4)#6%* 84$*%
)%/%6/!42 +%$54$1-26% /0-2 /0% -3%$-"% *%//!2"' J4/0 1%/04)* $%-60 *!1!,-$ +%$54$1-26% /0-2

/0% -3%$-"% *%//!2" 54$ /0% 0!"0%*/ /%*/%) *!?% 45 /$-!2!2" *%/ Hn = 21I' G/-2)-$) )%3!-/!42 54$
SS−opt !* %3%2 *1-,,%$ /0-2 /0% 42% 45 Saverage'
 4$ %-60 /$-!2!2" *%/ *!?%: - K!,64L42 *!"2%)F$-2M /%*/ !* +%$54$1%) /4 /%*/ /0% 2#,, 0.+4/0%*!*

/0-/ /0% )!*/$!7#/!42 45 /0% )!N%$%26% 45 *64$%* 47/-!2%) 8!/0 /84 +-$-1%/$!?-/!42 6$!/%$!- !*

*.11%/$!6 H/84F*!)%) /%*/I' O!*/$!7#/!42* 45 Sopt -2) Srandom -$% *!"2!C6-2/,. )!N%$%2/ 5$41 /0%

4/0%$ )!*/$!7#/!42* Hp < 0.001I' O!*/$!7#/!42 45 SS−opt !* *!"2!C6-2/,. )!N%$%2/ 5$41 Saverage 54$
n ∈ {5, · · · , 20} Hp < 0.001I -2) n = 21 Hp < 0.05I' O!*/$!7#/!42 45 SH−opt !* -,*4 *!"2!C6-2/,.

)!N%$%2/ 5$41 Saverage 54$ *1-,, /$-!2!2" *%/* Hn ∈ {5, · · · , 19}: p < 0.001I: 7#/ 24/ 54$ n = 20
Hp = 0.76I -2) n = 21 Hp = 0.08I'

 !"#$ %&'( )$!* !*+ ,-!*+!.+ +$/0!-01* /!#2$, 13 +$-$4-01* 5$.31.6!*4$ ,41.$, 7104 .$5$-0-01*,8 31.
+09$.$*- *26"$., 13 -.!0*0*: 5#1-, n; !*+ 31. -<$ +09$.$*- 5!.!6$-.0=!-01* 4.0-$.0!&

n D P< PD >P

SS−opt 1.51±4.21 0.99±2.49 0.72±0.93 0.58±0.38
SH−opt 1.16±2.13 0.95±1.52 0.85±1.29 0.64±0.50
Sopt 0.46±0.20 0.41±0.17 0.40±0.17 0.38±0.16
Saverage 0.73±1.38 0.62±0.84 0.58±0.59 0.58±0.50
Srandom 1.77±4.53 1.79±4.73 1.82±4.72 1.76±4.36

 !"!"!" 5..6 .+ 0$%&'(% /.0 (012+2+3 %$( %24$ n = 21

K!/0 >> $%5%$%26% +,4/*: $%*#,/* 47/-!2%) 8!/0 n = 21 64$$%*+42) /4 - ,%-3%F42%F4#/ 6$4** 3-,!F
)-/!42' ;-7,% &'> )%/-!,* /0% *64$%* 47/-!2%) 42 %-60 +,4/ 80%2 /0% -,"4$!/01 !* +-$-1%/$!?%)

8!/0 /0% n− 1 $%1-!2!2" 42%*' ;0% *%,%6/!42 45 /0% 7%*/ -3-!,-7,% *%//!2" !* )42% 42,. 54$ +,4/*
60-7,-!*A -2) 3-,)$41%( H74/0 *%,%6/!42 6$!/%$!-I: -2) 60-7,-!*= H0%!"0/F7-*%) *%,%6/!42I' ;0%

-3%$-"% *%//!2" .!%,)* 42,. 42% *64$% -743% P: 54$ /0% 6417%,4#+ +,4/' Q%!"0/F7-*%) *%,%6/!42

"!3%* 54#$ *64$%* -743% P H54$ +,4/* 60-7,-!*>: 60-7,-!*(: 60-7,-!*@ -2) 3-,)$41%>I: 80%$%-* !/ !*

42,. /0% 6-*% 54$ /84 +,4/* H60-7,-!*@ -2) 3-,)$41%AI 54$ /0% *+%6/$#1 7-*%) *%,%6/!42'
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&$%". -&."3$ 0/3"3 2"." ,#!"3$,(/$"* 2,$% 3,),+/. )"$%&*37 )/,#+= ,# 1&."/+ 0&#*,$,&#3 >EO7 ?BB7

?E?D7 ,#0+'*,#( 0/3"3 3'0% /3 4+/#$/$,&#3 >BFAD7 =&'#( -&."3$ >BFFD7 ),9"* -&."3$ >BF@D7 1&."/+

."3".!" >BFAD: Q$ 2/3 $%"# $"3$"* ,# &$%". 0&#$"9$37 3'0% /3 $&+"./#$ #&.$%".# %/.*2&&* -&."3$3

>?@O7?@?D &. ,# 0&)4+"9 /+4,#" "#!,.&#)"#$3 >?OCD:

K3 $%" ,#$"./0$,&# 1"$2""# +/3". 4'+3"3 /#* $%" !"("$/$,&# %"/!,+= *"4"#*3 &# $%" 3$/#*

3$.'0$'." /#* 34"0,"3 0&)4&3,$,&#7 3&)" 3$'*,"3 ."+,"* &# 4.,&. 3$./$,H0/$,&# &- -&."3$ $=4"3

1"-&." )&*"+3 /." 0/+,1./$"* -&. "/0% *"$".),#"* $=4"7 "!"# 2,$%,# / 3)/++ I,JKL /0<',3,$,&#:

R$./$,H0/$,&# 0/# 1" 1/3"* &# 4.,&. 6#&2+"*(" &- $%" /."/ &. &# 4%&$&5,#$".4."$/$,&# >BB@D:

S&$"#$,/+ 3$./$,H0/$,&# 0.,$".,/ /." 1/3"* &# -/0$&.3 /T"0$,#( -&."3$ 3$.'0$'." )&." &. +"33 *,."0$+=7

":(: 3$/#* /(" >BB@D7 )/#/(")"#$ 3$/(" >?@OD7 0&#,-".&'3U1.&/*+"/!"* 4.&4&.$,&# >?OC7 BF@D7 3,$"

<'/+,$= >BB@7 BFBD7 /+$,$'*" >?OCD: Q# / 3$'*= 0&#*'0$"* ,# $%" V/!/.,/# M&."3$ W/$,&#/+ S/.67

3$./$')534"0,H0 )&*"+3 ("#"./++= %/* 1"$$". 4."*,0$,&# /00'./0= $%/# ("#"./+ &#"3 >?OCD: Q#

1&."/+ -&."3$37 0&#,-". )&*"+3 '3"* &# 1,.0% *&),#/$"* 3$/#*3 =,"+*"* /00'./$" %",(%$ "3$,)/$"3

1'$ 4&&. ."3'+$3 -&. 3$") #')1". /#* !&+')" >BF?D:

K3 '3'/+ 2,$% I,JKL */$/7 &#" &- $%" &$%". 0&#0".#3 ,3 $%" 3"#3,$,!,$= &- $%" )"$%&* $&

/0<',3,$,&# 4/./)"$".3: ;%" )"$%&* 2/3 -&'#* $& =,"+* 3$/1+" ."3'+$37 "!"# -&. +&2 4&,#$ *"#3,$,"3

&. 4".$'.1/$,&# &- /0<',3,$,&# 0&#*,$,&#3: Q# >?BBD7 4."*,0$,&# "..&. .")/,#"* /+)&3$ 0&#3$/#$

2%"# *"#3,$= 2/3 ."*'0"* -.&) X:F $& O:? 4&,#$3 4". 3<'/." )"$".: Q# >BF@D7 +"/-5&# /#* +"/-5

&T /0<',3,$,&# $'.#"* &'$ $& /T"0$ +/3". )"$.,03 ,# ),9"* 3$/#*3: V"3,*"37 0%/#(,#( $%" 3"#3&.

@E



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

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

.,/'&'(,075 '0(*!%$* +)-,&,"(5 *'+ .)6)0'& /&,+) ()!" '  %&' 71 8*, 6,(*!+ 3'. '0.! .*!3" (!

9, &!9%.( '$')".( :7)"$ '0()(%+, 4'&)'()!". ;<=>?1

@A (*, /&! ,+%&, .,,6. (! 9, '90, (! *'"+0, ' 9&!'+ &'"$, !A A!&,.( .(&% (%&,. '"+ B)CDE

' F%).)()!" /'&'6,(,&.5 !", G,7 /!)"( ). (*, #,0+ +'(' %.,+ (! (&')" (*, 6!+,0.1 C)-,&," ,.

)" (&')")"$ +'('.,(.  '" 0,'+ (! 0!3,& '  %&' ),. ;H<<?1 ;<=I? ,6/*'.)J,. (*, A' ( (*'( #,0+ +'('

.*!%0+ 9, ' &,/&,.,"('()4, .'6/0, !A ," !%"(,&,+ A!&,.( (7/,. )" !&+,& (! '4!)+ .7.(,6'() ,&&!&.1

2!3,4,&5 #,0+ +'(' A&!6 +)-,&,"( +).(&) (.  !%0+ 9,  !69)",+ /&!4)+,+ (*'( (*,7 '&, '-, (,+ (!

(*,  !&&, ( .(&'('1 D"!(*,& .(%+7  !69)")"$ (&')")"$ +'(' A&!6 (3! +).(&) (.5 !", +!6)"'(,+ 97

/)", '"+ (*, !(*,& 97 ./&% ,5 ",4,&(*,0,.. !9(')",+ '  !66!" &,$&,..)!" 6!+,0 3)(* .'().A' (!&7

/&,+) ()!" '  %&' 7 ;<=<?1

K!.( !A (*, .(%+),. &,0),+ !" !&+)"'&7 0,'.( .F%'&,. 6%0()/0, &,$&,..)!" (! ,.('90).* &,0'()!"L

.*)/. 9,(3,," 0'.,& 6,(&) . '"+ A!&,.( /'&'6,(,&.1 D  !6/'&).!" !A .,,6)"$07 %"&,0'(,+5 /'&L

()'0 0,'.( .F%'&,. '"+ !&+)"'&7 0,'.( .F%'&,. &,$&,..)!". .*!3,+ !"07 6)"!& +). &,/'" ),. ;<=I?1

2!3,4,&5 /'&'6,(&) 6,(*!+. &,' * (*,)& 0)6)(. 3*," +,'0)"$ 3)(* ' .6'00 "%69,& !A #,0+ !9L

.,&4'()!".  !69)",+ 3)(* *)$* +)6,".)!"'0 +'('1 8*, "!" /'&'6,(&) GL6!.( .)6)0'& ",)$*9!&

6,(*!+ *'. 9,," .%  ,..A%007 (,.(,+ A!& ./, ),.L./, )# .('"+ '((&)9%(,. ,.()6'()!" A&!6 0'.,&

+'(' ;<II?1 @" '  !6/'&).!" 3)(* GL6!.( .)6)0'& ",)$*9!& '"+ '&()# )'0 ",%&'0 ",(3!&G. 6!+,0.

.% * '. .,0A !&$'")J)"$ 6'/ '"+ 6%0()0'7,& /,& ,/(&!"5 .%//!&( 4, (!& 6' *)",. &,$&,..)!" MNOEP

(%&",+ !%( (! 9, !", !A (*, 9,.( .%)(,+ 6,(*!+ A!& /&,+) ()!" /%&/!.,. ;<<I?1

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

@" Q&," * 6!%"(')"!%. '&,'.5 6'"7  !//) , .('"+. '&, ," !%"(,&,+ )" (*, *)00 '"+ 0!3,& 6!"('",

9,0(.1 @" .% * .('"+.5 ,' * (&,, .(%6/ *'. .,4,&'0 .(,6. (*'( '&, 4,&7  0!., !", (! '"!(*,&

M#$%&, =1HP1 N% * .(&% (%&,.  '" "!( 9, ,'.)07  *'&' (,&)J,+ 97 .)"$0, (&,, 6,(*!+.1 R,.)+,.5

)"A!&6'()!" '( (*, (&,, 0,4,0 ). "!( !A %(6!.( )6/!&('" , A!& (*, 6'"'$,6,"( !A  !//) , .('"+.1

N('"+ /'&'6,(,&. .% * '. .(,6 +,".)(75 +!6)"'"( *,)$*( '"+ 6,'" +)'6,(,& '&, 6!&, )"(,&,.()"$

(! (*, A!&,.( /&' ()()!",&1 8*,&,A!&,5 (*, '&,'L9'.,+ 6,(*!+ .,,6. 6!&, '//&!/&)'(, A!& (*).

/'&() %0'&  '.,1 D. "! .(%+7 !A ,.()6'()!" !A /'&'6,(,&. !A  !//) , .('"+. A&!6 ')&9!&", 0'.,&

. '"",& +'(' 3'. '4')0'90, )" (*, 0)(,&'(%&,5 (*, #&.( !9S, ()4, !A (*).  *'/(,& ). (! (,.( (*, (3!L

.(,/ /&! ,+%&, ;<<T? !" 6!%"(')"!%.  !//) , .('"+. '"+ (!  !6/'&, &,.%0(. (! (*!., !9(')",+

A!& ' 6)U,+ A!&,.(1

@( 3'. ,U/!.,+ )" V1< (*'( (!/!$&'/*)  !".(&')"(. 0)6)( (*, /&!+% ()4)(7 !A 9!(* (*, )"4,"(!&7

'"+ WXN ' F%).)()!"1 D.  !00, ()!" !A +'(' !" 0'&$, /0!(. ).  !.(075 (*, ,-, ( !A .'6/0, /0!( .)J,

!" (*, /&,+) ()!" '  %&' 7 !A B)CDE 6!+,0. 6%.( 9, F%'"()#,+ .! (*'( ,Y ),"( /&! ,+%&,.  '"

9, +,.)$",+1 8*'( ). 3*7 (*, ., !"+ !9S, ()4, ). (! '..,.. (*, ,-, ( !A .'6/0, /0!( .)J, !" (*,

(&')")"$ +'(' '"+ !" (*, '  %&' 7 !A &,.%0()"$ B)CDE 6!+,0.1 8*!., (3! './, (. 3)00 9, (&,'(,+

)"  *'/(,& H>1

@A (*, (!('0 "%69,& !A #,0+ /0!(. ). 0)6)(,+ 97 #,0+  !".(&')"(.5 (*, "%69,& !A 6,(&) . (*'(

 '" 9, ,U(&' (,+ A&!6 (*, 0'.,& +'(' ). 4,&7 )6/!&('"(5 '"+ )( ). 0)G,07 (*'( .,4,&'0 !A (*,6

'&,  !&&,0'(,+1 C)6,".)!" &,+% ()!" 6,(*!+. '&, '" '0(,&"'()4, 3'7 (! ,U(&' ( 6,'")"$A%0 )"L

A!&6'()!" A&!6 !&)$)"'0 4'&)'90,. )"(! ' 0)6)(,+ "%69,& !A  !6/!","(.1 8*, (*)&+ !9S, ()4, ).

(*%. (! ,4'0%'(, (*, ,-, ( !A (*,  *!) , !A 0'.,& 6,(&) . !" 6!+,0. '  %&' 75 '"+  !".).(. )"

(3!  !6/0,6,"('&7 './, (.1 Z", ). (! '..,.. (*, )":%," , !A +)-,&,"( "%69,&. '"+ (7/,. !A

0'.,& 6,(&) . )" (*, 6!+,0.5 )" 0%+)"$ '" ,"(&!/7 6,(&) +,.)$",+ (! )"/%( )"A!&6'()!" '9!%(

(*, *!&)J!"('0 +)./,&.)!" !A (*, /!)"(  0!%+1 8*, !(*,& ). (*, &,0,4'" , !A +)6,".)!" &,+% ()!"

!A (*, &'3 0'.,& 6,(&) . /&)!& (! 6!+,0 (&')")"$1 X&)" )/'0  !6/!","( '"'07.). '"+ )"+,/,"+,"(

 !6/!","( '"'07.). '&, (,.(,+1

E,0'()!".*)/. 9,(3,," B)CDE 6,(&) . '"+ A!&,.( 4'&)'90,. 6)$*( 9, "!" 0)",'&1 D. '" '0(,&"'()4,



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

 ! !"#$%&"' ()* $+*, *,&- -.)&",- ",/",--$!%0  1, 2!)" 1 !34,5 $6, 7&-  !  ,- & %!% *$%,&" ",/",-8

-$!% (, 1!# 3&-,# !% -)++!" 6,5 !" (&51$%,-9 :1!-, &-+,5 - 7$** 3, 1&%#*,# $% 51&+ ," ;;9

<!" &**  1,-, $%6,- $/& $!%-0  7! &",&- &", - )#$,#=  1, 5!++$5, #!($%& ,# 2!",- !2 >&$% 8

?&)*8#,8@&"5,-0 &%#  1, A1&3*&$-9 B- $(& ,# 2!",- +&"&(, ,"- &", 3&-&* &",&0 - ,( #,%-$ '0

(,&% #$&(, ,"0 #!($%&% 1,$/1 &%# - ,( 6!*)(, CA1&3*&$- #& & !%*'D9 E,%,"&* 7!"FG!7 &%#

(, 1!#- &", +",-,% ,# $%  1$- 51&+ ,"9

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

<$/)", H9; #$-+*&'-  1, /*!3&* 7!"FG!7 $(+*,(,% ,#  ! ,- $(& , 2!",- - &%# +&"&(, ,"- 2"!(

&$"3!"%, *&-," -5&%%$%/ #& &9 <"!( %!7 !% !"#$%&"' ()* $+*, *,&- -.)&", ",/",--$!% &%# -)++!" 

6,5 !" ",/",--$!% 7$** 3, ",2,"",#  ! &-  !"8IJ &%# >@J ",-+,5 $6,*'9 K** 5!(+) & $!%- &",

+,"2!"(,# 7$ 1  1, J -!2 7&", LMNHO9
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 !"#$% &'() *%+%$,- ./$01/. 2/$ %34!5,4!+" 2/$%34 34,+6 7,$,5%4%$3 .!48 ,+ ,$%,9:,3%6 5%48/6'

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

P, 5!%-$#," & -, !2 NF Q,*# +*! - (Fj)j∈{1,...,NF }9 ?*! - &", !2 5$"5)*&" -1&+, 7$ 1 "&#$)- r0
&%#  1, 5!!"#$%& ,- !2  1,$" 5,% ,"- (xj , yj)j∈{1,...,NF } &", F%!7%9 P, &*-! 1&6,  1, 5!",/$- ,",#

*&-," +!$% 5*!)# 7$ 1 2!**!7$%/ $%2!"(& $!% &3!) ,&51 +!$% = RS 5!!"#$%& ,-0 ", )"% +!-$ $!%

5& ,/!"'0 /"!)%# !" %!%8/"!)%# 5*&--$Q5& $!%9 J, )"% +!-$ $!% $- 2&5 !" 6&"$&3*, 71$51 *,6,*- &",=

s 2!" -$%/*, ,51!,- C!%*' !%, ,51! 2!" & /$6,% +)*-,D0 f 2!" Q"- ,51!,- &%# l 2!" *&- ,51!,-9 :1,

5*&--$Q5& $!% !2 *&-," +!$% - $% -)51 5& ,/!"$,- $- #$",5 *' F%!7% 2"!(  1, ,51! ,T "&5 $!% +"!5,--9

A*&--$Q5& $!% $% ! /"!)%# !" %!% /"!)%# ,51!,- ",-)* - 2"!(  1, +"!5,#)", $(+*,(,% ,# 3'  1,

U$SKJ 5!% "&5 !" C-,, V9R9RD9

<!" ,&51 +*! j0 *&-," +!$% - 7$ 1$% r (, ,"- 1!"$W!% &* #$- &%5, 2!"(  1, +*! 5,% ," &", ,T8

 "&5 ,# CQ/)", H9M&D9 :1,$" %!"(&*$W,# 1,$/1 - &", 5!(+) ,# 3' -)3 "&5 $%/  1,  ,""&$% &* $ )#,

&  1,$" !" 1!(, "$5 5!!"#$%& ,-9 :,""&$% -)"2&5, $- ,- $(& ,# 3' 3$*$%,&" $% ,"+!*& $!% !2 +!$% -

5*&--$Q,# &- /"!)%# +!$% -9 ?!$% - 7$ 1 1,$/1 *!7,"  1&% M ( &", ,T5*)#,#  ! &6!$# $%G),%5, !2

#,%-, -1")3- )%#,"- !"'0 &- -)//,- ,# 3' LMMXO9 :1",, +!$% /"!)+- &",  1,% 5!%- $ ) ,# &55!"#8

$%/  ! ", )"% +!-$ $!%-= -$%/*,0 Q"- &%# *&- ,51!,- CQ/)", H9M3D9 I&%' - )#$,- $(+*,(,% $%/

 1$- (, 1!#!*!/' !%*' ",*$,# !%  7! +!$% - /"!)+- &-  1,$" #& & 7&- &5.)$",# 7$ 1 ()* $8,51!

-5&%%,"- 7$ 1 !%*' Q"- &%# *&- ,51! 5*&--,-9 Y,", -$%/*, ,51!,- &", 5!%-$#,",# &- & -,+&"& ,#

/"!)+9 Z% ,"(,#$& , +!$% -0 $9,9 ,51!,- !55)""$%/ 3, 7,,%  1, Q"- &%#  1, *&- ,51!,-0 ",+",-,% 

*,--  1&% & 2,7 +,"5,% !2  1,  ! &* %)(3," &%# &", %! $%5*)#,# $%  1, &%&*'-$-9



• •
• • •

nh nd
q

nh = q+2
( i
nd+1)i∈{1,...,nd}

si
ne (hj)j∈{1,...,ne}

hj

ej =
∑

i

pi,jlog(pi,j) pi,j =
card(si ∩ hj)
card(hj)

(vi)i∈{1,...,nv} nv = 3× (nh+nd)+ne
(nh, nd, ne) = (6, 3, 3)



ne = 2
h = hmax

2

2× 2

[0, h3 [ [h3 ,
2×h
3 [ [2×h

3 , h] h
M

NF×nv

NF nv = 3× 9 + 3 = 30



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

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

'."' ."! 3$$, 1.+!$, +2'*-"& 5+# +,$ )*6$, #$5$#$,1$ -$'.+/7 8.*! $&%/$! '.$ 5"1' '."' /*9$#$,'

-$'.+/! -"4 3$ "3&$ '+ '":$ /*9$#$,' "/6",'")$ +5 '.$ *,5+#-"'*+, *,1&%/$/ *, '.$ #"0 /"'"7

;, '.*! 0+#:( " <3#%'$=5+#1$> !'#"'$)4 *! "/+2'$/ !*,1$ 5+#  !"=?@ "&& 2+!!*3&$ 1+-3*,"'*+,!

+5 " -"A*-%- +5 '.#$$ 6"#*"3&$! B&"!$# -$'#*1! +# $A'#"1'$/ 1+-2+,$,'!C "#$ '$!'$/7 8.*! *!

1+-2%'"'*+,"&&4 2+!!*3&$ '.",:! '+ '.$ &+0 ,%-3$# +5 +3!$#6"'*+,! ",/ '.$ 5"1' '."' '.$ ,%-3$#

+5 $A'#"1'$/ &"!$# -$'#*1! *! "&!+ &*-*'$/7 D+# EF@( "&& $A'#"1'$/ &"!$# -$'#*1! "#$ !4!'$-"'*1"&&4

$,'$#$/ "! *,2%' '+ '.$ "&)+#*'.-( 3%' 0.$, G@ *! 2$#5+#-$/( /*9$#$,' ,%-3$#! +5 5$"'%#$! "#$

%!$/ '+ H' '.$ -+/$&!7

 )1)2)1 3'&#,-4

5(0+/0%$6 /,7%,+'+& $+$68404 BIJ C *! 1+,!*/$#$/ +,$ +5 '.$ -+!' "22&*1"3&$ G@ -$'.+/

KLMN7 ;' #$/%1$! /*-$,!*+,"&*'4 34 $A'#"1'*,) 5#+- '.$ +#*)*,"& /"'" !$' %,1+##$&"'$/ 1+-2+,$,'!

0.*1. $,1+-2"!! '.$ .*).$!' 6"#*",1$ KOPPN7  ! +%# /"'" *,1&%/$ /*9$#$,' 6"#*"3&$! B.$*).'!(

/$,!*'*$!( $,'#+2*$!C '.$ +#*)*,"& /"'" !$' *! 1$,'$#$/ ",/ !'",/"#/*Q$/ 3$5+#$.",/7 8.$ IJ *!

'.$, $R%*6"&$,' '+ ", $*)$,","&4!*! +5 '.$ 1+##$&"'*+, -"'#*A7

*+-'%'+-'+& /,7%,+'+& $+$68404 B;J C $A'#"1'! 1+-2+,$,'! '."' "#$ "&!+ 1"&&$/ &"'$,'

6"#*"3&$!7 8.$*# 1"&1%&"'*+, *! 3"!$/ +, -"A*-*Q"'*+, +5 '.$ !'"'*!'*1"& *,/$2$,/$,1$ +5 '.$

$!'*-"'$/ 1+-2+,$,'!7  , *-2&$-$,'"'*+, +5 '.$ D"!';J "&)+#*'.- KOSLN *! %!$/ B@ 2"1:")$

#$"%&'(C7 ;J ."! "&#$"/4 2#+6$/ R%*'$ $T1*$,' 5+# '.$ #$/%1'*+, +5 &"!$# -$'#*1! KOUVN7

W.$, '.$ ,%-3$# +5 +3!$#6"'*+,! NF *! )#$"'$# '.", '.$ ,%-3$# +5 6"#*"3&$! nv( IJ ",/
;J "#$ 2$#5+#-$/ 5+# /*-$,!*+, #$/%1'*+,7 E%3!$'! +5 /*-$,!*+, nv ∈ XO( U( S( P( L( M( Y( OZ(
OU( OP( OM( OY( UZ( UU( UP[ +5 '.$ +3'"*,$/ 2#*,1*2"& ",/ *,/$2$,/$,' 1+-2+,$,'! "#$ "&!+ %!$/

"! !$'! +5 *,/$2$,/$,' 6"#*"3&$!( *7$7 '.$ -"'#*A +5 $A'#"1'$/ -$'#*1! *! #$2&"1$/ 34 '.$ -"'#*A

+5 !$&$1'$/ 1+-2+,$,'! /%#*,) '.$ -+/$& '#"*,*,) !'$27

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

 )1)!)9 :(-0+$(8 6'$4& 4;.$('4 7.6&0%6' ('<('440,+

\*6$, " /$2$,/$,' 6"#*"3&$ B!'",/ 2"#"-$'$#C y ",/ " *,/$2$,/$,' 6"#*"3&$! !$' v = (vi)i∈{1,...,nv}(

'.$ H$&/ +3!$#6"'*+,! (yj)j∈{1,...,NF } ",/ '.$ -"'#*A +5 $A'#"1'$/ -$'#*1! M
NF×nv

"#$ %!$/ "! '#"*,=

*,) /"'" '+ H' " -%&'*2&$ #$)#$!!*+, -+/$& 34 +#/*,"#4 &$"!' !R%"#$!]

y = b+

nv
∑

i=1

ai × vi 0*'. ((ai)i∈{1,...,nv}, b) '.$ -+/$& 2"#"-$'$#! BV7UC

?+/$&! *,1&%/*,) " -"A*-%- +5 '.#$$ 6"#*"3&$! "#$ '$!'$/ 34 $A."%!'*6$ !$"#1. "-+,) "&& '.$

2+!!*3&$ 1+-3*,"'*+,! B2"1:")$ !)$*"C7 ?+/$&! 0.*1. /+ ,+' 5%&H&& '.$ &*,$"# -+/$& "!!%-2'*+,!

B2"1:")$ +,!-$( 0.*1. '$!'! " &*,$"# -+/$& 5+# !:$0,$!!( :%#'+!*!( &*,: 5%,1'*+, ",/ .$'$#+!1$/"!=

'*1*'4C +# *,1&%/*,) " 6"#*"3&$ 0*'. " 2"#'*"& 2=6"&%$ )#$"'$# '.", Z7ZL "#$ /*!1"#/$/7 D+# $"1.
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
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
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√

√
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 !"#$ %&'%( )!*!# !+$! ,G-. */$0 1$2*3/4 ,N-. 0$!2 13!0$/$+ ,D-. 15032!2/ 6$376/ ,H- !21 */$0 85#90$

,V - :$#1 5"*$+8!/352* */!/3*/3;* ,0$!2. 0323090. 0!<3090 !21 */!21!+1 1$83!/352- =5+ >#5/ +!139*

r ∈ {5, 7.5, 10, 12.5} 5= ?!32/@A!9#@1$@B!+;$* !21 C6!"#!3* 328$2/5+3$* ,NF = 31 !21 32 +$*>$;/38$#4-'

 !"!#$%$" r
&!'(%) !*+),$)-!".$/ 01!2+!'/

3$!( 3'( 3!4 &, 3$!( 3'( 3!4 &,

G 5#

 

61!

!"

7

5 32.3 4.9 66.8 16.7 34.3 2.1 96.0 24.6
7.5 34.6 4.7 90.1 15.9 30.8 5.1 85.1 17.9

10 34.8 4.6 59.7 11.4 32.3 4.8 79.2 18.5
12.5 8!%! (9% !:!'+!2+$ 34.1 8.5 72.5 17.2

N 51!

!"

7

5 1668 382 3310 724 525 127 891 209
7.5 1714 736 3112 560 502 226 1019 199

10 1735 764 2833 577 529 191 923 196
12.5 8!%! (9% !:!'+!2+$ 538 244 917 169

D 5.#7

5 14.5 8.9 30 4.6 26.4 8.3 64.0 12.0
7.5 14.4 8.3 23.3 3.9 25.4 12.8 47.2 8.3

10 14.5 8.3 22.7 3.6 25.3 12.4 48.3 8.2
12.5 8!%! (9% !:!'+!2+$ 25.9 13.3 42.3 8.3

H 5#7

5
8!%! (9% !:!'+!2+$

23.5 8.3 38.7 8.9
7.5 25.0 10.1 38.7 7.8

10 15.6 5.8 25.8 5.5 24.6 12.2 39.2 7.3
12.5 8!%! (9% !:!'+!2+$ 25.4 14.3 38.3 7.2

V 5#

#

61!

!"

7

5

8!%! (9% !:!'+!2+$

412 22 1483 396
7.5 358 37 1300 300

10 374 34 1207 307
12.5 398 56 1094 299
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5hg,0.757 !(, #!4'#*# 5hg,17 :!+*$/A =+*/ #$!( 1$'>1% 5hg,mean7A !(, nd = 3 ,$(/'%@ #$%"'./?
="9=9"%'9( 9< $.19$/ "$.9",$, 2$+9D 1$'>1% %1"$/19+,/ .9""$/=9(,'(> "$/=$.%':$+@ %9 E6FGA E6G !(,
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nv = 3× 9 = 27 +!/$" #$%"'./6
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*'(%82 P,$+ +,!#+ *,)* "!#(' H)"5(+ /6$%$656 )%8 J'+* 75)'*$"(3 )'( 6!'( +(%+$*$H( *! -"!*

')8$5+ *,)% ")'&( !%(+2

 !"#"# $%&'(%)( *+ ,-*. /012'3 *% 4'-.2,-( /(5/(332*% 4*1(-3

M("(9*(8 65"*$-"( '(&'(++$!% 6!8("+  !' r ∈ {5, 7.5, 10, 12.5} )'( 8(*)$"(8 $% *)D"( 012@2 E$*,

01 6 ')8$5+ -"!*+ $% M)$%*GN)5"G8(G4)'9(+? -'(8$9*$!% )995')9$(+ /9!(X9$(%* ! H)'$)*$!% ! *,(

RMSE !D*)$%(8 D: "()H(G!%(G!5* 9'!++GH)"$8)*$!%3 )'( '(+-(9*$H(": 0Y2A? >=2=? 0A2@ )%8 0Y2A Z

 !' D)+)" )'()? +*(6 8(%+$*:? 6()% 8$)6(*(' )%8 8!6$%)%* ,($&,*2 K!' r = 7.5 6 '(+5"*+ +"$&,*":

$6-'!H(  !' 6()% 8$)6(*(' )%8 +*(6 8(%+$*: /'(+-(9*$H(": 0@2[ )%8 >@21 Z3? D5* )'( #!'+(  !'

D)+)" )'() /@[2A Z32 P,( "!#(+* )995')9$(+ )'( )9,$(H(8 #$*, = 6 ')8$5+. @>2Y Z  !' +*(6 8(%+$*:

)%8 @[2\ Z  !' D)+)" )'()2
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(:4

!"

;< 0/%5 3%80!/= N 9:4

!"

;<

5%48 3!45%/%$ D 9>5;< 3+5!848/ :%!":/ H 95; 483 7+.#5% V 95

#

(:4

!"

; 3%-%83!8" +8 -.+/ $43!#0(

?#62"#$%0 94;@9>; >+$$%0-+83 /+ ?4!8/@A4#.@3%@B4$>%0 34/4 9?/A;< 0#62"#$%0 93;@9:; /+ C:46.4!0 34/4

9C:6;(

D46.% &'(E) ?-%4$548 >+$$%.4/!+8 >+%F>!%8/ ρ 6%/G%%8 2%.3 +60%$74/!+80 0/4/!0/!>0 483 -.+/ $43!#0 1+$
6404. 4$%4 9G;< 0/%5 3%80!/= 9N; 483 5%48 3!45%/%$ 9D;( ?/4/!0/!>0 4$% 5!8!5#5 9H!8;< 2$0/ I#4$/!.%

9J&;< 5%3!48< /:!$3 I#4$/!.% 9JK;< 54,!5#5 9H4,;< 5%48< 0/4834$3 3%7!4/!+8 9?3; 483 !8/%$I#4$/!.%

$48"% 9LJM;( ?!"8!2>48>% .%7%.0)

$$$p < 0.001< $$p < 0.01< $p < 0.05 9/G+@0!3%3 /%0/;(

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

 !"#$%&!'(% G −0.68 0.98   0.91   −0.02 −0.31 0.85  −0.89   −0.76   

)*% N 0.84  0.90   0.12 0.11 −0.76  0.87   −0.54 −0.60
+!,-*. D −0.87   0.77  0.75 0.57 −0.93   −0.52 −0.98   −0.14

H 0.93   0.96   0.43 0.15 −0.30 0.86   −0.91   −0.79   

G 0.89   0.68  −0.36 0.14 −0.84   0.50 −0.85   −0.25
/0!1(!". N 0.77   0.66  0.31 −0.04 −0.12 0.84   −0.75  −0.44

D 0.88   0.49 0.61 −0.21 −0.73  −0.37 −0.85   −0.27
V 0.86   0.54 0.59 0.19 −0.87   0.36 −0.75  0.02



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

 !"# $#%&'%!( )%"%* +,-)!."!/0 %..1,%.!-( 2/, 3456 7 +'/"( %,- ,-(+-."!8-'9 3:* 4;* 345<* 335=

%0) ;>5? @ 2/, &%(%' %,-%* ("-7 )-0(!"9* 7-%0 )!%7-"-,* )/7!0%0" #-!A#" %0) ("-7 8/'17-5 B/,

&%(%' %,-%* ("-7 )-0(!"9 %0) 8/'17-* %..1,%.9 )-.,-%(-( ./0(!)-,%&'9 2/, (7%''-, +'/"(5 B/, 7-%0

)!%7-"-, %0) )/7!0%0" #-!A#"* "#- -C-." !( '-(( +,/0/10.-)5

 !'./D/0 (!A0-)E,%0F "-("( !0)!.%"- "#%" "#- )!(",!&1"!/0 /2 "#- )!C-,-0.-( &-"G--0 +,-)!."-)

%0) /&(-,8-) 8%'1-( !( 0/" (!A0!H.%0"'9 %(977-",!. %&/1" > Ip > 0.05J 2/, %09 2/,-(" +%,%7-"-,5
K" !( 0/"-G/,"#9 "#%" '%(-, 7-",!.( !0.'1)-) !0 "#- 7/)-'( )-+-0) &/"# /0 "#- 2/,-(" +%,%7-"-,

%0) /0 ",%!0!0A +'/" ,%)!1(5

 !"#$ %&'() *$#$+,$- ./#,01#$ 2$32$44056 .5-$#4 752 2!-0/4 r ∈ {5, 7.5, 10}8 !6- +522$4156-063 +5$9+0$6,
57 -$,$2.06!,056 !-:;<

 

!6- +5$9+0$6, 57 =!20!,056 57 ,>$ RMSE +5.1/,$- "? #$!=$;56$;5/, @ABBC

+2544;=!#0-!,056 !6- D&& 2$1$,0,0564 57 ,$6;75#- +2544;=!#0-!,056 @.$!6 ± 4,!6-!2- -$=0!,056C'

L!"-

M%,%E

N%)!1(

O%(-, 7-",!.( adjEN CVRMSE CVRMSE

7-"-, !0 "#- 7/)-' I@J OPP I@J 3>E2/') I@J

L
%
!
0
"
E
M
%
1
'
E
)
-
E
Q
%
,
.
-
(

G
5 hs,0 + hs,1 + hf,mean 55.5 36.7 34.3±0.8
7.5 hf,0.75 46.0 36.4 36.2±1.1
10 hf,0.25 + hf,0.5 + ds,0.5 70.8 19.4 19.5±0.7

N
5 hl,mean + df,0.75 + dl,0.25 51.0 32.9 31.8±0.9
7.5 hf,0.75 + hl,1 + dl,0.25 59.1 23.0 22.9±0.6
10 hl,0.5 + df,0.25 58.0 25.5 25.7±1.5

D
5 '!0-%, 7/)-' %((17+"!/0( 0/" (%"!(H-)

7.5 hf,0 + hl,0.25 + dl,0.75 76.6 13.6 13.6±0.4
10 hs,0.75 + hf,0.75 + dl,0.25 71.4 14.3 14.4±0.4

H
5, 7.5 0/ ,-'-8%0" )1- "/ (%7+'!0A (.#-7-

10 hs,0.5 + hl,0.5 + hl,0.75 73.1 19.4 19.5±0.6

$
#
%
&
'
%
!
(

G

5 hf,0.75 + hl,0 + ds,0.5 67.9 44.0 44.5±1.4
7.5 hs,0.75 + ds,0.25 + dl,0.75 79.5 29.4 30.4±1.4
10 hf,0.5 + hmeans, + ds,0.25 85.9 24.1 23.4±0.7
12.5 hf,0.75 + hl,0.75 + ds,0.25 90.6 18.0 16.3±0.4

N

5 hs,0.75 + hl,0.75 + ds,0.5 44.2 34.2 32.2±1.0
7.5 hl,0.5 + hs,means + df,0.25 67.6 25.3 24.5±0.7
10 hf,0.75 + df,0.25 62.1 23.9 23.8±0.5
12.5 hs,0.5 + df,0.25 53.1 23.0 22.2±0.5

D

5 hs,0.75 + hf,0.25 + hf,0.5 74.4 26.4 24.3±0.5
7.5 hs,0.75 + hf,0.5 + dl,0.75 72.2 22.9 18.8±0.6
10 hl,1 50.3 27.3 23.9±0.6
12.5 hf,0.25 + hl,0.5 + ds,0.75 85.2 15.6 13.3±0.4

H

5 hs,0.75 + hf,0.5 + df,0.25 92.9 11.0 10.9±0.3
7.5 hs,0.25 + hs,0.5 + hs,0.75 84.6 14.3 13.2±0.4
10 hl,0.75 + ds,0.25 + dl,0.5 90.5 10.8 9.8±0.3
12.5 hl,0.75 + df,0.5 + dl,0.25 91.0 11.7 9.5±0.4

V

5 hl,0 + hl,0.75 + df,0.25 73.5 54.6 54.4±2.2
7.5 hs,mean + ds,0.25 + dl,0.75 87.1 34.9 38.5±2.5
10 hs,0.5 + hs,1 + hs,mean 86.8 31.1 32.5±1.1
12.5 hs,0 + hs,1 + hl,0.75 91.0 30.4 24.4±0.8

B!A1,- 3>54 )!(+'%9( &/D+'/"( /2 +,-)!."!/0 %..1,%.9 /2 71'"!+'- ,-A,-((!/0 7/)-'( %( % 210.E

"!/0 /2 +'/" ,%)!1(5 R" L%!0"EM%1'E)-EQ%,.-(* L+-%,7%0 ./,,-'%"!/0 ./-S.!-0" ρ &-"G--0 +,-)!.E
"!/0 %..1,%.9 I./-S.!-0" /2 8%,!%"!/0 /2 "#- RMSE .%'.1'%"-) &9 OPP .,/((E8%'!)%"!/0J %0)



 !" #$%&'()  !* +,-'.&-( )(/)(00.12 314(-0

 !"# $%&'() ') )'*+',-%+#!. &'/0$0+# 1$"2 30$" 1"$ 4%)%! %$0% "+!. 5ρ = −0.876 p < 0.0016 #7"8)'&0&
#0)#9: ;#02 &0+)'#. &') !%.) % )'2'!%$ &0-$0%)'+* #$0+& 4(#  $0&'-#'"+ %--($%-. '+-$0%)0) %*%'+

7<0+ r > 9: ="$ 20%+ &'%20#0$ #<0 -"0>-'0+# "1 ?%$'%#'"+ "1 #<0 RMSE &0-$0%)0) 7<0+  !"#

$%&'() '+-$0%)0) 1$"2 @ #" A:B 26 %+& #<0+ $02%'+) )#%4!0 %$"(+& CDE:

F'#< G<%4!%') &%#%6 %!! -"$$0!%#'"+) %$0 )'*+',-%+# '1 %!! $%&'' %$0 #%H0+ '+#" %--"(+# 5G,N %+&

V I p < 0.0016 DI p < 0.016 HI p < 0.059: J"70?0$6 7<0+ "+!. $%&'' 40#700+ B %+& CK 2 %$0

'+-!(&0& '+ #<0 %+%!.)')6 #<0 -"$$0!%#'"+ $02%'+) )'*+',-%+# "+!. 1"$ 4%)%! %$0%: L<') )(**0)#)

#<%# #<0 "?0$%!! &0-$0%)'+* #$0+& ') )"207<%# &$'?0+ 4. ?%!(0) "4#%'+0& 1"$ !%$*0$  !"#):
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 !"#$% &'()* +,-./,01 ,2 .$%3!40!,5 644#$647 84,%94!%50 ,2 :6$!60!,5 ,2 0;% RMSE 46/4#/60%3 <7 )''

0%5=2,/3 4$,11=:6/!360!,51> 2,$ <616/ 6$%6 G? 10%@ 3%51!07 N ? @%65 3!6@%0%$ D? 3,@!5650 ;%!";0 H 653

:,/#@% V 3%.%53!5" ,5 ./,0 $63!#1( A#<B"#$%1 86>=84> 4,$$%1.,53 0, A6!50=C6#/=3%=D6$4%1 3606 8A0C>?

1#<B"#$%1 83>=8;> 0, E;6</6!1 3606 8E;<>(

 !"#"$ %&'()*+),- '&&,&. /-/01.). 2,& .'0'*+'( &'3&'..),- 4,('0.

="$ #<0 $0*$0))'"+ 2"&0!) "4#%'+0& 7'#< #<0 2%M'2(2 $%&'() "1 #$%'+'+*  !"#) '+ ;%'+#8N%(!

5r = 109 %+& G<%4!%') 5r = 12.596 % )<"$# %+%!.)') "1  $0&'-#'"+ 0$$"$) ')  0$1"$20&: O0*%$&'+*

#<0 &'/0$0+-0 40#700+ ?%!(0)  $0&'-#0& 4. !0%?08"+08"(# -$"))8?%!'&%#'"+ %+& "4)0$?0& ?%!(0)6

F'!-"M"+ )'*+0&8$%+H #0)#) '+&'-%#0 #<%# #<0 +(!! <. "#<0)') 5#<0 &')#$'4(#'"+ "1 #<0 &'/0$0+-0)

40#700+  $0&'-#0& %+& "4)0$?0& ?%!(0) ') ).220#$'- %4"(# K9 -%+ +"# 40 $0P0-#0&:

='*($0 CK:Q  !"#) #<0  $0&'-#0& ?%!(0) %*%'+)# #<0 "4)0$?0& ?%!(0) 1"$ 4%)%! %$0%6 )#02 &0+)'#.6

20%+ &'%20#0$6 &"2'+%+# <0'*<# %+& ?"!(20 5G<%4!%') "+!.9: ="$ )#02 &0+)'#. '+ ;%'+#8N%(!6

"+0 +0*%#'?0 ?%!(0 ')  $0&'-#0&: L<') "(#!'0$ ') "4#%'+0& 1"$  !"# RC6 7<'-< ') !"-%#0& "+ % )-$00

%+& &') !%.) !%$*0 -%+" . *% ): ="$ #<')  !"#6 "#<0$ )#%+&  %$%20#0$) %$0 40##0$  $0&'-#0& 5GI
C:B 1"$ D:@ 2
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6 DI CK:K 1"$ S:Q -26 HI T:B 1"$ CK:Q 29: U#<0$7')06 +" -!0%$ #$0+&) %$0

$02%$H%4!06 0M 0-# #<%# )#02 &0+)'#. ?%!(0) '+ G<%4!%') )002) "?0$0)#'2%#0& 1"$ '+#0$20&'%#0

?%!(0)6 4(# (+&0$0)#'2%#0& 1"$ !%$*0 "+0): V )'2'!%$  %##0$+ ') <%$&!. +"#'-0%4!0 7'#< )#02

&0+)'#. 0)#'2%#0) '+ ;%'+#8N%(!:
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(;0

!"

<= 2.%: ,%52!.> N
9;0

!"

<= :%05 ,!0:%.%$ D 9-:<= ,4:!505. ;%!";. H 9:< 05, /41#:% V 9:

#

(;0

!"

<( ?#86"#$%2 90<@9,<

-4$$%2345, .4 ?0!5.@+0#1@,%@A0$-%2 ,0.0 9?.+<= 2#86"#$%2 9%<@9!< .4 B;0810!2 ,0.0 9B;8<( +$%,!-.%,

/01#%2 0$% %2.!:0.%, 8> 1%0/%@45%@4#. -$422@/01!,0.!45(

 !"#$ %&'( )*$+$,-+ )*$./0-/1, $**1*+ +-!-/+-/0+' 2/!+ /+ #13$* -4!, 2.2 5 /, !"+1#6-$ 7!#6$8

$9)$0- :1* +-$; 71#6;$ 3/-4 −5.5 5'  4$ 3/.$+- *!,<$ 1: *$#!-/7$ $**1*+ /+ !#+1 1"-!/,$.

:1* 71#6;$ 3/-4 −81.3 -1 60.2 5'  4$ +;!##$+- /+ 1"-!/,$. :1* .1;/,!,- 4$/<4- /, =4!"#!/+
3/-4 −30.4 -1 19.1 5' >, ?!/,-@A!6#8 -4$ +;!##$+- *!,<$ :1* *$#!-/7$ $**1* /+ 1"-!/,$. :1* ;$!,
./!;$-$*' >, 01))/0$ +-!,.+8 34$*$ +-$;+ <*13/,< 1, +-6;)+ 6+6!##B 4!7$ -4$ +!;$ !<$8 ./!;$-$*

./+-*/"6-/1, /+ #$++ 7!*/!"#$ -4!, /, /**$<6#!* +-!,.+'



 !" #$%&'()  !* +,-'.&-( )(/)(00.12 314(-0

 !"#$ %&'() *+$,-./-01 $++0+2 2/!/-2/-.2 $34+$22$, -1 4$+.$1/!5$ 06 7$!1 8$#, 9!#:$ 60+ "!2!# !+$! ;G<=
2/$7 ,$12-/> ;N<= 7$!1 ,-!7$/$+ ;D<= ,07-1!1/ ?$-5?/ ;H< !1, 2/$7 90#:7$ ;V <' *+$,-./-01 $++0+2 !+$
$2/-7!/$, "> #$!9$@01$@0:/ .+022@9!#-,!/-01 60+ /?$ 70,$#2 ,$2.+-"$, -1 /!"#$ %&'A' B/!/-2/-.2 !+$ 7$!1

;C-!2<= 7-1-7:7 ;D-1<= 7!3-7:7 ;D!3< !1, 2/!1,!+, ,$9-!/-01 ;B,<'

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

0#&.12

34

G 0.5 −39.8 41.5 19.7
5#'+2 N 2.1 −40.2 73.2 25.9
%"2 D −0.4 −29.4 27.3 14.5

)#!6"( H −0.2 −37.0 47.5 19.8

3789

G 0.8 −37.2 40.9 18.2
N 1.3 −41.0 50.8 23.4

:;#*+#&( D 2.2 −36.9 31.6 15.7
H −1.3 −30.4 19.1 11.8
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? (++- )!% $ '"$,, '.$1,+ #,$.)!%" .! &('.$,, $(- !#+%$.+ .3+ .%&#!-D
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? #%+'+(5+ !) 5!"#$5. 6%!0#' !) '+/+%$, '.+"' &( 5!##&5+ '.$(-'9

H3+ +4+5. !) .3+ &(5,0'&!( !) $ 5,+$%+- $%+$ $. .3+ 5+(.+% !) .3+ #,!. .! !#+%$.+ .3+ "$##&(6

&('.%0"+(.' "$7 %+'0,. &( .3+ 0(-+%+'.&"$.&!( !) .3+ .!.$, 1$'$, $%+$ )!% '"$,, %$-&&; 1+5$0'+
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H3+ +B.%+"+ /$,0+' $%+ $4+5.+- 17 #,!. %$-&0'9 =(-++- 2&.3 '"$,, #,!.'; .3+ %$-&0' &' !) .3+
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  ! "#$%&'(   ) *+%%,(& -'.&,( ('/('001,2 3,4'50

6'2'($5 ('3$(70  !"#" $% &' ()"*# ('++'& ,"&-"&(. *(#'%% ,!" -$/"#"&, %,*&- 0*#*+","#%1

2'#"'3"#4 5'# * 6$3"& 0*#*+","#4 #"%7),% '8,*$&"- 5'# 9*$&,:;*7) *&- <!*8)*$% -*,* *#" *)%' =7$,"

-$/"#"&,1  !$% %766"%,% ,!*, '0,$+$>"- +'-")% *#" 0*#*+","#: 87, *)%' %$,":%0"($?(1 @'# +"*&

-$*+","# *&- ,'0 !"$6!,4 #"%7),% '8,*$&"- A$,!'7, !"$6!, =7*&,$)"% *#" 5*# 0''#"# ,!*& A$,! 5'7#

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

9*$&,:;*7)1 9,"+ -"&%$,. $& <!*8)*$% $% ,!" '&). (*%" A!"#" #"%7),% A$,!'7, !"$6!, =7*&,$)"% *#"

%$+$)*# '# "3"& 8",,"#1 B$,! ,!" <!*8)*$% -*,*4 *((7#*(. '8,*$&"- 5'# #*-$*) C"#&") ǫ:9DE 7%"-
'& F<G 3*#$*8)"% +*$&). -"0"&-% '& ,!" &7+8"# '5 !"$6!, +",#$(%1

8$0$5 $('$ B$,! <!*8)*$% -*,*4 0''# #"%7),% *#" '8,*$&"- A$,! )"%% ,!*& 5'7# !"$6!, +",#$(%

$& ,!" 3*#$*8)" %",1 E"6*#-$&6  !":2E4 -$+"&%$'& #"-7(,$'& '5 ,!" 3*#$*8)"% %", #"-7("% *((7#*(.4

0*#,$(7)*#). 5'# F<G1 E"%7),% '8,*$&"- A$,! ;<G *#" $&,"#+"-$*," *&- =7$," "##*,$(1 B!"& &'

-$+"&%$'& #"-7(,$'& $% 0"#5'#+"-4 *((7#*(. $% 8",,"#1 G((7#*(. 3*)7"% *#" %$+$)*# A!",!"# 5'7#

'# %$H !"$6!, +",#$(% *#" "H,#*(,"-1 E"%7),% *#" $+0#'3"- A!"& ,A' '# ,!#"" -"&%$,. +",#$(% *#"

*--"- ,' ,!" 3*#$*8)"% %",1 B!"& "$6!, !"$6!, +",#$(% *#" 7%"-4 *, )"*%, ,!#"" -"&%$,. +",#$(%

*#" &""-"- ,' 0#'3$-" * 57#,!"# $+0#'3"+"&, '5 0#"-$(,$'& *((7#*(.1

@'# ǫ:9DE4 8",,"# *&- +'#" %,*8)" #"%7),% *#" *(!$"3"- A$,! 0#$'# -$+"&%$'& #"-7(,$'& '5 ,!"
+",#$(% %",1 2"*&A!$)"4 %'+" 6''- *((7#*(. $% '8,*$&"- A$,! * #*-$*) C"#&") 5'# 3*#$*8)"% %",%

(nh, nd, ne) ∈ ({4, 6} × {3} × {1})1 I& ,!" A!')"4 )$&"*# *&- #*-$*) C"#&")% -$%0)*. %$+$)*#

*((7#*(.4 "%0"($*)). A!"& F<G $% "+0)'."-1  !" +*$& 5*(,'# $&J7"&($&6 *((7#*(. $% ,!" &7+8"#

'5 !"$6!, +",#$(% $& ,!" 3*#$*8)"% %",1 B$,! nh = 44 F<G '8,*$&% %)$6!,). 8",,"# #"%7),% ,!*&

;<G1 G((7#*(. -"(#"*%"% 5'# 8',! A!"& nh = 64 87, $% $+0#'3"- A!"& nh = 84 "%0"($*)). 5'#
;<G1 B$,! 3*#$*8)"% %",% #"-7("- 8. F<G4 *((7#*(. %""+% )"%% %"&%$,$3" ,' ,!" &7+8"# '5 ',!"#

+",#$(%1

B$,! 9*$&,:;*7) -*,*4 ,#"&-% *#" %'+"A!*, -$/"#"&,1 E"%7),% *#" %$+$)*# A!"& nh = 0 87,
A!"& +'#" +",#$(% *#" $&()7-"-4  !":2E +'-")% *((7#*(. 6"&"#*)). $&(#"*%"% +'#" ,!*& 5'#

ǫ:9DE1 B!"& &' -$+"&%$'& #"-7(,$'& $% 7%"-4  !":2E *((7#*(. $+0#'3"% A!"& ,!" &7+8"# '5

!"$6!, +",#$(% $&(#"*%"% 5#'+ 5'7# ,' %$H 87, ,!"& -"0"&-% +*$&). '& ,!" &7+8"# '5 *--$,$'&*)

-"&%$,. +",#$(%1 K"%, #"%7),% *#" '8,*$&"- 5'# (nh, nd) ∈ ({6, 8}×{1, 3})1 @'# (nh, nd) ∈ ({6, 8}×
{0, 2}) *& $+0#'3"+"&, $% &',$("- A!"& ,!#"" "&,#'0. +",#$(% *#" $&()7-"-1 B$,! nh = 44
-$+"&%$'& #"-7(,$'& 8"&"?,% ,'  !":2E +'-")% *((7#*(.1  !" '3"#*)) 8"%, #"%7),% *#" '8,*$&"-

A$,! ;<G 5'# nh = 8 *&- nd =∈ {0, 1}1
I3"#*))4 ǫ:9DE *((7#*(. $% )'A"# ,!*& A$,!  !":2E4 %*3" 5'# nh = 01 LH("0, 5'# * 5"A (*%"%4

ǫ:9DE A$,!'7, -$+"&%$'& #"-7(,$'& *&- )$&"*# C"#&") ǫ:9DE *((7#*(. #"+*$&% %,*8)"1 E*-$*)

C"#&") 6$3"% 8",,"# *((7#*(.1 E"%7),% '8,*$&"- A$,! F<G *#" %)$6!,). 0''#"# 87, %""+% )"%%

-"0"&-"&, '& ,!" &7+8"# '5 )*%"# +",#$(%1

*&'3 4'201&9 B$,! <!*8)*$% -*,*4 $, $% ,!" '&). (*%" A!"#" 8"%, *((7#*(. $% '8,*$&"- A$,!'7,

*&. !"$6!, =7*&,$)"%1 I& ,!" A!')"4 )$&"*# C"#&") ǫ:9DE .$")-% 0''# #"%7),%4 A!*,"3"# ,!" -$:

+"&%$'& #"-7(,$'&1 E*-$*) C"#&") ǫ:9DE 6$3"% 8",,"# #"%7),%4 "%0"($*)). A!"& &' !"$6!, =7*&,$)"%
*#" "H,#*(,"-1 E*-$*) C"#&") 7%"- A$,! F<G 6$3"% 6''- *&- %,*8)" #"%7),% A!"& nh = 44 87,
*((7#*(. -"(#"*%"% A!"& +'#" !"$6!, =7*&,$)"% *#" "H,#*(,"-1 B$,! ;<G '# A$,!'7, -$+"&%$'&

#"-7(,$'&4 #*-$*) C"#&") .$")-% 3"#. 3*#$*8)" #"%7),%1 G((7#*(. %""+% 8",,"# A!"& *, )"*%, ,A'

-"&%$,. +",#$(% *#" 0#"%"&,1

@'#  !":2E4 *((7#*(. '8,*$&"- A$,! F<G $% 0''#4 "H("0, 5'# ,!" (*%" (nh, nd, ne) ∈ {0}×{2, 3}×
{1}1 K"%, #"%7),% *#" '8,*$&"- A$,!'7, -$+"&%$'& #"-7(,$'&4 "%0"($*)). A!"& '&" "&,#'0. +",#$(
$% ('+8$&"- A$,! *, )"*%, ,A' -"&%$,. +",#$(%1 9'+" 6''- *((7#*($"% *#" '8,*$&"- A$,! ;<G

A!"& nh ≥ 81

B$,! 9*$&,:;*7) -*,*4 )$&"*# C"#&") *)%' 6$3"% 0''# #"%7),%4 "%0"($*)). A$,! &' -$+"&%$'&



  !"! #$%&'(%    

 !"#$%&'( ') *+ &+,-!. .!%. /&%0 nd = 11 +(" !2$!3% )' $'4,&(+%&'(. ') )'# ' .&2 0!&50% 6#+(%&-!.

/&%0 %/' "!(.&%7 4!% &$.8 ǫ9:;< 4'"!-. +$$# +$7 &. 3'' ! /0!( (' "&4!(.&'(  !"#$%&'( &.

3! )' 4!"1 !*!( %'#50  !.#-%. + ! .-&50-%7 ,!%%! /0!( +% -!+.% %/' "!(.&%7 4!% &$. + ! &($-#"!"8

=&%0  +"&+- >! (!-1  !.#-%. ',%+&(!" /&%0 ?@A +(" B@A + ! .&4&-+ +(" 0+ "-7 "!3!("!(% '( %0!

(#4,! ') -+.! 4!% &$.1 .+*! %0! +,'*! 4!(%&'(!" $'4,&(+%&'(.8 C!.&"!.1 +$$# +$7 "!$ !+.!.

/0!( %0! %'%+- (#4,! ') 4!% &$. &($ !+.!.8

D'  !"9E<1 "&4!(.&'(  !"#$%&'( "'!. ('% +--'/ +(7 +$$# +$7 &43 '*!4!(%8 F''"  !.#-%. + !

',%+&(!" /&%0'#% "&4!(.&'(  !"#$%&'( /0!( %/' "!(.&%7 4!% &$. + ! +""!" %' 0!&50% 6#+(%&-!.8

G2% +$%&(5 %0 !! "!(.&%7 4!% &$. 7&!-". -'/! +$$# +$71 /0! !+. /&%0 '(-7 '(! "!(.&%7 4!% &$

$'4,&(!" %' !&50% 0!&50% 4!% &$.1 +$$# +$7 &. ,!%%! 1 .#55!.%&(5 %0! !2&.%!($! ') $'4,&(!" !H!$%.

') -+.! 4!% &$. ') "&H! !(% %73!.8

)$*+ ,-*.$($/ =&%0 ,'%0 "+%+.!%.1  !.#-%. + ! &43 '*!" /0!( 0!&50% 4!% &$. + ! &($-#"!" &(

%0! *+ &+,-!. .!%8 =&%0 @0+,-+&. "+%+1 +$$# +$7 ',%+&(!" /&%0 ?@A $'43'(!(%. "&.3-+7. .&4&-+ 

% !(". )' ǫ9:;< +("  !"9E<8 ?("!!"1 3 !"&$%&'( !  ' . + ! $-'.! +(" "!3!(" 4+&(-7 '( %0!

(#4,! ') 0!&50% 4!% &$.8 :-&50%-7 ,!%%!  !.#-%. + ! ',%+&(!" /&%0 nh = 68 =&%0'#% "&4!(.&'(

 !"#$%&'( ' /&%0 B@A1 :;< +$$# +$7 &. $-'.! %' ?@A  !.#-%. ,#% 4' ! *+ &+,-!1 !2$!3% /0!(

nh = 48 ?("!!"1 )' *+ &+,-!. .!%. ,+.!" '( )'# 0!&50% 4!% &$.1 B@A 5&*!. %0! ,!%%!  !.#-%.

+-%0'#50 %0! !H!$% ') %0! '%0! 4!% &$. &. ('% !+.&-7 !23-+&(+,-!8 <!5+ "&(5  !"9E<1 ,!.%  !.#-%.

/&%0'#% "&4!(.&'(  !"#$%&'( + ! ',%+&(!" /0!( '(! !(% '37 4!% &$ &. #.!"8 B@A 7&!-". .&4&-+ 

3 !"&$%&'( !  ' .8

=&%0 :+&(%9B+#- "+%+1 ǫ9:;< /&%0'#% "&4!(.&'(  !"#$%&'( 5&*!. 3''  !.#-%.8 B !"&$%&'(

!  ' ',%+&(!" /&%0 ?@A 0+ "-7 "!3!(". '( %0! &($-#"!" -+.! 4!% &$. +(" '( %0!  !5 !..&'(

4!%0'"8 <!5+ "&(5 ǫ9:;<1 -&(!+ +("  +"&+- >! (!-. 7&!-" .&4&-+ +$$# +$78 <!.#-%. ',%+&(!"

/&%0 ?@A +(" B@A + ! )+& -7 .&4&-+ /0!( nh = 41 ,#% +$$# +$7 %!(". %' "!$ !+.! I !.38 &($ !+.!J

)' ?@A I !.38 B@AJ /0!( 4' ! 4!% &$. + ! &($-#"!" &( %0! *+ &+,-! .!%.8 K'/!*! +$$# +$7 &.

,!%%! )'  +"&+- ǫ9:;< /&%0 ?@A )' (nh, nd) ∈ {6, 8} × {0, 2}8
D'  !"9E<1 +$$# +$7 4+&(-7 "!3!(". '( %0! (#4,! ') 0!&50% +(" "!(.&%7 4!% &$.8 <!.#-%.

/&%0 + 0&50! (#4,! ') 0!&50% 4!% &$. + ! ,!%%! 1 +(" + ! )# %0! &43 '*!" /0!( 4' ! %0+(

%/' "!(.&%7 4!% &$. + ! +""!"8 K'/!*! 1 +$$# +$7 )' (nh, nd) = (6, 2) &. ,!%%! %0+( )' (8, 2)8
G(% '37 4!% &$. 0+*! (' !H!$%1 .+*! )' %0! (nh, nd, ne) = (8, 1, 3) +(" (4, 3, 3) $+.!.1 /0! !

+$$# +$7 &.  !.3!$%&*!-7 &($ !+.!" +(" "!$ !+.!"8

012 3$-43( =&%0 @0+,-+&. "+%+1  !"9E< 4'"!-. ',%+&(!" /&%0'#% "&4!(.&'(  !"#$%&'( 7&!-"

+-4'.% %0! .+4! 3 !"&$%&'( !  ' IL8MN %' L8OP 4J8 =&%0 ?@A1  !"9E< 4'"!-. + ! -!.. +$$# +%!1

!*!( %'#50 RMSE "!$ !+.!. "'/( %' Q 4 /0!( nh = 88 =&%0 B@A1  !.#-%. + ! 4' ! *+ &+,-!

,#% ,!%%!  !.#-%. + ! +$0&!*!" IRMSE = 1.43 4J8 =&%0 ǫ9:;<1 +$$# +$7 +$0&!*!" /&%0'#%

"&4!(.&'(  !"#$%&'( &. 3'' +(" *! 7 *+ &+,-!1 !.3!$&+--7 /0!( (' "!(.&%7 4!% &$. + ! &($-#"!"8

=&%0 B@A1  !.#-%. + ! ,!%%! ,#% +-.' 4' ! *+ &+,-!1 !.3!$&+--7 )' -&(!+ >! (!-8 =&%0 ?@A1

 +"&+- +(" -&(!+ >! (!-. "&.3-+7 .&4&-+ %!("!($&!.1 %0! )' 4! ,!&(5 .-&50%-7 4' ! +$$# +%!8

B !"&$%&'( !  ' &. 5-',+--7 -&(>!" %' %0! (#4,! ') 0!&50% 4!% &$.1 +(" &. /' .! )' nh = 88

=&%0 :+&(%9B+#- "+%+1 ?@A 3! )' 4!" 3'' -7 )' +-- 4!%0'".1 !2$!3% )' + )!/ 4!% &$. $'49

,&(+%&'(.8 D'  !"9E< /&%0'#% "&4!(.&'(  !"#$%&'(1 +$$# +$7 &. &($ !+.!" /0!( +% -!+.% %/'

"!(.&%7 4!% &$. + ! +""!" %' %0! 0!&50% 4!% &$.8 K'/!*! /0!( nh = 41 &($ !+.&(5 nd ) '4 %/'

%' %0 !!  !.#-%. &( 0&50! !  ' 8 =0!( B@A &. #.!" .'4! ,!%%!  !.#-%. + ! +$0&!*!" ,#% %0!7 + !

+-.' 4' ! *+ &+,-!8 D' ǫ9:;<1 B@A $'4,&(!" /&%0  +"&+- >! (!- 7&!-". 5''" ,#% 0&50-7 *+ &+,-!

+$$# +$78 =0!( (' "&4!(.&'(  !"#$%&'( &. 3! )' 4!"1 !  ' &. 0&50! 1 !2$!3% )' .'4! 3+ %&$#-+ 

$+.!. /0&$0 &($-#"! $'4,&(+%&'(. ') (nd, ne) ∈ {2, 3} × {3}8



  ! "#$%&'(   ) *+%%,(& -'.&,( ('/('001,2 3,4'50

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

",3%$(10,2 ,6 ('/('001,2 3'&#,40  !"#$ %%&% '$(!)#* (+$ *$((),-* (+!( !##./ (+$ #./$*(

01$')2()., $11.1 3.1 $!2+ *(!,' 0!1!4$($1 !,' (50$ .3 1$-1$**).,& 6.1 $!2+ 2!*$7 (+$ 01$')2().,

$11.1 8RMSE9 ."(!),$' "5 #$!:$;.,$;.<( 21.**;:!#)'!()., )* 01),($'7 !* /$## !* (+$ 4$!, :!#<$
."(!),$' /)(+ =>> ($,;3.#' 21.**;:!#)'!().,*& ?!#<$* 01$')2($' "5 @AA 21.**;:!#)'!()., !1$ 0#.(;

($' !-!),*( (+$ B$#' :!#<$* ), B-<1$ %%&C& D+$, .,#5 (+$ #$!:$;.,$;.<( 1$*<#(* !1$ 2.,*)'$1$'7

."(!),$' !22<1!2)$* 3.1 4.*( 2!*$* !1$ *)4)#!1& ǫ;E?F *$$4* $:$, 4.1$ !22<1!($ 3.1 4$!, ')!4;
$($1 ), G+!"#!)* !,' *($4 '$,*)(5 ), E!),(;H!<#& I,'$$'7 $11.1 ')J$1$,2$* !1$ #./$1 (+!, %&KL7

$M2$0( 3.1 4$!, ')!4$($1 ), G+!"#!)* 8=&KL ')J$1$,2$ "$(/$$, 1!')!# ǫ;E?F !,'  !";NF9 !,'

*($4 '$,*)(5 ), E!),(;H!<# 8K&OL ')J$1$,2$ "$(/$$, #),$!1 ǫ;E?F !,'  !";NF9& E.4$ *)4)#!1)()$*
), (+$ $M(1!2($' 4$(1)2* (+!( 5)$#' (+$ "$*( !22<1!25 3.1 ! -):$, *(!,' 0!1!4$($1 !1$ ,.()2$!"#$

/)(+ (+$ G+!"#!)* '!(!&

P./$:$17 /+$, #..Q),- !( 4$!, 01$')2()., $11.1 !,' )(* *(!,'!1' '$:)!()., $*()4!($' "5

=>> ($,;3.#' 21.**;:!#)'!().,*7  !";NF !00$!1* (. "$ 4.1$ 1."<*(& I,'$$'7 *(!,'!1' '$:)!().,

3.1  !";NF )* "$#./ >&RL $M2$0( 3.1 *($4 '$,*)(5 ), G+!"#!)* /+$1$ IGS +!* "$$, 0$13.14$' 3.1

')4$,*)., 1$'<2().,& 6.1 ǫ;E?F7 *(!,'!1' '$:)!()., :!#<$ 1$!2+$* K&O !,' $:$, %>&TL 3.1 "!*!#

!1$! ), G+!"#!)* 83.1 (+)* #!(($1 2!*$7 2.40<(!()., /!* 0!1()2<#!1#5 *#./ /+)2+ 4)-+( ),')2!($

(1.<"#$* '<1),- 4.'$# B((),-9&

 +$ #.2!()., *+)3( .3 (+$ ')*(1)"<().,* .3 (+$ RMSE ."(!),$' ), ($,;3.#' 21.**;:!#)'!()., 3.1

 !";NF !,' #),$!1 ǫ;E?F )* *)-,)B2!,(#5 ')J$1$,( 31.4 > 8N!,,;D+)(,$5 ($*(7 p < 0.00197
$M2$0( 3.1 *($4 '$,*)(5 ), E!),(;H!<#&  +$ ($*( )* !#*. *)-,)B2!,( 3.1  !";NF 2.40!1$' (. 1!')!#

ǫ;E?F7 $M2$0( 3.1 '.4),!,( +$)-+( ), E!),(;H!<#& D+$, #),$!1 ǫ;E?F !,' 1!')!# ǫ;E?F !1$

2.40!1$'7 #.2!()., *+)3(* !1$ *)-,)B2!,(#5 ')J$1$,( 31.4 > .,#5 3.1 4$!, ')!4$($17 !,' 3.1 "!*!#

!1$! ), E!),(;H!<# 8p < 0.0019& I, !## .(+$1 2!*$*7 (+$ ,<## +50.(+$*)* (+!( (+$ #.2!()., *+)3( )*
$U<!# (. V$1. 2!,,.( "$ 1$W$2($' 8p > 0.19& E(!,'!1' '$:)!()., :!#<$* !1$ !#*. +)-+$1 3.1 (+$
01$')2()., $11.1 ."(!),$' "5 ǫ;E?F7 2.40!1$' (. (+.*$ ."(!),$' "5  !";NF7 $M2$0( 3.1 *($4

'$,*)(5 01$')2($' ., (+$ G+!"#!)* '!(!&

",3%$(10,2 71&# &#' -$(1$85'0 0'& (nh, nd, ne) = (6, 3, 0) D)(+ (+$ :!1)!"#$* *$( (6, 3, 0)
/)(+.<( $,(1.05 4$(1)2* .1 ')4$,*)., 1$'<2().,7 (+$ ."(!),$' 01$')2()., $11.1* 3.1 "!*!# !1$!7

*($4 '$,*)(57 4$!, ')!4$($1 !,' (.0 +$)-+( !1$ =C&C7 =C&R7 =R&C !,' K&XL 3.1 G+!"#!)* '!(!7

!,' %T&X7 =O&O7 %X&C !,' %=&KL 3.1 E!),(;H!<#

 

& Y5 <*),- ')J$1$,( #!*$1 4$(1)2* !,' ')4$,*).,

1$'<2()., 4$(+.'*7  !";NF 4.'$#* !1$ )401.:$' "5 >&= (. C&O 0.),(* .3 0$12$,(!-$ /)(+ 1$*0$2(

(. (+$ "!*)2 !001.!2+ 1$#5),- .,#5 ., +$)-+( !,' '$,*)(5 4$(1)2* !,' 4<#()0#$ 1$-1$**).,&  +$

+)-+$1 )401.:$4$,( 3.1 4$!, ')!4$($1 ), G+!"#!)* )* '<$ (. (+$ 3!2( (+!( (+$ .1)-),!# 4.'$#

/!* 0!1()2<#!1#5 "!'7 01."!"#5 "$2!<*$ .3 (+$ #./ ,<4"$1 .3 ($*($' 4.'$#* 2.40#5),- /)(+ (+$

#),$!1 4.'$# !**<40().,*&

 

 !"#$% !&$ '()$&$*+ ,&-. +/-%$ 0&$%$*+$' (* %$1+(-* 2345 6$1!#%$ +-0 /$(7/+ (% 1-*%('$&$' (*%+$!' -, '-.(*!*+

/$(7/+8 !*' 9(+/ +/$ :/!6"!(% '!+! RMSE (% !%%$%%$' 6; "$!<$=-*$=-#+ 1&-%%=<!"('!+(-* 9/$&$!% ! >"$!<$=-*$=

0"-+=-#+? 1&-%%=<!"('!+(-* @%$$ '$+!("% (* %$1+(-* A454BC 9!% #%$' 0&$<(-#%";4 RMSE (% "-9$& 9/$* +/$ %$1-*'

0&-1$'#&$ (% $.0"-;$' 9(+/ +/$ :/!6"!(% '!+! !% (* "$!<$=-*$=-#+ 1&-%%=<!"('!+(-*8 .-'$"% !&$ D++$' 9(+/ %#60"-+%

+/!+ !&$ %0!+(!""; 1-&&$"!+$' +- +/$ +$%+$' &$.!(*(*7 %#60"-+4 E% -#& -6F$1+(<$ (% *-+ +- -6+!(* !6%-"#+$ <!"#$%

6#+ +- 1-.0!&$ '()$&$*+ .$+/-'%8 +/(% $)$1+ (% %$1-*'!&;4 G$!*9/("$8 %#00-&+ <$1+-& &$7&$%%(-* (% "$%% %$*%(6"$ +-

-#+"($&%8 %- +/!+ (+ %/-#"' +/$-&$+(1!""; 6$ "$%% !)$1+$' +/!* .#"+(0"$ &$7&$%%(-* 6; ! "$!<$=-*$=0"-+ 1&-%%=<!"('!+(-*4

H+ (% !"%- *-+$9-&+/; +/!+ 0&$'(1+(-* $&&-& ,-& +-0 /$(7/+ (% .#1/ "-9$& +/!* ,-& '-.(*!*+ /$(7/+4



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

 !"#$ %%&%' ($)* +,$-./*.01 !//2,!/3 0"*!.1$- 4.*5  !"678 !1- ǫ69:8 ;#.1$!, !1- ,!-.!# <$,1$#)= !1-

/0,,$)+01-.1> ?!,.!"#$) )$*)@ A0, "!)!# !,$! ;G=@ )*$B -$1).*3 ;N=@ B$!1 -.!B$*$, ;D= !1- *0+ 5$.>5*
;H=& :!#2$) !,$ *5$ /0$C/.$1*) 0A ?!,.!*.01 0A *5$ RMSE 0"*!.1$- "3 #$!?$601$602* ;DEE= !1- FGG

,$+$*.*.01) 0A *$16A0#- ;%G6H= /,0))6?!#.-!*.01) ;B$!1 ±)*!1-!,- -$?.!*.01=&

 !"#

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

.#"#& .#"1+2 -33 456 78'9 456 (nh, nd, ne) /+.:+,#,"* ;*#2

 
%
!
,
"
'
$
%
;
<

G
 !"'0( 17.8 17.9±0.5 =>?>7 $@A 78>7B>?8

<!,#%& ǫ' C( 18.6 21.0±4.3 D>E>E ,+,#

&%2!%< ǫ' C( 18.3 20.4±1.9 =>8>8 $@A 7'7?

N
 !"'0( 22.0 22.2±0.6 =>7>· hf,0.67 + hl,0.83 + ds,0.5

<!,#%& ǫ' C( 15.5 22.8±4.3 D>?>8 ,+,#

&%2!%< ǫ' C( 17.3 24.9±4.4 F>?>7 G@A 7'7HI7H

D
 !"'0( 14.1 14.2±0.4 =>J7>EK>E hl,0.33 + dl,0.5 + e0.66−1

<!,#%& ǫ' C( 14.4 17.6±2.0 =>?>8 $@A 7'?F

&%2!%< ǫ' C( 14.8 17.3±1.9 =>?>7 $@A 7'?8

H
 !"'0( 11.0 11.0±0.3 =>7>E $@A E>?D

<!,#%& ǫ' C( 10.1 20.1±6.5 D>E>? G@A 7'?FI?F

&%2!%< ǫ' C( 9.4 11.6±2.2 F>7>E $@A 7'78

@
1
%
L
<
%
!
*

G
 !"'0( 21.5 21.6±0.7 =>?>? $@A 7>=>H

<!,#%& ǫ' C( 19.0 23.4±10.9 =>?>7 $@A 7'78

&%2!%< ǫ' C( 20.7 22.8±2.2 =>?>7 $@A 7'78

N
 !"'0( 21.3 34.0±6.8 8>E>7 G@A M>D>=I=

<!,#%& ǫ' C( 22.3 22.6±0.6 8>E>7 $@A 7'D

&%2!%< ǫ' C( 21.0 22.0±1.4 8>7>? G@A 7'?I?

D
 !"'0( 15.8 16.0±0.4 =>7>7 $@A B>?8>??

<!,#%& ǫ' C( 13.1 25.4±4.5 D>E>E G@A 7'?=I?=

&%2!%< ǫ' C( 13.0 26.1±5.5 D>E>E G@A 7'?=I?=

H
 !"'0( 5.2 5.2±0.1 F>E>E $@A B>78>7?

<!,#%& ǫ' C( 4.9 5.9±0.8 F>7>E $@A 7'7F

&%2!%< ǫ' C( 5.4 6.1±0.7 D>E>8 $@A 7'7D

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

  !"! #$%&'$(' )* +,' $&-.'/ 0$1 +23' )* 405'/ -'+/6(5

N;.#&+;* *";2!#* 1%O# *1+P, "1%" "1# ;::#& 1#!)1" Q;%,"!<#* %&# % )++2 !,2!/%"+& +R "&## 1#!)1"S

T1!* !* #U#.:<!V#2 LW "1# R%/" "1%" :&#2!/"!+, %//;&%/W R+& "+: 1#!)1" .+2#<* !* )&#%"<W !.:&+O#2

P1#, 1#!)1" .#"&!/* %&# !,/<;2#2 !, "1# O%&!%L<#* *#"S $&#O!+;* *";2!#* X7??> ??=Y *1+P#2 "1%"

2+.!,%," 1#!)1" %,2> "+ % <#**#& #U"#,"> .#%, 2!%.#"#& %&# /+&&#<%"#2 P!"1 "1# ;::#& 1#!)1"

Q;%,"!<#*S T1!* .%W #U:<%!, P1W "1+*# *"%,2 :%&%.#"#&* 2!*:<%W *!.!<%& "#,2#,/!#* &#)%&2!,)

:&#2!/"!+, .+2#<*Z *"%L!<!"W +R &#*;<"* P1#, #,+;)1 1#!)1" .#"&!/* %&# !,/<;2#2 !, "1# O%&!%L<#*>

%,2 !,#[/!#,/W +R \( R+&  !"'0(S (#<%"!+,*1!:* L#"P##, L%*%< %&#% +& *"#. 2#,*!"W %,2 R+&#*"

*"&;/";&# %&# .+&# /+.:<#U> &#*;<"!,) !, :%""#&,* "1%" %&# .+&# 2![/;<" "+ !,"#&:&#"S T1# /%*#

+R *"#. 2#,*!"W !, @1%L<%!* !* %, #U/#:"!+,> %* )++2 %//;&%/!#* %&# %/1!#O#2 P!"1+;" %,W 1#!)1"

.#"&!/*S G,2##2> % )&#%" :%&" +R "&%!,!,) V#<2 :<+"* %&# !&&#);<%& *"%,2*> P1#&# *+.# 1!)1> .%";&#

"&##* /+'#U!*" P!"1 % .+&# +& <#** 2#,*# <+P#& *"&%";.S ]!"1 *;/1 *"&;/";&#*> "+: 1#!)1" #U1!L!"*

<+P#& /+&&#<%"!+, P!"1 *"#. 2#,*!"WS 3, "1# /+,"&%&W> !,  %!,"'$%;<> .+*" :<+"* %&# /+,*"!";"#2

LW #O#,'%)#2 /+::!/# *"%,2*S G, "1# %L*#,/# +R "1!,,!,) +& <+))!,)> 1#!)1" )&+P"1 )+#* %<+,)

P!"1 % 2#/&#%*# !, *"#. 2#,*!"W %* % /+,*#Q;#,/# +R *"#. #U/<;*!+,> P1!/1 .%W #U:<%!, P1W



  ! "#$%&'(   ) *+%%,(& -'.&,( ('/('001,2 3,4'50

 !"# $ %!$&"'( )&! (*''!((+*, "- .&!/"'$"-# ($!% /!-("$01

2-$&3.0 %!$&"'(  )4! ,"$$,! "%.)'$ 5"$ 6)"-$78)*, /)$)1 9-/!!/: '3.."'! ($)-/( )&! 4!&0

/!-(! )-/ ;*"$!  3%3#!-!3*( )$ ,3'), ('),!: (3 $ )$ $ !&! "( 3-,0 ,"$$,! "-+3&%)$"3- $3 <! !=$&)'$!/

+&3% $ !  3&">3-$), /"($&"<*$"3- 3+ .3"-$(1 ?- $ ! '3-$&)&0: "- @ )<,)"( -*%!&3*( ($)-/( )&!

"&&!#*,)& (3 $ )$ $ !0 /"(.,)0 )  "#  3&">3-$), 4)&")<","$0 5"$ "- ) #"4!- .,3$1 A )$ %)0 !=.,)"-

5 0 )//"-# !-$&3.0 %!$&"'(  !,.( "-'&!)(! .&!/"'$"3- )''*&)'0 +3& ($!% /!-("$0 3& %!)- /")%!$!&1

A ! -*%<!& 3+  !"# $ <"-( +3& !-$&3.0 '3%.*$)$"3- ),(3 (!!%( $3 <! ) %)B3& '&"$!&"3- )( "-

@ )<,)"( .&!/"'$"3- )''*&)'0 "( "%.&34!/ 5 !- !-$&3.0 "( '),'*,)$!/ 5"$ $ ! 5 3,! &)-#! 3+

 !"# $1 9- 6)"-$78)*,: +3& $3.  !"# $ $ ! !=$&)'$"3- 3+ $ &!! !-$&3.0 4),*!( <!-!C$( $3 ǫ76DE
%3/!,(1 A "( (*##!($( $ )$ /!.!-/"-# 3- $ ! +3&!($ ($&*'$*&! )-/ 3- $ ! +3&!($ .)&)%!$!&: $ !

&!,!4)-$ !-$&3.0 "-+3&%)$"3- %)0 <! ,3')$!/ 5"$ "- $ ! $3$),"$0 3& 3-,0 .)&$( 3& $ ! .3"-$ ',3*/1

9- 6)"-$78)*,: (3%! <&3)/,!)4!/ 3& '3-"+!&3*( $&!!( 3&"#"-)$!/ +&3% (!!/,"-#( !%!&#! +&3% $ !

 3%3#!-!3*( '3.."'! ')-3.0 "- (3%! .,3$(1 A )$ %)0 !=.,)"- 5 0 !-$&3.0 %!$&"'( )&! &!,!4)-$

3-,0 5 !- '3%.*$!/ +3& (!,!'$!/  !"# $ <"-(: 5 !&!)( "- @ )<,)"( ),, ,)0!&( )&!  !$!&3#!-!3*(1

F!-("$0 %!$&"'( !G!'$ #&!)$,0 /!.!-/( 3- $ ! +3&!($ .)&)%!$!&1 H3& $3.  !"# $ $ !0  )4!

-!)&,0 -3 "-I*!-'!1 H3& $ ! 3$ !& +3&!($ .)&)%!$!&(: $ !0 "%.&34! .&!/"'$"3- )''*&)'0: !(.!'"),,0

+3& %!)- /")%!$!& "- 6)"-$78)*,1 9$ "( ),(3 -3$!53&$ 0 $ )$ /!.!-/"-# 3- $ ! ("$! )-/ 3- $ !

+3&!($ .)&)%!$!&(: $ ! -*%<!& 3+ !=$&)'$!/ %!$&"'( ),(3  )( )- !G!'$ 3- )''*&)'01 H3& !=)%.,!:

5"$ <)(), )&!) "- 6)"-$78)*,:  !"7JE %3/!,( 5"$ 3*$ /"%!-("3- &!/*'$"3-  )4! <!$$!& )''*&)'0

5"$ nd = 1 )-/ nd = 3 $ )- 5"$ nd = 2: (*##!($"-# $ )$ $ ! &!,!4)-$ "-+3&%)$"3- "( "-

$ ! %!$&"' dg,0.51 ?- $ ! '3-$&)&0: 5"$ %!)- /")%!$!& "- 6)"-$78)*,:  !"7JE %3/!,( 5"$ 3*$

/"%!-("3- &!/*'$"3-  )4! <!$$!& )''*&)'0 5 !- %3&! /!-("$0 %!$&"'( )&! "-',*/!/ "- $ ! %3/!,(:

5 "' %)0 <! !=.,)"-!/ <0 $ ! +)'$ $ )$ %3&! 4),*)<,! "-+3&%)$"3- "( !=$&)'$!/ 5 !- %3&!

 !"# $ <"-( )&! '3-("/!&!/1

63%! '3%<"-!/ !G!'$( )&! ),(3 -3$"'!)<,!1 H3& !=)%.,!:  !"7JE %3/!,( 5"$ 3*$ /"%!-("3-

&!/*'$"3- /"(.,)0 <!$$!& )''*&)'0 5 !- nh = 6 )-/ nd "-'&!)(!( +&3% 3-! $3 $531 K35!4!&:

5 !- nh = 8: )''*&)'0 /!'&!)(!( 5 !- $ ! -*%<!& 3+ /!-("$0 %!$&"'( '3%!( +&3% 3-! $3 $531

A "( '3*,/ <! ,"-L!/ $3 $ ! +)'$ $ )$ %!$&"'( 3+ /"G!&!-$ $0.! %"# $ !-'3%.)(( (3%! &!/*-/)-$

"-+3&%)$"3-1

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

?- $ ! 5 3,!:  !"7JE .!&+3&%( <!$$!& 5"$ &)5 ,)(!& %!$&"'(: 5 !&!)( ǫ76DE 0"!,/( <!$$!&

)''*&)'"!( 5"$ &!/*'!/ (!$( 3+ +!)$*&!(1 A "( %"# $ <! ,"-L!/ 5"$ $ ! +)'$ $ )$ &!#)&/"-#

 !"7JE ) (!,!'$"3- 3+ $ ! <!($ %3/!, 5"$ )$ %3($ $ &!! 4)&")<,!( "( .!&+3&%!/: 5 !&!)( $ !

5 3,! 4)&")<,!( (!$ "( *(!/ "- $ ! ')(! 3+ ǫ76DE1 A ! $&)"-"-# 5"$ ) ,35!& -*%<!& 3+ '3%.3-!-$(

M+&3% 9@N 3& 8@NO %"# $ %)L! %3/!,( %3&! )''*&)$! $ )- 5 !- $ ! 5 3,! (!$ 3+ &)5 %!$&"'(

"( *(!/1 9-/!!/: (!4!&), 6DE %3/!,( $ )$ 0"!,/ $ ! <!($ )''*&)'0 M$)<,! PP1PO )&! 3<$)"-!/ 5"$ 

(!$( 5"$ ) ,35!& -*%<!& 3+ '3%.3-!-$( $ )- 3&"#"-),,0 "-',*/!/ "- $ ! &)5 %!$&"'(1

E)/"), )-/ ,"-!)& L!&-!,( (3%!$"%!( 0"!,/ 4!&0 ("%",)& &!(*,$( M%!)- /")%!$!& "- 6)"-$78)*,O:

<*$ ǫ76DE 5"$ &)/"), L!&-!, (!!%( %3&! &3<*($ $3 $ ! /"%!-("3- &!/*'$"3- %!$ 3/ )-/ $3 $ !

,)(!& %!$&"'(1 A "( '3*,/ <! !=.!'$!/ )( $ ! &)/"), L!&-!, ')- )''3*-$ +3& -3-7,"-!)& &!,)$"3-( ".1

K35!4!&: $ ! (%),, /"G!&!-'! "- )' "!4!/ )''*&)'0 (*##!($( !"$ !& $ )$ &!,)$"3-( ".( <!$5!!- ,)(!&

%!$&"'( M3& !=$&)'$!/ '3%.3-!-$(O ')- <! '3-("/!&!/ ,"-!)&: 3& $ )$ &)/"), L!&-!, %3/!,( %"# $

)'$*),,0 <! 34!&7C$$!/1

A "(  0.3$ !("( 3+ 34!&7C$$"-# %"# $ ),(3 !=.,)"- 5 0 ǫ76DE %3/!,(  )4! .!&+3&%)-'!(

("%",)& $3  !"7JE 5 !- 3-,0 ,!)4!73-!73*$ '&3((74),"/)$"3- &!(*,$( )&! '3-("/!&!/: <*$ )&! 53&(!

<3$ "- $!&%( 3+ %!)- )-/ ($)-/)&/ /!4")$"3- 3+ RMSE 5 !- $!-7+3,/ '&3((74),"/)$"3-( )&!

&!.!)$!/1 F*&"-# $ ! $!-7+3,/ '&3((74),"/)$"3-:  0.!&.)&)%!$!&( )&! -3$ $*-!/ )#)"-: 5 "' 

(*##!($( $ )$ $ ! %3/!, /!$!&%"-!/ "- Q?? '&3(( 4),"/)$"3- %"# $ )'$*),,0 <! 34!&7C$$!/1 N



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

 !""!# $%#%&!"#'(%"')* )+ ",! ǫ-./0 %12)#'",& &'2,"  ! %""%'*!3  4 "5*'*2 ",! ǫ 6'(! )+ ",!

'*6!*6'"'7! "5 !8 9#!7')56 6"53'!6 6522!6" ",%" ",'6 7%15! 6,)513  ! 6!" %::)#3'*2 ") ",! *)'6!

1!7!1; <,':, '6 5*+)#"5*%"!14 3'=:51" ") !6"'&%"!8

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

>,! +%:" ",%"  !"-?0 $!#+)#&6  !""!# <'", #%< 1%6!# &!"#':6 %16) 6522!6"6 ",%" &)6" )+ ",!

7%15% 1! '*+)#&%"')* 1'!6 <'",'* % 1'&'"!3 *5& !# )+ &!"#':6; %*3 ",%" ",'6 '*+)#&%"')* '6 *)"

"#%*6+!##!3 ") )# 56% 1! <'",'* ",! :)&$)*!*"6 !@"#%:"!3 <'", 9AB )# CAB8 C*3!!3; 9AB %'&6

%" &%@'&'('*2 ",! %&)5*" )+ 7%#'%*:! !*:)&$%66!3 '* ",! )#",)2)*%1 :)&$)*!*"6;  5" ",!#!

'6 *) #!%6)* <,4 ",! '*+)#&%"')* #!1%"!3 ") ",! +)#!6" $%#%&!"!# 6,)513  ! 1'*D!3 ") ",!6!

+!%"5#!68 C*3!!3; ",! #!651"6 ) "%'*!3 <'", 9AB '* "% 1! EE8E 6!13)& 56! ",! F#6" :)&$)*!*"68

G)# !@%&$1!; 5$$!# ,!'2," H5%*"'1!6 %#! :)##!1%"!3 ") 6)&! +)#!6" $%#%&!"!#6; %*3 ",! 7%15% 1!

'*+)#&%"')* ",%" '6 )#'2'*%114 $#!6!*" '* )*! )# "<) 1%6!# &!"#':6 &'2,"  ! 3'15"!3 '*") 6!7!#%1

:)&$)*!*"6 35#'*2 3'&!*6')* #!35:"')*8 A)*:!#*'*2 ǫ-./0; '" ,%6 %1#!%34  !!* &!*"')*!3

",%" ",! #!651"6 %#!  !""!# <'", 3'&!*6')* #!35:"')*8 ?)#!)7!#; 56'*2 CAB '6 )* ",! <,)1! 1!66

%::5#%"!  5" 6)&!<,%" &)#! #) 56" ",%* 9AB8

I!6'3!6; 56'*2 3'&!*6')* #!35:"')* &!",)36 &'2," "5#* )5" "#':D4 '* )$!#%"')*%1 %$$1':%"')*68

J%6!# &!"#':6 :)&$5"!3 '* % 2'7!* 1):%"')* K!828 $1)"L %#! '*3!$!*3!*" +#)& ",! #!6" )+ ",! 3%"%8

?!%*<,'1!; 9AB %*3 CAB :)&$)*!*"6 +)# ",! 1%6!# &!"#':6 '* % 2'7!* $1)" <'11 3!$!*3 )* ",!

*5& !# %*3 1):%"')* )+ )",!# $1)"68 C+ % "#%'*!3 &)3!1 '6 ")  ! %$$1'!3 +)# $#!3':"')* $5#$)6!6 )*

",! <,)1! J'MB0 3%"%6!" K<,':, '6 ",! ) N!:"'7! )+ )$!#%"')*%1 %$$1':%"')*6L; 1%6!# &!"#':6 %*3

:)&$)*!*"6 ,%7! ")  ! $#!7')5614 :%1:51%"!3 +)# ",! <,)1! %#!%8 >,! #!651"'*2 :)&$5"%"')*%1

"%6D &'2,"  ! $#) 1!&%"': '+ 6!7!#%1 &!"#':6 :)& '*%"')*6 )# *5& !# )+ :)&$)*!*"6 %#! "!6"!38

I!6'3!6; '" '6 %11 ",! &)#! '&$)#"%*" +)# CAB 6'*:! :)&$)*!*"6 %#! *)" )#3!#!38 B6 % #!651";

!7!* '+ ",! "#%*6+)#&%"')* ",%* !@"#%:"6 :)&$)*!*"6 +#)& ",! #%< 3%"% '6 6'&'1%# <,!",!# ",!

<,)1! 3%"% '6 :)*6'3!#!3 )# *)"; :)&$)*!*"6 6!1!:"!3 +)# &51"'$1! #!2#!66')* &%4 *)" :)&! )5"

'* ",! 6%&! $1%:! '* "<) 65::!66'7! '*3!$!*3!*" :)&$)*!*"6 %*%146!68 >,'6 '6 $#) % 14 <,4 ",!

RMSE !6"'&%"!3 <'", "!*-+)13 :#)66-7%1'3%"')* '* "% 1! EE8E 3'O!#6 2#!%"14 +#)& ",! JPP 7%15!

) "%'*!3 <'",  !"-?0 +)# 6"!& 3!*6'"4 '* A,% 1%'68 >,! )#3!# )+ CAB :)&$)*!*"6 6,)513 *)"

&%""!# ,!#! +)# ǫ-./0 %6 %11 !@"#%:"!3 :)&$)*!*" %#! 646"!&%"':%114 56!3 '* ",! F""'*2 $#):!668

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

Q$$!# ,!'2," H5%*"'1!6 %#! 2!*!#%114 ",! &)6" '&$)#"%*" +!%"5#!6;  5" %33'"')*%1 #!1!7%*" &!"#':6

3!$!*3 )*  )", ",! +)#!6" 6"#5:"5#! %*3 ",! +)#!6" $%#%&!"!#; <,':, 6522!6" ",%" $#')# 6"#%"'F-

:%"')* )+ ",! +)#!6" 6"#5:"5#! '6 % '&$)#"%*" #!H5'#!&!*"  !+)#! %::5#%"! &)3!16 %#! "#%'*!38

G'*%114 ",!  %6': )#3'*%#4 1!%6" 6H5%#!6 &51"'$1! #!2#!66')* "5#*6 )5" ")  ! ",! &)6" %::5#%"!

%*3 #) 56" +)# +)#!6" 6"%*3 $%#%&!"!#6 !6"'&%"')* '* ",'6 6"5348 ǫ-65$$)#" 7!:")# #!2#!66')* ) -

"%'*!3 %1&)6" 6'&'1%# $!#+)#&%*:!  5" #!651"6 %#! 1!66 #) 56"8 ?51"'$1! #!2#!66')* 6!!&6 ") "%D!

%37%*"%2! )+ ",! 6!1!:"')* )+ % +!< #!1!7%*" &!"#':6; 65:, %6 ",)6! 5$$!# ,!'2," H5%*"'1!68 .5$-

$)#" 7!:")# #!2#!66')* ,%6 "#)5 1! ,%*31'*2 ",! <,)1! #%< &!"#':6 6!"6; %*3 $!#+)#&6  !""!# )* %

#!35:!3 *5& !# )+ :)&$)*!*"6; &%'*14 +#)& 9AB  5" <'", 1!66 65::!668 M!6$'"! '"6 ",!)#!"':%1

%37%*"%2!6; ",! #%3'%1 D!#*!1 '6 )*14 61'2,"14 65$!#')# ") 1'*!%# D!#*!18

G5#",!# #!6!%#:, 6,)513 +):56 )* +%:")#6 ",%" &%4 '&$#)7! 65$$)#" 7!:")# #!2#!66')*8 >,! F#6"

$)66' '1'"4 '6 ") '&$#)7! ./0 &)3!1 $%#%&!"#'(%"')*; +)# !@%&$1!  4 56'*2 % 3'O!#!*" +)#&51%"')*

)+ ",! %12)#'",&; 65:, %6 Kν-./0L8 C* ",%" :%6!; ",! ǫ $%#%&!"!# '6 #!$1%:!3  4 ",! $%#%&!"!#

ν; <,':, %O!:"6 ",! *5& !# )+ 65$$)#" 7!:")#6 )+ ",! &)3!1; %*3 &'2,"  ! !%6'!# ") "5*!8 >,!

6!:)*3 $)66' '1'"4 '6 ") %3%$" ",! 3'&!*6')* #!35:"')* "!:,*'H5!8 C*3!!3; +!%"5#! 6!1!:"')* ,%6



  ! "#$%&'(   ) *+%%,(& -'.&,( ('/('001,2 3,4'50

 !" #$$ "$%"$& '$($) * + %",&- .'$($ "'$ %+/$ %$0$1"$& 0+%$( /$"(21% .$($ ,%$& 2 /,0"230$ + &

%,33!(" 4$1"!( ($5($%%2! /!&$0%6 "'$ 0+""$( .+% /!($ +11,(+"$ 7889:) ;'2% %,55$%"% "'+" <$+",($

%$0$1"2! .!,0& #$ /!($ +&+3"$& <!( /!&$0 "(+2 2 5 "'+ ,%2 5 "'$ .'!0$ 0+%$( /$"(21% !( "'+ 

/+332 5 "'$/ 2 "! + 0!.$( &2/$ %2! +0 <$+",($ %3+1$)

=$%2&$% .'$ /!($ !#%$(4+"2! % +($ +4+20+#0$6 02 $+( /!&$0 +%%,/3"2! % /25'" #$ 0$%% <($>,$ "0-

<,0?00$&6 %! "'+"  ! 02 $+( ($5($%%2! /$"'!& %,1' +% (+&2+0 @$( $0 ABC .200 ($+00- #$ +" "'$2(

+&4+ "+5$)



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

��������

�
��
�
	

��
�

 !" G  #

 

$%!

!"

" & '()

��������

�
��
�
	

��
�

 *" N  %!

!"

" & '()

��������

�
��
�
	

��
�

 +" D  +#" & '()

��������

�
��
�
	

��
�

 ," H  #" & '()

��������

�
��
�
	

��
�

 -" G  #

 

$%!

!"

" & .%*

��������

�
��
�
	

��
�

 /" N  %!

!"

" & .%*

��������

�
��
�
	

��
�

 0" D  +#" & .%*

��������

�
��
�
	

��
�

 %" H  #" & .%*

 !"#$% &&'() *$%+!,-%+ ./0#%1 203--%+ /"/!41- 5%0+ ./0#%1 63$ 7/1/0 /$%/ G8 1-%9 +%41!-: N 8 9%/4 +!/9%-%$
D /4+ -32 ;%!";- H 63$ %/,; 93+%0 +%1,$!7%+ !4 -/70% &&'&' <#75"#$%1 =/>+? ,3$$%1234+ -3 </!4->*/#0>+%>

@/$,%1 +/-/ =<-*?8 1#75"#$%1 =%>;? -3 A;/70/!1 +/-/ =A;7?' <:97301 ,3$$%1234+ -3 -;% $%"$%11!34 9%-;3+)

B  !">CD8 ◦ 0!4%/$ /4+ • $/+!/0 ǫ><@D' *$%+!,-%+ ./0#%1 /$% %1-!9/-%+ 7: 0%/.%>34%>3#- ,$311>./0!+/-!34'



  ! "#$%&'(   ) *+%%,(& -'.&,( ('/('001,2 3,4'50



 !"#$%&'!"

  !





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

 !"# $!%#"# &%'($ )"$! $!% *#% +, '"-.+-/% ('#%- #0'//"/1 23456 &'$' $+ 0!'-'0$%-"7% ,+-%#$

8+*/$'"/#9  !% '"8 )'# $+ "8:-+;% 8%$!+&# *#%& $+ &%-";% ,+-%#$ "/,+-8'$"+/ ,-+8 #8'((

,++$:-"/$ '"-.+-/% ('#%- #0'//"/1 &'$' '/& $%#$ $!%8 +/ #$'/&# (+0'$%& "/ $!% ,-%/0! 3(:#9

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

$+ .*"(& '/& ;'("&'$% $!% 8+&%(#9 >/&%%&? $!% '00*-'0@ +, 345 &'$' 0'((# $!% :-+$+0+(# *#%&

,+- -%,%-%/0% &'$' 0+((%0$"+/ "/$+ <*%#$"+/9 A*% $+ $!% 0+/#$-'"/$# +, =%(&)+-B "/ 8+*/$'"/+*#

%/;"-+/8%/$#? ' $-'&%C+D .%$)%%/ '00*-'0@ '/& ('.+-C"/$%/#"$@ )'# '&+:$%& ,+- $!% 0+((%0$"+/

+, $!% =%(& &'$'9 E"/'((@? ' $+$'( +, '::-+F"8'$%(@ G9H !' +, ,+-%#$ :(+$# )%-% ,*((@ 0'(":%-%&

)"$!"/ ('-1% :(+$# 28+-% $!'/ I9JG !'69 K(+$# -%:-%#%/$ ' )"&% -'/1% +, ,+-%#$ #$-*0$*-%#? ,-+8

8+/+#:%0"=0 0+/",%-+*# :('/$'$"+/# $+ 8"F%&? 8*($"('@%-%& #$'/&#9 L+-%+;%-? MN #8'(( :(+$#

-%:-%#%/$"/1 ' $+$'( +, N !' )%-% "/;%/$+-"%& "/ ' 0+::"0%C&+8"/'$%& ,+-%#$9

5"/1(%C$-%% '::-+'0!%# '-% &%#"1/%& $+ %F$-'0$ $!% "/,+-8'$"+/ '.+*$ $!% :+#"$"+/ '/& #"7%

+, "/&";"&*'( $-%%#9 >/ 8+*/$'"/ ,+-%#$#? $!% 0+8:(%F"$@ +, $!% !+-"7+/$'( '/& ;%-$"0'( #$-*0$*-%

+, #$'/&# 8'B%# $!% :'-'8%$-"7'$"+/ +, &%$%0$"+/ '(1+-"$!8# &"O0*($9 P%-%? ' 8%$!+& .'#%& +/

*/#*:%-;"#%& $-'"/"/1 )'# "8:(%8%/$%&9

N9 3 ,-'8%)+-B ,+- $!% '*$+8'$"0 '##%##8%/$ +, &%$%0$"+/ :%-,+-8'/0% )'# :-+:+#%&9 >$ "#

/%0%##'-@ ,+- $!% %;'(*'$"+/ +, &"D%-%/$ :'-'8%$-"7'$"+/ +:$"+/#? .+$! '$ $!% $-'"/"/1 '/&

;'("&'$"+/ #$%:#9 >$ "# .'#%& +/ $!% 0+8:'-"#+/ +, $!% :+#"$"+/ +, $!% $-%%$+:# &%$%0$%& "/

345 &'$' '/& $!+#% 8%'#*-%& +/ $!% =%(&9 Q/0%-$'"/$@ "/ =%(& '/& 345 &'$' '-% $'B%/

"/$+ '00+*/$9 3 */"<*% 0-"$%-"+/ $!'$ .'('/0%# $-*% &%$%0$"+/# )"$! ,'(#% :+#"$";%# "# *#%&?

)!"0! '((+)# ,+- ' ,'#$ '/& 0+/#"#$%/$ 0+8:'-"#+/ +, -%#*($#9

J9  !% $-%%$+: &%$%0$"+/ '(1+-"$!8 "$#%(, 0+/#"#$# "/ #*00%##";% "8'1% :-+0%##"/1 =($%-# 28+-C

:!+(+1"0'( '/& (+)C:'##6 &%#"1/%& $+ -%8+;% */&%#"-%& ,%'$*-%# ,-+8 $!% &"1"$'( #*-,'0%

8+&%( &%-";%& ,-+8 $!% :+"/$ 0(+*&9  -%%$+: :+#"$"+/# '-% %F$-'0$%& .@ (+0'( 8'F"8' =(C

$%-"/1 '/& ' =/'( #%(%0$"+/ "# :%-,+-8%&? .'#%& +/ $!% -%('$"+/#!": .%$)%%/ $-%%$+: !%"1!$

'/& &"#$'/0% $+ "$# /%"1!.+-9  !% #%/#"$";"$@ '/'(@#"# #!+)%& $!'$ #:%0"=0 #%$$"/1# '-%

-%<*"-%& $+ '0!"%;% +:$"8'( &%$%0$"+/ :%-,+-8'/0% +/ !+8+1%/%+*# :(+$# )!%-%'# +/ !%$C

%-+1%/%+*# :(+$# &%$%0$"+/ -%<*"-%# '/ "8:+-$'/$ $-'&%C+D .%$)%%/ $-*% '/& ,'(#% :+#"$";%#9

R(+.'((@? &%$%0$"+/ :%-,+-8'/0% $*-/%& +*$ $+ .% ;%-@ #%/#"$";% $+ :'-'8%$-"7'$"+/ '/& ,+-C

%#$ #$-*0$*-%#9

M9  !% */#*:%-;"#%& $-'"/"/1 '::-+'0! '"8# '$ $'B"/1 '&;'/$'1% +, $!% %F"#$%/0% +, -%,%-%/0%

&'$' )!%-% $!% :%-,+-8'/0%# +, $!% '(1+-"$!8 '-% B/+)/9 >/ $!% 0'#% +, /%) 345 &'$'?

"$ "# 0+8:'-%& $+ $!% 345 &'$' +, $!% -%,%-%/0% :(+$# "/ +-&%- $+ &%0"&% )!"0! '(1+-"$!8

#%$$"/1 "# 8+#$ -%(%;'/$9 E+- 8'$0!"/1 +, $!% $%#$ &'$' $+ $!% $-'"/"/1 &'$'? $)+ "/&"0%#

!';% .%%/ $%#$%& #%:'-'$%(@S $!% ;%-$"0'( &"#$-".*$"+/ +, ('#%- :+"/$#? )!"0! -%T%0$# $!%

;%-$"0'( #$-*0$*-% +, $!% ,+-%#$? '/& $!% #:%0$-*8 +, $!% E+*-"%- $-'/#,+-8 +, $!% 0'/+:@

!%"1!$ 8+&%(? )!"0! 0'/ .%%/ #%%/ '# ' $%F$*-% &%#0-":$+- +, $!% "8'1% *#%& ,+- $-%%$+:

&%$%0$"+/9 U-+##C;'("&'$"+/# #!+)%& $!'$ )!%/ $!% $-'"/"/1 #%$ #"7% "# ('-1% %/+*1!? &%$%0C

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

#%$$"/1 +, $!% '(1+-"$!89

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

'(1+-"$!8#9 P+)%;%-? ('-1%- $-'"/"/1 #%$# !';% $+ .% $%#$%& "/ +-&%- $+ %;'(*'$% "$# ("8"$#9  !"#

'::-+'0! "# ' 1++& %F'8:(% +, $!% 1-+)"/1 0+/;%-1%/0% .%$)%%/ #"/1(%C$-%% '/& '-%'C.'#%& 8%$!C

+&#9 >/&%%&? "$ 0'/ .% #%%/ '# ' 8+#$ #"8"('- /%"1!.+- '::-+'0! ,+- $!% #%(%0$"+/ +, 2&%$%0$"+/6

:'-'8%$%-# '00+-&"/1 $+ '-%'C.'#%& &%#0-":$+-#9 V$!%- &%#0-":$+-# 2%919 <*'/$"(%#6 +- "8:*$'$"+/



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

 !"#$%&'!( )*+!),- '(!, ./+ )+!)01)(!, 2! #/,( "/'*, 1!  !( !,3 4/+!/5!+6  #! (%7! /.  #! 8*/ (

2)9!(  #! '(! /.  !: '+! %$,%"!( 8/((%1*!3 ;$/ #!+ 8!+(8!" %5! %(  / '(!  #! %$./+2) %/$ .+/2

 #!  +)%$%$< ,) )  / %28+/5!  #! ( )$, !( %2) !( ,!+%5!, .+/2  #! )  +%1' !( /. ,! !" !,  +!!(3

=#! )+!)01)(!, 2! #/, 1)(!, /$  #! ")*%1+) %/$ /. +!<+!((%/$ 2/,!*( >)( ('""!((.'**-  !( !,

/$  >/ ,) )(! (? ) "/88%"! ./+!( )$, ) 2%:!,6 "/28*!: ./+!( 3

@3 A$5!( %<) %/$( /$  #! !B!" /.  +)%$%$< 8*/ (%7! /$ /+,%$)+- *!)( (&')+!( 2'* %8*! +!<+!((%/$

2/,!*( (#/>!,  #) 8*/ (%7! #)( ) 2)C/+ !B!" /$ 2/,!* )""'+)"-3 4/+!/5!+6 ./+ (2)**

8*/ (6 D!*,>/+9 "/$( +)%$ ( 2%<# 1! +!(8/$(%1*! ./+ (-( !2) %" 1%)(!(3

E3 F/28)+%(/$( /. ǫ0('88/+ 5!" /+ +!<+!((%/$ GHIJK )$, /+,%$)+- *!)( (&')+!( 2'* %8*!

+!<+!((%/$ (#/>!,  #) 6 !5!$  /'<# HIJ 2/,!*( )+! (/2! %2!( 2/+! )""'+) !6 2'* %8*!

+!<+!((%/$ %( 2/+! +/1'( 3

L3 M!8!$,%$< /$  #! ./+!( 8)+)2! !+6 1' )*(/ /$  #! ( ',- )+!)6  #! ;NH 2! +%"( (!*!" !, %$

 #! 2/,!*( 5)+%!, <+!) *-3 O(%$< 8+%$"%8)* "/28/$!$ )$)*-(%( )$, %$,!8!$,!$ "/28/$!$ 

)$)*-(%( ./+ 8+!5%/'( ,%2!$(%/$ +!,'" %/$ /.  #! 5)+%)1*!( (! ( ,%, $/ 1!$!D  / 2'* %8*!

+!<+!((%/$ 2/,!*( )""'+)"-6 ('<<!( %$<  #)  #! +!*!5)$ %$./+2) %/$ %( $/ )5)%*)1*! %$  #!

!: +)" !, .!) '+!(3 P!(%,!(6  #/(!  +)$(./+2) %/$( )+! $/ (8)"!0 )$,  %2!0%$,!8!$,!$ 6

>#%"# 2)9!(  #!2 2/+! ,%Q"'*  / '(! ./+ /8!+) %/$)* )88*%") %/$(3

4!)$>#%*!6  #!(! D$,%$<( #)5!  / 1! "/$D+2!, 1-  !( %$<  #! >/+9R/> >% # *)+<!+ ,) )(! (6 )(

('88/+ 5!" /+ +!<+!((%/$ 2%<# #)$,*! ")(!( >% # $/$0*%$!)+% - %$ ) 1!  !+ >)-3 P!(%,!(6 HIJ

2)- )*(/ 1! 1! 2/+! !Q"%!$ >#!$ 8!+./+2!, ). !+ ) *)(!+ 2! +%"( (!*!" %/$3

;( ) D$)* "/$"*'(%/$6  #! 8!+(8!" %5!(  />)+, /8!+) %/$)* )88*%") %/$( (#/'*, 1! #%<#*%<# !,3

=#! +!('* ( /1 )%$!, >% # 1/ # )88+/)"#!(6 (%$<*!0 +!! )$, )+!)01)(!,6 (#/>  #) 2/,!*( )+!

#%<#*- ,!8!$,!$ /$  #! ./+!( ( +'" '+!(3 M!5!*/8%$< ( +) '20(8!"%D" 2/,!*( +!&'%+!( )**  #!

2/+! D!*, ,) )3 ;$ )* !+$) %5! >/'*, 1!  / %$"*',! !$5%+/$2!$ )* .)" /+( %$  #! 2/,!*(6 ('"# )(

)* % ',! )$, *)$,./+2 8)  !+$(6 >#%"# ")$ 1! "/28' !, .+/2  #! ;NH ,) ) )( >!**3 SQ"%!$ '(!

/. ;NH %$ ./+!( +- 8+)" %"!( %$5/*5!(  )9%$< ),5)$ )<! /. )$- )5)%*)1*! %$./+2) %/$ 1- %$ !<+) %$<

% %$ /  #! >#/*! >/+9R/> /. ./+!( %$5!$ /+-3



 !!"#$%&"'

 !"





 !!"#$%&  

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

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

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

• 43053 5/''&+6 43 7!$',##/+6 83 9&12&16 :;,%%/1+ <&.+/1 =$.!"'&# 1&21&##"/' >/1 +!& &#+"0
=$+"/' /> >/1&#+ #+$'( %$1$=&+&1# ,#"'2 $"1-/1'& *$#&1 #.$''"'26?  !!! "#$%&'#(&# )(*

+#,$-# .#(%'(/ 0#--#1%6 </*3 @6 '/3 A6 %%3 B@CDB@E6 5$F GCHH3

• I3 7*/,&+6 83 9&12&16 43053 5/''&+6 J3 K&#.1/")6 :7LM NOP Q ,' =/(R*& #/,# ;PS %/,1 *$
.$1+/21$%!"& (&# #,1>$.&# (T-$1($-*&# &' U/'& (& =/'+$2'&6? +#23# 4$1#%-'51# 41)(6)'%#6

</*3 VG6 '/3 G6 %%3 HBBDHWC6 GCHC3

*!$+(#($,( '%'(#)

• 43053 5/''&+6 X3 5&1="'6 43 7!$',##/+6 83 9&12&16 : 1&& +/% (&+&.+"/' ,#"'2 */.$* =$)"=$
Y*+&1"'2Q $ %$1$=&+&1 #&'#"+"<"+F $'$*F#"#6? 71$&##*'(/% $8 .'92'9)%#1 :;<;= -># <;->  (-#1?

()-'$()9 @$(8#1#(&# $( 0'AB+ BCC9'&)-'$(% 8$1 B%%#%%'(/ 4$1#%- !&$%D%-#,%= .#C-#,E#1

<F?<G= 41#'E31/= "#1,)(D6 Z %36 GCHC3

• 43053 5/''&+6 X3 5&1="'6 43 7!$',##/+6 83 9&12&16 :[#+"=$+"/' /> >/1&#+1F %$1$=&+&1# "'
=/,'+$"'/,# ./%%".& #+$'(# ,#"'2 $"1-/1'& *$#&1 #.$''"'26? 71$&##*'(/% $8 .'92'9)%#1 :;<;=

-># <;->  (-#1()-'$()9 @$(8#1#(&# $( 0'AB+ BCC9'&)-'$(% 8$1 B%%#%%'(/ 4$1#%- !&$%D%-#,%=

.#C-#,E#1 <F?<G= 41#'E31/= "#1,)(D6 @ %36 GCHC3

• 43053 5/''&+6 43 7!$',##/+6 83 9&12&16 :;,%%/1+ <&.+/1 =$.!"'&# 1&21&##"/' >/1 &#+"=$+"/'
/> >/1&#+ %$1$=&+&1# >1/= $"1-/1'& *$#&1 #.$''"'2 ($+$6? 71$&##*'(/% $8  "B+.. :;<;=

 !!! "#$%&'#(&# )(* +#,$-# .#(%'(/ .D,C$%'3,= H39D :I?J;= K$($9393= K)L)''= M.B6

%%3 GWHHDGWHE6 GCHC3

• 43053 5/''&+6 X3 5&1="'6 43 7!$',##/+6 83 9&12&16 :N#"'2 $"1-/1'& *$#&1 #.$''"'2 +/ $##&##
>/1&#+ %1/+&.+"/' >,'.+"/' $2$"'#+ 1/.\>$**6? 71$&##*'(/% $8 ->#  (-#1C1)#2#(-  (-#1()-'$()9

.D,C$%'3, '( 7)&'N& +',= O)'C#'= O)'L)(6 %%3 B@VDBZE6 GCHC3

• 43053 5/''&+6 I3 7*/,&+6 83 9/,11"&16 83 9&12&16 :N#"'2 2&/=$+".# $'( $"1-/1'& *$#&1
#.$''"'2 >/1 1/.\>$** 1"#\ U/'"'2Q $ .$#& #+,(F "' +!& 81&'.! L*%#?3 71$&##*'(/% $8 ->#

:;<; @)()*')( "#$,)-'&% @$(8#1#(&# )(* .D,C$%'3, $8 @$,,'%%'$(  =  .7+.= @)9/)1D=

B9E#1-)= @)()*)= H3(# <I?<P6 B %36 GCHC3

HGB



 !" #$$%&'() #* +,%-(- $./0(123(4&-

 !"#$%"&' (&(!)* +$,$ (!!)-)!.%!/!01

•  ! "#$%&'( )!*+! +$,,&'( -! .&/0&/( 1234 &' 56789 :$%/ #; /<;#6=;'6$, >& :#;,= >& :/<?&,*
'6$, >% /6=@%& >& AB%'& >& C#$A= D ;::#6A;'6$, >;,= #&= 8#:&= E/;,F;6=&=(G  !"#$%&'() )*+),%(

,$! HI( ::! JIKJL( IMNN!

• )!*+! +$,,&'(  ! "#$%&'( O! +&/P6,( -! .&/0&/( 15& =A;,,&/ #;=&/ ;</$:$/'< &, Q$,&
>& P$,';0,& D #$A;#6=&/ #; /&==$%/A& E$/&='6R/& &' <?;#%&/ =&= A$,>6'6$,= >& P$C6#6=;'6$,(G

-)./)012"(3 4)56.&'()3 /) 789:;( ,$! SN( ::! TUKJT( IMNN!

•  ! "#$%&'( )!*+! +$,,&'( -! .&/0&/( 1V='6P;'6$, >% ?$#%P& >& C$6= &W:#$6';C#& &, P$,*
';0,& :;/ =A;,,&/ #;=&/ ;</$:$/'< X56789Y(G  !"#$%&'() )*+),%( ,$! LM( ::! SIKSL( IMNM!





 !" #$$%&'() *+ ,-. %/%012(3& 4156 734$8212(3& 9(2: '(;(21/ 2%<<1(& 43'%/5

 !" #$%&'(

 !"# $ %&'"# (")* +),- ),.$-&,# L /&-! .,,0*&#$-"1 (xL, yL) &1 $)0"$*2 3#,/#4 "&-!"0 5".$61"
$ .,$01" 789 $.:6&1&-&,# /$1 ;$*" *60&#% $ +0"'&,61 .$;+$&%#4 ,0 5".$61" -!" 1$;+)" +),-

.,,0*&#$-"1 $0" .!,1"# &# -!" ,<."4 -!" => ; ?@A ,B C? D)-&

 ©
E(%60" CFG$H &1 61"* -, .,;+6-"

$ ),#%I*&1-$#." ")"'$-&,# ;$13 ,B -!" -,+,%0$+!2F J&01- zL4 $)-&-6*" ,B L4 &1 "1-&;$-"* 52 5&)&#"$0
&#-"0+,)$-&,# ,B -!" #"&%!5,0&#% +,&#-1 ,B -!" ?@AF @!"# -!" .,,0*&#$-"1 ,B -!" ?@A +&K")

."#-"01 (Pi) $0" .,#'"0-"* B0,; -!" ;$-0&K L$0-"1&$# 121-"; (xi, yi, zi) -, -!" 1+!"0&.$) .,,0*&#$-"
121-"; ."#-"0"* ,# LM (ri, θi, ϕi)F @!" +&K") '$)6" &1 61"* $1 $)-&-6*" B,0 -!" .,00"1+,#*&#% +&K")
."#-"0F D 0,6%! ")"'$-&,# ;$13 Mr = (θp)p∈{1...n} &1 .,;+6-"* 52 0"-$&#&#% B,0 "$.! $N&;6-!
1-"+ -!" ;$K&;6; '$)6" ,B -!" ")"'$-&,# $#%)" ,B -!" +&K") ."#-"01 1&-6$-"* &# -!&1 1".-&,# SpM

θp = max(θj)Pj∈Sp /&-! Sp =

{

Pj\
2πp

n
≤ ϕj <

2π(p+ 1)

n

}

ECFOH

@!&1 0,6%! ;$13 *,"1 #,- $..,6#- B,0 -!" 1!,0-I*&1-$#." ;$13 &#*6." 52 !&%! B0":6"#.2

'$0&$-&,#1 ,B -!" -,+,%0$+!2 16.! $1 1;$)) .)&P1F  !"# $ Q&?DR ?@A &1 $)0"$*2 $'$&)$5)"

E(%60" CFG5H4 -!" 1$;" ;"-!,* &1 &;+)";"#-"* -, .,;+6-" $ 1!,0-I*&1-$#." ")"'$-&,# ;$13

Ms /&-! $ O ; ?@A "K-0$.-"* $- O>> ; $0,6#* LF @!" (#$) ;$13 M &1 .,;+6-"* $1 -!"

")";"#-/&1" ;$K&;6; ,B Mr $#* MsF S# -!" "K$;+)" ,B +),- T &# -!" L!$5)$&1 E(%60" CFG.H4

-!" .,;+)";"#-$0&-2 ,B -!" -/, ;$131 $++"$01F @!" 1!,0- *&1-$#." ;$13 *,"1 #,- $..,6#- B,0 -!"

;$13 *6" -, -!" !&))1&*" 1&-6$-"* $.0,11 -!" '$))"2 EU$1-IV,0-!IU$1- *&0".-&,#HF Q,#% *&1-$#."

;$13 6#*"0"1-&;$-"1 -!" ")"'$-&,# ,..)61&,# *6" -, 6+1),+" ),.$) -,+,%0$+!2F

 &-! -!" $5,'" ;"#-&,#"* +0,."*60"4 -!" "1-&;$-"* :6$)&-2 ,B 789 $.:6&1&-&,# .$# 5" -$3"#

&#-, $..,6#- /!"# +)$##&#% (")* .$;+$&%#14 1, -!$- -!" +0,*6.-&'&-2 ,B %",),.$-&,# &1 &;+0,'"*F

916000 920000 924000 928000

2
1
4
2
0
0
0

2
1
4
6
0
0
0

2
1
5
0
0
0
0

2
1
5
4
0
0
0

600

800

1000

1200

1400

1600

1800

 !" #$ % &'(

921950 922000 922050 922100

2
1
4
6
1
0
0

2
1
4
6
1
5
0

2
1
4
6
2
0
0

2
1
4
6
2
5
0

1000

1050

1100

1150

 )" * % &'(

−1.0 −0.5 0.0 0.5 1.0

−
1
.0

−
0
.5

0
.0

0
.5

1
.0

 +" ,-./!0123 %!454

 !"#$% &'() *+, -./ 01$$%231./!." 34-.!5%6$!0 %4%7-6!1. 5-282 91$ 3416 : !. ;<-=4-!2' &4#% /166%/

>$%23' 214!/? 4!.% !2 6<% %4%7-6!1. 5-28 0153#6%/ @!6< 6<% AB 5 >$%23' C 5? *+,' &4-08 0!$04%2 01$$%231./

61 BD EBD FB -./ GB /%"$%%2 %4%7-6!1.' H%/ 0!$04% !2 6<% CA /%"$%%2 %4%7-6!1.D @<!0< !2 - 01551. /%9-#46

2%66!." 91$ 6<% 41@%$ %4%7-6!1. 4!5!6 61 6-8% - 2-6%44!6% !.61 -001#.6'



 !!"#$%& '

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

0*$-! &0('"

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

 !"# $%%&'(") *$+!&,# +!& -*.,&# /0,,&#%0'("'* +0 1$,*& %10+# (&#/,"2&( "' #&/+"0' 345464

70, &$/! %10+8 +!,&& -*.,&# $,& ("#%1$9&( :0, %10+ (&#/,"%+"0';

< +!& ("*"+$1 +&,,$"' =0(&1 >? @A B"+! +,&& %0#"+"0'#8

< +!& /$'0%9 !&"*!+ =0(&1 >CD@A B"+! +,&& %0#"+"0'#8

< +!& !"#+0*,$= 0: !&"*!+ ("#+,"2.+"0'4

E%$+"$1 ,&#01.+"0' 0: +!& ? @ $'( CD@ "# 0'& =&+&,4 F")&1 /010, ,&:&,# +0 +!& +&,,$"' $1+"+.(&

>? @A 0, G&*&+$+"0' !&"*!+ >CD@A4 E/$1& 2$, .'"+# $,& "' =&+&,#4  ,&&# %0#"+"0'# $,& =$,H&(

$# #9=201# B!0#& #"I& "# %,0%0,+"0'$1 +0 +,&& !&"*!+4 E9=201 /010,# "' +!& "=$*&# $'( 2$, /010,

"' +!& !"#+0*,$= ,&:&, +0 +,&& #%&/"&# >#&& +$21& 34JA4 E9=201 +9%&# ,&:&, +0 +!& $%%&$,$'/& 0: $

+,&&; ◦ '0,=$18 △ 2,0H&' #+&=8 + #'$* B"+! 2,$'/!&#8 × #'$* B"+!0.+ 2,$'/!&#4 K'19 1"G& +,&&#

>'0,=$1 $'( 2,0H&' #+&= /$+&*0,"&#A $,& /0'#"(&,&( "' +!& !&"*!+ ("#+,"2.+"0'4

 B0 +9%&# 0: -*.,&# /0,,&#%0'("'* +0 (&+&/+"0' ,&#.1+# 02+$"'&( B"+! +!& 2&#+ #&++"'* (&+&,<

="'&( :0, &$/! %10+ $,& $1#0 %,&#&'+&(;

< +!& !&"*!+ !"#+0*,$= 0: +,.& %0#"+"G&#8 :$1#& '&*$+"G&# $'( :$1#& %0#"+"G&#8

< +!& #/$++&,%10+ 0: -&1( !&"*!+ $# $ :.'/+"0' 0: L"?MN !&"*!+8 :0, +,.& %0#"+"G&#4

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

J6O



 !" #$$%&'() *+ ,%-./($0(1& 2&' '%0%.0(1& 345/%- 61/ 72/4% $710-

722660 722670 722680 722690 722700 722710 722720

5
0
0
6
1
0
0

5
0
0
6
1
2
0

5
0
0
6
1
4
0

5
0
0
6
1
6
0

930

940

950

960

970

980

 !" # $ %&'

722660 722670 722680 722690 722700 722710 722720

5
0
0
6
1
0
0

5
0
0
6
1
2
0

5
0
0
6
1
4
0

5
0
0
6
1
6
0

0

5

10

15

20

25

30

 (" # $ )*'

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

3
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

FASY

PIAB

ABAL

TIsp

ACPL

 +" *,-./0 1-203-(40-56

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



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

336600 336620 336640 336660

5
0
9
0
8
3
0

5
0
9
0
8
5
0

5
0
9
0
8
7
0

5
0
9
0
8
9
0

1200

1210

1220

1230

1240

1250

1260

1270

 !" # $ %&'

336600 336620 336640 336660

5
0
9
0
8
3
0

5
0
9
0
8
5
0

5
0
9
0
8
7
0

5
0
9
0
8
9
0

0

10

20

30

40

 (" # $ )*'

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

5
0

6
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PIAB

FASY

SACA

ACPS

BEPE

PRAV

SOAU

ALVI

 +" *,-./0 1-203-(40-56

333360 333380 333400 333420

5
0
8
7
4
2
0

5
0
8
7
4
4
0

5
0
8
7
4
6
0

5
0
8
7
4
8
0

1220

1240

1260

1280

 1" # $ %&'

333360 333380 333400 333420

5
0
8
7
4
2
0

5
0
8
7
4
4
0

5
0
8
7
4
6
0

5
0
8
7
4
8
0

0

5

10

15

20

25

30

 ," # $ )*'

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

5
0

6
0

7
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PIAB

LADE

ABAL

BEPE

SOAU

 7" *,-./0 1-203-(40-56

337040 337060 337080 337100

5
0
8
9
2
6
0

5
0
8
9
2
8
0

5
0
8
9
3
0
0

5
0
8
9
3
2
0

1170

1180

1190

1200

1210

1220

 ." # $ %&'

337040 337060 337080 337100

5
0
8
9
2
6
0

5
0
8
9
2
8
0

5
0
8
9
3
0
0

5
0
8
9
3
2
0

0

5

10

15

20

25

30

35

 /" # $ )*'

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

3
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PIAB

ABAL

LADE

PRAV

 -" *,-./0 1-203-(40-56

 !"#$% &'() *+%$+!%, -. /0% &012-3!4 56-/7) &-$$#18 9/-5 $-,:; <-#77-#4 92!==6% $-,: 13= *$/018>

9?-//-2 $-,:'



 !" #$$%&'() *+ ,%-./($0(1& 2&' '%0%.0(1& 345/%- 61/ 72/4% $710-

 !" # $ %&'

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

ABAL

FASY

PIAB

ACPS

SOAU

BEsp

 (" )*+,-. /+0.1+(2.+34

 5" # $ 6)'

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

ABAL

FASY

ACPS

ILAQ

PIAB

 /" )*+,-. /+0.1+(2.+34

 !"#$% &'() *+%$+!%, -. /0% 12#3245 6/#75 2$%2' 8%!"0/ 7!6/$!9#/!-4 !4 :9; $%.%$6 /- /0% <-,%$ =2$/ -. /0%

=<-/ :+2#324592;> ,0!?0 ?-$$%6=-47 /- /$%%6 2/ /0% <%./ -. /0% $%7 7-//%7 <!4% !4 :?;' 8%!"0/ 7!6/$!9#/!-4

!4 :7; $%.%$6 /- /0% #==%$ =2$/ -. /0% =<-/ :+2#324502;'



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

920330 920350 920370 920390

2
1
4
8
6
0
0

2
1
4
8
6
2
0

2
1
4
8
6
4
0

2
1
4
8
6
6
0

1302

1304

1306

1308

1310

1312

1314

 !" # $ %&'

920330 920350 920370 920390
2
1
4
8
6
0
0

2
1
4
8
6
2
0

2
1
4
8
6
4
0

2
1
4
8
6
6
0

5

10

15

20

25

 (" # $ )*'

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

5
0

6
0

7
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PIAB

SOAU

FASY

ABAL

ACPS

FREX

 +" *,-./0 1-203-(40-56

923210 923220 923230 923240 923250 923260 923270

2
1
5
2
2
9
0

2
1
5
2
3
1
0

2
1
5
2
3
3
0

2
1
5
2
3
5
0

794

796

798

800

 1" # $ %&'

923210 923220 923230 923240 923250 923260 923270

2
1
5
2
2
9
0

2
1
5
2
3
1
0

2
1
5
2
3
3
0

2
1
5
2
3
5
0

0

5

10

15

20

25

30

 ," # $ )*'

0 5 10 15 20 25 30 35 40
0

1
0

2
0

3
0

4
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PIAB

FREX

 7" *,-./0 1-203-(40-56

925650 925660 925670 925680 925690 925700

2
1
5
0
8
4
0

2
1
5
0
8
5
0

2
1
5
0
8
6
0

2
1
5
0
8
7
0

2
1
5
0
8
8
0

2
1
5
0
8
9
0

1305

1310

1315

1320

1325

 ." # $ %&'

925650 925660 925670 925680 925690 925700

2
1
5
0
8
4
0

2
1
5
0
8
5
0

2
1
5
0
8
6
0

2
1
5
0
8
7
0

2
1
5
0
8
8
0

2
1
5
0
8
9
0

0

5

10

15

20

25

 /" # $ )*'

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

3
0

3
5

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

FASY

PIAB

ABAL

ACPS

FREX

SOAU

TABA

ULGL

BEPE

 -" *,-./0 1-203-(40-56

925950 925960 925970 925980 925990 926000

2
1
5
0
8
9
0

2
1
5
0
9
1
0

2
1
5
0
9
3
0

2
1
5
0
9
5
0

1325

1330

1335

1340

 8" # $ %&'

925950 925960 925970 925980 925990 926000

2
1
5
0
8
9
0

2
1
5
0
9
1
0

2
1
5
0
9
3
0

2
1
5
0
9
5
0

0

5

10

15

20

25

30

35

 9" # $ )*'

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PIAB

ABAL

FASY

ACPS

 :" *,-./0 1-203-(40-56

 !"#$% &'() *+%$+!%, -. /0% &01231!4 53-/4) 601231!47 89$4/ $-,:; 601231!4< 84%6-=> $-,:; 601231!4? 8/0!$>

$-,: 1=> 601231!4( 8.-#$/0 $-,:'



 !" #$$%&'() *+ ,%-./($0(1& 2&' '%0%.0(1& 345/%- 61/ 72/4% $710-

923110 923130 923150 923170

2
1
5
1
0
4
0

2
1
5
1
0
6
0

2
1
5
1
0
8
0

2
1
5
1
1
0
0

1000

1010

1020

1030

1040

1050

 !" # $ %&'

923110 923130 923150 923170
2
1
5
1
0
4
0

2
1
5
1
0
6
0

2
1
5
1
0
8
0

2
1
5
1
1
0
0

0

5

10

15

20

25

30

35

 (" # $ )*'

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

5
0

6
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

ABAL

FASY

 +" *,-./0 1-203-(40-56

921060 921080 921100 921120

2
1
4
9
3
8
0

2
1
4
9
4
0
0

2
1
4
9
4
2
0

2
1
4
9
4
4
0

1155

1160

1165

 1" # $ %&'

921060 921080 921100 921120

2
1
4
9
3
8
0

2
1
4
9
4
0
0

2
1
4
9
4
2
0

2
1
4
9
4
4
0

0

5

10

15

20

25

 ," # $ )*'

0 5 10 15 20 25 30 35 40
0

2
0

4
0

6
0

8
0

1
0
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PIAB

PRAV

FREX

ACPS

FASY

 7" *,-./0 1-203-(40-56

924120 924130 924140 924150 924160 924170 924180

2
1
4
9
0
9
0

2
1
4
9
1
1
0

2
1
4
9
1
3
0

2
1
4
9
1
5
0

890

895

900

905

910

915

920

 ." # $ %&'

924120 924130 924140 924150 924160 924170 924180

2
1
4
9
0
9
0

2
1
4
9
1
1
0

2
1
4
9
1
3
0

2
1
4
9
1
5
0

0

5

10

15

20

25

 /" # $ )*'

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

5
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

FASY

PIAB

SOAU

COAV

FREX

ABAL

ACPL

SACA

SOAR

 -" *,-./0 1-203-(40-56

922020 922030 922040 922050 922060 922070 922080

2
1
4
6
1
5
0

2
1
4
6
1
7
0

2
1
4
6
1
9
0

2
1
4
6
2
1
0

1030

1040

1050

1060

1070

 8" # $ %&'

922020 922030 922040 922050 922060 922070 922080

2
1
4
6
1
5
0

2
1
4
6
1
7
0

2
1
4
6
1
9
0

2
1
4
6
2
1
0

10

20

30

40

 9" # $ )*'

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

FASY

PIAB

FREX

ACPS

ABAL

ACPL

SOAU

TABA

ULGL

 :" *,-./0 1-203-(40-56

 !"#$% &'() *+%$+!%, -. /0% &01231!4 53-/4 67-8/!8#%9:) 701231!4( 6;$4/ $-,:< 701231!4= 64%7-89 $-,:<

701231!4> 6/0!$9 $-,: 189 701231!4? 6.-#$/0 $-,:'



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

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

0 5 10 15 20 25 30 35 40

0
2
0

4
0

6
0

8
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PINI

 +" ,!-./0$1#

0 5 10 15 20 25 30 35 40

0
2
0

4
0

6
0

8
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PINI

 ." ,!-./0$12

0 5 10 15 20 25 30 35 40

0
5
0

1
0
0

1
5
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PINI

 1" ,!-./0$13

0 5 10 15 20 25 30 35 40

0
5
0

1
0
0

1
5
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

PINI

 4" ,!-./0$15

 !"#$% &'() *+%$+!%, -. /0% 1234$56% 62$/%3-78-9%' :%!"0/ 4!7/$!;#/!-< !< =8> 4> %> 2<4 .? $%.%$7 /-

7#;93-/7 4%3!6!/%4 !< =;? ;@ /0% $%4 4-//%4 3!<%7' A#;93-/7 2$% !<4!8%4 .$-6 B /- C .$-6 7-#/0 /- <-$/0

=;-//-6 /- /-9 -< /0% D"#$%?'



 !" #$$%&'() *+ ,%-./($0(1& 2&' '%0%.0(1& 345/%- 61/ 72/4% $710-

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

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

ABAL

FASY

TABA

 +" ,-!./!/#

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

ABAL

FASY

TABA

 0" ,-!./!/1

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

ABAL

FASY

PIAB

TABA

 2" ,-!./!/3

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

FASY

ABAL

PIAB

AC

ACPS

ACPL

 4" ,-!./!/5

 !"#$% &'() *+%$+!%, -. /0% 12!3/45"323 62$/%7-89-:%' ;%!"0/ <!8/$!=#/!-3 !3 >9? <? %? 23< .@ $%.%$8 /-

8#=:7-/8 <%7!6!/%< !3 >=@ =A /0% $%< <-//%< 7!3%8' 1#=:7-/8 2$% 3#6=%$%< .$-6 B /- C ,!/0 8/2"323B 2/

/0% =-//-6 7%./ 23< /0% .-77-,!3" -3%8 3#6=%$%< !3 97-9D,!8% -$<%$'



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

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

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

0 5 10 15 20 25 30 35 40

0
2
0

4
0

6
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 !" #$!%&!'()

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 %" #$!%&!'(*

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

3
0

3
5

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 #" #$!%&!'(+

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 ," #$!%&!'(-

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

5
0

6
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 ." #$!%&!'(/

0 5 10 15 20 25 30 35 40

0
2
0

4
0

6
0

8
0

1
0
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 0" #$!%&!'(1

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

5
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 2" #$!%&!'(3

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

3
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 $" #$!%&!'(4

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 '" #56%.&578

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

5
0

6
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 9" #5::7!;

0 5 10 15 20 25 30 35 40

0
2
0

4
0

6
0

8
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 <" 657((57=

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

3
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 &" 5:>$!;+

 !"#$% &'()  !%*+ ,%!",- ,!.-/"$01 2/$ +%-%3-!/4 $%.#*-.) -$#% 5/.!-!6%. 7� "$%%489 20*.% 4%"0-!6%. 7� $%+8

04+ 20*.% 5/.!-!6%. 7� :*#%8'  /$ 20*.% 5/.!-!6%.9 ;!<=> ,%!",- !. #.%+'



 !" #$$%&'() *+ ,%-./($0(1& 2&' '%0%.0(1& 345/%- 61/ 72/4% $710-

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 !" #$!%&!&'

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

2
5

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 (" #$!%&!&)

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 *" #$!%&!&+

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 ," #$!%&!&-

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

5
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 ." /!0,123.'

0 5 10 15 20 25 30 35 40

0
1
0

2
0

3
0

4
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 4" /!0,123.)

0 5 10 15 20 25 30 35 40

0
2
0

4
0

6
0

8
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 %" /!0,123.+

0 5 10 15 20 25 30 35 40

0
2
0

4
0

6
0

8
0

1
0
0

1
2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 5" /!0,123.-

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 6" /!78!&9(!

0 5 10 15 20 25 30 35 40

0
5

1
0

1
5

2
0

N
u
m

b
e
r 

o
f 

tr
e
e
s

Height classes (m)

 8" /!78!&95!

 !"#$% &'()  !%*+ ,%!",- ,!.-/"$01 2/$ +%-%3-!/4 $%.#*-. 53/4-!4#%+ 2$/1 6"#$% &'78'



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

 !"!# $%&'()*%+,- .&%/.0 12300&45'601

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PIAB

SOAU

FASY

ABAL

ACPS

n = 79

h = 1.05 x hl + 0.35

adj−R2 = 0.93
rmsr = 1 m

 !" #$!%&!'()

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PIAB

FREX

n = 81

h = 1.02 x hl + 0.12

adj−R2 = 0.86
rmsr = 1.61 m

 %" #$!%&!'(*

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

FASY

PIAB

ABAL

ACPS

SOAU

FREX

BEPE

ULGL

n = 66

h = 1.02 x hl + 0.17

adj−R2 = 0.97
rmsr = 0.88 m

 #" #$!%&!'(+

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PIAB

ABAL

ACPS

FASY

n = 39

h = 1 x hl + 0.88

adj−R2 = 0.98
rmsr = 1.33 m

 ," #$!%&!'(-

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

ABAL

FASY

n = 81

h = 0.96 x hl + 1.13

adj−R2 = 0.8
rmsr = 1.1 m

 ." #$!%&!'(/

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PIAB

PRAV

FREX

ACPS

FASY

n = 149

h = 0.96 x hl + 1.82

adj−R2 = 0.85
rmsr = 0.77 m

 0" #$!%&!'(1

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

FASY

PIAB

ABAL

FREX

ACPL

n = 51

h = 1.04 x hl + −0.31

adj−R2 = 0.96
rmsr = 1.16 m

 2" #$!%&!'(3

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

FASY

FREX

PIAB

ACPS

ACPL

ABAL

SOAU

n = 50

h = 1.06 x hl + −1.39

adj−R2 = 0.95
rmsr = 1.59 m

 $" #$!%&!'(4

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

FASY

PIAB

ABAL

TIsp

ACPL

n = 33

h = 0.95 x hl + 1.03

adj−R2 = 0.79
rmsr = 2.2 m

 '" #56%.&578

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PIAB

FASY

ACPS

PRAV

BEPE

SACA

n = 59

h = 0.95 x hl + 1.5

adj−R2 = 0.95
rmsr = 1.45 m

 9" #5::7!;

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PIAB

LADE

n = 125

h = 1 x hl + 0.56

adj−R2 = 0.83
rmsr = 1.75 m

 <" 657((57=

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PIAB

LADE

ABAL

n = 67

h = 1.01 x hl + 1.06

adj−R2 = 0.95
rmsr = 1.17 m

 &" 5:>$!;+

 !"#$% &'()*  !%+, -%./#$%, 0%!"01 23 42$$%41+5 ,%1%41%, 1$%%/ 6+211%, .".!7/1 8!9:; 0%!"01' ;%"$%//!27

-2,%+ !/ !7,!4.1%, 27 10% <"#$%/ =!10 10% 42$$%/627,!7" .,>?;

 

@ $221 -%.7 /A#.$% $%/!,#.+/ B$-/$C .7,

10% 7#-D%$ 23 ,%1%41%, 1$%%/'  2$ E.+,$F-% 6+21/@ 27+5 ,%1%41%, 1$%%/ =!10 <%+, -%./#$%/ .$% 427/!,%$%,'

G5-D2+ 42+2$/ $%3%$ 12 1$%% /6%4!%/ B/%% 1.D+% H'(C'



 !" #$$%&'() *+ ,%-./($0(1& 2&' '%0%.0(1& 345/%- 61/ 72/4% $710-

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

ABAL

FASY

TABA

n = 43

h = 0.88 x hl + 2.09

adj−R2 = 0.85
rmsr = 1.39 m

 !" #$!%&!&'

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

ABAL

FASY

n = 45

h = 0.75 x hl + 5.26

adj−R2 = 0.72
rmsr = 1.64 m

 (" #$!%&!&)

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

ABAL

FASY

PIAB

n = 38

h = 0.84 x hl + 3.14

adj−R2 = 0.82
rmsr = 1.73 m

 *" #$!%&!&+

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

ABAL

FASY

ACPS

PIAB

AC

n = 40

h = 0.89 x hl + 2.17

adj−R2 = 0.87
rmsr = 1.59 m

 ," #$!%&!&-

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PINI

n = 45

h = 0.92 x hl + 2.43

adj−R2 = 0.81
rmsr = 1.06 m

 ." /!0,123.'

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PINI

n = 33

h = 0.71 x hl + 6.16

adj−R2 = 0.52
rmsr = 1.73 m

 4" /!0,123.)

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PINI

n = 52

h = 0.74 x hl + 4.76

adj−R2 = 0.7
rmsr = 1.3 m

 %" /!0,123.+

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

PINI

n = 96

h = 0.89 x hl + 2

adj−R2 = 0.77
rmsr = 1.38 m

 5" /!0,123.-

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

ABAL

FASY

PIAB

ACPS

SOAU

n = 35

h = 0.89 x hl + 2.2

adj−R2 = 0.89
rmsr = 1.88 m

 6" /!78!&9(!

0
1
0

2
0

3
0

4
0

0 10 20 30 40

M
e
a
s
u
re

d
 h

e
ig

h
t 

(m
)

LiDAR height (m)

ABAL

FASY

ACPS

PIAB

n = 37

h = 0.94 x hl + 1.12

adj−R2 = 0.92
rmsr = 1.85 m

 8" /!78!&95!

 !"#$% &'(()  !%*+ ,%-.#$%+ /%!"/0 12 31$$%30*4 +%0%30%+ 0$%%. 5*100%+ -"-!6.0 7!89: /%!"/0 ;3160!6#%+

2$1, <"#$% &'(=>'



 !!"#$%& '

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

'%/!--$&0 %1 ")!! #)%2&.

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

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

/(4/"&/#% *5 &,% /.!$!&6 *5 7!89: '%+*&% -%"-!"# &* '%&'!%4% !"5*'+/&!*" 5'*+ &,% !"-!(% *5 &,%

)/"*06 )*4%'; <"(%%(= &,%6 /'% #%"%'/$$6 /00$!%( &* &,% )'*>" ,%!#,& +*(%$ ?@ABC= >,!), !-

&,% 200%' %"4%$*0% *5 &,% 0*!"& )$*2(; A*>%4%'= !" )*+0$%D *' +2$&!$/6%'%( -&/"(-= -*+% &'%%-

,/4% +!D%( )'*>"- *' /'% )*+0$%&%$6 *4%'E&*00%( .6 &/$$%' &'%%-; <" &,% @AB= -2), &'%%- /'%

+%'#%( >!&, *&,%' &'%%-= *' (* "*& /00%/' /& /$$; F%-!(%-= &,% -,/0% *5 &,% 4!-!.$% &'%%- !- /$&%'%(

.6 &,*-% -200'%--%( &'%%-; <" &,!- /00%"(!D= / 0'*)%(2'% 5*' !+0'*4!"# &,% (%$!"%/&!*" *5 &'%%-

*.&/!"%( .6 &,% !+/#%E./-%( /$#*'!&,+ (%&/!$%( !" ),/0&%' G !- 0'%-%"&%(; <& '%$!%- *" &,% &,%

)*"-&'2)&!*" *5 %$$!0-%- *" &,% 0*!"& )$*2( >!&,!" 0'%4!*2- -%#+%"&-; H,!- >*'3 >/- (*"% !"

)*$$/.*'/&!*" >!&, I/2$/ B2'-/ 5'*+ &,% B!$!&/'6 H%),"!)/$ 9)/(%+6 *5 F2),/'%-&;

 %"()#%* H,% +%&,*( !- &%-&%( *" 0$*& ),/.$/!-J ?K%$( 0$*& (%-)'!0&!*" !" -%)&!*" L;M;NC; <"

&,!- -12/'% 0$*& *5 O;NL ,/= 0*-!&!*"- /"( ,%!#,&- *5 &'%%- >!&, (!/+%&%' /& .'%/-& ,%!#,& $/'#%'

&,/" P;L )+ /'% 3"*>";  !"#$% &'%% (%&%)&!*" !- 0%'5*'+%( >!&, &,% /$#*'!&,+ 0'%-%"&%( !"

),/0&%' G; H,% /(*0&%( -%&&!"# $%/(- &* &,% )*''%)& (%&%)&!*" *5 ML &'%%- *2& *5 QN= >!&, N 5/$-%

0*-!&!4%-; 9 +/'3%'E)*"-&'/!"%( >/&%'-,%( -%#+%"&/&!*" !- &,%" 0%'5*'+%( &* (%$!"%/&% &'%%

)'*>"- /--*)!/&%( &* %/), (%&%)&%( &'%%&*0 ?-%)&!*" G;N;PC; H,% !"02& (/&/ 5*' &,% /$#*'!&,+

/'% &,% -%#+%"&- *.&/!"%( .6 &,% >/&%'-,%( /$#*'!&,+= /"( &,% 7!89: 0*!"& )$*2( >!&, 0*!"&

)**'(!"/&%- /"( )$/--!K)/&!*" ?#'*2"(= "*" #'*2"(C; 7!89: 0*!"&- >!&, '%$/&!4% ,%!#,& $*>%'

&,/" &>* +%&%'- /'% '%+*4%(; :%+/!"!"# 0*!"&- /'% /R%)&%( &* %/), )*''%-0*"(!"# -%#+%"&

?K#2'% 8;SC;

 !, -.%/'(0 1$( &.0)2%0

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

+/D!+/ K$&%'!"# /"( >/&%'-,%( -%#+%"&/&!*"= ./-%( *" &,% 5*$$*>!"# -&/&%+%"&-T

E $*)/$ +/D!+/ K$&%'!"# *"$6 &/3%- &,% (!-&/")% &* &,% "%/'%-& 0!D%$ >!&, ,!#,%' 4/$2% !"&*

/))*2"&= >,!), !- !" 5/)& &,% (!-&/")% &* &,% "%/'%-& ,!#,%' )'*>"= /"( !- "*& / #**(

!"(!)/&*' *5 &,% (!-&/")% &* &,% "%/'%-& ,!#,%' &'%%=

E >/&%'-,%( -%#+%"&/&!*" *"$6 '%$!%- *" &,% 5/)& &,/& &,% &'%% )'*>" !- +*"*&*"!)/$$6 (%E

)'%/-!"# 5'*+ &,% &'%%&*0 &* #'*2"(= >!&,*2& /"6 *&,%' )*"-&'/!"& *" -,/0%;

SJS



 !" #$$%&'() *+ *%,%-,(.& (/$0.1%/%&, 23 %44($5% /.'%44(&6 .7 ,0%% -0.8&5

 1

 2

 3
 4

 5

 6

 7
 8

 9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27
28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55
56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 50 100 150 200

0

20

40

60

80

100

120

140

160

180

200

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

9.2597 9.2597 9.2598 9.2598 9.2599 9.2599 9.2599

x 10
5

2.1509

2.1509

2.1509

2.1509

2.1509

x 10
6

 ," -. /0$1 23 +$%&$'( 45

9.2597 9.2597 9.2598 9.2598 9.2599 9.2599 9.2599

2.1509

2.1509

2.1509

2.1509

2.1509

x 10

1345

1350

1355

1360

1365

 6" 7$*+8$6(0/$ /0$1 23 45

 !"#$% &'() *+, -%.#/0 12 3%0%40!15 +53 .%"6%50+0!15 12 0$%%. 15 7/10 48+9/+!.:' ;#69%$. 41$$%.7153

01 .%"6%50. !3< 9/+4= 4!$4/%. +$% 08% 71.!0!15. 12 >%/3 0$%%.' ?@691/ .!A% !. 7$171$0!15+/ 01 0$%% 8%!"80'

9+4="$1#53 !6+"% !. 08% 4+517@ 8%!"80 613%/ 12 B'C 6 $%.1/#0!15< +D%. +$% /+9%//%3 !5 7!D%/.' *9, +53

*4, E!%F 12 08% 71!50 4/1#3 /14+0%3 !5.!3% .%"6%50 :G' H5/@ 71!50. 8!"8%$ 08+5 I 6 +91E% "$1#53 +$%

415.!3%$%3'

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

1%/1"/,$+14 &011"&&+3" "))+#&"&5

90.-%55(&6 .7 /:(& ,0%%  !" !+*!"&, #%+/, %6 ,!" #%+/, 1)%0' +& +'"/,+7"'5 8$%- /%2 %/4 +,&

1%%$'+/(,"& ($" 1%/&+'"$"' (& ,!" 79"' 1"/,"$ Hmax1(x1, y1) %6 ,!" ,$"" :7*0$" ;5<(=5  !" #%+/,
1)%0' (xi, yi, zi)i∈{1,··· ,N} +& &#)+, +/,% n 3"$,+1() .+/& :1$%2/ &)+1"&= %6 %/" -","$ 2+',!5
8%$ "(1! )"3") l4 &,($,+/* 6$%- ,!" ,%#4 (/ "))+#&" 2!%&" (9"& ($" ()+*/"' %/ ,!" *$+' (9"& +&

$%0*!)> 7,,"' ,% ,!" #%+/, 1)%0'5  !" 1"/,"$ %6 ,!" 1$%2/ &)+1" l +& 1%/&+'"$"' ,% ." )%1(,"' (,
(xl, yl) = 1

2(xmin,l + xmax,l, ymin,l + ymax,l)4 2+,! xmin = min(xi, i ∈ l)5 ?%$$"&#%/'+/* "))+#&"
(9"& )"/*,!& ($"

√
xmin,l + xmax,l (/

√
ymin,l + ymax,l5

@6,"$ ,!" #%&+,+%/ %6 ,!" &)+1" 1"/,"$ +& 1%-#0,"'4 +, +& 1%-#($"' ,% ,!" #%&+,+%/ %6 ,!" %$+*+/()

1"/,"$ Hmax15 A6 ,!"> ($" &"#($(,"' .> ( '+&,(/1" )($*"$ ,!(/ ( ,!$"&!%)' 3()0" d4 ,!" 1"/,"$
&!+6, +/'+1(,"& ,!(, +, +& )+B")> ,!(, (/%,!"$ ,$"" +& #$"&"/, +/ ,!+& 1$%2/ &)+1"5 A/ ,!+& 1(&"4 ,!"

+,"$(,+%/& ($" +/,"$$0#,"' (/' ,!" ()*%$+,!- 6%))%2& ( &"1%/' #$%1"'0$"5

90.-%55(&6 (& -:5% .7 5%-.&' ,0%%  !" ,%# %6 ,!" &"1%/' ,$"" +& 1%/&+'"$"' ,% ." ,!" #%+/,

+/ l 2+,! ,!" )($*"&, '+&,(/1" ,% ,!" 79"' 1"/,"$ Hmax1 %6 ,!" -(+/ ,$""4 (/' +& /%2 $"1%$'"' (&

Hmax2 :7*0$" ;5<.=5

C/ "(1! )"3")4 1"/,"$& %6 ,!" "))+#&"& 6%$ .%,! ,$""& 2+)) /%2 ." 1%/&+'"$"' ,% ." )%1(,"' (, Hmax1

(/' Hmax25 D" &,+)) 1%/&+'"$ "))+#&"& ,!(, ($" ()+*/"' %/ ,!" 1%%$'+/(,"& (9"&5  !" #$"1"'+/*

#$%1"'0$" 6%$ "))+#&" (9"& "&,+-(,+%/ +& 0&"' "91"#, ,!(, 6%$ ,!" &"1%/' ,$""4 %/)> #%+/,& %6 ,!"

!()6 #)(/" 2!"$" +, +& )%1(,"' ($" 1%/&+'"$"'5 8%$ ,!" -(+/ ,$""4 ,!" #%+/,& %6 ,!" %,!"$ !()6 #)(/"

($" 0&"' :7*0$" ;5<1=5

;%5<4,5  !" ()*%$+,!- ())%2& ,!" '","1,+%/ %6 73" (''+,+%/() ,$""& :,(.)" ;5E= %/ ,!" #)%,4

2+,! ,2% (''+,+%/() 6()&" #%&+,+3"&5 C/" (''+,+%/() ,$"" +& '","1,"' +/ ,!" 0##"$ )(>"$4 (/' 6%0$

+/ ,!" )%2"$ )(>"$5  !"&" $"&0),& ($" &)+*!,)> )"&& (110$(," ,!(/ ,!%&" %.,(+/"' +/ ( &,0'> ,!(,

+/3"&,+*(,"' ,!" +-#$%3"-"/, %6 2(,"$&!"' '")+/"(,"' &"*-"/,& .> /%$-()+F"' 10, &"*-"/,(,+%/

%6 ,!" #%+/, 1)%0' G<H<I5 D+,! ( ,$0" J; (##$%(1! .(&"' %/ 3%9")&4 ,!" $"&0),& 6$%- 2(,"$&!"'

&"*-"/,(,+%/ :KLM %6 ,$0" #%&+,+3"& 2+,! KM 6()&" #%&+,+3"&= 2"$" +-#$%3"' ,% HNM ,$0" #%&+,+3"&

2+,! OM 6()&" #%&+,+3"&5



 !"!  #$%&$$#'( )(* +,-$+,%.#/,$ 01"

Hmax1

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

Hmax1

Hmax2

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

Hmax1

Hmax2

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

'/--%

 !"#$% &'() *+%,- ./ 0$.12 -,3!++!2"' 456 733!,-% 0%2+%$ 4$%8 8.+6 .2 +9% /.#$+9 3%:%3 !- /5$ 5,5$+ /$.;

+9% .$!"!253 <=%8 0%2+%$ 4>3#% 3!2%6' 4>6 &%+%$;!2%8 -%0.28 +$%%+.,' 406 7-+!;5+!.2 ./ +9% ;5=!;#;

%=+%2-!.2 ./ +$%%- !2 +9%!$ $%-,%0+!:% 953/?,352%-@ /.$ %509 3%:%3'

A5>3% &'B) &%+%0+%8 +$%%- >C 9%!"9+ 035-- /.$ +9% 3.053 ;5=!;5 53".$!+9; 528 +9% 588!+!.253 %33!,-%-

0.2-+$#0+!.2'

 !"#$% &'()) *+, -./ /.0- 0-.0/ 0/.1- 1-.1/ 1/.2- 2-.2/ 2/.3- 45%('

6!%!&%!7 *'5&(' +(8"+(, 0 0 2 0 0 5 16 12 35
6!%!&%!7 *95":% &'5;7, 0 2 4 0 0 6 16 12 40

<:=!:%5>"!7 0 22 12 3 6 9 17 13 82

4$! &>5?: 5@ %$! +(": %>!! ") (')5 A!%%!> +57!''!7 AB %$! !''"9)!) %$(: ?"%$ %$! )5'! ?(%!>)$!7

)!#+!:%(%"5:C 9(>%"&;'(>'B ?$!: ( )!&5:7 %>!! ") 7!%!&%!7 *D#;>! 6E2,E

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

 !"!#$ %& #'( )**+%),' F"#;>! 6E3 9>!)!:%) %B9"&(' &()!) ?$!>! %$! ('#5>"%$+ );&&!!7) 5>

@("') ": &5>>!&%'B 7!%!&%":# (77"%"5:(' %>!!) ?"%$": ?(%!>)$!7 )!#+!:%)E F"#;>! 6E3( 9>!)!:%) %?5

&()!) ?$!>! %$! )!&5:7 %>!! ") 7!%!&%!7E 4$! &>5?: 5@ %$! )!&5:7 %>!! ") );G&"!:%'B )!9(>(%!7

@>5+ %$! &>5?: 5@ %$! D>)% 5:! %5 ":7;&! ( )$"@% 5@ %$! &!:%!> 5@ %$! &>5?: )'"&! (% )5+! #"=!:

'!=!'E

H$!: %$! (>>(:#!+!:% 5@ %>!! &>5?:) >!);'%) ": (: ('+5)% )B++!%>"& )!#+!:% &>5?:C %$! 9>!)!:&!

5@ ( )!&5:7 %>!! >!+(":) ;::5%"&!7 *D#;>! 6E3A,E I: %$! >"#$% )"7!C %$! &>5?: 5@ %$! )!&5:7 %>!!

") &5+9'!%!'B @;)!7 ": %$! &>5?: 5@ %$! 5%$!>E I: %$! '!@% )"7!C %$! )+('' %>!! ") ?!'' )!9(>(%!7

@>5+ %$! 75+":(:% 5:!C A;% %$! )!#+!:% &>5?: ") #'5A(''B )B++!%>"& 7;! %5 %$! 9>!)!:&! 5@ '5?

A>(:&$!) 5: %$! 5%$!> )"7! 5@ %$! +(": %>!!E

4$! '()% D#;>! *6E3&, !8!+9'"D!) @(')! 7!%!&%"5: &()!)E I: %$! '!@% )"7!C ( @(')! )!&5:7 %>!! ?"''





 !"!  #$%&$$#'( )(* +,-$+,%.#/,$ 012

 !"# $#%&$' (!)  # #"'%*!'#+  , !)!-,"%)& '$# .#/'%(!- 01%)' +%"'/% 2'%1)3  2' '$# 0/#"#)(# 14

!++%'%1)!- '/##" %) '$# "#&*#)' %)(/#!"#" '$# #//1/5 61* %)%)& $#%&$' +%"'/% 2'%1) !)+ (/17)

",**#'/, !" 0/101"#+ 7%'$ '$%" !-&1/%'$* !/# -%8#-, '1 %*0/1.# '$# *1+#--%)& 14 '/## (/17)" %)

(1*0-#9 41/#"'"5

345'-#.67 #7+-'/,7,(. :$# '#"'#+ !-&1/%'$* "$17#+ '$!' '$%" !00/1!($ %" "2((#""42- %)

+#'#('%)& !++%'%1)!- '/##" !)+ *1+#--%)& '$# "$!0# 14 +1*%)!)' '/##"5 ;17#.#/3 %' (!) "'%--  #

%*0/1.#+ 1) "#.#/!- 01%)'"5

:$# #--%0"# (1)"'/2('%1) %"  !"#+ 1) 01%)'" /!)&# !-1)& '71 !9#"3 $#)(# %' %" )1' /1'!'%1) %).!/%!)'5

<%'$ '/##" '$!' !/# &#)#/!--, %"1'/10%(3 ! *1/# /1 2"' *#'$1+ "$12-+  # %*0-#*#)'#+3 #5&5  ,

=''%)& #--%0"#" 7%'$ ! -#!"'>"?2!/#" !-&1/%'$* 1) 01%)'" -1(!'#+ 1) '$# (1).#9 $2-- 14 #!($ (/17)

"-%(#5 @-%(# 7%+'$ "$12-+ !-"1  # !2'1*!'%(!--, !+!0'#+ %) 1/+#/ '1 #)"2/# '$!' #)12&$ 01%)'"

!/# %)(-2+#+ 41/ (1*02'!'%1)5

:$# (/%'#/%1) 41/ '$# 0/#"#)(# 14 '$# "#(1)+ '/## %" 1)-,  !"#+ 1) '$# +%"'!)(#  #'7##) '$#

(11/+%)!'#" 14 '$# '/##'10 !)+ '$# (#)'#/ 14 '$# #--%0"# !' #!($ -#.#-5 :$# +%"'!)(#" '1 '$# (#)'#/"

14 '$# #--%0"#" !' '$# 0/#.%12" -#.#-" "$12-+ !-"1  # (1)"%+#/#+5

:$# !-&1/%'$* "$12-+ !-"1  # '#"'#+ 1) *1/# =#-+ +!'!3 %) 1/+#/ '1 '#"' %'" 0#/41/*!)(# 1)

.!/%12" 41/#"' "'/2('2/#"5 @0#(%!- !''#)'%1) "$12-+ !-"1  # 0!%+ '1 '$# %)A2#)(# 14 B%CDE 01%)'

+#)"%', 1) +#'#('%1) /#"2-'"5

8#(54, .-,, *,.,%.#'( #( %'7+4,9 :'-,$.$ C#'#('%1) !-&1/%'$* (!)  # %*0/1.#+  , *!8>

%)& !""2*0'%1)" ! 12' 41/#"' 4#!'2/#"5 ;17#.#/3 !++%'%1)!- (/%'#/%! 7%-- !--17 '$# +#'#('%1) 14

*1/# '/##"3  2' !-"1 /!%"# )2*#/12" 0!/'%(2-!/ (!"#" '$!' '$# !-&1/%'$* 7%-- )1' $!)+-# (1//#('-,5

F) (1*0-#9 41/#"'"3 '$# .!/%! %-%', 14 '/## "$!0#" !)+ !//!)&#*#)'" *!8#" *!), "%*0-%4,%)&

$,01'$#"#" ! 12' 41/#"' "'/2('2/#" $!G!/+12"5 F*0/1.%)& +#'#('%1) 0#/41/*!)(# /#?2%/#" ! (1*>

0/#$#)"%.# *1+#--%)& 14 '$# %)'#/!('%1)"  #'7##) -!"#/ 02-"#" !)+ '$# .#&#'!'%1) (1.#/3 7$%($

%*0-%#" '!8%)&  1'$ '$# /#!- "$!0# 14 '/## (/17)" !)+ '$# #H#('" 14 "(!))%)& 0!''#/) %)'1 !((12)'5

D) !-'#/)!'%.# %" '1 !2'1*!'%(!--, !+!0' !-&1/%'$*" '1 41/#"' "'/2('2/#"3 #5&5 7%'$ '$# '/!%)%)&

!00/1!($ 0/#"#)'#+ %) ($!0'#/ I5 :$%" -!"' !00/1!($ %" -%8#-, '1  # *1/# /1 2"'  2' -#"" 017#/42-

/#&!/+%)& '$# !''!%)#+ +#'#('%1) /!'#5



 !" #$$%&'() *+ *%,%-,(.& (/$0.1%/%&, 23 %44($5% /.'%44(&6 .7 ,0%% -0.8&5



 !"##$%&

 !"  !"#$"%& '()&" *+(%%!%,- ./ 01/ 02/ 13/ 45/ 67/ 078/ 010/ 011

#$% 9(%$:; <$" 9"$=%> ?&!,@A B$C&DE !F(,& $G A@& H&,&A(A!$% @&!,@A- 00/ 57/ 83/ 84/ 25/ 26/

44/ 67/ 65/ 01./ 080

CVRMSE 9$&I+!&%A $G J("!(A!$% $G A@& K$$A B&(% *LM("& N""$"- .2

&'$ O!(F&A&" (A P"&()A ?&!,@AE A"&& C!(F&A&" F&()M"&C (A 0-5 F @&!,@A- 12/ 16Q57/ 55/ 58/

34/ .4/ ..

&"% O!,!A(D *M"G(+& B$C&DE !F(,& $G A@& N("A@ )M"G(+& (DA!AMC& <!%+DMC!%, H&,&A(A!$% (%C

#M!C!%,)>- 88Q86/ 21/ 26/ 36/ 41/ 45/ 43/ 44

&(% O!,!A(D R&""(!% B$C&DE !F(,& $G A@& A&""(!% (DA!AMC&- 00/ 17/ 13/ 57/ 58/ 82Q86/ 21/ 26/

44/ 014Q01.

)! "*+#,"-. S&$)+!&%+& '()&"  DA!F&A&" *;)A&F/ +(""!&C $% A@& T+&/ 9D$MC (%C D(%C ND&H(U

A!$% *(A&DD!A&- 07

)/" SD$#(D V$)!A!$%!%, *;)A&F- ./ 07/ 0./ 17/ 11/ 15/ 13/ 14/ 57/ 55Q52/ 25/ 28/ 24/ 3./ .7/ 072/

073/ 014/ 016

+# T%C&:&%C&%A 9$F:$%&%A  %(D;)!)- .8/ 074/ 007Q001/ 008/ 002

+%0 T%&"A!(D B&()M"&F&%A W%!A- ./ 07/ 0./ 11

+12 T%A&" XM("A!D& K(%,&- ..

!3& 2 '!,@A O&A&+A!$%  %C K(%,!%,- .Q02/ 0.Q10/ 15/ 12/ 13/ 16/ 58/ 53/ 80Q82/ 8./ 27/ 25/

24/ 26/ 37/ 30/ 34Q40/ 45/ 42/ 43/ 4./ 65/ 68/ 6.Q.0/ .4/ 072/ 074/ 002/ 016/ 01./ 080/ 088/

082

!44 '&(H&UY%&UYMA <+"$))UH(D!C(A!$%>- .2/ 070/ 001/ 008/ 002

!5+" '()&" J&,&A(A!$% TF(,!%, *&%)$"- 07Q01/ 08

6 " Z(A!$%(D  &"$%(MA!+) (%C *:(+&  CF!%!)A"(A!$%- 00

 !"7%2 Y"C!%("; '&()A *LM("&) BMDA!:D& K&,"&))!$%- .0/ .5Q.2/ 074/ 007Q002

/# V"!%+!:(D 9$F:$%&%A  %(D;)!)- .8/ 074/ 007/ 000/ 008/ 002

084



 !" #$%&&'()

*+,*  !"#$#!%&' (#')$#!% *+  ,-.#"#!%/ 012 304

RMSE 5!!$ 6-&% 78)&,- 9,,!,/ :;2 ::2 3<32 3<02 3<;2 3332 3302 33=2 33;

-. 7$,).$),#%> 9'-?-%$/ =@

-/01.2 7.&%%#%> A#B&, C?&>-, !+ D&%!E#-" FG 9.H! 5-.!I-,G/ 3<2 33

-32 7)EE!,$ J-.$!, 5->,-""#!%/ :<2 :32 :KL:;2 3332 33=L3312 300



 !"#!$%&'()*

 !" #$%&'()* +,*(%%(- ./01,( 203)( 4.56789:; <**0=>>???@A3,B%(C0%&'()*@(D>@

 E" #$%&'()* +,*(%%(- 6&%F*G C( $%&*()*1&, H+6$I:; <**0=>>???@1,*(%%(-JB&%(*GJ0%&*()*1&,@(D>@

 K" #4&D,*31, 3%(3G 1, 8D%&0(= .,3/LG1G &B A&D,*31, 3%(3G 1, 8M A(AN(% G*3*(G: 3)J

)(C1,- 3,C &*<(% 8D%&0(3, )&D,*%1(G@ 61,3/ %(0&%*@ 8D%&0(3, O&AA1GG1&, )&,*%3)* ,&@

EPPE@O8@!Q@P@.R@!KQ:; 5&%C%(-1&: R()<@ 7(0@: EPPS@

 S" #$%&'(* +,*(%%(- +++ . .TOUR7. ,& !QV@ $7UW+.T$: 0%&*()*1&, C( /3 X13N1/1*Y 3/01,(:;

O(A3-%(B 3,C .%03: R()<@ 7(0@: EPPQ@

 V" #OTOEPPQ *()<,1)3/ -D1C(/1,(G:; 8D%&0(3, 8,X1%&,A(,* .-(,)L: R()<@ 7(0@: EPPZ@

 Q" 5@ .@ .[(/: 2@ 61/1,: 3,C \@ 9&L*G<(%: #U%*<&-&,3/ 0&/L,&A13/G GD00&%*(C NL %(-1&, -%&?J

1,- G(-A(,*3*1&, B&% *<( (]*%3)*1&, &B *(%%31, B%&A /1C3% C3*3:;  !"#"$%&''(#%)* +,$),((%-

),$ &,. /('"#( 0(,1),$: X&/@ ZK: 00@ !EVK^!EQQ: EPPZ@

 Z" O@ ./(]3,C(%: #9(/1,(3*1,- *%(( )%&?,G B%&A 31%N&%,( /3G(% G)3,,1,- 0&1,* )/&DC C3*3

DG1,- C(/3D,3L *%13,-D/3*1&,:; 2,#(%,&#)",&3 4"5%,&3 "6 /('"#( 0(,1),$: X&/@ KP: ,&@ !S:

00@ K_SK^K_S_: EPP`@

 _" O@ ./(]3,C(%: a@ R3,G(L: b@ a3CD[: 9@ c&//3,C: 3,C 5@ b@ R3*(: #d3)[G)3**(% )&(e)1(,*

3G 3, 3**%1ND*( B&% *<( )/3GG1f)3*1&, &B BD//J?3X(B&%A 31%N&%,( /3G(% G)3,,1,- C3*3 1,

D%N3, 3%(3G:; 20 /0 4"5%,&3 "6  !"#"$%&''(#%7 &,. /('"#( 0(,1),$: X&/@ QV: ,&@ V: 00@

SEK^SKE: 2(0@ EP!P@

 `" c@ ./-3,: #R3%1BG D,1fYG:; /(85( .(1 +&59 (# :"%;#1: 00@ VVV^VQE: !`P!@

 !P" $@ .,)(/1,: O@ d3%*<(/&,: 6@ d(%-(%: 4@ O3%C(?: O@ O<3DX1,: d@ O&D%N3DC: T@ 9(G)%&1]:

T@ 9&%%(,: b@ 63L: $@ g3DC%L: h@ g3DiD(/1,: b@J7@ b@: g(,1,: 9@ b&DC: $@ T&<&: j@ 4(%A1,:

6@ $/3,)<(%&,: .@ $%&)<3GG&,: 6@ 7(L: 9@ 7DN(3DC: 3,C T@ k/Y%1)[: <5).( .(1 1738)*53#5%(1

.( '",#&$,(= >3?(1 .5 @"%. 6%&,A&)1(1@ O(A3-%(BJU56: EPPQ@

 !!" c@ 8@ .,C(%G(,: #MG1,- 31%N&%,( /1-<* C(*()*1&, 3,C %3,-1,- H/1C3%I *& )<3%3)*(%1l( B&%(G*

G*3,C )&,C1*1&, &, *<( a(,31 0(,1,GD/3 &B ./3G[3:; B(1#(%, 4"5%,&3 C6 >??3)(. :"%(1#%7:

X&/@ ES: ,&@ E: 00@ `V^!PE: .0%@ EPP`@

 !E" c@ 8@ .,C(%G(,: 7@ b@ 4)g3D-<(L: 3,C 2@ 8@ 7(D*(ND)<: #8G*1A3*1,- B&%(G* )3,&0L BD(/

03%3A(*(%G DG1,- /1C3% C3*3:; /('"#( 0(,1),$ "6 +,8)%",'(,#: X&/@ `S: ,&@ S: 00@ SS!^SS`:

EPPV@

 !K" c@ 8@ .,C(%G(,: 2@ 8@ 7(D*(ND)<: 3,C 7@ b@ 4)g3D-<(L: #. %1-&%&DG 3GG(GGA(,* &B *%((

<(1-<* A(3GD%(A(,*G &N*31,(C DG1,- 31%N&%,( /1C3% 3,C )&,X(,*1&,3/ f(/C A(*<&CG:; D&,&-

.)&, 4"5%,&3 "6 /('"#( 0(,1),$: X&/@ KE: ,&@ V: 00@ KVV^KQQ: EPPQ@

!S`



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

 !"# $%&'% ()*+,-+). /% '% 0+12+3145. 6)* 7% 8% /45,+1*+,. 9:6;+-<6) =3>+42 ,+4=?)<2<=) @=,

25+ 6)6A;-<- =@ 4=BCA+D @=,+-2 -4+)+- <) 6<,3=,)+ A6-+, -46))+, *626.E <)  !"#$!%"&'!%(

)$*+&,#- '. /+'"'0$%11#"$23 4#1'"# 5#!-&!0 %!6 57%"&%(  !.'$1%"&'! 5*&#!*#-3 8'(91#

::: 83 /%$" ;)<  5/45 ='11&--&'!    3 5217'-&91 >??> 5#7"#1@#$ A B C;3 >??>3 D$%E3

)9-"$&%. FGGF. C% H%

 !I# (% /% ()2=)6,6J<-. K% /% 0<456,*-. 6)* L% :,6-<)?2=). 9M3>+42&36-+* A6)* 4=N+, 4A6--<O46&

2<=) 1-<)? 6<,3=,)+ A<*6,.E 4#1'"# 5#!-&!0 '. F!,&$'!1#!". N=A% !!F. )=% P. CC% FQRRSFQQR.

FGGR%

 !P# T% (D+A--=). 9U'V ?+)+,62<=) @,=B A6-+, -46))+, *626 1-<)? 6*6C2<N+ WXY B=*+A-.E <)

: :"+  5/45 ='!0$#--3  )/45. N=A% ZZZXXX. FGGG. CC% !!GS!!H%

 !H# '% T% :6A2-6N<6-. 9(<,3=,)+ A6-+, -46))<)?[ 36-<4 ,+A62<=)- 6)* @=,B1A6-.E  5/45 G'9$!%(

'. /+'"'0$%11#"$2 %!6 4#1'"# 5#!-&!0. N=A% I". )=% F&\. CC% !QQSF!". L1A% !QQQ%

 !R# ]]. 9(<,3=,)+ A6-+, -46))<)?[ +D<-2<)? -;-2+B- 6)* O,B- 6)* =25+, ,+-=1,4+-.E  5/45

G'9$!%( '. /+'"'0$%11#"$2 %!6 4#1'"# 5#!-&!0. N=A% I". )=% F&\. CC% !P"S!QR. L1A% !QQQ%

 !Q# ^% 8% :6=. _% Z% _6=. _% ^% _56)?. Z% `% a<. '% Z% _5+). 6)* b% ^% a<. 9/+?B+)262<=) 2=

25+ C=<)2 4A=1*- =@ A<*6, *626 36-+* =) 456)?+ =@ J1,2=-<-.E  !"#$!%"&'!%( 5217'-&91 '!

/+'"'#(#*"$'!&* H#"#*"&'! %!6  1%0&!0 >??IJ  1%0# /$'*#--&!03 5#7< ?ABC>3 >??I K#&L&!03

=+&!%. N=A% PPF\. C% YPF\!. FGGR%

 FG# (% :6,362<. 7% _5<,<4<. T% _=,=)6. (% V=)26?5<. 6)* U% W,6N6?A<)<. 9(,+6&36-+*

6--+--B+)2 =@ @=,+-2 -26)*<)? N=A1B+ 3; O+A* B+6-1,+B+)2- 6)* 6<,3=,)+ A6-+, -46))+,

*626.E  !"#$!%"&'!%( G'9$!%( '. 4#1'"# 5#!-&!0. N=A% \G. )=% !Q. CC% I!HHSI!Q". FGGQ%

 F!# _% :6--A+,. L% /26*A+,. L% V1AA+,. :% 8=,-2+,. (% 7=22A+<). 6)* 0% :,6)*A. 9a<*6, 6- 6 ,6C<*

2==A 2= C,+*<42 @=,+-2 563<262 2;C+- <) Y621,6 FGGG )+2c=,J-.E K&'6&,#$-&"2 %!6 ='!-#$,%B

"&'!. N=A% FG. )=% \. CC% "PIS"R!. V6,% FG!!%

 FF# K% V% :+,?+). /% L% 7=+2d. 0% M% U136;65. 7% V% $+)+3,;. _% W% $1)-6J+,. V% a% XB5=e.

0% 8% Y+A-=). 7% 7% T6,J+,. 6)* f% _% 06*+A=e. 90+B=2+ -+)-<)? =@ N+?+262<=) \&U -2,14&

21,+ @=, 3<=*<N+,-<2; 6)* 563<262[ 0+N<+c 6)* <BCA<462<=)- @=, A<*6, 6)* ,6*6, -C64+3=,)+

B<--<=)-.E G'9$!%( '. D#'7+2-&*%( 4#-#%$*+BK&'0#'-*&#!*#-. N=A% !!". C% 7GG'GP. U+4% FGGQ%

 F\# _% :+,)6,*&V<45+A. /% U=12g. V% 861N+A. a% 76,*+-. 6)* /% 7<,6,*. 9/1CC=,2 N+42=,- B6&

45<)+- ,+?,+--<=) @=, +-2<B62<=) =@ V6,- -1,@64+ C5;-<46A C,=C+,2<+-.E <) /$'*##6&!0- '.

"+# CI"+ F9$'7#%! 5217'-&91 '! )$"&M*&%( N#9$%( N#"O'$P-3 K$90#-3 K#(0&91. FGGQ. CC%

!QISFGG%

 F"# 7% (% :A64J31,). 90+B=2+ -+)-<)? =@ @=,+-2 C<?B+)2- 1-<)? 6<,3=,)+ <B6?<)? -C+42,=B+2+,

6)* A<*6, <B6?+,;.E 4#1'"# 5#!-&!0 '. F!,&$'!1#!". N=A% RF. )=% F&\. CC% \!!S\F!. FGGF%

 FI# L% :% :A6<,. U% a% 063<)+. 6)* V% (% $=@2=). 9W5+ a6-+, f+?+262<=) XB6?<)? /+)-=, hafX/i[

( B+*<1B&6A2<21*+. *<?<2<d62<=)&=)A;. 6<,3=,)+ A6-+, 6A2<B+2+, @=, B6CC<)? N+?+262<=) 6)*

2=C=?,6C5;.E  5/45 G'9$!%( '. /+'"'0$%11#"$2 %!6 4#1'"# 5#!-&!0. N=A% I". CC% !!IS!FF.

!QQQ%

 FP# L%&7% :=1,+61. Q%!9#( 6R&!"#$7$S"%"&'! 6#- 7+'"'0$%7+&#- %S$&#!!#- &!.$%$'90#- J %77(&*%B

"&'! %9T 1&(&#9T .'$#-"&#$- #" !%"9$#(-% X)N+)26<,+ 8=,+-2<+, Y62<=)6A. FGGR%



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

 !"# $% &'()*+,-'./ 012(334564). 4)*474*8(2 +'-- 39-:4-3 8)*-' 2-(5;<= ()* 2-(5;<) :<)*4+4<)3

834). (4',<')- 24*('/>  !"#! $%&'()* %+ ",%-%.')//0-'1 )(2 #0/%-0 !0(34(./ 7<2% ?@/

)<% A/ 99% B!ACBDE/ !EE"%

 !F# $% &'()*+,-'./ $% G% H(')-'/ I% J% K()*-),-'.-'/ ()* L% &% M:N'(O/ 0P-+-:+4<) ()*

()(26343 <5 4)*474*8(2 2-(5;<= +'-- :'<O)3 4) 3Q(22 5<<+9'4)+/ R4.R 3(Q924). *-)34+6 24*('

*(+( 5'<Q +R- -(3+-') *-:4*8<83 5<'-3+ 4) S<'+R GQ-'4:(/> #0/%-0 !0(34(. %+ 5(64'%(/0(-/

7<2% FA/ )<% B/ 99% !TECBEB/ !EEB%

 !T# L% &'-4*-),(:R/ &% U<:R/ N% U()*2-'/ ()* G% U2-83,-'./ 0V8()+4564). +R- 4)W8-):- <5

32<9-/ (39-:+/ :'<O) 3R(9- ()* 3+-Q *-)34+6 <) +R- -3+4Q(+4<) <5 +'-- R-4.R+ (+ 92<+ 2-7-2

834). 24*(' ()* X)YGI *(+(/>  (-0'()-4%()* $%&'()* %+ #0/%-0 !0(34(./ 7<2% !T/ )<% A/ 99%

@A@@C@AB?/ !EEF%

 BE# L% &'-4*-),(:R/ J% S(-33-+/ Z% K4-)/ $% N<,([[-)/ ()* Y% Y<2,-'./ 0\'-*4:+4<) <5 39-:4-3

39-:4]: 5<'-3+ 4)7-)+<'6 (++'4,8+-3 834). ( )<)9('(Q-+'4: 3-Q4;4)*474*8(2 +'-- :'<O) (9;

9'<(:R ,(3-* <) 583-* (4',<')- 2(3-' 3:())4). ()* Q82+439-:+'(2 *(+(/> #0/%-0 !0(34(. %+

5(64'%(/0(-/ 7<2% @@D/ )<% D/ 99% T@@CT!D/ G9'% !E@E%

 B@# L% &'-4*-),(:R/ G% S<+R*8'5+/ ()* N% U^)*2-'/ 01<Q9('43<) <5 )-('-3+ )-4.R,<8'

(99'<(:R-3 5<' 3Q(22 ('-( -3+4Q(+4<) <5 +'-- 39-:4-3;39-:4]: 5<'-3+ 4)7-)+<'6 (++'4,8+-3 4)

:-)+'(2 J8'<9- 834). (4',<')- 2(3-' 3:())-' *(+(/> 5&'%70)( $%&'()* %+ 8%'03- #030)'9,/

7<2% @!T/ )<% A/ 99% FBBCFD?/ !E@E%

 B!# I% &'-))() ()* $% K% H-,3+-'/ 0_,`-:+;<'4-)+-* 2()* :<7-' :2(334]:(+4<) <5 24*(';*-'47-*

38'5(:-3/> :)()24)( $%&'()* %+ #0/%-0 !0(34(./ 7<2% B!/ )<% !/ 99% @?!C@"!/ !EE?%

 BB# a% &'-+('/ G% 1R(87-/ L% Y% &(4226/ 1% M(22-+/ ()* G% L(:<Q-/ 0$-''(4) 38'5(:-3 ()* B;

P 2()*:<7-' :2(334]:(+4<) 5'<Q 3Q(22 5<<+9'4)+ 5822;O(7-5<'Q 24*(' *(+(b (9924:(+4<) +<

,(*2()*3/> ;12'%*%.1 <(2 5)'-, !13-0/ !940(903/ 7<2% @B/ )<% F/ 99% @AB@C@ADD/ !EET%

 BD# a% &'-+(' ()* S% 1R-R(+(/ 0$-''(4) Q<*-24). 5'<Q 24*(' '().- *(+( 4) )(+8'(2 2()*3:(9-3b

G 9'-*4:+47- ()* ,(6-34() 5'(Q-O<'[/>  555 =')(3)9-4%(3 %( >0%3940(90 )(2 #0/%-0

!0(34(./ 7<2% DF/ )<% B/ 99% @A?FC@A"F/ M('% !E@E%

 BA# 1% &'4-3-/ &% cdW-/ c% K-R)-'/ H% H(.)-'/ M% \5-))4.,(8-'/ ()* G% e22'4:R/ 01(24,'(+4<)

<5 5822;O(7-5<'Q (4',<')- 2(3-' 3:())4). *(+( 5<' <,`-:+ :2(334]:(+4<) ; ('+% )<% ?TAEER/>

?)30' #)2)' =09,(%*%.1 )(2 <77*49)-4%(3 @   / 7<2% ?TAE/ !EEF%

 B?# 1% &'4-3-/ S% \5-45-'/ ()* \% P<')4).-'/ 0G9924:(+4<)3 <5 +R- '<,83+ 4)+-'9<2(+4<) 5<' P$M

*-+-'Q4)(+4<)/> 4)  (-0'()-4%()* <'9,4603 %+ ",%-%.')//0-'1 )(2 #0/%-0 !0(34(./ 3-'%

\('+ BG/ 7<2% BD/ !EE!/ 9% AAC?@%

 B"# N% 1(Q93;Z(223/ L% M8)<f;M('4/ K% N<Q-f;1R<7(/ U% I4:R+-'/ ()* L% 1(29-;M('(7422(/

0&4<9R634:(2 9('(Q-+-' -3+4Q(+4<) O4+R ( 3-Q4389-'743-* 3899<'+ 7-:+<' Q(:R4)-/>  555

=')(3)9-4%(3 %( >0%3940(90 )(2 #0/%-0 !0(34(./ 7<2% ?/ )<% !/ 99% !DFC!A!/ G9'% !EET%

 BF# I% M% S% 1-''422</ M% Y% *- 2( _'*-)/ L% N% &<)422(/ G% N(':4(;a-''-'/ I% c% 12-Q-)+-/ ()*

Y% K()`-'4/ 0K4*(';,(3-* -3+4Q(+4<) <5 2-(5 ('-( 4)*-g <) R<2Q <([  h8-':83 42-g 2% 38,39

,(22<+( i*-35%j 3(Q9%# +'--3/> 8%'03- !13-0/3/ 7<2% @T/ )<% @/ 99% ?@C?T/ G9'% !E@E%

 BT# K% P% 1R()./ U% 1% Y2(++<)/ ()* 1% U'-[-2-'(/ 0&('-;-('+R -g+'(:+4<) 5'<Q (4',<')- 24*('

*(+( ,(3-* <) 3-.Q-)+(+4<) Q<*-24). ()* 4+-'(+47- 38'5(:- :<''-:+4<)3/> $%&'()* %+ <77*402

#0/%-0 !0(34(./ 7<2% D/ G8.% !E@E%



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

 !"# $% &'()*+,- &% ./0123)/3- (34 5% 6,+278- 9:3;+)72<(723< =()+, 0>=)+ 0+3+7,(72/3 7',/><' (

?/32@+, ?(3/0A BA 237+<,(723< (2,B/,3+ (34 7+,,+)7,2(= =24(,-C  !"!#$!" %&'("!) &* +,-&.,

/,"0$"1- ;/=% DE- 3/% E- 00% FFGHFEI- E""G%

 !F# J% &'(>;+- &% K+<(- L% M>,,2+>- N% O,+7(,- 6% J==/>2)- P% 5% M+)+2==2<3A- (34 Q% 5>+?'-

9J4;(3?+4 @>==RS(;+@/,* =24(, 4(7( +?'/ 4+7+?72/3T J))+))23< U>(=27A /@ 4+,2;+4 7+,,(23

(34 7,++ '+2<'7 */4+=) 23 (3 (=023+ ?/32@+,/>) @/,+)7-C 2".,("!.$&"!) %&'("!) &* +,-&.,

/,"0$"1- ;/=% D"- 3/% FV- 00% IEFFHIEEW- E""V%

 !E# J% &'(>;+- &% P(==+7- N% O,+7(,- L% M>,,2+>- P% 52+,,/7RM+)+2==2<3A- (34 Q% 5>+?'-

95,/?+))23< @>==RS(;+@/,* =24(, 4(7(T */4+==23< ,(S )2<3(=)-C 23 2".,("!.$&"!) 3(45$6,0

&* 75&.&1(!--,.(89 +,-&., /,"0$"1 !"# /:!.$!) 2"*&(-!.$&" /4$,"4,0; <&); => ?7!(.

=@ABCD; E0:&&9 F$")!"#9 /,:.,-G,( CHHI- E""X%

 !D# Y% &'+3- M% O(=4/??'2- 5% Z/3<- (34 P% [+==A- 9:)/=(723< 2342;24>(= 7,++) 23 ( )(;(33(

S//4=(34 >)23< )*(== @//70,237 =24(, 4(7(-C 75&.&1(!--,.($4 E"1$",,($"1 !"# +,-&.,

/,"0$"1- ;/=% XE- 3/% W- 00% VEDHVDE- E""G%

 !!# \% \% &'+3- $% K2+,=23<- ]% ^/S+==- (34 6% M+N+=2?+- 9_)23< =24(, (34 +`+?72;+ $J: 4(7( 7/

+;(=>(7+ :[abaL (34 $(34)(7 X ]6Pc ;+<+7(72/3 ?/;+, +)72*(7+) 23 ( 0/34+,/)( 023+

@/,+)7-C +,-&., /,"0$"1 &* E"6$(&"-,".- ;/=% VF- 3/% F- 00% F!HEG- E""!%

 !I# P% $% &=(,1- M% O% &=(,1- (34 M% J% ^/B+,7)- 9L*(==R@//70,237 =24(, +)72*(72/3 /@ )>BR

?(3/0A +=+;(72/3 (34 7,++ '+2<'7 23 ( 7,/02?(= ,(23 @/,+)7 =(34)?(0+-C +,-&., /,"0$"1 &*

E"6$(&"-,".- ;/=% VF- 3/% F- 00% GWHWV- E""!%

 !G# ^% &=(S<+)- [% K2+,=23<- $% K2+,=23<- (34 ]% ^/S+==- 96'+ >)+ /@ (2,B/,3+ =24(, 7/ ())+))

(;2(3 )0+?2+) 42;+,)27A- 4+3)27A- (34 /??>,,+3?+ 23 ( 023+d()0+3 @/,+)7-C +,-&., /,"0$"1 &*

E"6$(&"-,".- ;/=% FFE- 3/% I- 00% E"G!HE"XD- E""W%

 !X# b% &% &//0)- 6% .2=1+,- P% J% Q>=4+,- O% L7Ra3<+- Z% b+S3'(*- J% L2<<23)- (34 e% J%

6,/@A*/S- 9])72*(723< ?(3/0A )7,>?7>,+ /@ 4/><=()Rf, @/,+)7 )7(34) @,/* 42)?,+7+R,+7>,3

=24(,-C J(,,0K/.('4.'(, !"# F'"4.$&"- ;/=% EF- 3/% D- 00% EVIHDF"- E""X%

 !W# b% &% &//0)- J% K(,'/=(- &% Q% O(7+,- 5% 6+72- L% O//3- b% Z//4S23- (34 P% Q+2=+,-

9J))+))23< 42`+,+3?+) 23 7,++ (34 )7(34 )7,>?7>,+ @/==/S23< B++7=+ 23@+)7(72/3 >)23< =24(,

4(7(-C  !"!#$!" %&'("!) &* +,-&., /,"0$"1- ;/=% DI- 3/% G- 00% !VXHI"W- M+?% E""V%

 !V# b% &% &//0)- P% J% Q>=4+,- M% L% &>=;+3/,- (34 O% L7Ra3<+- 9&/*0(,2)/3 /@ @/,+)7 (7R

7,2B>7+) +g7,(?7+4 @,/* f3+ )0(72(= ,+)/=>72/3 *>=72)0+?7,(= (34 =24(, 4(7(-C  !"!#$!"

%&'("!) &* +,-&., /,"0$"1- ;/=% D"- 3/% G- 00% WIIHWGG- E""!%

 I"# O% &/>,B(>4- N% Z/,+(>4- 5% M,+A@>)- (34 N% O/33+7- 9LA=;2?>=7>,+ +7 */4h=+ 4+ ?,/2))(3?+

4i0+34(37 4+) 42)7(3?+) T *2)+ +3 /+>;,+ 4> =/<2?2+= ?(0)2) D%" )>, 4+) 0+))2h,+) 2,,i<>=2h,+)

4+ */37(<3+-C +,6', F&(,0.$L(, F(!"M!$0,- ;/=% I- 00% !EIH!!"- E"""%

 IF# M% L% &>=;+3/,- 96:MJT (3 (=</,27'* @/, 7'+ 4+=23+(72/3 /@ 7,++ ?,/S3) 23 '2<' )0(72(=

,+)/=>72/3 ,+*/7+=A )+3)+4 2*(<+,A-C  &-:'.,(0 N O,&04$,"4,0- ;/=% EW- 3/% F- 00% DDH!!-

N+B% E""E%

 IE# P% M(=0/37+- $% O,>88/3+- (34 M% Z2(3+==+- 9N>)2/3 /@ 'A0+,)0+?7,(= (34 =24(, ,+*/7+

)+3)23< 4(7( @/, ?=())2f?(72/3 /@ ?/*0=+g @/,+)7 (,+()-C 2EEE J(!"0!4.$&"0 &" O,&04$,"4,

!"# +,-&., /,"0$"1- ;/=% !G- 3/% I- 00% F!FGHF!EX- P(A E""W%



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

 !"# $% &'()*+,-. /% 0% 0**)1. 2% 34566*+-. '+7 &% 89'+-((-. :;+'(<191 *+ ,=- 51- *> ?5(,9)(-

4-,54+1 (97'4 7',' >*4 ,=- -1,9?',9*+ *> ,4-- 1,-?1 @*(5?-.A  !!! "#$%&'( #) *+(+,-+. /#01,2

1& 300(1+. !'%-4 562+%7'-1#&2 '&. 8+9#-+ *+&21&:. @*(% B. +*% C. ))% "DEF"DG. &-H% BEEI%

 !C# J% K% &-'+. L% M% 0'*. N% &% O*P-4,1. '+7 &% 2% Q@'+1. :$-'1549+R =-9R=,1 ,* H4*S+ P'1-

'+7 H4*S+ ?-79'+ S9,= (97'4 9+ ' ?',54-. -@-+T'R-7 (*P(*((< )9+- 1,'+7.A ;#%+2- !,#(#:<

'&. ='&':+9+&-. @*(% B!U. +*% D. ))% DBVFD"". BEEI%

 !!# K% &=*,- '+7 Q% &-=-4H-. :W<)-4P*(9H ?*7-( >*4 '7X51,?-+, *> 1-,1 *> =-9R=, 79'?-,-4

H54@-1.A >'&'.1'& "#$%&'( #) ;#%+2- 8+2+'%,4. @*(% BC. +*% I. ))% DUGBFDUIE. N-)% DIIC%

 !V# O% &9'+', '+7 N% Y'1'-9. :&9?-+19*+ 4-75H,9*+ *> *),9H'( 4-?*,- 1-+19+R 9?'R-1 @9' ?9+9T

?5? H='+R- 4',- 7-@9',9*+ ?-,=*7.A  !!! /%'&2',-1#&2 #& ?+#2,1+&,+ '&. 8+9#-+ *+&2@

1&:. @*(% CG. +*% D. ))% DIGFBEV. K'+% BEDE%

 !U# Z% &9-7-41='R-+. 3% Y*H=. '+7 W% [-9+'H\-4. :;5,*?',9H 1-R?-+,',9*+ '+7

H='4'H,-491',9*+ *> >*4-1, 1,'+7 )'4'?-,-41 519+R '94P*4+- (97'4 7','. ?5(,91)-H,4'( '+7

>*R91 7','.A 9+  &-+%&'-1#&'( 3%,417+2 #) A4#-#:%'99+-%<B 8+9#-+ *+&21&: '&. *0'-1'(

 &)#%9'-1#& *,1+&,+2B C#($9+ DDDC B A'%- EFGHI A%#,++.1&:2 #) -4+ 1&-+%&'-1#&'(

>#&)+%+&,+I J'2+%@*,'&&+%2 )#% ;#%+2- '&. J'&.2,'0+ 322+229+&- @  &2-%$9+&-2B A%#,+221&:

=+-4#.2 '&. 300(1,'-1#&2I ;%+16$%: 19 K%+12:'$I ?+%9'&<I. BEEC%

 !G# &% &9*++-. K%T8% 3*54-'5. $% &-1='<-1. &% 84',,*+. '+7 &% $'4H-'5. :],57- 7- (' 4^1*T

(5,9*+ 1)',9'(- *),9?'(- 7'+1 5+ ?9(9-5 >*4-1,9-4 7- ?*<-++- ?*+,'R+-.A K$((+-1& @ *#,1L-L

)%'&M'12+ .+ 04#-#:%'99L-%1+ +- -L(L.L-+,-1#&. +*% DCD. ))% !DF!!. DIIV%

 !I# _% 2% &*+R. :0='4'H,-496',9*+ *> 9+79@975'( ,4-- H4*S+1 519+R ,=4--T79?-+19*+'( 1=')-

19R+',54-1 7-49@-7 >4*? (97'4 7','.A  &-+%&'-1#&'( "#$%&'( #) 8+9#-+ *+&21&:. @*(% "E.

+*% BC. ))% VVBDFVVBG. BEEI%

 VE# [% &*49R*. $% W*(('51. [% ['R+-4. '+7 Y% NH='7'5-4. :;+ '))(9H',9*+T*49-+,-7 '5,*T

?',-7 '))4*'H= >*4 H*T4-R91,4',9*+ *> >*4-1, 9+@-+,*4< '+7 '94P*4+- ('1-4 1H'++9+R 7','.A

 &-+%&'-1#&'( "#$%&'( #) 8+9#-+ *+&21&:. @*(% "D. +*% !. ))% DD""FDD!". BEDE%

 VD# [% &*49R*. $% W*(('51. Y% NH='7'5-4. '+7 [% ['R+-4. :; +-S '5,*?',-7 '))4*'H= >*4

H*T4-R91,4',9*+ *> +',9*+'( >*4-1, 9+@-+,*4< '+7 '94P*4+- ('1-4 1H'++9+R 7','.A 9+ *1(71J'2+%

HNNEB *+0-I OP@OQB HNNE @ !.1&6$%:4B RS. BEEG%

 VB# 2% Y% ;% &*44-+. `% 3-4R-4. '+7 a% N% _5,,-41. :O-'(T196- -b)-49?-+,1 '+7 "T& 19?5(',9*+ *>

4*H\>'(( *+ >*4-1,-7 '+7 +*+T>*4-1,-7 1(*)-1.A T'-$%'( U'V'%.2 '&. !'%-4 *<2-+9 *,1+&,+2.

@*(% V. +*% D. ))% DC!FD!". BEEV%

 V"# K% 3% &4'\-. O% Z% &5P'<'=. &% 3% 0('4\. O% 8% Y+*b. K% 3% 3('94. $% ;% W*>,*+. O% 2%

0='67*+. K% `% [-91='?)-(. '+7 N% &% _49+H-. :Q1,9?',9*+ *> ,4*)9H'( >*4-1, 1,45H,54'(

H='4'H,-491,9H1 519+R ('4R-T>**,)49+, (97'4.A 8+9#-+ *+&21&: #) !&71%#&9+&-. @*(% UI. +*%

BT". ))% "E!F"DI. BEEB%

 VC# K% 3% &4'\-. O% Z% &5P'<'=. O% 8% Y+*b. &% 3% 0('4\. '+7 K% 3% 3('94. :N-+19,9@9,< *>

('4R-T>**,)49+, (97'4 ,* H'+*)< 1,45H,54- '+7 P9*?'11 9+ ' +-*,4*)9H'( 4'9+>*4-1,.A 8+9#-+

*+&21&: #) !&71%#&9+&-. @*(% GD. +*% BT". ))% "UGF"IB. BEEB%

 V!# Y% &4'((- '+7 $% O57-?*. :N,-? +5?P-4 -1,9?',9*+ P< \-4+-( 1?**,=9+R *> '-49'(

)=*,*1.A >'&'.1'& "#$%&'( #) ;#%+2- 8+2+'%,4. @*(% BV. +*% U. ))% DBBGFDB"V. DIIV%



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

 !!" ##$ %&'()*+(,- ./(,*+(,)0 )1 ,02,3,2'+4 (5.. 6)/,(,)0/ 15)* +.5,+4 67)()/$8  !"!#$!"

%&'("!) &* +&(,-. /,-,!(01$ 3)49 :;$ 0)9 <<$ 669 <;:=><;?!$ @AB <CC;9

 !;" D9 A9 E'F+G+7 +02 H9 I9 E5+J.$ %K,2+5 5.*)(. /.0/,0L 1)5 1)5./(5G$8 %&'("!) &* +&(,-.(2$

3)49 C=$ 0)9 !$ 669 MM>M!$ :NNN9

 !=" D9 A9 E'F+G+7$ O9 K9 O7.42)0$ E9 I9 P4+5J$ Q9 &9 R)1()0$ H9 I9 I4+,5$ S9 P9 R'5(($ +02

D9 K9 P7+T2)0$ %U/(,*+(,)0 )1 (5)6,-+4 1)5./( 7.,L7( +02 F,)*+// 2G0+*,-/ '/,0L 4,2+5

5.*)(. /.0/,0L +( K+ O.43+$ P)/(+ D,-+$8 %&'("!) 3* 4,&512-$0!) /,-,!(0167$&8,&-0$,"0,-$

3)49 <<V$ 69 SNNUNC$ &659 :N<N9

 !C" W9 E'64+( +02 S9 W.55)((.$ 9":,".!$(, ,. ,-.$;!.$&" #, )<!00(&$--,;,". #,- 5,'5),;,".-

*&(,-.$,(-9 AX-. @+(,)0+4 2./ Y)5Z(/$ <C=<9

 ;N" W9 E'64+( +02 Q9 [5+0 R+$ %[+5,1/ 2. -'F+L. 6)'5 4\./(,*+(,)0 2./ /+6,0/ .( 2./ ]6,-]+/

2+0/ 4./ +46./ 2' 0)52$8 3=+ 7')),.$" >,01"$?',$ 3)49 !$ 669 ?><;$ <C;M9

 ;<" [9 U,2$ [9 S)F+JJ.0$ +02 U9 @^//.($ %P)*6+5,0L /(+02 ,03.0()5,./ 1)5 4+5L. +5.+/

F+/.2 )0 67)()_,0(.565.(+(,)0 +02 4+/.5 /-+00,0L FG *.+0/ )1 -)/(_64'/_4)// +0+4G/./$8

@0!"#$"!:$!" %&'("!) &* +&(,-. /,-,!(01$ 3)49 <C$ 0)9 !$ 669 V<:>V:?$ :NNM9

 ;:" Q9 U4*`3,/($ U9 H'0L.5($ Y9 K+0(T$ a9 W.5//)0$ +02 b9 Oc2.5*+0$ %[.55+,0 *)2.44,0L +02

+0+4G/,/ '/,0L 4+/.5 /-+00.5 2+(+$8 9".,("!.$&"!) A(01$:,- &* B1&.&8(!;;,.(2 !"# /,;&.,

@,"-$"8$ 3)49 dddeB_?fgM$ 669 :<C>::!$ :NN<9

 ;?" [9 K9 U52)2G +02 K9 Q9 Q)/J+4$ %Y'/,)0 )1 4,2+5 +02 ,*+L.5G 1)5 ./(,*+(,0L 1)5./( -+0)6G

1'.4/$8 /,;&., @,"-$"8 &* C":$(&";,".$ 3)49 <<M$ 0)9 M$ 669 ;:V > ;?;$ :N<N9

 ;M" H9 O9 U3+0/ +02 &9 [9 R'2+J$ %& *'4(,/-+4. -'53+('5. +4L)5,(7* 1)5 -4+//,1G,0L 2,/-5.(.

5.('50 4,2+5 ,0 1)5./(.2 .03,5)0*.0(/$8 9CCC >(!"-!0.$&"- &" 4,&-0$,"0, !"# /,;&., @,"-6

$"8$ 3)49 MV$ 0)9 M$ 669 <N:C><N?=$ :NN;9

 ;V" Q9 H9 Y+4J)h/J,$ &9 [9 R'2+J$ @9 K9 P5))J/()0$ W9 U9 S.//4.5$ U9 R9 b.F4.5$ +02 &9 Q9 O9

O*,(7$ %K+02/-+6._/-+4. 6+5+*.(.5,T+(,)0 )1 + (5.._4.3.4 1)5./( L5)h(7 *)2.4i + J_0.+5./(

0.,L7F)5 ,*6'(+(,)0 +665)+-7 ,0-)56)5+(,0L 4,2+5 2+(+$8  !"!#$!" %&'("!) &* +&(,-. /,6

-,!(01$ 3)49 MN$ 0)9 :$ 669 <=M><CC$ Y.F9 :N<N9

 ;!" Q9 H9 Y+4J)h/J,$ &9 Q9 O9 O*,(7$ W9 U9 S.//4.5$ &9 [9 R'2+J$ K9 &9 B,.54,0L$ +02 H9 O9

U3+0/$ %[7. ,0j'.0-. )1 -)0,1.5 1)5./( -+0)6G -)3.5 )0 (7. +--'5+-G )1 (h) ,02,3,2'+4 (5..

*.+/'5.*.0( +4L)5,(7*/ '/,0L 4,2+5 2+(+$8  !"!#$!" %&'("!) &* /,;&., @,"-$"8$ 3)49 ?M$

669 O??=>O?VN$ :NN=9

 ;;" Q9 H9 Y+4J)h/J,$ &9 Q9 O9 O*,(7$ &9 [9 R'2+J$ W9 U9 S.//4.5$ K9 &9 B,.54,0L$ +02 @9 K9

P5))J/()0$ %&'()*+(.2 ./(,*+(,)0 )1 ,02,3,2'+4 -)0,1.5 (5.. 7.,L7( +02 -5)h0 2,+*.(.5

3,+ (h)_2,*.0/,)0+4 /6+(,+4 h+3.4.( +0+4G/,/ )1 4,2+5 2+(+$8  !"!#$!" %&'("!) &* /,;&.,

@,"-$"8$ 3)49 ?:$ 0)9 :$ 669 <V?><!<$ :NN!9

 ;=" &9 Y+5,2$ E9 P9 S))25,-7$ D9 I5G+0($ +02 O9 O)5))/7,+0$ %b/,0L +,5F)50. 4,2+5 () 65.2,-(

4.+1 +5.+ ,02.k ,0 -)(()0h))2 (5../ +02 5.l0. 5,6+5,+0 h+(.5_'/. ./(,*+(./$8 %&'("!) &*

A($# C":$(&";,".-$ 3)49 ;:$ 669 <><V$ :NN=9

 ;C" &9 Y+5,2$ E9 P9 S))25,-7$ +02 O9 O)5))/7,+0$ %b/,0L +,5F)50. 4,2+5 () 2,/-.50 +L. -4+//./ )1

-)(()0h))2 (5../ ,0 + 5,6+5,+0 +5.+$8 D,-.,(" %&'("!) &* A55)$,# +&(,-.(2$ 3)49 :<$ 0)9 ?$

669 <MC><V=$ :NN!9



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

 !"# $% &'()*+ ,% -'./012('13+ ,% 4% 566*()78+ 9% :% ;'(<8+ '1* 9% 96(66<8)'1+ =-)>'()'1

?0@0/'/)61 7A'<<)B7'/)61 C(6D ')(E6(10 A'<0( <7'11)1@ *'/' F)/8 '1 0D>8'<)< 61 76//61F66*

/(00<+G  !"!#$!" %&'("!) &* +,-&., /,"0$"1+ ?6A% HI+ 16% J+ >>% JKLJ!+ I""M%

 !J# 9% &)A)1+ =9.(C'70 7A'<<)B7'/)61 C(6D ')(E6(10 A'<0( <7'11)1@ *'/'+G  &-2'.,(0 3 4,&5

06$,"6,0+ ?6A% H"+ 16% NOJ"+ >>% J"HHLJ"PJ+ I""P%

 !I# 9% &)A)1 '1* Q% RC0)C0(+ =90@D01/'/)61 6C ')(E6(10 A'<0( <7'11)1@ *'/' .<)1@ ' <A6>0 '*'>/)?0

10)@8E6(866*+G 7/8+/ %&'("!) &* 89&.&1(!--,.(: !"# +,-&., /,"0$"1+ ?6A% M"+ 16% I+ >>%

SJL!"+ I""M%

 !H# 5% &6(3)0()+ T% 5.'(1)0()+ :% U)?61)+ &% 4'</0AA)+ '1* &% R(0/)+ =;.A/)>A0 '//()E./0 *07)<)61

D'2)1@ C6( )1*)?)*.'A /(00 *0/07/)61 .<)1@ 8)@8O(0<6A./)61 A'<0( <7'11)1@+G ;&(,0. <6&)&1:

!"# =!"!1,-,".+ ?6A% IK!+ 16% JJ+ >>% IK"JLIKJ"+ I""N%

 !P# 5% V% &('30(+ 9% ;'@1.<<01+ ;% $% V.A*0(+ '1* W% X% Q)0D'11+ =9)D.A'/0* )D>'7/ 6C

<'D>A0 >A6/ <)30 '1* 76O(0@)</('/)61 0((6( 61 /80 '77.('7Y '1* .170(/')1/Y 6C A)*'(O*0()?0*

0</)D'/0< 6C C6(0</ </'1* E)6D'<<+G +,-&., /,"0$"1 &* <">$(&"-,".+ ?6A% JJK+ 16% I+ >>%

MHMLMPN+ &0E% I"JJ%

 !K# Z% &.[)<'2)+ ,% T% :?'1<+ -% \% ;66(E0'*+ ,% V% Z(EY+ ;% \% ;68'DD'*)O$('@8+ 9% ,%

-6E0(/<+ '1* R% ,% 50('(*+ =9/'1* '<<0<<D01/ /8(6.@8 A)*'(OE'<0* C6(0</ ?)<.'A)3'/)61

.<)1@ )DD0(<)?0 ?)(/.'A 01?)(61D01/ /07816A6@Y+G ;&(,0. /6$,"6,+ ?6A% KP+ >>% JLS+ I""!%

 !M# ;% 5'(7]'+ ,% -)'^6+ :% 48.?)076+ '1* &% ;% ,'1<61+ =:</)D'/)1@ E)6D'<< 7'(E61 </672<

C6( ' ;0*)/0(('10'1 C6(0</ )1 701/('A 9>')1 .<)1@ A)*'( 80)@8/ '1* )1/01<)/Y *'/'+G +,-&.,

/,"0$"1 &* <">$(&"-,".+ ?6A% JJP+ 16% P+ >>% !JM L !H"+ I"J"%

 !S# -% 5'.A/61 '1* _% \% ;'A/8.<+ =T)*'( D'>>)1@ 6C 7'16>Y @'>< )1 761/)1.6.< 76?0( C6(0</<`

$ 76D>'()<61 6C 7'16>Y 80)@8/ D6*0A '1* >6)1/ 7A6.* E'<0* /0781)a.0<+G 7".,("!.$&"!)

%&'("!) &* +,-&., /,"0$"1+ ?6A% HJ+ 16% K+ >>% JJNHLJIJJ+ I"J"%

 !!# ,% T% $% 5'?0'. '1* -% $% b)AA+ =c.'1/)CY)1@ 7'16>Y 80)@8/ .1*0(0</)D'/)61 EY A'<0(

>.A<0 >010/('/)61 )1 <D'AAOC66/>()1/ ')(E6(10 A'<0( <7'11)1@ *'/'+G  !"!#$!" %&'("!) &*

+,-&., /,"0$"1+ ?6A% IN+ 16% K+ >>% MK"LMKS+ I""H%

 !N# 4% 5)1)</Y+ R% U'AA0/+ 9% 48'EdO&0((0/+ 4% T0?0<a.0+ '1* 4% 48'.?)1+ =,)<>61)E)A)/d< 01

E)6D'<<0 C6(0</)e(0 >6.( *0< .<'@0< d10(@d/)a.0< 0/ )1*.</()0A< 01 &('170% Q6/0 *0 <Y1/8e<0+G

40D'@(0C+ _078% -0>%+ I""S%

 N"# _% 56E'2201 '1* :% Qf<<0/+ =:</)D'/)61 6C *)'D0/0( '1* E'<'A '(0' *)</()E./)61< )1 761)CO

0(6.< C6(0</ EY D0'1< 6C ')(E6(10 A'<0( <7'110( *'/'+G /6!"#$"!>$!" %&'("!) &* ;&(,0.

+,0,!(69+ ?6A% JN+ 16% M+ >>% KINLKPI+ I""P%

 NJ# gg+ =$<<0<<)1@ 0h07/< 6C >6<)/)61)1@ 0((6(< '1* <'D>A0 >A6/ <)30 61 E)6>8Y<)7'A </'1*

>(6>0(/)0< *0()?0* C(6D ')(E6(10 A'<0( <7'110( *'/'+G  !"!#$!" %&'("!) &* ;&(,0. +,0,!(69+

?6A% HN+ 16% K+ >>% J"HMLJ"KI+ I""N%

 NI# -% 4% 5613'A03 '1* -% :% V66*<+ ?$1$.!) 7-!1, 8(&6,00$"1+ H(* 0*% i>>0( 9'**A0 -)?0(+

Q\` R(01/)70 b'AA+ I""!%

 NH# Q% -% 566*F)1+ Q% 4% 466><+ '1* ,% 9% 4.A?016(+ =$<<0<<D01/ 6C C6(0</ </(.7/.(0 F)/8

')(E6(10 A)*'( '1* /80 0h07/< 6C >A'/C6(D 'A/)/.*0+G +,-&., /,"0$"1 &* <">$(&"-,".+ ?6A%

J"H+ 16% I+ >>% JP"LJKI+ I""M%



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

 !"# $$% &'()(*+,-(./ +0 1 23-4*1/3+. -+5(* /+ ,6(537/ *3516 3./(67(,/3+. 3. 0+6(2/(5 (.)36+.8

-(./2%9  !"#$! %!&'(&) #* +&,(-#&"!&$% )+*: ;;;% ,,: "<;="!>% >??@:

 !A# B: C+4D(+.% &E 76+F.80+**+F3.D 1,,6+17G /+ /G( 14/+-1/37 5(*3.(1/3+. +0 3.53)3541* /6((

76+F.2 3. G3DG 2,1/31* 6(2+*4/3+. 1(631* 3-1D(2%9 ./&/0(/& 1#2-&/3 #*  !"#$! %!&'(&)%

)+*: >;% .+: H% ,,: >@"=><"% ;!!A:

 !I# J: B: C610% K: L1/GM2% 1.5 N: O+**-1..% &P1Q3/1/ 122(22-(./ 0+6 0+6(2/ 5F(**3.D 2,(73(2

423.D *3516 6(-+/( 2(.23.DR S1,(6713**3( 3. /G( E*,2%9 4#-!'$ +5#3#)6 /&0 7/&/)!"!&$% )+*:

>A@% .+: ;% ,,: ;I?=;I@% >??!:

 !@# T: C: C6(D+36(% C: U/1G*% V: W1(22(/% T: C+Q1XX(.% J: W(*2+.% 1.5 U: P+*-% &L+5(*8

12232/(5 (2/3-1/3+. +0 Q3+-122 3. 1 *3516 21-,*( 246)(M 3. P(5-16X 7+4./M% W+6F1M%9

./&/0(/& 1#2-&/3 #* 4#-!'$  !'!/-589-!,2! ./&/0(!&&! :!  !58!-58! 4#-!'$(!-!% )+*: ";%

.+: ;% ,,: <H=!A% Y1.: >?;;:

 !<# U: E: P1**% Z: S: O46X(% ': [: O+\% L: J: N140-1..% 1.5 Y: L: U/+X(6% &V2/3-1/3.D 2/1.5

2/647/46( 423.D 53276(/(86(/46. *3516R 1. (\1-,*( 06+- *+F 5(.23/M% ]6( ,6+.( ,+.5(6+21

,3.( 0+6(2/2%9 4#-!'$ +5#3#)6 /&0 7/&/)!"!&$% )+*: >?<% .+: ;8H% ,,: ;<!=>?!% >??A:

 !!# Y: E: P1-35% :̂ L: L1/G(6% 1.5 J: E: P3**% &L1,,3.D +0 7+.30(6 0+6(2/ ,*1./1/3+.2 423.D

136Q+6.( GM,(62,(7/61* 1.5 *3516 51/1%9  !"#$! %!&'(&) (& ;-/&'($(#&% ,,: ;<A=;!?% >??":

 ;??# ': Y: P1653.D% L: E: K(02XM% C: C: ^16X(6% 1.5 Y: O: O*136% &K12(6 1*/3-(/(6 71.+,M G(3DG/

,6+]*(2R -(/G+52 1.5 )1*351/3+. 0+6 7*+2(5871.+,M% Q6+15*(10 0+6(2/2%9  !"#$! %!&'(&) #*

+&,(-#&"!&$% )+*: @I% .+: H% ,,: ><H=>!@% Y4.: >??;:

 ;?;# T: P12/3(% J: T3Q2G361.3% 1.5 Y: P: B63(5-1.% ;8! +3!"!&$' #* %$/$('$(5/3 <!/-&(&)% 7+68

6(7/(5 (5: U,63.D(6% Y4*M >??H:

 ;?># T: Y: P1FQ1X(6% W: U: N(4*(6% E: E: K(21X% T: C+Q1XX(.% N: S+./64773% 1.5 _: S: J15(*+`%

&Z-,6+)(5 (2/3-1/(2 +0 0+6(2/ )(D(/1/3+. 2/647/46( 1.5 Q3+-122 F3/G 1 *35168+,/3-3a(5

21-,*3.D 5(23D.%9 1#2-&/3 #* =!#>86'(5/3  !'!/-589?(#)!#'5(!&5!'% )+*: ;;"% ,: C??V?"%

U(,: >??!:

 ;?H# Y: P(3.a(* 1.5 O: N+7G% &V\,*+63.D 04**8F1)(0+6- *3516 ,161-(/(62 0+6 /6(( 2,(73(2 7*1223]8

71/3+.%9 @&$!-&/$(#&/3 1#2-&/3 #* A>>3(!0 +/-$8 BC'!-,/$(#& /&0 =!#(&*#-"/$(#&% )+*: ;H%

.+: ;% ,,: ;A>=;I?% B(Q: >?;;:

 ;?"# L: P(4637G% &E4/+-1/37 6(7+D.3/3+. 1.5 -(1246(-(./ +0 23.D*( /6((2 Q12(5 +. 51/1 06+-

136Q+6.( *12(6 271..3.D +)(6 /G( 637G*M 2/647/46(5 .1/461* 0+6(2/2 +0 /G( O1)1631. B+6(2/

W1/3+.1* ^16X%9 4#-!'$ +5#3#)6 /&0 7/&/)!"!&$% )+*: >AA% .+: @% ,,: >";I=>"HH% >??<:

 ;?A# L: P(4637G% B: B327G(6% [: N.+6a(6% 1.5 :̂ N6aM2/(X% &E22(22-(./ +0 53D3/1* /(6613. -+5(*2

b'TLc 06+- 51/1 D1/G(6(5 F3/G 136Q+6.( *12(6 271..3.D 3. /(-,(61/( V46+,(1. Q((7G

b01D42 2M*)1/371c 1.5 W+6F1M 2,647( b,37(1 1Q3(2c 0+6(2/2%9 D8#$#)-/""!$-(! 4!-&!-E2&02&)

=!#(&*#-"/$(#&% .+: I% ,,: "@H="<<% >??<:

 ;?I# L: P(4637G 1.5 B: TG+-1% &V2/3-1/3+. +0 0+6(2/6M 2/1.5 ,161-(/(62 423.D *12(6 271..3.D

51/1 3. /(-,(61/(% 2/647/461**M 637G .1/461* V46+,(1. Q((7G b01D42 2M*)1/371c 1.5 W+6F1M

2,647( b,37(1 1Q3(2c 0+6(2/2%9 4#-!'$-6% )+*: <;% .+: A% ,,: I"A=II;% E,6: >??<:

 ;?@# T: P3*X(6% L: E: d4*5(6% 1.5 W: S: S++,2% &e,51/( +0 0+6(2/ 3.)(./+6M 51/1 F3/G *3516 1.5

G3DG 2,1/31* 6(2+*4/3+. 21/(**3/( 3-1D(6M%9 ./&/0(/& 1#2-&/3 #*  !"#$! %!&'(&)% )+*: H"%

.+: ;% ,,: A=;>% >??<:



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

 !"#$ %& '& ()**+ ,& '& ()-.*/0+ 1-2 3& 4& '& 516/17+ 891::)-; <=>/.? :1??/>- 1-2 .?>7@?7>/ 1? 1

*1-2.@1:/ .@1*/ 7.)-; 1)>A=>-/ *1./> .@1--)-; ?/@B-=*=;0+C  !"#$ %#$&'(#)* +(,-,./0 123*

#$&  ))-"*& 4''2*' "$ 56* %#3.*78(#-* +(,-,./ ,9 :"3&'+ ::& D"EDF+ G""G&

 !"H$ ,& '& ()-.*/0+ %& '& ()**+ I& J& K/**1L0+ 1-2 (& K1*M?/>+ 8NB/ 1::*)@1?)=- =< *)21> )-

O==2*1-2 A)>2 /@=*=;0P Q*)L1?/+ @1-=:0 .?>7@?7>/+ 1-2 B1A)?1? R71*)?0+C 16,5,.3#;;*53"(

+$."$**3"$. #$& <*;,5* 8*$'"$.+ 6=*& FG+ -=& !G+ ::& !SHHE!T"D+ G""D&

 !!"$ U& ()>1?1+ 8NB/ /V/@?. =< <==?:>)-? .)M/ 1-2 .1L:*)-; 2/-.)?0 )- 1)>A=>-/ *1./> .@1--)-; ?=

/W?>1@? )-2)6)271* ?>//. )- L=7-?1)-=7. ?/>>1)-+C )- 4$5*3$#5",$#-  3(6"!*' ,9 16,5,.3#;7

;*53/= <*;,5* 8*$'"$. #$& 8)#5"#- 4$9,3;#5",$ 8("*$(*' >>>?4 @1#35 ABCDE+ G""T+ ::&

!"GE!"F&

 !!!$ XX+ 8%/*1?)=-.B): A/?O//- ?>// B/);B? 1-2 ?=:=;>1:B0 )- 1 @B1L1/@0:1>). =A?7.1 .?1-2

2/>)6/2 <>=L 1)>A=>-/ *1./> .@1--/> 21?1+C F,23$#- ,9 56* F#)#$*'* G,3*'5 8,("*5/+ 6=*& #F+

-=& D+ ::& THFEY"S+ G""Y&

 !!G$ U& ()>1?1+ U& 'Z)01L1+ (& ,1)?=+ '& 9)01L=?=+ 9& [7Z721+ 1-2 N& \).B)M=-=+ 8J.?)L1?)-;

<=>/.? @1-=:0 .?>7@?7>/ 7.)-; B/*)@=:?/>]A=>-/ *)21> L/1.7>/L/-?+C  &!#$(*' "$ G,3*'5

4$!*$5,3/ 9,3 82'5#"$#H-* G,3*'5 I#$#.*;*$5 #$& :",&"!*3'"5/ I,$"5,3"$.+ 6=*& FD+ ::&

!GYE!ST+ G""S&

 !!S$ U& ()>1?1+ ^& ,1?=+ ,& ^7>1L=?=+ 1-2 '& ,1Z1)+ 8JW?>1@?)-; <=>/.? :1?@B 1??>)A7?/. 1?

?B/ *1-2.@1:/ */6/* 7.)-; -/O >/L=?/ ./-.)-; ?/@B-)R7/. ] 1- )-?/;>1?/2 1::>=1@B =< B);B]

>/.=*7?)=- .1?/**)?/ 21?1+ 1)>A=>-/ *)21> 21?1 1-2 5_, 21?1 <=> <=>/.? @=-./>61?)=-+C +G4

13,(**&"$.'+ -=& \=&Y!+ ::& SYHESDF+ G""T&

 !!T$ U& ()>1?1+ ^& ,1?=+ '& ,1Z1)+ ,& ^7>1L=?=+ 1-2 U& 'Z)01L1+ 8NB/ /W?>1@?)=- =< @1-=:0]

7-2/>.?=>0 6/;/?1?)=-]?=:=;>1:B0 .?>7@?7>/ 7.)-; B/*)@=:?/>]A=>-/ *)21> L/1.7>/L/-? A/]

?O//- 1 :*1-?1?)=- 1-2 1 A>=12]*/16/2 <=>/.?+C )- J*,'("*$(* #$& <*;,5* 8*$'"$. 8/;),7

'"2;= DKKLM 4J <88 NKLM 13,(**&"$.'M DKKL 4+++ 4$5*3$#5",$#-+ 6=*& Y+ G""S+ ::& SGGGE

SGGT&

 !!Y$ U& ()>1?1+ \& [7>701+ 9& ,7M7Z)+ 1-2 (& U1L1L=?=+ 8')>A=>-/ *1./> .@1--)-; )- <=>/.?

L1-1;/L/-?P _-2)6)271* ?>// )2/-?)`@1?)=- 1-2 *1./> :7*./ :/-/?>1?)=- )- 1 .?1-2 O)?B

2)V/>/-? */6/*. =< ?B)--)-;+C G,3*'5 +(,-,./ #$& I#$#.*;*$5+ 6=*& GY#+ -=& Y+ ::& FYGEFD"+

'7;& G""H&

 !!D$ 9& (=<?=-+ a& 9)-.?/>+ 1-2 a& K*1)>+ 83/@=L:=.)?)=- =< *1./> 1*?)L/?/> O16/<=>L.+C 4+++

O3#$'#(5",$' ,$ J*,'("*$(* #$& <*;,5* 8*$'"$.+ 6=*& S#+ -=& T+ ::& !H#HE!HHD+ G"""&

 !!F$ 9& (=**17.+ b& 3=>);=+ b& b1;-/>+ ^& ,@B1217/>+ K& (cd/+ 1-2 K& 91)/>+ 8e:/>1?)=-1*

O)2/]1>/1 .?/L 6=*7L/ /.?)L1?)=- A1./2 =- 1)>A=>-/ *1./> .@1--)-; 1-2 -1?)=-1* <=>/.?

)-6/-?=>0 21?1+C 4$5*3$#5",$#- F,23$#- ,9 <*;,5* 8*$'"$.+ 6=*& S"+ -=& !H+ ::& Y!YHEY!FY+

G""H&

 !!#$ 9& (=**17.+ b& b1;-/>+ Q& JA/>B=</>+ 1-2 b& ^1>/*+ 8'@@7>1@0 =< *1>;/].@1*/ @1-=:0

B/);B?. 2/>)6/2 <>=L *)21> 21?1 7-2/> =:/>1?)=-1* @=-.?>1)-?. )- 1 @=L:*/W 1*:)-/ /-6)>=-]

L/-?+C 481<8 F,23$#- ,9 16,5,.3#;;*53/ #$& <*;,5* 8*$'"$.+ 6=*& D"+ -=& Y+ ::& SGSESS#+

G""D&

 !!H$ 9& (=**17.+ b& b1;-/>+ K& 91)/>+ 1-2 ^& ,@B1217/>+ 8')>A=>-/ *1./> .@1--)-; =< <=>/.?

.?/L 6=*7L/ )- 1 L=7-?1)-=7. /-6)>=-L/-?+C 8*$',3'+ 6=*& F+ -=& #+ ::& !YYHE!YFF+ G""F&



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

 !"#$ %& '()*+,-./ 0& 12)33(./ 4.5 '& 6)33(./ 782*9)4:2.+ :;- -<-=:3 (> )254, 3=4..2.+ 4.+)-

>(, -3:2*4:2(. (> *-4. :,-- ;-2+;: 4.5 =4.(?@ =)(39,-/A  !"!#$!" %&'("!) &* +,-&.,

/,"0$"1/ B()& "C/ .(& D/ ??& E"FGEF"/ "##F&

 !"!$ %& '()*+,-. 4.5 H& I-,33(./ 7J5-.:2>@2.+ 3?-=2-3 (> 2.52B2594) :,--3 932.+ 42,K(,.- )43-,

3=4..-,/A +,-&., /,"0$"1 &* 2"3$(&"-,"./ B()& C#/ .(& L/ ??& L!DGL"F/ "##L&

 !""$ %& '()*+,-./ 7I,-52=:2(. (> :,-- ;-2+;:/ K434) 4,-4 4.5 3:-* B()9*- 2. >(,-3: 3:4.53 932.+

42,K(,.- )43-, 3=4..2.+/A /4!"#$"!3$!" %&'("!) &* 5&(,0. +,0,!(46/ B()& !C/ .(& E/ ??& DLFG

DDF/ M-=& "##L&

 !"F$ '& '()*3:,N*/ 0& 12)33(./ 4.5 O& 8:P;)/ 782*9):4.-(93 -3:2*4:2(.3 (> >(,-3: ?4,4*-:-,3

932.+ 4-,24) ?;(:(+,4?; 2.:-,?,-:-5 54:4 4.5 :;- Q .-4,-3: .-2+;K(9, *-:;(5/A

/4!"#$"!3$!" %&'("!) &* 5&(,0. +,0,!(46/ B()& !E/ .(& !/ ??& ERGRS/ "##!&

 !"L$ 0& '()(?42.-./ T& 0UQ2.-./ %& V432.*UQ2/ %& '@@??U/ '& '@@??U/ '& W44,:2.-./

V& X22:4)4/ 0& X43:4,4.:4/ 4.5 T& W4.+43/ 7Y<-=: (> :,--Z)-B-) 42,K(,.- )43-,Z3=4..2.+

*-439,-*-.: 4==9,4=@ (. :;- :2*2.+ 4.5 -[?-=:-5 B4)9- (> ;4,B-3: 5-=232(.3/A 2'(&7,!"

%&'("!) &* 5&(,0. +,0,!(46/ B()& !"C/ .(& D/ ??& SCCGC#R/ 8-?:& "#!#&

 !"D$ \& '(?Q2.3(./ 7];- 2.^9-.=- (> )254, 4=_9232:2(. 3-::2.+3 (. =4.(?@ ?-.-:,4:2(. 4.5 )43-,

?9)3- ,-:9,. =;4,4=:-,23:2=3/A 899: ;222 ;".,("!.$&"!) <,&04$,"4, !"# +,-&., /,"0$"1

/=-7&0$'-/ B()& !ZS/ ??& "L"#G"L"F/ "##E&

 !"E$ \& '(?Q2.3(. 4.5 `& \;43*-,/ 7]-3:2.+ )254, *(5-)3 (> >,4=:2(.4) =(B-, 4=,(33 *9):2?)-

>(,-3: -=(a(.-3/A +,-&., /,"0$"1 &* 2"3$(&"-,"./ B()& !!F/ .(& !/ ??& "RDG"SS/ "##C&

 !"R$ I& T& '(9)-/ W& b& c;4.+/ 0& 8& V(33/ 4.5 0& 82*4,5/ 7d3- (> 42,K(,.- )254, >(, :;-

433-33*-.: (> )4.53=4?- 3:,9=:9,- 2. :;- ?2.- >(,-3:3 (> YB-,+)45-3 .4:2(.4) ?4,Q/A 899:

;222 ;".,("!.$&"!) <,&04$,"4, !"# +,-&., /,"0$"1 /=-7&0$'-/ B()& !ZS/ ??& !CE#G!CEF/

"##E&

 !"S$ 8& `& '94.+/ 8& T& '4+-,/ W& b& '4))2+4./ J& 8& e42,f-4:;-,/ T& W& 8f4.3(./ 4.5 V& `&

\,4K:,--/ 7T =(*?4,23(. (> 2.52B2594) :,-- 4.5 >(,-3: ?)(: ;-2+;: 5-,2B-5 >,(* )254, 4.5

J.8TV/A >6&.&1(!--,.($4 2"1$",,($"1 !"# +,-&., /,"0$"1/ B()& RD/ .(& "/ ??& !DCG!ER/

"##C&

 !"C$ T& ]& '954Q/ 1& `& \,((Q3:(./ %& 8& YB4.3/ M& Y& '4))/ 4.5 0& %& e4)Q(f3Q2/ 71-4,-3:

.-2+;K(, 2*?9:4:2(. (> 3?-=2-3Z)-B-)/ ?)(:Z3=4)- >(,-3: 3:,9=:9,- 4::,2K9:-3 >,(* )254, 54:4/A

+,-&., /,"0$"1 &* 2"3$(&"-,"./ B()& !!"/ .(& !/ ??& ""F"G""LD/ "##S&

 !F#$ T& ]& '954Q/ 0& T& `->3Q@/ g& h& \(;-./ 4.5 0& h-,:-,,-:=;-/ 7J.:-+,4:2(. (> )254, 4.5

`4.534: Y]0 ?)93 54:4 >(, -3:2*4:2.+ 4.5 *4??2.+ >(,-3: =4.(?@ ;-2+;:/A +,-&., /,"0$"1

&* 2"3$(&"-,"./ B()& S"/ .(& "ZF/ ??& FCRGL!E/ "##"&

 !F!$ O& \& '9,::/ V& M9K4@4;/ %& M,4Q-/ I& V& 0((,=,(>:/ 8& g& I4=4)4/ %& h& h)42,/ 4.5 0& O&

e-4,(./ 7h-@(.5 ?(:-.:24) B-+-:4:2(.i =(*K2.2.+ )254, 54:4 4.5 4 ;-2+;:Z3:,9=:9,-5 *(5-)

>(, =4,K(. 3:952-3/A 24&)&1$4!) ?77)$4!.$&"0/ B()& !L/ .(& F/ ??& SRFGSSF/ "##L&

 !F"$ I& '@5-/ V& M9K4@4;/ h& I-:-,3(./ %& h& h)42,/ 0& '(>:(./ \& '9.34Q-,/ V& W.([/ 4.5

g& g4)Q-,/ 704??2.+ >(,-3: 3:,9=:9,- >(, f2)5)2>- ;4K2:4: 4.4)@323 932.+ f4B->(,* )254,i

X4)254:2(. (> *(.:4.- -=(3@3:-*3/A +,-&., /,"0$"1 &* 2"3$(&"-,"./ B()& CE/ .(& FZL/ ??&

L"RGLFR/ "##D&



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

 !""# $% &'()* +% ,)-./0* 1% 234).* 50( 6% 7)830)* 96:;-/<30= -3(5<><5(5< .'0)<=' > ;<)(3?@>

30= 5A/8)=</B0( A3/45.. 30 5 ./B@CD).@)<0 ;/0()</.5 ;30) E/<).@ B.30= -3(5<* FG+ 50(

H0FG+*I  !"#$! %!&'(&) #* +&,(-#&"!&$* 8/-% !JK* 0/% !* ;;% LMN"M* LJJO%

 !"P# +% Q% &'0(450 50( R% S50* 9F54;-) TB50@3-). 30 .@5@3.@3?5- ;5?U5=).*I ./! 0"!-(12&

%$2$('$(1(2&* 8/-% VJ* 0/% P* ;;% "K!N"KV* ,/8% !WWK%

 !"V# G% &'8X<30)0* 9S5.@ 50( </AB.@ Y:)(>;/30@ 5-=/<3@C4. E/< 30();)0()0@ ?/4;/0)0@ 505-'>

.3.*I 3+++ .-2&'21$(#&' #& 4!5-26 4!$7#-8'* 8/-% !J* 0/% "* ;;% KLKNK"P* Z5' !WWW%

 !"K# Q% &'';;X* 9S)5.3A3-3@' E/< ).@345@3/0 /E .30=-) @<)) ?C5<5?@)<3.@3?. B.30= -5.)< .?500)<*I 30

9!#'1(!&1! 2&:  !"#$! %!&'(&) %;"<#'(5"= >???@ A-#1!!:(&)'@ 390 %% >???@ 3+++ >???

3&$!-&2$(#&26* 8/-% "* LJJJ* ;;% WM!NWM"%

 !"O# Q% &'';;X* [% 2)--)* Z% 7)C3U/30)0* 50( Z% H0U30)0* 9G .)=4)0@5@3/0>A5.)( 4)@C/( @/

<)@<3)8) .@)4 8/-B4) ).@345@). E</4 ">1 @<)) C)3=C@ 4/()-. ;</(B?)( A' -5.)< .?500)<.*I

3+++ .-2&'21$(#&' #& 9!#'1(!&1! 2&:  !"#$! %!&'(&)* 8/-% "W* 0/% V* ;;% WKWNWOV* LJJ!%

 !"M# Q% &'';;X* \% $''.5-/* &% &'';;X* &% &5==<]0* 50( ^% +B;;)<@* 9G??B<5?' /E -5.)<

.?50030= E/< 1_Z =)0)<5@3/0 30 E/<).@)( 5<)5.*I B2'!-  2:2- .!1/&#6#); 2&: 0<<6(12$(#&'

C* 8/-% PJ"V* ;;% !!WN!"J* LJJJ%

 !"W# 2% H/U3* Q% H4503.C3* _% F5.5U3* R% Z/<34/@/* 50( 2% 23@5(5* 96.@345@30= .@50( 8/-B4)

30 A</5(>-)58)( E/<).@ B.30= (3.?<)@)><)@B<0 -3(5<` ;-/@>A5.)( 5;;</5?C*I B2&:'12<! 0&:

+1#6#)(126 +&)(&!!-(&)* 8/-% K* 0/% !* ;;% LWN"K* Q50% LJ!J%

 !PJ# Z% H.-54* Z% 2B<@@3-5* 7% Z)C@X@5-/* 50( _% $BUU5-5* 9H0/;@345-3@' -/..). 30 E/<).@

4505=)4)0@ ()?3.3/0. ?5B.)( A' )<</<. 30 50 308)0@/<' A5.)( /0 53<A/<0) -5.)< .?50030=

50( 5)<35- ;C/@/=<5;C.*I D2&2:(2& E#5-&26 #* F#-!'$  !'!2-1/* 8/-% PJ* 0/% !L* ;;%

LPLONLP"M* 1)?% LJ!J%

 !P!# 1% Q5.U3)<035U* $% ,% Q% 750)* G% +/A30./0* 50( G% 7B?3))<* 96:@<5?@30= -3(5< 30(3?). @/

?C5<5?@)<3.) 4B-@3-5')<)( E/<).@ .@<B?@B<) B.30= 43:@B<) (3.@<3AB@3/0 EB0?@3/0.*I  !"#$!

%!&'(&) #* +&,(-#&"!&$* 8/-% !!V* 0/% L* ;;% VO"NVMV* S)A% LJ!!%

 !PL# Q% 7% +% Q)0.)0* 2% F% &B4).* 7% G% a3)<-30=* 50( G% _% &B(5U* 913.?<)@) <)@B<0 -3(5<>A5.)(

;<)(3?@3/0 /E -)5E 5<)5 30(): 30 @D/ ?/03E)< E/<).@.*I  !"#$! %!&'(&) #* +&,(-#&"!&$* 8/-%

!!L* 0/% !J* ;;% "WPON"WVO* LJJM%

 !P"# G% Q/?C)4* Z% &/--5B.* Z% +B@b30=)<* 50( c% &de)* 96.@345@3/0 /E 5A/8)=</B0( A3/45..

30 5-;30) E/<).@.` G .)43>)4;3<3?5- 5;;</5?C ?/0.3()<30= ?50/;' @<50.;5<)0?' ()<38)( E</4

53<A/<0) -3(5< (5@5*I %!&'#-'* 8/-% !!* 0/% !* ;;% LOMNLWV* Q50% LJ!!%

 !PP# _% Q/--3f)* H%* A-(&1(<26 D#"<#&!&$ 0&26;'('* L0( )(% F;<30=)<* LJJL%

 !PV# c% QB@b3 50( \% F@3--5* 9+50=) ()@)<4305@3/0 D3@C D58)E/<4 <)?/<(30= -5.)< .'.@)4. B.30=

5 g3)0)< Y-@)<*I 3%A % E#5-&26 #* A/#$#)-2""!$-; 2&:  !"#$! %!&'(&)* 8/-% K!* 0/% L*

;;% WV N !JO* LJJK%

 !PK# _% 25U3B?C3 50( &% hC3U5@.B* 91_Z =)0)<5@3/0 30 E/<).@)( 5<)5 B.30= 4B-@3;-) <)@B<0

;B-.). E</4 53<A/<0) -5.)< .?500)<*I 30 A-#1!!:(&)' #* %A3+ G ./! 3&$!-&2$(#&26 %#1(!$;

*#- H<$(126 +&)(&!!-(&)* 8/-% OPPO* LJJW%



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

 !"#$ %& '& ()*+, -& .& /)00+1, '& -& 234)567+8, -& 9& :5;<, '& =& 4+1>?*@+, )*@ -& =& =1)*0AB*,

CDE)FB*B*6 3?*BG+1 3)*?H8 >;153;51)A 3?FHA+EB;8 )31?>> G?1+>; )6+> )*@ +A+I);B?*> JB;7 AB@)1

@);),K  !"!#$!" %&'("!) &* +&(,-. /,-,!(01, I?A& "L, *?& ", HH& ##"M#N#, 9H1& OL!L&

 !"N$ .& ()1>08, .& P);;+1>?*, )*@ Q& -)>5FR)30, CDI)A5);B?* ?G ;7+ Q1BFRA+ P1?S'T 4PT

1+3+BI+1& Q+37 QBH UU#!VOW!NV2Q.X&K Y&T& .+H)1;F+*; ?G 961B35A;51+, =?1+>; T+1IB3+,

2B>>?5A) Q+37*?A?68 )*@ .+I+A?HF+*; X+*;+1, Q+37& '+H&, !UUU&

 !"U$ 9& ();?, :& 2& 2?>0)A, P& T37B+>>, 2& D& TJ)*>?*, .& X)A7?5*, )*@ Z& T;5+;<A+,

CX)H;51B*6 ;1++ 31?J* G?1F);B?* ;71?567 BFHAB3B; >51G)3+ 1+3?*>;153;B?* 5>B*6 )B1R?1*+

AB@)1 @);),K /,2&., 3,"-$"4 &* 5"6$(&"2,"., I?A& !!W, *?& [, HH& !!"N M !![O, OLLU&

 !\L$ Q& 9& (+**)J)8, D& ]& ]+AF+1, 2& 9& :+G>08, Q& 9& /1)*@+B>, )*@ (& '& T7+11BAA, C2)HHB*6

A)*@ 3?I+1 )*@ +>;BF);B*6 G?1+>; >;153;51+ 5>B*6 >);+AAB;+ BF)6+18 )*@ 3?)1>+ 1+>?A5;B?* AB@)1

B* ;7+ %B16B* B>A)*@>,K %&'("!) &* 788)$,# /,2&., 3,"-$"4, I?A& O, OLLN&

 !\!$ :& Z& (+*8B, '& .5R)8)7, 2& ]?G;?*, )*@ 2& T37)1@;, CX?FH)1);BI+ )*)A8>B> ?G T'Q2V

^D. I+6+;);B?* 3)*?H8 7+B67; ;? AB@)1V@+1BI+@ I+6+;);B?* 3)*?H8 F+;1B3>,K 9".,("!.$&"!)

%&'("!) &* /,2&., 3,"-$"4, I?A& WL, *?& !!, HH& O#U#MON!!, OLLU&

 !\O$ T& (BF, '& -& 234)567+8, ]&VD& 9*@+1>+*, )*@ 4& T371+5@+1, CQ1++ >H+3B+> @B_+1+*;B);B?*

5>B*6 B*;+*>B;8 @);) @+1BI+@ G1?F A+)GV?* )*@ A+)GV?_ )B1R?1*+ A)>+1 >3)**+1 @);),K /,2&.,

3,"-$"4 &* 5"6$(&"2,"., I?A& !!W, *?& N, HH& !\#\M!\N[, 956& OLLU&

 !\W$ `& (BF, a& b& )̀*6, Z& /& X?7+*, .& Pc56F)37+1, X& :& :)5I+1, )*@ -& :& %)*0);, C.B>V

;B*65B>7B*6 R+;J++* ABI+ )*@ @+)@ >;)*@B*6 ;1++ RB?F)>> ?* ;7+ *?1;7 1BF ?G 61)*@ 3)*8?*

*);B?*)A H)10, YT9 5>B*6 >F)AAVG??;H1B*; AB@)1 @);),K /,2&., 3,"-$"4 &* 5"6$(&"2,"., I?A&

!!W, *?& !!, HH& O"UUMO\!L, ^?I& OLLU&

 !\"$ T& (B10H);1B30, X& .& 4+A);;, )*@ 2& P& %+337B, CdH;BFB<);B?* R8 >BF5A);+@ )**+)AB*6,K

30$,"0,, I?A& OOL, *?& "\UN, HH& [#!M[NL, !UNW&

 !\\$ 9& (?RA+1, ^& PG+BG+1, P& d61B*3, :& Q?@?1?I>0B, (& d>;B1, )*@ T& .<+1?>0B, C'+H+;B;BI+

B*;+1H?A);B?*e 9 1?R5>; )A6?1B;7F G?1 @;F 6+*+1);B?* G1?F )+1B)A A)>+1 >3)**+1 @);) B*

G?1+>;+@ ;+11)B*,K /,2&., 3,"-$"4 &* 5"6$(&"2,"., I?A& !LN, *?& !, HH& UMOW, OLL#&

 !\[$ /& (?37, Y& ]+8@+1, )*@ ]& Z+B*)30+1, C.+;+3;B?* ?G B*@BIB@5)A ;1++ 31?J*> B* )B1R?1*+

AB@)1 @);),K :1&.&4(!22,.($0 5"4$",,($"4 !"# /,2&., 3,"-$"4, I?A& #O, *?& ", HH& W\#MW[W,

OLL[&

 !\#$ /& (?+;<, =& 2?1>@?1G, 4& T5*, (& -& ')*>?*, (& f;;+*, )*@ /& 9AA6?J+1, Cf*I+1>B?* ?G )

AB@)1 J)I+G?1F F?@+A G?1 G?1+>; RB?H78>B3)A H)1)F+;+1 +>;BF);B?*,K 9555 ;(!"-!0.$&"- &"

<,&-0$,"0, !"# /,2&., 3,"-$"4, I?A& W, *?& !, HH& "UM\W, OLL[&

 !\N$ f& (?1H+A), ]& d& g10), -& ]88HHh, %& ]+B00B*+*, )*@ Q& Q?0?A), C')*6+ )*@ 94X *?1F)AV

B<);B?* B* )B1R?1*+ @B>31+;+V1+;51* AB@)1 B*;+*>B;8 @);) G?1 G?1+>; 3)*?HB+>,K 93:/3 %&'("!)

&* :1&.&4(!22,.(= !"# /,2&., 3,"-$"4, I?A& [\, *?& ", HH& W[UMW#U, -5A& OL!L&

 !\U$ f& (?1H+A), ]& d& g10), 2& 2)A;)F?, Q& Q?0?A), )*@ -& ]88HHh, CQ1++ >H+3B+> 3A)>>Bi3);B?*

5>B*6 )B1R?1*+ AB@)1 V +_+3;> ?G >;)*@ )*@ ;1++ H)1)F+;+1>, @?J*>B<B*6 ?G ;1)B*B*6 >+;,

B*;+*>B;8 *?1F)AB<);B?*, )*@ >+*>?1 ;8H+,K 3$)6! +,""$0!, I?A& "", *?& O, HH& W!UMWWU, OL!L&

 ![L$ T& `& (?;37+*?I), ^& %& T7)R)*?I, `& (*8)<B07B*, 9& /& .)IB>, '& .5R)8)7, )*@ '& /& 28V

*+*B, C2?@+AB*6 AB@)1 J)I+G?1F> JB;7 ;BF+V@+H+*@+*; >;?37)>;B3 1)@B);BI+ ;1)*>G+1 ;7+?18



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

 !" "#$!%# #&%'$(%'!)& !  !"#&% &%"*+%*"#,-  !"#$%& !' ()!*+,-./%& 0)-)%#/+1234!-*+)#)-,

.!/0 123, )!0 415, 62270

8191: ;0 <0 =!%+>#)!.(, ?0 40 ;!)@, A0 B0 ;>(C()!., D0 ;0 E!%%#", <0 =)F(G'H>'), ()I J0 K0

LF)#)', MN'I(" "#$!%# &#)&')@  !" $!I#/')@ @"!&& O"'$("F O"!I*+%'!) ! I#+'I*!*&  !"#&%&,-

0)4!3) 5)$-.$6 !' 7$8.#!$4)$3, .!/0 P6, )!0 6, OO0 153Q1R6, 622S0

8196: ;0 =!*H!*/(& ()I T0 U0 K/(+HC*"), MV*()%' F')@ %># &O(%'(/ O"!O#"%'#& !  !"#&% +()!OF

@(O& *&')@ /'I(" '$(@#"F ()I TW;,- 9$3)#$%3.!$%&  !"#$%& !' 0)4!3) 5)$-.$6, .!/0 65, )!0 15,

OO0 72SPQ72R1, 622S0

8197: XX, ML(OO')@ ')I'.'I*(/ %"## /!+(%'!), >#'@>% ()I &O#+'#& ') C"!(I/#(.#I I#+'I*!*&  !"#&%

*&')@ ('"C!")# /'I(" ()I $*/%'Y&O#+%"(/ "#$!%#/F &#)&#I I(%(,- 9$3)#$%3.!$%&  !"#$%& !'

0)4!3) 5)$-.$6, .!/0 69, )!0 7, OO0 S71QS55, 62250

819S: =0 ="(*& ()I A0 E #' #", M4#%#"$')(%'!) ! %#""(') $!I#/& ') Z!!I#I ("#(& Z'%> ('"C!")#

/(&#" &+())#" I(%(,- 95:05  !"#$%& !' :+!3!6#%44)3#, %$; 0)4!3) 5)$-.$6, .!/0 57, )!0 S,

OO0 1P7Q627, 1PP30

8195: 40 U0 =Z(H, [0 D>*)@, \0 =0 N##, L0 =( (%!&, ;0 <0 N##, ]0 =0 D>!, ()I ;0 ]0 N##,

M^.(/*(%'!)  !" I($(@#I I#@"## ! .#@#%(%'!) CF  !"#&% _"# *&')@ /'I(" ()I ( I'@'%(/ (#"'(/

O>!%!@"(O>,- :+!3!6#%44)3#./ 7$6.$))#.$6 %$; 0)4!3) 5)$-.$6, .!/0 R9, )!0 7, OO0 6RRQ

63R, L("0 62120

8199: 40 U0 =Z(H, \0 =0 N##, [0 ]0 N##, T0 ;0 K'@')@, ()I E0 T!)@, M4#%#+%'!) ! ')I'.'I*(/

%"##& ()I #&%'$(%'!) ! %"## >#'@>% *&')@ /'I(" I(%(,-  !"#$%& !' <!#)-3 0)-)%#/+, .!/0 16,

OO0 S65QS7S, 622R0

819R: [0 N()@ !"I, `0 A'#$()), T0 \0 a"(G#", L0 U0 \*/I#", ()I b0 A#/&!), M^cO/!"')@ &$(//

 !!%O"')% /'I(" ')%#)&'%F I(%( ') (  !"#&%#I #).'"!)$#)%,- =>>? 9777 9$3)#$%3.!$%& ()!1

-/.)$/) %$; 0)4!3) 5)$-.$6 5,4*!-."4, .!/0 1Y3, OO0 6S19Q6S1P, 62290

8193: 40 N#+H'#, a0 T!*@#!), 40 ]'//, J0 V*')), N0 U"$&%"!)@, ()I J0 ;>"##)(), MD!$C')#I

>'@>YI#)&'%F /'I(" ()I $*/%'&O#+%"(/ '$(@#"F  !" ')I'.'I*(/ %"## +"!Z) ()(/F&'&,- @%$%;.%$

 !"#$%& !' 0)4!3) 5)$-.$6, .!/0 6P, )!0 5, OO0 977Q9SP, 62270

819P: U0 D0 N## ()I J0 L0 N*+(&, MU /'I("YI#"'.#I +()!OF I#)&'%F $!I#/  !" %"## &%#$ ()I +"!Z)

$(OO')@ ') U*&%"(/'()  !"#&%&,- 0)4!3) 5)$-.$6 !' 7$8.#!$4)$3, .!/0 111, OO0 SP7Q513,

622R0

81R2: ]0 N##, =0 D0 ;/(%%!), K0 ^0 J!%>, ()I \0 E0 D"!OO#", ME"#I'+%'!) !  !"#&% +()!OF /'@>%

')%#"+#O%'!) *&')@ %>"##YI'$#)&'!)(/ ('"C!")# /'I(" I(%(,- 9$3)#$%3.!$%&  !"#$%& !' 0)4!3)

5)$-.$6, .!/0 72, )!0 1, OO0 13PQ62R, 622P0

81R1: XX, MUI(O%'.# +/*&%#"')@ ! ('"C!")# /'I(" I(%( %! &#@$#)% ')I'.'I*(/ %"## +"!Z)& ')

$()(@#I O')#  !"#&%&,- 9$3)#$%3.!$%&  !"#$%& !' 0)4!3) 5)$-.$6, .!/0 71, )!0 1, OO0 11RQ

17P, 62120

81R6: [0YK0 N##, =0Y<0 <*, <0YW0 ='$, ()I U0 ](C'C, M;#@$#)%(%'!) ()I #c%"(+%'!) ! /')#("

 #(%*"#&  !" I#%#+%')@ I'&+"#O()+'#& C#%Z##) /'I(" I(%( &%"'O&,- ') ()!-/.)$/) %$; 0)4!3)

5)$-.$6 5,4*!-."4A =>>BC 9(2055 D>BC :#!/));.$6-C =>>B 9777 9$3)#$%3.!$%&, .!/0 R,

6225, OO0 SP5SQSP5R0



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

 !"#$ %& '& ()*+,-. /& 0& 123)4. 5& '& '6,)7. 8& 8& 9:7,)7. ;& '& 5<=)+. :4> ?& @:7>=4A. B(=>:7

7)C2D) +)4+=4A 2* D3) 6:42<- +D7E6DE7) :4> F=2<3-+=6:G <72<)7D=)+ 2* >2EAG:+HI7 J)+D)74

3)CG26, *27)+D+.K  !"#$! %!&'(&) #* +&,(-#&"!&$. L2G& "M. 42& #. <<& ##NO#P!. !NNN&

 !"Q$ %& '& ()*+,-. /& 0& 123)4. ?& R& @:7>=4A. 8& 8& 9:7,)7. 5& '& '6,)7. :4> 5& ;& 82J)7.

B(=>:7 7)C2D) +)4+=4A 2* :F2L)HA72E4> F=2C:++ =4 D37)) F=2C)+.K ./#01/ +2#/#)3 1&4 5(#6

)!#)-1783. L2G& !!. 42& S. <<& #N#O#NN. TMMT&

 !"S$ %& '& ()*+,-. ?& @:7>=4A. /& 0& 123)4. 8& 9:7,)7. :4> @& @& 53EA:7D. B5E7*:6) G=>:7

7)C2D) +)4+=4A 2* F:+:G :7): :4> F=2C:++ =4 >)6=>E2E+ *27)+D+ 2* ):+D)74 %:7-G:4>. U5'.K

 !"#$! %!&'(&) #* +&,(-#&"!&$. L2G& P". 42& !. <<& V#ONV. !NNN&

 !"P$ %& '& ()*+,-. '& ;& @E>:,. /& 0& 123)4. :4> 5& '& '6,)7. B8)2A7:<3=6 L:7=:F=G=D- =4

G=>:7 <7)>=6D=24+ 2* *27)+D +D:4> +D7E6DE7) =4 D3) 9:6=I6 W27D3J)+D.K  !"#$! %!&'(&) #*

+&,(-#&"!&$. L2G& NS. 42& Q. <<& S#TOSQV. TMMS&

 !""$ %& ()*+,-. /& 123)4. 8& 9:7,)7. :4> ?& @:7>=4A. B(=>:7 7)C2D) +)4+=4A *27 )62+-+D)C

+DE>=)+.K 5(#%2(!&2!. L2G& !. <<& !NO#M. TMMT&

 !"V$ X& Y& (=. @& Z& '4>)7+)4. :4> [& %68:EA3)-. B' 62C<:7=+24 2* +D:D=+D=6:G C)D32>+ *27 )+D=H

C:D=4A *27)+D F=2C:++ *72C G=A3D >)D)6D=24 :4> 7:4A=4A >:D:&K 9!'$!-& :#;-&1/ #* <77/(!4

=#-!'$-3. L2G& T#. 42& Q. <<& TT#OT#!. TMMV&

 !"N$ 8& (=66=:7>=. \& 9:6=I6=. ?& ;E=:. 5& 97:+:>. ;& /)+D. \& 8=:662. 1& ;3=)G. R& ]4AG:>:.

Z& 137=+D2<3). R& 13:4E++2D. :4> 9& 8:CF:. B?)6=+=24 *E+=24 *27 D3) 6G:++=I6:D=24 2* 3-H

<)7+<)6D7:G >:D:^ _ED62C) 2* D3) TMMV 8[5H5 >:D: *E+=24 624D)+D.K >+++ ?-1&'12$(#&' #&

.!#'2(!&2! 1&4  !"#$! %!&'(&). L2G& Q". 42& !!. <<& #VS"O#VPS. W2L& TMMN&

 !VM$ `& (=C. 9& ;7)=Da. `& 0:G>J=4. ]& %277=+24. :4> R& 87))4. B(=>:7 7)C2D) +)4+=4A 2* F=2H

<3-+=6:G <72<)7D=)+ 2* D2G)7:4D 427D3)74 3:7>J22> *27)+D+.K @1&14(1& :#;-&1/ #*  !"#$!

%!&'(&). L2G& TN. 42& S. <<& PSVOP"V. _6D& TMM#&

 !V!$ `& 5& (=C :4> 9& %& ;7)=Da. BZ+D=C:D=24 2* :F2L) A72E4> *27)+D F=2C:++ *72C :=7F274)

>=+67)D) 7)DE74 G:+)7 +6:44)7 >:D: E+=4A 6:42<-HF:+)> bE:4D=G) )+D=C:D27+.K %21&4(&1,(1&

:#;-&1/ #* =#-!'$  !'!1-28. L2G& !N. 42& P. <<& SSVOS"M. ?)6& TMMQ&

 !VT$ Z& (=4>F)7A. R& @2GCA7)4. `& _G2*++24. R& /:GG)7C:4. :4> @& _G++24. BZ+D=C:D=24 2*

D7)) G=+D+ *72C :=7F274) G:+)7 +6:44=4A F- 62CF=4=4A +=4AG)HD7)) :4> :7):HF:+)> C)D32>+.K

>&$!-&1$(#&1/ :#;-&1/ #*  !"#$! %!&'(&). L2G& #!. 42& S. <<& !!"SO!!NT. TM!M&

 !V#$ [& (22+ :4> _& W=)C:44. B]>)4D=I6:D=24 2* =4>=L=>E:G D7))+ :4> 6:42<- +3:<)+ E+=4A G=H

>:7 >:D: *27 I7) C:4:A)C)4D.K ABBC >+++ >&$!-&1$(#&1/ .!#'2(!&2! 1&4  !"#$! %!&'(&)

%3"7#'(;". L2G& !HV. <<& #"SSO#"S". TMMP&

 !VQ$ R& (& (2L)GG. ?& (& 0& RE<<. ?& 5& 1EGL)427. :4> W& 1& 122<+. BU+=4A :=7F274) :4> A72E4>H

F:+)> 7:4A=4A G=>:7 D2 C):+E7) 6:42<- +D7E6DE7) =4 'E+D7:G=:4 *27)+D+.K @1&14(1& :#;-&1/

#*  !"#$! %!&'(&). L2G& TN. 42& S. <<& PM"OPTT. TMM#&

 !VS$ R& (& (2L)GG. ?& (& 0& RE<<. 8& R& W)J43:C. W& 1& 122<+. :4> ?& 5& 1EGL)427. B5=CEG:D=24

+DE>- *27 I4>=4A 2<D=C:G G=>:7 :6bE=+=D=24 <:7:C)D)7+ *27 *27)+D 3)=A3D 7)D7=)L:G.K =#-!'$

+2#/#)3 1&4 D1&1)!"!&$. L2G& T!Q. 42& !H#. <<& #NVOQ!T. TMMS&

 !VP$ [& %& (E6:+. '& 1& ()). :4> 9& R& 0E4D=4A. B[)D7=)L=4A *27)+D F=2C:++ D372EA3 =4D)A7:D=24

2* 1'5] :4> G=>:7 >:D:.K >&$!-&1$(#&1/ :#;-&1/ #*  !"#$! %!&'(&). L2G& TN. 42& S. <<&

!SS#O!S"". TMMV&



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

 !"#$ %& '()*+,,-* (*. /& 01+.-23*4 56-789(:81*, 1; ,:(*. <-8)<:, ;71= (87>17*- ?(,-7 ,@(**-7

.(:( 28:< @(*1A3B>(,-. C+(*:8?- -,:8=(:17,4D  !"!#$!" %&'("!) &* +&(,-. /,-,!(014 91?& E"4

*1& #4 AA& !F!GH!FI!4 !JJ"&

 !""$ %& '()*+,,-*4 K& LM,,-:4 (*. N& O1>(PP-*4 5Q-?8(>8?8:3 1; ?8.(7 .-789-. A7-.8@:17,

1; ;17-,: 8*9-*:173 (::78>+:-,R S @(,- ,:+.3 28:< L172(3 ,A7+@-4D /,2&., 3,"-$"4 &*

5"6$(&"2,".4 91?& !!T4 *1& T4 AA& #FF H #!E4 EF!F&

 !"J$ '& '(?:(=14 U& 01??(*.,V,4 W& X(+<P1*-*4 W& 07-8.-*>(@<4 N& O1>(PP-*4 (*. K& LM,,-:4

5Y1=A(78*) .8Z-7-*: =-:<1., ;17 A7-.8@:81* 1; =-(* @712* <-8)<: 8* L172(3 ,A7+@-

,:(*., +,8*) (87>17*- ?(,-7 ,@(**-7 .(:(4D +&(,-.(74 91?& "I4 *1& I4 AA& E[#HEG"4 EF!F&

 !JF$ '& '(?:(=14 \& K-78P(8*-*4 W& /8:P]*-*4 W& ^33AA]4 (*. '& X-<=(,4 5K,:8=(:81* 1;

:8=>-7 91?+=- (*. ,:-= .-*,8:3 >(,-. 1* ,@(**8*) ?(,-7 (?:8=-:73 (*. -_A-@:-. :7-- ,8`-

.8,:78>+:81* ;+*@:81*,4D /,2&., 3,"-$"4 &* 5"6$(&"2,".4 91?& JF4 *1& I4 AA& I!JHIIF4 EFFT&

 !J!$ '& '(?:(=14 W& ^33AA]4 (*. W& '(?8*-*4 5S @1=A(7(:89- ,:+.3 1; :<- +,- 1; ?(,-7 ,@(**-7

.(:( (*. a-?. =-(,+7-=-*:, 8* :<- A7-.8@:81* 1; @712* <-8)<: 8* >17-(? ;17-,:,4D 30!"#$8

"!6$!" %&'("!) &* +&(,-. /,-,!(014 91?& E!4 *1& I4 AA& EI!HEI"4 EFFG&

 !JE$ '& '(?:(=14 \& N& \17<1*-*4 /& /(@P(?-*4 b& '-<:(:(?14 (*. S& %+9(*:14 5N-,:8*)

:<- +,(>8?8:3 1; :7+*@(:-. (*)?- @1+*: ,(=A?- A?1:, (, )71+*. :7+:< 8* (87>17*- ?(,-7

,@(**8*)B>(,-. ;17-,: 8*9-*:178-,4D +&(,-.(74 91?& "F4 *1& !4 AA& #IH"!4 EFF#&

 !JI$ '& '(?:(=14 \& '+,:1*-*4 W& ^33AA]4 W& /8:P]*-*4 (*. c& d+4 5N<- (@@+7(@3 1; -,:8=(:8*)

8*.898.+(? :7-- 9(78(>?-, 28:< (87>17*- ?(,-7 ,@(**8*) 8* ( >17-(? *(:+7- 7-,-79-4D  !"!#$!"

%&'("!) &* +&(,-. /,-,!(014 91?& IT4 *1& J4 AA& !#J!H!"F!4 EFFT&

 !JT$ '& '(?:(=14 /& /(@P(?-*4 c& d+4 \& K-78P(8*-*4 W& ^33AA]4 (*. W& /8:P]*-*4 5e.-*:8;3B

8*) (*. C+(*:8;38*) ,:7+@:+7(? @<(7(@:-78,:8@, 1; <-:-71)-*-1+, >17-(? ;17-,:, +,8*) ?(,-7

,@(**-7 .(:(4D +&(,-. 50&)&47 !"# 9!"!4,2,".4 91?& E!G4 *1& !BI4 AA& T!H[F4 EFF[&

 !J[$ '& '(?:(=14 \& K-78P(8*-*4 /& /(@P(?-*4 (*. W& ^33AA(4 5K,:8=(:81* 1; ,:-= 91?+=-

+,8*) ?(,-7 ,@(**8*)B>(,-. @(*1A3 <-8)<: =-:78@,4D +&(,-.(74 91?& #J4 *1& E4 AA& E!#HEEJ4

EFFG&

 !JG$ W& f& '@Y1=>,4 %& 6& Q1>-7:,4 (*. 6& b& K9(*,4 5e*g+-*@- 1; ;+,8*) ?8.(7 (*. =+?:8,A-@:7(?

8=()-73 1* 7-=1:-?3 ,-*,-. -,:8=(:-, 1; ,:(*. .-*,8:3 (*. =-(* :7-- <-8)<: 8* ( =(*()-.

?1>?1??3 A8*- A?(*:(:81*4D +&(,-. 30$,"0,4 91?& TJ4 *1& I4 AA& T[#HTGG4 EFFI&

 !J#$ 6& U& '@e*-7*-34 W& %+(7-`B'8*)+-`4 Q& X(?>+-*(4 (*. '& L8-+2-*<+8,4 5h17-,: @(*1A3

<-8)<: 7-:78-9(? +,8*) ?8.(7 .(:(4 =-.8+=B7-,1?+:81* ,(:-??8:- 8=()-73 (*. PLL -,:8=(:81*

8* S>-7;13?-4 %@1:?(*.4D +&(,-.(74 91?& "I4 *1& E4 AA& !J[HEFG4 SA7& EF!F&

 !J"$ S& W& '@b(*-4 O& W& '@6-7=8.4 (*. '& S& f+?.-74 5/71@-,,8*) .8,@7-:-B7-:+7* A71a?8*)

?8.(7 .(:( :1 -,:8=(:- @(*1A3 @?1,+7- ;17 ?(7)-B(7-( ;17-,: =(AA8*) (*. =(*()-=-*:4D

 !"!#$!" %&'("!) &* /,2&., 3,"-$"44 91?& I[4 *1& I4 AA& E!#HEEJ4 W+*& EFFJ&

 !JJ$ W& K& '-(*,4 %& S& S@P-74 0& W& h8::4 '& Q-*,?124 b& K=-7,1*4 (*. Y& W& ^-*.78_4 5/7-.8@:8*)

;17-,: ,:(*. @<(7(@:-78,:8@, 28:< (87>17*- ,@(**8*) ?8.(74D :1&.&4(!22,.($0 5"4$",,($"4

!"# /,2&., 3,"-$"44 91?& GG4 *1& !!4 AA& !IG#H!I#!4 EFFF&

 EFF$ W& K& '-(*,4 %& S& S@P-74 6& W& ^(7.8*)4 W& 0& 0?(874 '& S& b-;,P34 f& 0& Y1<-*4 '& K& ^(7B

=1*4 (*. f& S& '@\--4 5i,- 1; ?(7)-B;11:A78*: ,@(**8*) (87>17*- ?8.(7 :1 -,:8=(:- ;17-,:



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

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

1+23 45/ #+3 6/ 773 89:;6<:/ =9993

>8<=? @3 A() "#$ B3 CD'')(D/ EF'(( %'+*# $(2)#("!)+# ,'+G $).)!"2 (2(1"!)+# G+$(2 "#$ &).&

'( +2D!)+# )G".('H/0 )# .&$!-&/$(#&/0 1-23(,!' 4* 53#$#)-/""!$-67  !"#$! %!&'(&) 1&8

%9/$(/0 .&*#-"/$(#& %2(!&2!'7 :#0;"! <==,(7 5/-$ >?@AB 5-#2!!8(&)' #* $3! (&$!-&/$(#&/0

C#&*!-!&2!B D/'!-E%2/&&!-' *#- F#-!'$ /&8 D/&8'2/9! 1''!''"!&$ E .&'$-;"!&$'7 5-#2!''(&)

G!$3#8' /&8 1990(2/$(#&'B F-!(H;-) (" I-!(')/;B J!-"/&6B/ 8<<I3

>8<8? J3 A(#./ K3 L"#./ M3 K3 B)21N#O@N'$(#" / "#$ P3 @D'')!/ EQ GD2!)O$)'(%!)+#"2 .'+D#$

R2!(')#. "2.+')!&G ,+' ")'S+'#( 2)$"'/0 .%5 % K#;-&/0 #* 53#$#)-/""!$-6 /&8  !"#$!

%!&'(&)/ 1+23 4I/ #+3 =/ 773 ==5 ; =8I/ 8<<93

>8<6? T3 A('G)# "#$ M3 U(#"D$/ EV# !"22"!)+# $( 72"%(!!( 7('G"#(#!( $"# 2( ,+'W! 'X )#(D ( 

$( Q27( $D P+'$ Y +SZ(%!), / GX!&+$(/ 'X D2!"! /0 @(G".'(,/ F(%&3 U(73/ =9943

>8<I? T3 A('G)#/ C3 L" ["\/ "#$ M3 ]"H/ EBH21)%D2!D'( 7"' %+22(%!), $"# 2( ,+'W! $( G+#!".#(Y

7')#%)7( (! (^(G72( $_"772)%"!)+#/0  !,;! F#-!'$(L-! F-/&M/('!/ 1+23 `4/ #+3 8/ 773 =I6;

=`I/ 8<<I3

>8<`? @3 M3 A)22('/ E]D )+# +, &).& '( +2D!)+# 2)$"' (2(1"!)+# $"!" *)!& &H7(' 7(%!'"2 $"!" !+

%&"'"%!(')[( !'(( %"#+7)( /0 10)#-($3"' *#- G;0$('9!2$-/07 N69!-'9!2$-/0 /&8 O0$-/'9!2$-/0

."/)!-6 :../ 1+23 I6:=/ 773 8I4;8`8/ 8<<=3

>8<4? a3 A)!" +1"/ K3 A)!" / "#$ U3 B3 a"'G+#/ EB)GD2!"#(+D  72)#( "77'+^)G"!)+# "#$ !+O

7+.'"7&)% "#"2H ) ,+' 2)$"' (2(1"!)+# $"!" )# +7(#O +D'%( bVB/0 .+++ P-/&'/2$(#&' #&

J!#'2(!&2! /&8  !"#$! %!&'(&)/ 1+23 8/ #+3 I/ 773 65`;659/ 8<<`3

>8<5? P3 A)D'" "#$ B3 M+#( / E@&"'"%!(')[)#. ,+'( ! (%+2+.)%"2  !'D%!D'( D )#. 7D2 ( !H7( "#$

&().&! +, ")'S+'#( 2" ('  %"##)#./0  !"#$! %!&'(&) #* +&,(-#&"!&$/ 1+23 ==I/ #+3 `/ 773

=<49;=<54/ 8<=<3

>8<:? A3 A+(D' "#$ U3 B!".(/ Q2S('!/ EA+ !  )G)2"' #().&S+'Y "# )G7'+1($  "G72)#. )#,('(#%(

7'+%($D'( ,+' #"!D'"2 '( +D'%( 72"##)#./0 F#-!'$ %2(!&2!/ 1+23 I=/ #+3 8/ 773 665;6`9/ A"H

=99`3

>8<9? F3 A+c(!/ d3 A(#.(' (#/ @3 L)!!(/ U3 d)#./ "#$ U3 C(#&"G/ EQ)'S+'#( 2" ('  %"##)#.Y

e^72+'"!+'H $"!" "#"2H ) )#$)%"!( 7+!(#!)"2 1"')"S2( ,+' %2"  )R%"!)+# +, )#$)1)$D"2 !'(( 

+' ,+'( !  !"#$ "%%+'$)#. !+  7(%)( /0 .%5 % K#;-&/0 #* 53#$#)-/""!$-6 /&8  !"#$!

%!&'(&)/ 1+23 `9/ #+3 `/ 773 8:9;6<9/ 8<<`3

>8=<? M3OA3 A+##(!/ P3 @2+D(!/ ]3 f+D'')('/ "#$ ]3 f('.('/ Eg )#. .(+G"!)% "#$ ")'S+'#( 2" ('

 %"##)#. ,+' '+%\,"22 ') \ [+#)#.Y " %" (  !D$H )# !&( ]'(#%& Q27 /0 )# 5-#2!!8(&)' #* $3!

AQRQ C/&/8(/& J!#"/$(2' C#&*!-!&2! /&8 %6"9#'(;" #* C#""(''(#& . S.%5 %T7 C/0)/-6

10H!-$/7 C1U7 RV?QW?AQRQ/ 8<=</ 73 `3

>8==? M3OA3 A+##(!/ T3 A('G)#/ M3 @&"#D  +!/ "#$ ]3 f('.('/ Eg )#. ")'S+'#( 2" ('  %"##)#.

!+ "  (  ,+'( ! 7'+!(%!)+# ,D#%!)+# ".")# ! '+%\,"22/0 )# 5-#2!!8(&)' #* $3! .&$!-9-/!,!&$

.&$!-&/$(#&/0 %6"9#'(;" (& 5/2(X2  ("7 P/(9!(7 P@U7 AW?QY?AQRQ/ 8<=</ 773 `:4;`9I3

>8=8? ]3 A+' $+',/ -3 ]'(H/ e3 A()('/ d3 V3 V!!(#/ "#$ f3 Q22.+*('/ EQ  (  G(#! +, !&( )#hD(#%(

+, hH)#. "2!)!D$( "#$  %"# "#.2( +# S)+7&H )%"2 1(.(!"!)+# 7'+$D%! $(')1($ ,'+G ")'S+'#(

2" ('  %"##)#./0 .&$!-&/$(#&/0 K#;-&/0 #*  !"#$! %!&'(&)/ 1+23 89/ #+3 `/ 773 =6:5;=I<4/

8<<:3



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

 !"#$ %& '()*+(),- .& '/0/)- 1& 2(34- 2& 5& 533/6- '& 7(88/)306- 96+ 1& :;;<(=/)- >?0+9)@89*/+

</(A/3)0B )/B(6*3)CB30(6 (, 8()/9; 3DE/ ,()/*3 *396+* 93 *06<;/ 3)// ;/F/; ,() ,()/*3 96+

=0;+;96+ G)/ A969</A/63-H  !"#$! %!&'(&) #* +&,(-#&"!&$- F(;& I!- 6(& #- EE& #J#K#L!-

!MMN&

 !"N$ %& '()*+(),- :& 'O)/;;- 1& 2(/34- P& Q9**9<6/- %& R0A(63- .& S0<(;(3- 96+ 1& :;;<T=/)-

>70*B)0A06930(6 (, F/</3930(6 *3)939 06 9 AC;30@;9D/)/+ A/+03/))96/96 ,()/*3 /B(*D*3/A

C*06< U/0<U3 96+ 063/6*03D 06,()A930(6 +/)0F/+ ,)(A 90)8()6/ ;9*/) *B96606<-H  !"#$!

%!&'(&) #* +&,(-#&"!&$- F(;& ""N- 6(& V- EE& "NM#K"N"J- !M"M&

 !"J$ %& '()*+(),- .& '/0/)- 1& :;;<T=/)- 96+ 7& PW/*BU- >Q;C*3/)06< 06 90)8()6/ ;9*/) *B96606<

)9= +939 ,() */<A/63930(6 (, *06<;/ 3)//*-H 06 .-#/!!0(&)' #* $1! 2%. % 3#-4(&) )-#56

22278 3#-4'1#6 98:; -!/#&'$-5/$(#& *-#" <(-=#-&! ><'!-'/<&&!- <&0 2&%? 0<$<9 ;-!'0!&@

A!-"<&B C:DE F/$#=!- GEE8@ ,#>H III2J@ 6<-$ 87KD8- !MM#&

 !"L$ X& '(*/) 96+ Y& Y/)E0B(- >:C3(A930B E9)9A/3/) (E30A04930(6 ,() *CEE()3 F/B3() )/<)/*@

*0(6 ,() ;96+ 96+ */9 *C),9B/ 3/AE/)93C)/ /*30A930(6 ,)(A )/A(3/ */6*06< +939-H 2+++

L-<&'</$(#&' #& A!#'/(!&/! <&0  !"#$! %!&'(&)- F(;& NV- 6(& #- EE& IMIKI!"- '9)& !MMI&

 !"V$ X& '(*/) 96+ Y& 1& Y/)E0B(- >'(+/;06< 3U/ /))() *3930*30B* 06 *CEE()3 F/B3() )/<)/**0(6 (,

*C),9B/ 3/AE/)93C)/ ,)(A 06,)9)/+ +939-H 2+++ L-<&'</$(#&' #& A!#'/(!&/! <&0  !"#$!

%!&'(&)- F(;& L- 6(& #- EE& NNZKNJ!- [C; !MMI&

 !"Z$ [& 7& 'C**- 7& [& ';9+/6(\- 96+ R& :& ](=6*/6+- >: E*/C+(@=9F/,()A 3/BU60^C/ 3( 9**/**

,()/*3 *3)CB3C)/ C*06< +0*B)/3/ ;0+9) +939-H  !"#$! %!&'(&) #* +&,(-#&"!&$- F(;& ""J- 6(& #-

EE& Z!NKZ#J- '9)& !M""&

 !"I$ [& 'W;;/) 96+ S& 1)96+;- >:**/**06< 80(+0F/)*03D 8D )/A(3/ */6*06< 06 A(C63906(C*

3/))906_ 3U/ E(3/6309; (, ;0+9) 3( E)/+0B3 ,()/*3 8//3;/ 9**/A8;9</*-H M#5-&<> #* ?66>(!0

+/#>#)B- F(;& NL- 6(& N- EE& ZIVKIMJ- !MMI&

 !!M$ .& P9/**/3 96+ ]& [(6A/0*3/)- >:**/**06< E(063 9BBC)9BD (, 7XRY C6+/) ,()/*3 B96(ED

8/,()/ +939 9B^C0*030(6- 06 3U/ G/;+ 96+ 9,3/) E(*3E)(B/**06<-H %/<&0(&<,(<& M#5-&<> #*

N#-!'$  !'!<-/1- F(;& "V- 6(& N- EE& #J"K#JZ- !MM!&

 !!"$ S& %& P/;*(6- R& `D+/- R& [(U6*(6- 1& .A/**0/6/- '& ?& 5AU(\- S& Q9AE8/;;- 96+ a& .+@

=9)+*- >56F/*30<9306< )9+9)@;0+9) *D6/)<D 06 9 P()3U Q9)(;069 E06/ ,()/*3-H  !"#$! %!&'(&)

#* +&,(-#&"!&$- F(;& ""M- 6(& "- EE& IZK"MZ- !MMV&

 !!!$ S& P/;*(6- a& 2)980;;- 96+ X& '9B?/96- >7/3/)A0606< ,()/*3 B96(ED BU9)9B3/)0*30B* C*06<

90)8()6/ ;9*/) +939-H  !"#$! %!&'(&) #* +&,(-#&"!&$- F(;& "J- 6(& #- EE& !M"K!"!- [C6&

"IZN&

 !!#$ '& P0;**(6- >.*30A930(6 (, 3)// U/0<U3* 96+ *396+ F(;CA/ C*06< 96 90)8()6/ ;0+9) *D*3/A-H

 !"#$! %!&'(&) #* +&,(-#&"!&$- F(;& JL- 6(& "- EE& "KV- "IIL&

 !!N$ `& P0*b9- [& R& YbT6- R& R9Bb9;c6- ]& ](b(;9- '& '9;39A(- 96+ '& 2(;/UA906/6- >P/C)9;

6/3=()b* ,() 3U/ E)/+0B30(6 (, *E/B0/*@*E/B0GB E;(3 F(;CA/* C*06< 90)8()6/ ;9*/) *B96606<

96+ 9/)09; EU(3(<)9EU*-H 2+++ L-<&'</$(#&' #& A!#'/(!&/! <&0  !"#$! %!&'(&)- F(;& NZ-

6(& #- EE& "MVLK"MZJ- '9)& !M"M&

 !!J$ ]& P()+@?9)*/6 96+ ]& S00*@P0/;*/6- >7/F/;(E06< 96 90)8()6/ ;9*/) *B96606< +(A06963

U/0<U3 A(+/; ,)(A 9 B(C63)D=0+/ *B96606< *C)F/D 96+ 6930(69; ,()/*3 06F/63()D +939-H

%/<&0H MH N#-H  !'H- F(;& !J- 6(& #- EE& !L!K!V!- !M"M&



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

 !!"# $% &'(()*+ ,-)*)./012*031 34 /)21 *.)) 5)065* 34 43.)(* (*217( 8(016 20.93.1) :2(). (;211).

72*2+<  !"#! $%&'()* %+ ",%-%.')//0-'1 )(2 #0/%-0 !0(34(.+ =3:% >!+ 13% !+ ??% @AB>"+

CAAD%

 !!D# EE+ ,$(*0/2*016 *0/9). =3:8/) 34 43.)(* (*217( 8(016 20.93.1) :2(). (;211). 72*2+< #0/%-0

!0(34(. %+ 5(64'%(/0(-+ =3:% "C+ 13% !+ ??% !@"B!>F+ CAAD%

 !!G# EE+ ,H.)70;*016 43.)(* (*217 ;52.2;*).0(*0;( I0*5 20.93.1) (;211016 :2(). 8(016 2 ?.2;*0;2:

*I3J(*26) ?.3;)78.) 217 K):7 72*2+< #0/%-0 !0(34(. %+ 5(64'%(/0(-+ =3:% GL+ 13% C+ ??%

GGBAA+ M?.% !LL!%

 !!A# EE+ ,M;;8.2;N 34 43.)(* 01=)1*3.N 8(016 20.93.1) :2(). (;211016O $=2:82*016 *5) K.(*

13.70; 48::J(;2:) 3?).2*0312: ?.3P);*+< !7)(24()64)( $%&'()* %+ 8%'03- #030)'7,+ =3:% CA+

13% "+ ??% >>@B>>D+ !LL@%

 !FL# EE+ ,$Q);*( 34 70Q).)1* RN016 2:*0*87)( 31 903?5N(0;2: (*217 ?.3?).*0)( )(*0/2*)7 4.3/

;213?N 5)065* 217 7)1(0*N /)2(8.)7 I0*5 2 (/2::J433*?.01* 20.93.1) (;211016 :2().+< #09

/%-0 !0(34(. %+ 5(64'%(/0(-+ =3:% AC+ 13% !+ ??% !@FB!>>+ !LL@%

 !FC# EE+ ,H.2;*0;2: :2.6)J(;2:) 43.)(* (*217 01=)1*3.N 8(016 2 (/2::J433*?.01* 20.93.1) (;211016

:2().+< !7)(24()64)( $%&'()* %+ 8%'03- #030)'7,+ =3:% CA+ 13% !+ ??% C"@BCDA+ !LL@%

 !F!# EE+ ,M0.93.1) :2(). (;211016 2( 2 /)*537 01 3?).2*0312: 43.)(* 01=)1*3.NO S*2*8( 34 2;;8J

.2;N 2(()((/)1*( 2;;3/?:0(5)7 01 S;217012=02+< !7)(24()64)( $%&'()* %+ 8%'03- #030)'7,+

=3:% !!+ ??% @FFB@@!+ !LLD%

 !FF# $% &'(()* 217 T% U% VP).W1)(+ ,$(*0/2*016 *.)) 5)065*( 217 18/9). 34 (*)/( 01 N3816

43.)(* (*217( 8(016 20.93.1) :2(). (;211). 72*2+< #0/%-0 !0(34(. %+ 5(64'%(/0(-+ =3:% DG+

13% F+ ??% F!GBF@L+ !LLC%

 !F@# $% &'(()*+ U% X% V3::217(Y(+ 217 Z% [392WW)1+ ,\3/?2.016 .)6.)((031 /)*537( 01 )(*0J

/2*031 34 903?5N(0;2: ?.3?).*0)( 34 43.)(* (*217( 4.3/ *I3 70Q).)1* 01=)1*3.0)( 8(016 :2().

(;211). 72*2+< #0/%-0 !0(34(. %+ 5(64'%(/0(-+ =3:% A@+ 13% @+ ??% >@CB>>F+ ])9% !LL>%

 !F># $% &'(()* 217 Z% [392WW)1+ ,$(*0/2*016 43.)(* 6.3I*5 8(016 ;213?N /)*.0;( 7).0=)7 4.3/

20.93.1) :2(). (;211). 72*2+< #0/%-0 !0(34(. %+ 5(64'%(/0(-+ =3:% A"+ 13% FJ@+ ??% @>FB@">+

!LL>%

 !F"# $% &'(()* 217 ^% &):(31+ ,_(016 20.93.1) :2(). (;211016 *3 /310*3. *.)) /06.2*031 01

*5) 93.)2:J2:?01) *.21(0*031 `31)+< #0/%-0 !0(34(. %+ 5(64'%(/0(-+ =3:% CCL+ 13% F+ ??%

F>DBF"A+ !LLD%

 !FD# $% &'(()* 217 Z% aW:217+ ,$(*0/2*016 *.)) 5)065* 217 *.)) ;.3I1 ?.3?).*0)( 8(016 20.93.1)

(;211016 :2(). 01 2 93.)2: 12*8.) .)().=)+< #0/%-0 !0(34(. %+ 5(64'%(/0(-+ =3:% DA+ 13% C+

??% CL>BCC>+ !LL!%

 !FG# $% &'(()*+ ,M(()((016 ()1(3. )Q);*( 217 )Q);*( 34 :)24J3Q 217 :)24J31 ;213?N ;3170*031(

31 903?5N(0;2: (*217 ?.3?).*0)( 7).0=)7 4.3/ (/2::J433*?.01* 20.93.1) :2(). 72*2+< #0/%-0

!0(34(. %+ 5(64'%(/0(-+ =3:% AG+ 13% !JF+ ??% F>" B FDL+ !LL>%

 !FA# \% -% U:0=). 217 V% \% b2.(31+ 8%'03- 3-)(2 21()/473% c351 d0:)N e S31(+ CAA"%

 !@L# H% U`)172+ :) 6;.;-)-4%( 20 *) 7,)<(0 )*=4(0 2)(3 *>03=)70 /%(-).()'2 0&'%=;0(% H2.0(O

X2((31+ CAG>%



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

 !"#$ %& '& ()*+, -& ./0012, +34 '& 5& 6788+34090, :;8+00<=><3? 0@1A<10 7= <34<B<4C+8 2)110

D> <32130<2> +34 02)CA2C)1 =1+2C)10 41)<B14 =)7E +<)D7)31 8+01) 0A+331) 4+2+,F  !"#$!

%!&'(&) #* +&,(-#&"!&$, B78& ##G, 37& H, @@& ##HG I ##J", !KKL&

 !"!$ MM, :-N1A20 7= 4<N1)132 01307)0 +34 81+=O73 +34 81+=O7N A+37@> A734<2<730 73 1AP7

4<02)<DC2<730 +34 <34<B<4C+8 2)11 @)7@1)2<10 41)<B14 =)7E +<)D7)31 8+01) 0A+33<3?,F  !"#$!

%!&'(&) #* +&,(-#&"!&$, B78& ##", 37& J, @@& #""QI#"H#, RC8& !K#K&

 !"G$ S& S+A*+8T3 +34 5& 5+82+E7, :S)14<A2<3? 2P1 @872 B78CE1 D> 2)11 0@1A<10 C0<3? +<)D7)31

8+01) 0A+33<3? +34 +1)<+8 @P727?)+@P0,F .#-!'$ %/(!&/!, B78& Q!, 37& H, @@& H##IH!!, !KKH&

 !""$ MM, :UP1 *O5V. E12P74 =7) 2P1 @)14<A2<73 7= 0@1A<10O0@1A<WA 02+34 +22)<DC210 C0<3?

+<)D7)31 8+01) 0A+33<3? +34 +1)<+8 @P727?)+@P0,F  !"#$! %!&'(&) #* +&,(-#&"!&$, B78&

#KL, 37& G, @@& G!XIG"#, YC?& !KKJ&

 !"Q$ Z& 5& S+813<AP*+ +34 5& 6& [+)1ED+, :5C82<0A+81 <072)7@<A E+2AP14 W821)<3? =7) <34<B<4C+8

2)11 4121A2<73 <3 8<4+) <E+?10,F 0+++ 1-2&'2/$(#&' #& 3!#'/(!&/! 2&4  !"#$! %!&'(&),

B78& "Q, @@& GL""IGLQH, !KKJ&

 !"H$ \& S+3?, [&O\& ]<, ^&O_& VC3, 5& ]1=0*>, `&OR& ;P1, +34 -&O`& ;P13, :-N1A20 7= 21))+<3 73

2P1 8+)?1 =772@)<32 8<4+) a+B1=7)E 7= =7)1020,F .#-!'$  !'!2-/5, B78& !K, 37& ", @@& "H"I"HX,

!KKJ&

 !"J$ ;& -& S+))<0P, :-b@87<2<3? =C88Oa+B1=7)E 8<4+) 4+2+ +34 EC82<)1078C2<73 a+B1812 +3+8>0<0

=7) B1)2<A+8 7Dc1A2 4121A2<73 +34 )1A7?3<2<73,F 3!#'/(!&/! 2&4  !"#$! %!&'(&) %6"7#'(8"9

03: %%;<= 0+++ 0&$!-&2$(#&2>, B78& #O#!, @@& !"LLI!QK!, !KKJ&

 !"X$ ;& S+0AC+8, Y& ^+)A<+OYD)<8, d& 6& ;7P13, +34 V& 5+)2<3Oe1)3+341f, :Z18+2<730P<@ D12a113

8<4+)O41)<B14 =7)102 A+37@> P1<?P2 +34 ]+340+2 <E+?10,F 0&$!-&2$(#&2> ?#8-&2> #*  !"#$!

%!&'(&), B78& G#, 37& Q, @@& #!H#I#!XK, !K#K&

 !"L$ ;& S+0AC+8, Y& ^+)A<+OYD)<8, ]& ^& ^+)A<+O57321)7, V& 5+)2<3Oe1)3+341f, +34 d& 6& ;7P13,

:'Dc1A2OD+014 01E<O+C27E+2<A +@@)7+AP =7) =7)102 02)CA2C)1 AP+)+A21)<f+2<73 C0<3? 8<4+)

4+2+ <3 P121)7?1317C0 @<3C0 0>8B102)<0 02+340,F .#-!'$ +/#>#)6 2&4 @2&2)!"!&$, B78& !QQ,

37& ##, @@& GHJJIGHXQ, !KKX&

 !QK$ ^& S+213+C41, Z& Y& %<88, Z& 5<831, g& ]& Y& ^+B1+C, 6& 6& R& 6)<??0, +34 U& S& g+aO

073, :_C+32<=><3? =7)102 +D7B1 ?)7C34 A+)D73 A732132 C0<3? 8<4+) )1E721 0130<3?,F  !"#$!

%!&'(&) #* +&,(-#&"!&$, B78& LG, 37& G, @@& GHXIGXK, !KK"&

 !Q#$ ^& S1))<3, `& g10A7ED10, +34 R& [1)CD<+, :Y E+)*14 @7<32 @)7A100 E7418 =7) 2)11 A)7a3

1b2)+A2<73 <3 @8+32+2<730,F <3 A-#/9 0+++ 0&$!-&2$(#&2> B#&*!-!&/! #& 0"2)! A-#/!''(&)

C0B0AD, ^137B+, V1@& !KKQ&

 !Q!$ h& S1)0073, R& %78E?)13, +34 i& V741)E+3, :g121A2<3? +34 E1+0C)<3? <34<B<4C+8 2)110

C0<3? +3 +<)D7)31 8+01) 0A+331),F A5#$#)-2""!$-(/ +&)(&!!-(&) 2&4  !"#$! %!&'(&),

B78& HX, 37& L, @@& L!QILG!, !KK!&

 !QG$ R& S1CP*C)<313, 5& 5+82+E7, +34 R& 5+8<313, :-02<E+2<3? 0@1A<10O0@1A<WA 4<+E121) 4<02)<O

DC2<730 +34 0+a 87? )1A7B1)<10 7= D7)1+8 =7)1020 =)7E +<)D7)31 8+01) 0A+33<3? 4+2+ +34 +1)<+8

@P727?)+@P0j + 4<02)<DC2<73OD+014 +@@)7+AP,F %(>,2 .!&&(/2, B78& "!, 37& ", @@& H!QIH"#,

!KKX&



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

 !"#$ %& '& ()*+,-./ 0& 1& 2344+/ 546 0& 7& 8+9,)4/ :;,<=>5<=4? *9)<@9+A+9 <B++ C+=?C<, D=<C

9=65BE 9)-59 F9<+B=4? D=<C 5 -54)*3@C+=?C< G5,+6 A5B=5G9+ D=46)D ,=H+/I  !"#$%&'( )*+

,-&.%'!*/.( /* 01'/.$-%$'&/ A)9& JK/ 4)& L@J/ **& KLMN"/ O+-& !PP!&

 !""$ QQ/ :R+5,.B=4? =46=A=6.59 <B++ -B)D4 6=5>+<+B D=<C 9=65B 546 5,,+,,=4? =<, =4S.+4-+ )4

+,<=>5<=4? T)B+,< A)9.>+ 546 G=)>5,,/I  )*)+/)* 2!$'*)- !3 4&"!%& 5&*(/*1/ A)9& !N/

4)& "/ **& "U#M"KK/ !PPJ&

 !"U$ %& '& ()*+,-./ 0& 1& 2344+/ 546 V& W& %-B=A54=/ :7.,=)4 )T ,>599@T))<*B=4< 9=65B 546

>.9<=,*+-<B59 65<5 <) +,<=>5<+ *9)<@9+A+9 A)9.>+ 546 G=)>5,, =4 6+-=6.)., 546 *=4+ T)B+,<,

=4 X=B?=4=5/ Y%W/I 6!'&(% 5./&*.&/ A)9& "P/ 4)& #/ **& ""LM"U"/ !PP#&

 !"K$ %& '& ()*+,-. 546 Z& [C5)/ :W A)\+9@G5,+6 9=65B >+<C)6 T)B +,<=>5<=4? -B)D4 G5,+ C+=?C<

T)B 6+-=6.)., 546 *=4+ <B++,/I 4&"!%& 5&*(/*1 !3 ,*7/'!*"&*%/ A)9& LL!/ 4)& J/ **& KUKMK]L/

!PP]&

 !"]$ %& ()*+,-. 546 0& 2344+/ :%++=4? <C+ <B++, =4 <C+ T)B+,<E .,=4? 9=65B 546 >.9<=,*+-<B59

65<5 T.,=)4 D=<C 9)-59 F9<+B=4? 546 A5B=5G9+ D=46)D ,=H+ T)B +,<=>5<=4? <B++ C+=?C</I

89!%!1')""&%'/. ,*1/*&&'/*1 )*+ 4&"!%& 5&*(/*1/ A)9& KP/ 4)& "/ **& "]NMUP#/ !PP#&

 !"N$ 0 O+A+9)*>+4< ')B+ +̂5>/ 4: 0 ;)*1$)1& )*+ ,*7/'!*"&*% 3!' 5%)%/(%/.)-  !"#$%/*1/ 0

7).465<=)4 T)B %<5<=,<=-59 ')>*.<=4?/ X=+445/ W.,<B=5/ !PLL&

 !UP$ _& ^& 05G+B/ V& 0& V+4,+4/ %& 0& %-C=99/ 546 Z& %-C.-`>54/ :'B+5<=)4 )T 6=?=<59 <+BB5=4

>)6+9, .,=4? 54 565*<=A+ 9=65B A+?+<5<=)4 *)=4< B+>)A59 *B)-+,,/I 89!%!1')""&%'/. ,*1/<

*&&'/*1 )*+ 4&"!%& 5&*(/*1/ A)9& U]/ 4)& L!/ **& LJPKMLJL"/ !PP!&

 !UL$ V& 0+=<G+B?+B/ (& ZBH3,<+`/ 546 Y& %<=995/ :W4593,=, )T T.99 D5A+T)B> 9=65B 65<5 T)B <C+

-95,,=F-5<=)4 )T 6+-=6.)., 546 -)4=T+B)., <B++,/I =*%&'*)%/!*)- 2!$'*)- !3 4&"!%& 5&*(/*1/

A)9& !N/ 4)& "/ **& L#PKML#JL/ !PP]&

 !U!$ V& 0+=<G+B?+B/ '& %-C4)BB/ (& ZBH3,<+`/ 546 Y& %<=995/ :JO ,+?>+4<5<=)4 )T ,=4?9+ <B++, +\@

*9)=<=4? T.99 D5A+T)B> 9=65B 65<5/I =5845 2!$'*)- !3 89!%!1')""&%'> )*+ 4&"!%& 5&*(/*1/

A)9& U#/ 4)& U/ **& "ULM"K#/ 8)A& !PPN&

 !UJ$ V& 0+45.6/ '& 0.*a/ '& 'C5.A=4/ b& R+B>=4/ O& c+-9+B-/ 546 V& 753/ :c+, T)Bd<, Ba,=4+.,+, e

T)4-<=)4 6+ *B)<+-<=)4 654, 9+, W9*+, 6. 8)B6 TB54f5=,+, E <3*)9)?=+ ?a4aB59+ 6+, ,<B.-<.B+,

+< >a<C)6+ 6+,-B=*<=A+/ 54593,+ 6+ 95 ,<5G=9=<a 6+, *+.*9+>+4<, +< =4<+BA+4<=)4, ,39A=-)9+,/I

'+>5?B+T/ +̂-C& 0+*&/ LNN#&

 !U#$ O& 0=54)/ ;& 'C.A=+-)/ %& ')46+,/ V& _)4H59+H@R5<+,54H/ 546 %& c& Y,<=4/ :_+4+B5<=)4

)T -B)D4 G.9` 6+4,=<3 T)B *=4., ,39A+,<B=, 9& TB)> 9=65B/I 4&"!%& 5&*(/*1 !3 ,*7/'!*"&*%/

A)9& N!/ 4)& J/ **& J#"MJ"!/ !PP#&

 !U"$ O& 0=54)/ ;& R+=+B/ g& W99?)D+B/ ;& 'C.A=+-)/ 546 %& c& Y,<=4/ :R)6+9=4? 5=BG)B4+ 95,+B

,-544=4? 65<5 T)B <C+ ,*5<=59 ?+4+B5<=)4 )T -B=<=-59 T)B+,< *5B5>+<+B, =4 FB+ G+C5A=)B >)6@

+9=4?/I 4&"!%& 5&*(/*1 !3 ,*7/'!*"&*%/ A)9& ]U/ 4)& !/ **& LKKML]U/ !PPJ&

 !UU$ V& V& 0=??=4,/ V& W& .̂99=,/ 546 7& R& %<+*C+4/ :(+B@,+?>+4< 5G)A+?B).46 T)B+,< G=)>5,, +,@

<=>5<=)4 .,=4? 9=65B@6+B=A+6 C+=?C< *+B-+4<=9+ ,<5<=,<=-,45+,,+</I ?/(./&*.& @ 4&"!%& 5&*(<

/*1/ A)9& #U/ 4)& !/ **& !J!M!#]/ W*B& !PPN&

 !UK$ %& O& 0)G+B<,/ ^& V& O+54/ O& c& ;A54,/ V& 2& R-')>G,/ 0& c& 15BB=4?<)4/ 546 (& W&

_95,,/ :;,<=>5<=4? =46=A=6.59 <B++ 9+5T 5B+5 =4 9)G9)993 *=4+ *954<5<=)4, .,=4? 9=65B@6+B=A+6



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

 !"#$%! !&'# () *!+,*' "&- .%(/& -+ !&#+(&#01  !"#$% &'!(!)* +,- .+,+)#/#,%0 2(34 5670

&(4 6870 994 :;<=>0 5>>:4

?5@AB C4 D"3"#0 E4 F&!0 G4 H%!,(+%!0 F4 IJ##!'0 "&- G4 H(K"LL!&0 MN(-!33+&, '%!! -+" !'!% )%( 

"+%K(%&! 3"#!% #."&&+&, -!%+2!- 2"%+"K3!#O P .( 9"%+#(& () #9"'+"3 #'"'+#'+."3  (-!3#01

0#/!%# 1#,$2,) !3 &,42"!,/#,%0 2(34 66;0 &(4 @0 994 65==<65A:0 5>6>4

?5@QB G4 D"#"L+0 R4 S "&+#*+0 T4 S(L+0 U4 N(%+ ('(0 "&- T4 T+'"-"0 MF#'+ "'+(& () 3!") "%!"

+&-!V "&- ."&(9W (9!&&!## +& K%("-3!"2!- )(%!#' $#+&, "& "+%K(%&! 3"#!% #."&&!% +& .( 8

9"%+#(& /+'* *+,*8%!#(3$'+(& &!"%8+&)%"%!- -+,+'"3 9*('(,%"9*W01 5+,-$'+6# +,- &'!(!)2'+(

&,)2,##"2,)0 2(34 ;0 &(4 60 994 ;=<::0 5>>A4

?5=>B P4 D.*"!X!%0 P4 H"Y+&0 "&- P4 Z[P32!%&W0 1+62,27"#$ 8 (# 9+"-2,+)# 6+" '!,%#,+,'# :.;%<=

!-# -> '!,%"?(# 6+" (#$ '!>"@#$AB E!# \%!##!# ]&+2!%#+'"+%!# -! %̂"&.!0 6Q7>4

?5=6B R4 _4 D!V'(&0 G4 `"V0 \4 D+a$!+%"0 R4 R4 D/!&#(&0 "&- D4 b!&#3!W0 MP .( 9"%+#(& () 3+-"%0

%"-"%0 "&- c!3-  !"#$%! !&'# () ."&(9W *!+,*' +& 9+&! "&- *"%-/((- )(%!#'# () #($'*!"#'8

!%& I(%'* P !%+."01  !"#$% &'!(!)* +,- .+,+)#/#,%0 2(34 5:=0 &(4 70 994 667@<66;=0 !̂K4

5>>Q4

?5=5B T4 d4 D*!%%+330 N4 P4 E!)#LW0 R4 `4 `%"-)(%-0 "&- N4 H4 dW"&0 M (̂%!#' #'%$.'$%! !#'+ "8

'+(& "&- 9"''!%& !V93(%"'+(& )%( -+#.%!'!8%!'$%& 3+-"% +& #$K"39+&! )(%!#'# () '*! .!&'%"3

d(.L+!#01 C+,+-2+, D!>",+( !3  !"#$% 0#$#+"'<0 2(34 7A0 &(4 A0 994 5>A6<5>Q@0 5>>A4

?5=7B I4 D4 DL(/%(&#L+0 T4 E4 C3"%L0 N4 Z$2!&!.L0 "&- R4 b( 0 MG*%!!8-+ !&#+(&"3 ."&(9W )$!3

3("-+&, 9%!-+.'!- $#+&, $9/"%- "&- -(/&/"%- #!&#+&, 3+-"% #W#'! #01 0#/!%# 1#,$2,) !3

&,42"!,/#,%0 2(34 66:0 &(4 50 994 =>7<=6;0 !̂K4 5>664

?5=;B P4 N4 D4 D +'*0 N4 R4 "̂3L(/#L+0 P4 G4 b$-"L0 R4 D4 F2"&#0 P4 \4 d(K+&#(&0 "&- C4 N4

D'!!3!0 MP .%(##8.( 9"%+#(& () c!3-0 #9!.'%"30 "&- 3+-"% !#'+ "'!# () )(%!#' ."&(9W .(2!%01

C+,+-2+, D!>",+( !3 0#/!%# 1#,$2,)0 2(34 7:0 &(4 :0 994 ;;=<;:Q0 _.'4 5>>Q4

?5=:B H4 D +'*0 e4 \!%##(&0 R4 b(3 ,%!&0 `4 b"33K!%,0 R4 F4 D4 %̂"&##(&0 "&- E4 N4 b4 ]3"&-!%0

M (̂%!#' #'! 2(3$ ! !#'+ "'+(& $#+&, *+,*8%!#(3$'+(& 3+-"% "&- DPd -"'"01 +& E#!$'2#,'#

+,- 0#/!%# 1#,$2,) 1*/6!$2>/F GHHGB IEJ011 KHGB GHHG I&&& I,%#",+%2!,+(0 2(34 ;0

5>>50 994 5>A;<5>A@4

?5=@B \4 D(+33!0 .!"6<!(!)2'+( I/+)# J,+(*$2$8 L"2,'26(#$ +,- J66(2'+%2!,$4 D9%+&,!%8f!%3",0

5>>74

?5==B D4 D(3K!%,0 F4 IJ##!'0 "&- _4 N4 `(33"&-#g#0 MD+&,3! '%!! #!, !&'"'+(& $#+&, "+%K(%&! 3"#!%

#."&&!% -"'" +& " #'%$.'$%"33W *!'!%(,!&!($# #9%$.! )(%!#'01 L<!%!)"+//#%"2' &,)2,##"2,)

+,- 0#/!%# 1#,$2,)0 2(34 =50 &(4 650 994 67@Q<67=A0 5>>@4

?5=AB D4 D(3K!%,0 P4 `%$&&!%0 T4 b4 b"&##!&0 b4 E"&,!0 F4 IJ##!'0 N4 d"$'+"+&!&0 "&-

\4 D'!&K!%,0 MN"99+&, EPS +& " I(%/"W #9%$.! )(%!#' $#+&, "+%K(%&! 3"#!% #."&&+&,01

0#/!%# 1#,$2,) !3 &,42"!,/#,%0 2(34 6670 &(4 660 994 576=<575=0 I(24 5>>Q4

?5=QB `4 D'8_&,!0 R4 R$ !3!'0 N4 C(K!33(0 "&- C4 f!,"0 MN!"#$%+&, +&-+2+-$"3 '%!! *!+,*' $#+&,

" .( K+&"'+(& () #'!%!(9*('(,%"  !'%W "&- 3+-"%01 C+,+-2+, D!>",+( !3  !"#$% 0#$#+"'<0

2(34 7;0 &(4 6>0 994 5655<567>0 5>>;4

?5A>B `4 D'8_&,!0 C4 f!,"0 d4 P4 (̂$%&+!%0 "&- U4 b$0 MN"99+&, ."&(9W *!+,*' $#+&, " .( K+&"8

'+(& () -+,+'"3 #'!%!(89*('(,%"  !'%W "&- 3+-"%01 I,%#",+%2!,+( D!>",+( !3 0#/!%# 1#,$2,)0

2(34 5Q0 &(4 660 994 77;7<77@;0 5>>A4



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

 !"#$ %& '()*+, '& -.+/, 0& %& %123.412, 0& %.5)6627, 8& 9)2::2(, )7; <& 92+:.7, =>.;2+?5):2;

47@2127A2 @.1 54./):: 2:(4/)(4.7 47 ) +4;)1 :)/B+2 :C1D2E 47 -2;/)16 A.C7(E, 9.1F)E,G

 !"!#$!" %&'("!) &* +&(,-. /,-,!(012(,3',  !"!#$,"", 4, /,01,(01, +&(,-.$,(,, D.+& H#,

7.& #, BB& IJK#LM, N)7& !L##&

 !"!$ N& 'C )7; 8& O.16, =P7QC27A2 .@ D232()(4.7, :+.B2, )7; +4;)1 :)/B+473 )73+2 .7 R8>

)AAC1)AE,G 51&.&6(!77,.($0 8"6$",,($"6 !"# /,7&., 9,"-$"6, D.+& M!, 7.& ##, BB& #!JSK

#!MH, !LLJ&

 !"T$ N& U& 'C)12V, U& W7(4D21.:, '& '/4(*, )7; '& '7)B2, =X:2 .@ )415.172 +4;)1 )7; )214)+ B*.(.3?

1)B*E 47 (*2 2:(4/)(4.7 .@ 47;4D4;C)+ (122 *243*(: 47 @.12:(1E,G  &7:'.,(- ; <,&-0$,"0,-,

D.+& T#, 7.& !, BB& !STK!J!, !LLS&

 !"H$ R& 'C7, Y& Z4, )7; [& \)73, =] C74^2; /.;2+ @.1 12/.(2+E 2:(4/)(473 A*+.1.B*E++ ) 47

+)62 0)4*C, U*47), 5):2; .7 '_> )7; 47 :4(C *EB21:B2A(1)+ ;)(),G =888 >(!"-!0.$&"- &"

<,&-0$,"0, !"# /,7&., 9,"-$"6, D.+& HM, 7.& ", BB& !ISMK!IJS, ]C3& !LLI&

 !"S$ %& [& 'C7 )7; `& N& <)7:.7, =>.;2+473 +4;)1 12(C17: @1./ @.12:( A)7.B42:,G =888 >(!"-2

!0.$&"- &" <,&-0$,"0, !"# /,7&., 9,"-$"6, D.+& T", 7.& J, BB& !J#MK!J!J, 9.D& !LLL&

 !"J$ %& [& 'C7, `& N& <)7:.7, R& \& Z4C, )7; O& `.2(V, ='4/C+)(4.7 :(C;42: .@ @.12:( :(1CA?

(C12 C:473 TR +4;)1 )7; 1);)1 /.;2+:,G <,&-0$,"0, !"# /,7&., 9,"-$"6 9?7:&-$'7@

=<A/99BCDE =888 =".,("!.$&"!), D.+& #?#!, BB& !SJ!K!SJS, !LLM&

 !"M$ ]& 'C1)(7., U& '242+:();, )7; Z& [C227, =0122 :B2A42: 4;27(4^A)(4.7 47 /4a2; A.74@21.C:

@.12:( C:473 )415.172 +):21 :A)77473,G =95/9 %&'("!) &* 51&.&6(!77,.(? !"# /,7&.,

9,"-$"6, D.+& JH, 7.& J, BB& J"TKJIT, !LLI&

 !""$ 0& 0)6)*):*4, Y& ]F)E), Y& -41)(), 9& bC1CE), 0& ')6)4, )7; ]& ')6)4, ='()7; D.+C/2 2:?

(4/)(4.7 5E A./547473 +.F +):21?:)/B+473 ;27:4(E +4;)1 ;)() F4(* [C4A6O41; B)7A*1./)(4A

4/)321E 47 A+.:2;?A)7.BE N)B)72:2 A2;)1 cA1EB(./214) d)B.74A)e B+)7()(4.7:,G =".,("!2

.$&"!) %&'("!) &* /,7&., 9,"-$"6, D.+& T#, 7.& S, BB& #!"#K#TL#, !L#L&

 !"I$ 0& 0)6)*):*4, `& Y)/)/.(., Y& '27;), )7; >& 0:CVC6C, =8:(4/)(473 47;4D4;C)+ (122

*243*(: .@ :C34 cA1EB(./214) d)B.74A) ;& ;.7e B+)7()(4.7: 47 /.C7()47.C: )12): C:473 :/)++?

@..(B147( )415.172 +4;)1,G %&'("!) &* +&(,-. /,-,!(01, D.+& #L, 7.& !, BB& #TSK#H!, !LLS&

 !IL$ <& [& 0*./):, %& U& -C1((, <& RC5)E)*, )7; >& -& 'A*4+V, =X:473 +4;)1 ;)() )7; ) *243*(?

:(1CA(C12; 2A.:E:(2/ /.;2+ (. 2:(4/)(2 @.12:( A)15.7 :(.A6: )7; QCa2: .D21 /.C7()47.C:

(211)47,G  !"!#$!" %&'("!) &* /,7&., 9,"-$"6, D.+& TH, BB& 'TS#K'TJT, !LL"&

 !I#$ _& 0*./):, f& 0124(V, N& -& >AU)C3*2E, )7; P& >.114:.7, =>)BB473 :()7;?+2D2+ @.12:(

54.B*E:4A)+ D)14)5+2: @.1 ) /4a2;F..; 5.12)+ @.12:( C:473 +4;)1g )7 2a)/47)(4.7 .@ :A)77473

;27:4(E,G  !"!#$!" %&'("!) &* +&(,-. /,-,!(01, D.+& TJ, 7.& #, BB& THKHM, !LLJ&

 !I!$ '& 0.7.++4, >& R)+B.7(2, Z& _2:A.D., >& <.;23*421., Z& O1CVV.72, )7; R& %4)72++2,

=>)BB473 )7; /.;2+473 @.12:( (122 D.+C/2 C:473 @.12:( 47D27(.1E )7; )415.172 +):21

:A)77473,G 8'(&:,!" %&'("!) &* +&(,-. /,-,!(01, D.+& #TL, 7.& H, BB& SJIKSMM, NC+& !L##&

 !IT$ >& 01)7?-), %& f211.((2, 0& U.1;.77421, )7; f& RCB+)(, =_.+C/2 (432 ;hC7 )1512 .C ;hC72

A.++2A(4.7 ;h)1512: B.C1 :4a 2::27A2: B147A4B)+2: 27 @1)7A2,G /,3', +&(,-.$F(, +(!"G!$-,,

D.+& SI, 7.& J, BB& JLIKJ!H, !LLM&



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

 !"#$ %& '& ()*+,-./0 1& 2& 2345-67*80 9& :& ;)-<*0 :& ;& =,->?-40 9& %& @38 A-4/380 B& C&

;+/)-0 D& E& B& F& 2)-5-0 -4@ 2& G& D+)5*660 H:I3?-88 *8/I?-/I34 I4 - /)3>I5-6 J*/ .3)K

*8/ +8I4L 13+)I*) /)-48.3)?8 3. >)3M6*8 .)3? 6I@-) 3) I4/*).*)3?*/)I5 AF%0N  !"#$%&'()*

+!&!),($ -!..!,&0 736& OP0 >& B!O#QO0 ;*5& !QRQ&

 !"S$ %& ()*+,-./ -4@ A& =63+@*0 H(,* 8/)+5/+)* 3. 3)I*4/*@ 7*L*/-/I34 .)3? >36-)I?*/)I5 I4K

/*).*)3?*/)T0N /000 1,)2&)(.'"2& "2  !"&('!2(! )23 +!4".! 5!2&'260 736& OP0 43& S0 >>&

!U!QV!U!#0 R"""&

 !"U$  75 7).$823!, 9:(! ;&!,  <'3! ="*<4! >0 C*)8I34 !&WQ >-)/ 4+?X*) ORORQK!WKY'2

)*7I8I34 : *@&0 ()I?X6*0 E-)5, !QQR&

 !"P$ E& (Z)?[0 HY8/I?-/I34 3. /)** 8>*5I*8 >)3>3)/I348 3. .3)*8/ 8/-4@8 +8I4L 6-8*) 85-44I4L0N

I4 /2.!,2).'"2)* ?,($'@!& "A 7$"."6,)44!.,% )23 +!4".! 5!2&'260 736& OO0 !QQQ0 >>&

RS!#VRSOR&

 !"W$ 9& C-+,<34*40 HY8/I?-/I4L 5)3J4 X-8* ,*IL,/ .3) 853/8 >I4* XT ?*-48 3. /,* O; L*3?*/)T

3. -I)X3)4* 6-8*) 85-44I4L @-/-0N /2.!,2).'"2)* B"<,2)* "A +!4".! 5!2&'260 736& OR0 43& S0

>>& R!ROVR!!U0 !QRQ&

 !""$ 9& C-+,<34*40 \& ]3)>*6-0 E& E-6/-?30 -4@ (& (3<36-0 H\?>+/-/I34 3. 8I4L6*K/)** -//)IX+/*8

+8I4L -I)X3)4* 6-8*) 85-44I4LKX-8*@ ,*IL,/0 I4/*48I/T0 -4@ -6>,- 8,->* ?*/)I580N +!4".!

5!2&'26 "A 02@',"24!2.0 736& RR#0 43& U0 >>& R!UOVR!PU0 9+4& !QRQ&

 OQQ$ 9& C-+,<34*40 (& (3<36-0 E& E-6/-?30 -4@ D& D-5<-6*40 HY^*5/8 3. >+68* @*48I/T 34 >)*K

@I5/I4L 5,-)-5/*)I8/I58 3. I4@I7I@+-6 /)**8 3. A5-4@I4-7I-4 53??*)5I-6 8>*5I*8 +8I4L -6>,-

8,->* ?*/)I58 X-8*@ 34 -I)X3)4* 6-8*) 85-44I4L @-/-0N C)2)3')2 B"<,2)* "A +!4".! 5!2&D

'260 736& O#0 >>& A##RVA#S"0 !QQW&

 OQR$ =& C*L- -4@ :& A/K_4L*0 HG*IL,/ L)3J/, )*5348/)+5/I34 3. - X3)*-6 .3)*8/ 5-43>T 37*) -

>*)I3@ 3. SW T*-)8 +8I4L - 53?XI4-/I34 3. >,3/3L)-??*/)I5 -4@ 6I@-) ?3@*680N +!4".!

5!2&'26 "A 02@',"24!2.0 736& RR!0 43& #0 >>& RPW#VRP"#0 !QQW&

 OQ!$ E& C*,?-80 ]& Y*)I<-I4*40 9& D*+,<+)I4*40 D& D-5<-6*40 -4@ E& E-6/-?30 H\@*4/IM5-/I34

3. X3)*-6 .3)*8/ 8/-4@8 JI/, ,IL, ,*)X-5*3+8 >6-4/ @I7*)8I/T +8I4L -I)X3)4* 6-8*) 85-44I4L0N

E",!&. 0("*"6% )23 F)2)6!4!2.0 736& !SP0 43& R0 >>& #UVSO0 !QQ"&

 OQO$ `& C*>-<3??-0 ;& ]4**8,-J0 -4@ :& A/K_4L*0 H\4/*)-5/I348 3. ?+6/I>6* @I8/+)X-45*8 I4

8,->I4L X3)*-6 .3)*8/ @T4-?I58a - 8>-/I-66T *b>6I5I/ -4-6T8I8 +8I4L ?+6/IK/*?>3)-6 6I@-)

@-/- -4@ ,IL,K)*836+/I34 I?-L*)T0N B"<,2)* "A 0("*"6%0 736& "W0 43& O0 >>& S!UVSO"0 E-T

!QRQ&

 OQ#$ `& C*>-<3??-0 :& A/K_4L*0 -4@ ;& ]4**8,-J0 HA>-/I-66T *b>6I5I/ 5,-)-5/*)Ic-/I34 3. X3)*-6

.3)*8/ L-> @T4-?I58 +8I4L ?+6/IK/*?>3)-6 6I@-) @-/-0N +!4".! 5!2&'26 "A 02@',"24!2.0 736&

RR!0 43& S0 >>& !O!UV!O#Q0 !QQW&

 OQS$ B& CI*)6I4L0 Y& %3J*660 d& =,*40 ;& ;T<8/)-0 -4@ ]& CI*)6I4L0 H%*6-/I348,I>8 -?34L -I)K

X3)4* 85-44I4L 6I@-)0 ,IL, )*836+/I34 ?+6/I8>*5/)-6 I?-L*)T0 -4@ L)3+4@KX-8*@ I47*4/3)T

@-/- I4 - >34@*)38- >I4* .3)*8/0N I4  !"&('!2(! )23 +!4".! 5!2&'26 5%4#"&'<4G HIIHJ

/ ?+55 KIHJ HIIH /000 /2.!,2).'"2)*0 736& S0 !QQ!0 >>& !"R!V!"R#&

 OQU$ e& e-L4*)0 E& G366-+80 =& :)I*8*0 -4@ C& ;+5I50 HO; 7*L*/-/I34 ?->>I4L +8I4L 8?-66K

.33/>)I4/ .+66KJ-7*.3)? -I)X3)4* 6-8*) 85-44*)80N /2.!,2).'"2)* B"<,2)* "A +!4".! 5!2&'260

736& !"0 43& S0 >>& R#OOVR#S!0 !QQW&



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

 !"#$ %& %'()*+, -& .//+012, 3& 45101, 6& 7*/8*+, ')9 :& ;<59)01=', >?'5@@0') 9*1ABCA@0<0A)

')9 1'/0D+'<0A) AE ' )AF*/ @B'//GEAA<C+0)< E5//GH'F*EA+B 90(0<0@0)( '0+DA+)* /'@*+ @1'))*+,I

 !"#! $%&'()* %+ ",%-%.')//0-'1 )(2 #0/%-0 !0(34(., FA/& J", )A& K, CC& L""MLLK, K""J&

 !"N$ O& %'//*+B') ')9 O& PA/B(+*), >Q@<0B'<0)( R*/9GC/A< 9'<' AE EA+*@< @<')9@ 5@0)( '0+DA+)*

/'@*+ @1'))0)( ')9 ;ST6 PU? 9'<',I #0/%-0 !0(34(. %+ 5(64'%(/0(-, FA/& LL", )A& V, CC&

W"LMW"N, K""#&

 !"X$ Q& 4& %'//0)(<A) ')9 O& Y& ;5'+*8, >QF'/5'<0A) AE 1ABB*+10'/ '0+DA+)* /09'+ ')9 ;-U

C+A951<@ <A *@<0B'<* <AC 2*0(2< ')9 '@@A10'<*9 C'+'B*<*+@ 0) C+A951<0A) EA+*@<@ 0) Z+0<'0),I

!&3-)4()7*0 +%'03-'18 +'%/ /%(4-%'4(. )(2 /%20**4(. -% 9(%:*02.0 /)().0/0(- )(2 ;%*4<1

3<40(<0, CC& KXNM!L!, K""#&

 !L"$ Y& %')( ')9 :& [& ?/*)), >\)<*(+'<0)( /09'+ 0)<*)@0<] ')9 */*F'<0A) 9'<' EA+ <*++'0) 12'+G

'1<*+08'<0A) 0) ' EA+*@<*9 '+*',I  555 =')(3)<-4%(3 %( >0%3<40(<0 )(2 #0/%-0 !0(34(.,

FA/& J, )A& !, CC& VJ!MVJJ, O5/& K""X&

 !LL$ ^& %')( ')9 P& Y25, >?+'C2 <2*A+*<01 @*(B*)<'<0A) AE '0+DA+)* /09'+ 9'<',I  (20;0(?

20(- @%/;%(0(- A()*1303B C)60*0-3B D(3&;0'64302 E)(%?F4%/4/0-4< !0(3%'3B )(2 E0&')*

E0-:%'93 G , FA/& JX#X, C& :X#X", K""N&

 !LK$ _& %')(, P& %*0)'1=*+, ')9 Z& `A12, >- /09'+ CA0)< 1/A59 D'@*9 C+A1*95+* EA+ F*+<01'/

1')AC] @<+51<5+* ')'/]@0@ ')9 !4 @0)(/* <+** BA9*//0)( 0) EA+*@<,I !0(3%'3, FA/& N, )A& J,

CC& !X!NM!XWL, K""N&

 !L!$ 6& Y& %*D*+ ')9 4& Q& ZA@@, >.@* AE /09'+ ')9 @5CC/*B*)<'/ 9'<' <A *@<0B'<* EA+*@<

B'<5+0<] 0) Y2'+/*@ 1A5)<], 74, .;-,I H%'03- 5<%*%.1 )(2 I)().0/0(-, FA/& KWN, )A& X,

CC& K"JNMK"#W, T1<& K""X&

 !LV$ Y& %**9, 7& Y+'HEA+9, -& :*5*)@12H')9*+, ')9 U& ?5<0*++*8, >Y/'@@0R1'<0A) AE /09'+ 9'<'

5@0)( ' /AH*+ *)F*/AC* EA//AH*+ ')9 (+'90*)<GD'@*9 AC*+'<A+,I 0) >0%3<40(<0 )(2 #0/%-0

!0(34(. !1/;%34&/B JKKJL  >A#!! MKJL JKKJ  555  (-0'()-4%()*, FA/& !, K""K, CC& L!NVM

L!NJ&

 !LW$ O& [& %*0@2'BC*/, O& Z& Z/'0+, U& ?& `)Aa, U& 45D']'2, ')9 4& Z& Y/'+=, >3A/5B*<+01

/09'+ +*<5+) C'<<*+)@ E+AB ') A/9G(+AH<2 <+AC01'/ +'0)EA+*@< 1')AC],I  (-0'()-4%()* $%&'()*

%+ #0/%-0 !0(34(., FA/& KL, )A& K, CC& V"XMVLW, K"""&

 !LJ$ 7& ?& %0)(, -& Q=/5)9, ')9 O& ;*@@0A)@, >-CC/]0)( /09'+ <*12)A/A(] EA+ <+** B*'@5+*B*)<@

0) D5+)*9 /')9@1'C*@,I  (-0'()-4%()* $%&'()* %+ C4*2*)(2 H4'0, FA/& LX, )A& L, CC& L"VMLLV,

K"L"&

 !L#$ 7& -& %5/9*+ ')9 4& ;**B')), >[A+*@< 0)F*)<A+] 2*0(2< 5C9'<* <2+A5(2 <2* 0)<*(+'<0A) AE

/09'+ 9'<' H0<2 @*(B*)<*9 ^')9@'< 0B'(*+],I @)()24)( $%&'()* %+ #0/%-0 !0(34(., FA/& KX,

)A& W, CC& W!JMWV!, K""!&

 !LN$ 7& -& %5/9*+, O& Y& %20<*, [& -/F'+*8, 6& P'), O& UA('), ')9 Z& P'H=*@, >Y2'+'1<*+080)(

DA+*'/ EA+*@< H0/9R+* H0<2 B5/<0G<*BCA+'/ ^')9@'< ')9 /09'+ 9'<',I #0/%-0 !0(34(. %+

5(64'%(/0(-, FA/& LL!, )A& #, CC& LWV"MLWWW, O5/& K""X&

 !LX$ S& _A)(, ?& ;5), ')9 ^& b*)(]5'), >Qc*1<@ AE EA+*@< @C'<0'/ @<+51<5+* A) /'+(* EAA<C+0)<

/09'+ H'F*EA+B,I 0) >0%3<40(<0 )(2 #0/%-0 !0(34(. !1/;%34&/B JKKNL  >A#!! MKNL "'%?

<0024(.3L JKKN  555  (-0'()-4%()*, FA/& #, K""V, CC& V#!NMV#VL&



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

 !"#$ %& '& ()* +& ,--../* ,& 011234565* 157 8& 81931:;* <=)3;:134> 7636>34;5 ;? @12A6B367

3266B 157 76362:45134;5 ;? ?;26B3 C2;D3@ )B45C 142E;256 91B62 B>15545C*F  !"#$! %!&'(&)

#* +&,(-#&"!&$* A;9& G#* 5;& H* ..& HIJKHL"* "##H&

 !"J$ %& '& ()* +& ,--../* =& 0)MM;* 8& 81931:;* 157 ,& 011234565* <N@15C6 7636>34;5

36>@54O)6B ?;2 >15;.- @64C@3 C2;D3@ :61B)26:653B )B45C 142E;256 91B62 B>15562 7131*F

./#$#)-0""!$-(1 +&)(&!!-(&) 0&2  !"#$! %!&'(&)* A;9& P"* 5;& J"* ..& J!!GKJ!HQ* "##L&

 !""$ ,& R@15* S& T@4* 157 N& N@65* <U63246A19 ;? ;>6154> >@9;2;.@-99 >;5>6532134;5 )B45C B)..;23

A6>3;2 :1>@456B*F 3+++ 4-0&'01$(#&' #& 5!#'1(!&1! 0&2  !"#$! %!&'(&)* A;9& HJ* 5;& J"*

..& "GHPK"GIJ* V6>& "##!&

 !"!$ 0& W& R@15C* <X76534Y>134;5 ;? C1.B 45 :15C2;A6 ?;26B3B D43@ 142E;256 94712*F  !"#$!

%!&'(&) #* +&,(-#&"!&$* A;9& JJ"* 5;& I* ..& "!#GK"!"I* "##Q&

 !"H$ 0& Z& R@1; 157 T& S;.6B>)* <[4712\E1B67 :1..45C ;? 961? 1261 4576] 157 43B )B6 ?;2 A194\

71345C Z[^_N=U_^` B13699436 [=X .2;7)>3 45 1 36:.62136 ?;26B3 ;? 3@6 B;)3@625 aT=*F

 !"#$! %!&'(&) #* +&,(-#&"!&$* A;9& JJ!* 5;& Q* ..& JL"QKJLHI* =)C& "##G&

 !"I$ 0& Z& R@1;* T& S;.6B>)* 157 U& `69B;5* <[4712 26:;36 B65B45C ;? ?;26B3 E4;:1BBb = B>196\

45A124153 6B34:134;5 1..2;1>@ )B45C 142E;256 91B62B*F  !"#$! %!&'(&) #* +&,(-#&"!&$* A;9&

JJ!* 5;& J* ..& JQ"KJGL* "##G&

 !"L$ V& =& R4:E96* V& [& cA15B* Z& N& N129B;5* U& N& S12M62* T& N& Z217;* 157 S& V& Z62\

127* <N@121>3624d45C A6234>19 ?;26B3 B32)>3)26 )B45C B:199\?;;3.2453 142E;256 94712*F  !"#$!

%!&'(&) #* +&,(-#&"!&$* A;9& QP* 5;& "\!* ..& JPJKJQ"* "##!&



 !"#$!

 ! "#$%&!'( )&*+*'( #") $#")&, -! .#)!")/!- 0! -* ),-,0,)!1)/#" .*& 21*""!& -*2!& *,&#.#&),

.#'& 1*&*1),&/2!& -!2 $*22/32 3#&!2)/!&24 5!.!"0*")6 -7*..-/1*)/#" *'( 3#&8)2 1#$.-!(!2 0! $#"9

)*:"! &!2)! !"1#&! .!' 0#1'$!"),!4 ;" 2! .&#.#2! 0#"1 0! )!2)!& -!2 0!'( .&/"1/.*-!2 $,)<#0!2

.!&$!))*") 07!()&*/&! 0!2 .*&*$=)&!2 3#&!2)/!&2 2'& 0!2 0#"",!2 *1>'/2!2 !" ?#"! $#")*:"!'2! !)

0! -!2 *0*.)!& *'( 1#")&*/")!2 2.,1/@>'!2 A 1!) !"+/&#""!$!")4 B" .*&)/1'-/!& #" ,+*-'!&* 07'"!

.*&) -7*..#&) 1#"C#/") 0! -* &,:&!22/#" A +!1)!'&2 0! 2'..#&) !) 0! -* &,0'1)/#" 0! 0/$!"2/#"

.#'& -7!2)/$*)/#" 0! .*&*$=)&!2 0! .!'.-!$!")6 !) 07*')&! .*&) -7/"),&8) 07'" *..&!")/22*:! "#"

2'.!&+/2, .#'& -* 0,)!1)/#" 07*&%&!24

%&'"()*!"D E,-,0,)!1)/#"6 21*""!& -*2!& *,&#.#&),6 F/ GH6 3#&8)6 +!1)!'&2 0! 2'..#&)6 *.9

.&!")/22*:! "#" 2'.!&+/2,6 /"+!")*/&! 3#&!2)/!&6 0,)!1)/#" 07*&%&!4

+,"'-.)'

I'$!&#'2 2)'0/!2 <*+! 2<#J" )<! .#)!")/*- #3 */&%#&"! -*2!& 21*""/": 3#& )<! $*../": #3

3#&!2) &!2#'&1!24 K#J!+!&6 )<! *..-/1*)/#" #3 )</2 &!$#)! 2!"2/": )!1<"/>'! )# 1#$.-!( 3#&!2)2

!"1#'")!&!0 /" $#'")*/"#'2 *&!*2 &!>'/&!2 3'&)<!& /"+!2)/:*)/#"4 L" )</2 )<!2/26 )<! )J# $*/"

$!)<#02 '2!0 )# 0!&/+! 3#&!2) /"3#&$*)/#" *&! )!2)!0 J/)< */&%#&"! -*2!& 21*""/": 0*)* *1>'/&!0

/" )<! M&!"1< G-.26 *"0 *0*.)!0 )# )<! 1#"2)&*/")2 #3 $#'")*/"#'2 !"+/&#"$!")24 L" .*&)/1'-*&6

* 3&*$!J#&N 3#& '"2'.!&+/2!0 )&*/"/": #3 )&!!)#. 0!)!1)/#" /2 .&#.#2!06 *"0 )<! .!&3#&$*"1! #3

2'..#&) +!1)#& &!:&!22/#" 1#$%/"!0 J/)< 0/$!"2/#" &!0'1)/#" 3#& 3#&!2) 2)*"0 .*&*$!)!&2 !2)/9

$*)/#" /2 !+*-'*)!04

/012&-3"D H!$#)! 2!"2/":6 */&%#&"! -*2!& 21*""/":6 F/ GH6 3#&!2) $*../":6 2'..#&) +!1)#&

&!:&!22/#"6 '"2'.!&+/2!0 )&*/"/":6 )&!!)#. 0!)!1)/#"4


