
 !"#$% & #%!%

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

.#/0 $.# -. /,##"1(# )#"2-(

.#*1"*03$"# #)/.1%$ $"$# .

/1(%)2-"#

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

/%#(0#12) !, 3&4)%,5'67# (# *)&'64876#

9&6:!%"6(#(! ;#'-<67# () *#%#&5 7),) %!=06.

"6') $#%76#< $#%# )>'!&12) () '8'0<) (! ?)0')%

!, 3&4)%,5'67#@

;0%6'6>#

ABCD



 !"#$% & #%!%

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

.#/0 $.# -. /,##"1(# )#"2-(

.#*1"*03$"# #)/.1%$ $"$# .

/1(%)2-"#

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

/%#(0#12) !, 3&4)%,5'67# (# *)&'64876#

9&6:!%"6(#(! ;#'-<67# () *#%#&5 7),) %!=06.

"6') $#%76#< $#%# )>'!&12) () '8'0<) (! ?)0')%

!, 3&4)%,5'67#@

A%!# (! ;)&7!&'%#12)B ;6C&76# (# ;),$0'#12)

D%6!&'#()%B *%)4@ ?%@ E<!""#&(%) F@ G)!%67H

;0%6'6>#

IJKL



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                        

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 Marini, Andréia 

M339c Classificação automática de espécies de pássaros usando estratégias  
2014 superficiais e profundas / Andréia Marini ; orientador, Alessandro L. Koerich. 
 – 2014. 

      147 f. : il. ; 30 cm 

  

  

      Tese (doutorado) – Pontifícia Universidade Católica do Paraná, 

 Curitiba, 2014 

 Bibliografia: f. 129-135 

  

  

     1. Processamento de imagens. 2. Pássaro - Identificação. 3. Recuperação  

 de imagem. 4. Informática. I. Koerich, Alessandro Lameiras. II. Pontifícia  

 Universidade Católica do Paraná. Programa de Pós-Graduação em  

 informática. III. Título. 

                                                                      CDD 20. ed. – 004 
                                                                                               





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

 !"#$%&' #' ("')* +"*  ,%--#.$"' /#0%1"#- 2'%"1345 6%,# '"1%.7#&8' #3#$9013# %

' 3'.-7#.7% #6'1' #' $%-%.:',:10%.7' $%-7% 7"#;#,4'* <%,1=0%.7%5 6>$% 3'.7#" 3'0 ->#

#?>$# $>"#.7% ' 0%-7"#$' % '>7"# :%= $>"#.7% 7'$' ' 6%"@'$' $% $'>7'"#0%.7'*  '-

$%0#1- 6"')%--'"%- $' ("'!"#0# $% (A-BC"#$>#&8' %0 D.)'"0E713# $# ('.71)@31# F.1:%"B

-1$#$% G#7A,13# $' (#"#.E5 %0 %-6%31#, #'- 6"')%--'"%- $' !">6' $% 6%-H>1-# +%-3';%"7#

$' G'.4%310%.7' %  6"%.$1=#!%0 $% IEH>1.#5 ("')* +"* JK,1' GL-#" M1%:',# % ("')*

+"* N0%"-'. G#;"%"# (#"#1-'5 6%,#- $1-3>--O%-5 %-3,#"%310%.7'- % ->6'"7% 7%3.',A!13'*

 ' 6"')%--'" +"* J#H>%- <#3'.5 6%,' #6'1' .# )#-% 1.131#, $%-7% 7"#;#,4'*

 !"#$%&' P ('.71)@31# F.1:%"-1$#$% G#7A,13# $' (#"#.E5 G'.-%,4' M#31'.#, $%

+%-%.:',:10%.7' G1%.7@Q3' % R%3.',A!13' SGM(HT5 P G''"$%.#&8' $%  6%")%1&'#0%.7' $%

(%--'#, $% M@:%, U>6%"1'" SG (NUT % P <>.$#&8'  "#>3E"1# 6%,' #6'1' Q.#.3%1"' H>%

:1#;1,1='> # %V%3>&8' $%-7% 7"#;#,4'*

 !"#$%&' #'- 0%>- 3',%!#- 6%,#- 3'.:%"-#-5 6%,# #7%.&8'5 6%,'- 3'.-%,4'-5 6%,'-

%,'!1'- % #- 3"@713#-5 %5 6"1.316#,0%.7%5 6'" -%06"% -% 106'"7#"%0 3'01!'* U8' #,!>.-

$%,%- S%0 '"$%0 #,)#;L713#T  $1,-'.5  ,%)5  .$%"-'.5  .$"%5  "#3L,1#5 G4%1,#5 +%.1-%5

N$%.1,-'.5 N,1#-5 <#;@',#5 <"#.31%,%5 D"#6>">5 J%#.5 J4'.#7#.5 /%1,#5 />31#.#5 I#"1=#5

("1-31,#5 W'.#.5 W'-#.#5 R#.1# % X1:1#.%*  !"#$%&' # 3',#;'"#&8' $' 3',%!# />1= C>-7#:'

Y#)%0#.. 6#"# 1.7%!"#&8' $#-  !"#!$%&'!"($ )*%+($ )*&,!+-. #' 7"#;#,4'*

<1.#,0%.7%5 #!"#$%&' # 01.4# )#0@,1#5 0%>- 6#1-5 0%> 1"08' % -># %-6'-#5 6%,'

#6'1' 1.3'.$131'.#, H>% 7'".'> 6'--@:%, # "%#,1=#&8' $%-7# #71:1$#$%5 3'0 $%$13#&8' %VB

3,>-1:#* R#0;L0 #!"#$%&' #' 0%> #Q,4#$' I#7%>-5 6"%-%.7% $# :1$#5 #0'" 1.%-710E:%,*

 ' -%> ,#$' %.7%.$' # $'&>"# $% -%" 3"1#.&# '>7"# :%=*

1



 !"#$%&

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

-.(/"'+   

0',*# $% 1'!."#, ! 

0',*# $% 2#3%4#, "

0',*# $%  3"%5'#67%, "   

8%,.(+ " !

 3,*"#&* "!

9#:;*.4+ <

=)*"+$.6>+ #

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

#$3 4/5&6 !+7 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ 8

#$9 :;76 '<26 !27 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ =

#$9$# >.+/0&127 ,& ?.2(;02. ,2,& '(2 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ @

#$9$3 A  1-+.6B(< 2 ,2  ,&(6 '<2)*+ ,& &7-C< &7 ,& -D772.+7 $ $ $ $ $ $ $ E

#$8 >. (< -2 7 <+(6. /; )F&7 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ G

#$= 4.H2( I2)*+ ,+ 6.2/20J+ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ #3

#$@ K+(7 ,&.2)F&7 '(2 7 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ #3

9#:;*.4+ ?

1.)$#(%)*#6>+ 2%@"'&# #9

3$# K+(5;(6+ ,& ,2,+7 K206&<J KLM 3NN $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ #9

3$3 O76.26CH 27 7;-&.'< 2 7 & -.+P;(,27 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ #=

3$9 O"6.26+.&7 ,& <2.2<6&.Q76 <27 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ #R

3$9$# K2.2<6&.Q76 <27 ,& <+. $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ #R

3$9$#$# S 76+H.212 ,& <+.&7 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ #E

3$9$3 K2.2<6&.Q76 <27 ,& 6&"6;.2 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ #G

  



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

 !"!" 3%'%14)'5*4,1%* &) 6/'7% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  #

 !"!"!# 89:/',47/ ;<=> ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !   

 !"!"! ?/1%@A9.',/* ) B,*4/:'%7%* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  C

 !D E.FA,-%* &) G)4/')* &) *AH/'4) ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  I

 !C 8H')-&,J%:)7 H'/6A-&% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  K

 !C!# L)&)* -)A'%,* H%'% %'FA,4)4A'%* H'/6A-&%* ! ! ! ! ! ! ! ! ! ! ! ! ! !  2

 !C! 8H')-&,J%:)7 &) 1%'%14)'5*4,1%* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "M

 !I 3/-*,&)'%N()* O-%,* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! " 

 !"#$%&' (

)*$!+' +! ,-$. ""

"!# ;,*4)7% &) ')6)'P-1,% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ""

"! EQ4/&/* FA) 1/-*,&)'%7 ,-4)'%NR/ BA7%-% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "D

"!" EQ4/&/* FA) 1/-*,&)'%7 *):7)-4%NR/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "S

"!D EQ4/&/* FA) 1/-*,&)'%7 H%'4)* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "2

"!C EQ4/&/* FA) 1/-*,&)'%7 .A&,/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! D 

"!I TA4'/* 4'%@%9B/* ')9%1,/-%&/* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! DI

"!S 8@/'&%:)-* %-4)',/')* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! DK

"!K 8-.9,*) &/* 4'%@%9B/* 1/'')9%4/* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CM

"!2 3/-*,&)'%N()* O-%,* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CD

 !"#$%&' /

0+.1$234!56' 72*%!& +. .*"842.* CC

D!# 3/-UA-4/* &) V%&/* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CC

D! $'QWH'/1)**%7)-4/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CI

D!" ;):7)-4%NR/ &) ,7%:)-* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CK

D!D 8@/'&%:)7 *AH)'O1,%9 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! C2

D!D!# XY4'%NR/ ) %G%9,%NR/ &) 1%'%14)'5*4,1%* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! C2

D!D!#!# XY4'%NR/ &) 1%'%14)'5*4,1%* &) 1/' ! ! ! ! ! ! ! ! ! ! ! ! ! ! IM

D!D!#! XY4'%NR/ &) 1%'%14)'5*4,1%* &) 4)Y4A'% ! ! ! ! ! ! ! ! ! ! ! I 

D!D!#!" XY4'%NR/ &) 1%'%14)'5*4,1%* &) 6/'7% ! ! ! ! ! ! ! ! ! ! ! ! I"

D!D!#!D 39%**,O1%NR/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! II

D!C 8@/'&%:)7 H'/6A-&% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! IS

D!C!# 8H')-&,J%:)7 &) 1%'%14)'5*4,1%* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! IS

D!C! $%'%7)4',J%NR/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! SM

,,,



 !" #$%&'()*+$ ,- ./)00'1.),$2-0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 34

 !3 5672'.)0 ,- )8)/')*+$ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 39

 !3!4 :8)/')*+$ ,)0 -072)76;')0 ,- ./)00'1.)*+$ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 39

 !3!< :8)/')*+$ ,)0 -072)76;')0 ,- 0-;%-(7)*+$ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 3"

 != #$(0',-2)*>-0 1()'0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 3=

 !"#$%&' (

)%*+' ,- ./0'12!3+' 4.*%!& - !56*$.5! 3?

9!4 #$(@A(7$ ,- ,),$0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =B

9!< CD72)*+$ ,- .)2).7-2E07'.)0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =4

9!<!4 CD72)*+$ ,- .)2).7-2E07'.)0 8'0A)'0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =<

9!<!< CD72)*+$ ,- .)2).7-2E07'.)0 ).F07'.)0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =G

9!G #/)00'1.)*+$ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! = 

9! 5-.)('0%$ ,- 2-@-'*+$ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! = 

9!9 567$,$ H)2) IA0+$ ,- '(I$2%)*+$ 8'0A)/ - ).F07'.) ! ! ! ! ! ! ! ! ! ! ! ! ! ! =9

9!" #$(0',-2)*>-0 1()'0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =3

 !"#$%&' 7

8-*%&$!,'* -9"-1.2-/$!.* ==

"!4 J-0A/7),$0 H)2) #KL <BB ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =?

"!4!4 #)2).7-2E07'.) 8'0A)/M #$2 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =?

"!4!< #)2).7-2E07'.) 8'0A)/M N-D7A2) ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?<

"!4!G #$(0',-2)*>-0 H)2) .$2 - 7-D7A2) ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?9

"!< J-0A/7),$0 H)2) #KL <BB <B44 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?"

"!<!4 #)2).7-2E07'.) 8'0A)/M #$2 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?3

"!<!< #)2).7-2E07'.) 8'0A)/M N-D7A2) ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?=

"!<!G #$(0',-2)*>-0 H)2) .$2-0 - 7-D7A2)0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 4BB

"!<! #)2).7-2E07'.) 8'0A)/M O$2%) ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 4B4

"!<!9 J-,- (-A2)/ .$(8$/A.'$()/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 4B 

"!<!" J-0A/7),$0 ,) IA0+$ )A,'$8'0A)/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 4B"

"!<!"!4 J-0A/7),$0 ,) IA0+$ )A,'$8'0A)/ P CDH-2'%-(7$ 4 ! ! ! ! ! 4B3

"!<!"!< J-0A/7),$0 ,) IA0+$ )A,'$8'0A)/ P CDH-2'%-(7$ < ! ! ! ! ! 4B?

"!G #$%&'()*+$ ,- ./)00'1.),$2-0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 44B

"!G!B!G #$%&'()*+$ ,- ./)00'1.),$2-0M (E8-/ ,- %-,',) ! ! ! ! ! ! 44G

"! :(Q/'0- ,- C22$0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 44 

"!9 R'0.A00>-0 - .$(0',-2)*>-0 1()'0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 44?

'8



 !"#$%&' (

 ')*&%+,'  !!

"# $%&'(&)*&+ (,'-%&./&012+ # # # # # # # # # # # # # # # # # # # # # # # # # # # #  !3

"#! $/.4&(*012+ # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  !5

"#6 7%*.*48,+ 9/-/%,+ # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  !"

"#3 :,'+&;2%*012+ <'*&+ # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  !=

-./.01)*2!+ 324&2'5067*!+  !>

8"1)92*. 8

8:42.)$. 9. 9.+.);'&;2:.)$'  65

8"1)92*. 3

 ')<%)$'+ 9. 9!9'+  6"

?#@# A2<'&0B, ;,+ +/.(,'C/'-,+ ;2 2+)D(&2+ # # # # # # # # # # # # # # # #  3 

8"1)92*.  

=!0>:.$0'+ .?".02:.)$!2+  33

:#@#! $,%(2'-*E2F ;2 .,%;* # # # # # # # # # # # # # # # # # # # # # # # # #  33

:#@#6  !"#! $%&"'"(!$)*! # # # # # # # # # # # # # # # # # # # # # # # # # # #  3G

:#@#3 H&+-,E%*F*+ ;2 (,%2+ # # # # # # # # # # # # # # # # # # # # # # # # # #  3G

:#@#G $*%IF2-%,+ 2 ,)2%*;,%2+ )*%* -2J-/%*+ # # # # # # # # # # # # # # # #  35

:#@#5 K%L/&-2-/%*+ :MM # # # # # # # # # # # # # # # # # # # # # # # # # # #  35

N



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

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

,!"+$ ,!"- ./!0("# # .*0#'.+' 1233"!/"+% ./!0("# $1+ )23&*$ #4#5/2+$ ()

3')*(# $.5.2)'.()(# #*-'# )$ #$/6,.#$ 7,2)$$#$8 #5 &5 /'+92#5) (# 3')*&:

2)'.()(# ;*)! 7<+*-#= >#2.*(#' #- )2! ?@ @8! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! A

 !? B.$1+ 3#')2 () C)'.)9.2.()(# ()$ )5+$-')$ /#'-#*,#*-#$ D #$/6,.# &44+

5'6604370!%! E$$# -./+ (# $.-&)F1+ 6 ,+5&5#*-# #*,+*-')(+ #5 ,2)$$#$

(# /'+92#5)$ (# 3')*&2)'.()(# ;*)! 7<+*-#= >#2.*(#' #- )2! ?@ @8! ! ! ! ! ! A

?! E4#5/2+$ (# )*+-)FG#$ '#)2.H)()$ #5 .5)3#*$ (+ ,+*I&*-+ (# ()(+$ J)2-#,K:

LJMN O.'($ ?@@ 7JLO ?@@8! P)') ,)() .5)3#5 6 )-'.9&Q() ) .*0+'5)F1+

(# $#35#*-)F1+ )/'+4.5)() 7,+*-+'*+ *) ,+' C#'(#8 #5 $#3&.() 6 #$-.5)()

) ,).4) (#2.5.-)(+') # + 3!2'4% $!'$/ 7>#2.*(#' #- )2! ?@ @8! ! ! ! ! ! ! ! !  R

?!? B.$1+ 3#')2 (# )5+$-')$ /#'-#*,#*-#$ )+ ,+*I&*-+ (# ()(+$ JLO ?@@ #

JLO ?@@ ?@  7>#2.*(#' #- )2! ?@ @8! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  R

?!A B.$1+ 3#')2 ()$ /'.*,./).$ )9+'()3#*$ $&/#';,.).$ # /'+0&*()$ '#2),.+*)()$

) )/'#*(.H)3#5 (# 5S%&.*) 7T)*H)-+U ?@ A8! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  V

?!R J+*I&*-+ (# C.H.*K+$ .3&)25#*-# #$/)F)(+$ #5 &5) $&/#'0Q,.# ,.',&2)' /)')

(.0#'#*-#$ P # T 7WI)2)U P.#-.XY.*#*U # ZY#*/YYU ?@@?8! ! ! ! ! ! ! ! ! ! ! ! ?@

?![ T#/'#$#*-)F1+ () +9-#*F1+ ()$ N+\ /)') )$ +.-)C)$ (# &5) .5)3#5 7]+^#

?@@R8! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?A

?!V N#-#,F1+ (# #4-'#5+$ *+ #$/)F+ (# #$,)2) 7]+^# ?@@R8! ! ! ! ! ! ! ! ! ! ! ! ?R

?!_ E4#5/2+ (# 8'+%!2 %&# ;4) )$ +'.#*-)FG#$ /)') + )23+'.-5+ M`<a! ! ! ! ! ! ?R

?!b N#-)2K#$ () ,+*$-'&F1+ (+ (#$,'.-+'! W K.$-+3')5) -#5 b C)2+'#$ (# +'.#*:

-)F1+U ,)() &5 ,'.)(+ )+ 2+*3+ (# &5) I)*#2) (# )/+.+ (# R4R 90:")#! W

C#-+' (# ,)'),-#'Q$-.,)$ '#$&2-)*-# -#5  ?b #2#5#*-+$ ,+5 &5) I)*#2) (#

)/+.+ (#  V4 V 90:")# 7]+^# ?@@R8! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?[

C.



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

,-056%*% 7-, 5$ *.&.0- *' 89 %04 ":! ; %,<5.0'05,% *% ,'*' ('5,%6 /-(=-65>

/.-(%6 %76./%*% %- ,'/-(?'/.$'(0- *' *@&.0-) <5' /-()'&5' -A0', 5$% 0%2%

*' %/',0- *' "BCD9E 8F',$%('0C 3?.(0%6%C ' G'/5(C  9D :! ! ! ! ! ! ! ! ! ! ! 1 

1!D H=-65IJ- 0'$7-,%6 8 9D9 >  9D1: *-) ,')560%*-) 7%,% - /-(K5(0- 3LM  99!

N')/,.IJ- *'0%6?%*% *-) 0.7-) *' /%,%/0',@)0./%) ' /6%)).O/%*-,') 50.6.P%*-)! B 

1! H=-65IJ- 0'$7-,%6 8 9DD >  9DQ: *-) ,')560%*-) 7%,% - /-(K5(0- 3LM  99

 9DD! N')/,.IJ- *'0%6?%*% *- 0.7- *' /-6'0% *' /%,%/0',@)0./%) ' /6%)).O/%>

*-,') 50.6.P%*-)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! B1

Q!D R.)J- &',%6 *%) ')74/.') 7',0'(/'(0') %-) )5A/-(K5(0-)! ; 7%,0., *% (5$'>

,%IJ- (% 7%,0' )57',.-, *% .$%&'$ 4 7-))@='6 =',.O/%, % <5%6 /-(K5(0- %

')74/.' 7',0'(/'! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! BS

Q! #$%&'() *' D1 ')74/.')C %6'%0-,.%$'(0' ')/-6?.*%)C 7',0'(/'(0') %- )5A/-(>

K5(0- *' B9 ')74/.')! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! BT

Q!1 H2'$76-) *' ,'7,')'(0%IJ- *' 5$% .$%&'$ '$ *.U','(0') ')7%I-) *' /-,')

50.6.P%*-) (')0' 0,%A%6?-! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! BT

Q!Q H2'$76- *% *'O(.IJ- *' /%.2% *'6.$.0%*-,%! V /-(0-,(- %$%,'6- -(*' %

.$%&'$ )',W ,'/-,0%*%! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! BX

Q!B R.)J- &',%6 *- $40-*- *' )'&$'(0%IJ- A%)'%*- '$ /-,')! ! ! ! ! ! ! ! ! ! ! B"

Q!S N'0%6?%$'(0- *- $40-*- *' .*'(0.O/%IJ- *' ')74/.') *' 7W))%,-) <5' 50.6.P%

)'&$'(0%IJ- *' .$%&'() A%)'%*% '$ /-,! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! SD

Q!T H20,%IJ- ' /-(/%0'(%IJ- *' /-,') (- (@='6 *' ='0-, *' /%,%/0',@)0./%)! ! ! ! S 

Q!X N'0%6?%$'(0- *- $40-*- *' '20,%IJ- *' 0'205,%! ;) %A-,*%&'() .(./.%.)

8(% =%,.%IY') *- /-(K5(0- *' *%*-) 3LM  99: /%6/56%=%$ % $4*.% *-)

/%(%.) Z[M 7%,% ,'7-,0%, -) ,')560%*-)! H))% %A-,*%&'$ U-. )5A)0.05@*%

7'6% ')/-6?% *- /%(%6 /-$ % $'6?-, ,'7,')'(0%IJ-! ; )'IJ- S! ! *- /%7@056-

S *.)/50' '))% ')/-6?%! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! SQ

Q!" N'0%6?%$'(0- *% /-()0,5IJ- *- ='0-, *' %60% *.$'().-(%6.*%*'! #(./.%6>

$'(0' % .$%&'$ 4 *.=.*.*% '$ Q ,'&.Y') '$ )'&5.*% DS ,'&.Y')! ;) )%@*%)

*')0') ?.)0-&,%$%) )J- /-(/%0'(%*%)! 3-$- - 0%$%(?- *- =-/%A56W,.- ')>

/-6?.*- 4 D! 99C '(0J- Q2D! 99 \ DS2D! 99 ,')560%,W '$ 5$ ='0-, *'  Q!999

/%,%/0',@)0./%)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! SS

Q!D9 N.U','(0') %,<5.0'05,%) %=%6.%*%) 7%,% ,'*' ('5,%6 /-(=-65/.-(%6 '$ ,'6%IJ-

] .*'(0.O/%IJ- *' ')74/.') *' 7W))%,-)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! S"

Q!DD ; %,<5.0'05,% %*-0%*% 7%,% ,'*' ('5,%6 /-(=-65/.-(%6! ! ! ! ! ! ! ! ! ! ! ! T9

=..



 !"# $%&'( )*+,- .( /+(0*&&( .* %.*12%30,4'( .* *&/50%*& /(+ 6*%( .* 788! ! ! 9:

 !"; <=*6/-(& ., +*/+*&*12,4'( ., 6,2+%> .* 0(1?@&'( /(+ *&0,-, .* 0(+*&! ! ! ! 99

A!" $%&'( )*+,- .( 652(.( /,+, , 0-,&&%30,4'( B%&@,- 0(6 (/4'( .* +*C*%4'( *

B*+%30,4'( ,0D&2%0,! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! E:

A!# $%&'( )*+,- .( /+(0*&&( .* 0+%,4'( .( &@F0(1C@12( .* G@.%(& 7HI A: J(1)&! E"

A!; <=*6/-( .* @6 &%1,- ,0D&2%0( .( 0,12( @6 /G&&,+(! <=*6/-( &@/*+%(+K

G@.%( (+%)%1,-L <=*6/-( %1?*+%(+K &%1,- /+5M/+(0*&&,.( * (& %12*+B,-(& .*

&%-N10%( +*6(B%.(&! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! E#

A! <=*6/-( .* &%1,- ,0D&2%0( .( 0,12( @6 /G&&,+( * , .*31%4'( .(& O@,.+(&

/,+, )*+,+ ( B*2(+ .* 0,+,02*+P&2%0,&! Q@,2+( O@,.+(& .* ! ! ! ! ! ! ! ! ! ! E;

A!A $%&'( )*+,- .( 652(.( /,+, 0-,&&%30,4'( B%&@,-! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! EA

A!R $%&'( )*+,- .( 652(.( /,+, 0-,&&%30,4'( B%&@,- 0(6 (/4'( .* +*C*%4'(! ! ! ! ER

A!9 $%&'( )*+,- .( 652(.( /,+, 0-,&&%30,4'( ,0D&2%0,! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ER

R!" S *%=(  .( )+G30( ,/+*&*12, , 2,=, .* 0-,&&%30,4'( (F2%., /(+ 6*%( .(

0-,&&%30,.(+ J$T *6 +*-,4'( ,(& (/*+,.(+*&U /,+V6*2+(& * *&/,4(& .* 0(+*&

.*&0+%2(& 1( *%=( !! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! WA

R!# S *%=(  .( )+G30( ,/+*&*12, , 2,=, .* 0-,&&%30,4'( (F2%., /(+ 6*%( .(

0-,&&%30,.(+ J$T! S *%=( ! ,/+*&*12, (& 6*-X(+*& +*&@-2,.(& /,+, 0(+ *

2*=2@+, /,+, #:: 0-,&&*&! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! WR

R!; T,2+%>*& .* 0(1?@&'( +*&@-2,12*& ., ,/-%0,4'( ., 0,+,02*+P&2%0, CorHSV ! ! ! W9

R! T,2+%>*& .* 0(1?@&'( +*&@-2,12*& ., ,/-%0,4'( ., 0,+,02*+P&2%0, .* 2*=2@+,

* (/*+,.(+ LBPRGB! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! WW

R!A $%&'( )*+,- .(& +*&@-2,.(& (F2%.(& /(+ 6*%( .* 2*=2@+, *6 %6,)*1& 0(-(+%.,&

(@ *6 *&0,-, .* 0%1>,! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "::

R!R $%&'( )*+,- ., 2,=, .* 0(++*2, 0-,&&%30,4'( /,+, #:: 0-,&&*&! ! ! ! ! ! ! ! ! ":"

R!9 T,2+%>*& .* 0(1?@&'( +*&@-2,12*& ., ,/-%0,4'( .( ,-)(+%26( JYZ[\I(]! ! ! ":;

R!E T,2+%>*& .* 0(1?@&'( +*&@-2,12* ., ,/-%0,4'( .* 788! ! ! ! ! ! ! ! ! ! ! ! ! ":A

R!W <=*6/-(& .* 3-2+(& ,/+*1.%.(& 1, /+%6*%+, 0,6,., 0(1B(-@0%(1,- A=A .*

@6, %6,)*6 .* R =R /*+2*10*12* ,( 0(1C@12( .* #:: 0-,&&*&! ! ! ! ! ! ! ! ":R

R!": ^*/+*&*12,4'( .( 0(6/+(6%&&( <++( * ^*C*%4'( /,+, , ?@&'( ,@.%(B%&@,-K

JYZ[ * _@.%(! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ":E

R!"" ^*/+*&*12,4'( .( 0(6/+(6%&&( <++( * ^*C*%4'( /,+, , ?@&'( ,@.%(B%&@,-K

788 * _@.%(! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ":W

R!"# <&/50%*& /*+2*10*12*& ,( &@F0(1C@12( .* A: 0-,&&*& *6 O@* (& 0-,&&%30,.(+*&

0(6*2*6 6*1(& *++(&! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ""R

B%%%



 !"# $%&'%(%)*+,-. /0(1+2 3.( &'0)40&+0( %''.( 3% 03%)*054+,-. &+'+ . 4.)61)*.

789 :;; :;""! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ""<

 !"= $%&'%(%)*+,-. /0(1+2 3.( &'0)40&+0( +4%'*.( 3% 03%)*054+,-. &+'+ . 4.)61)*.

789 :;; :;""! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "">

0?



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

 !" #$%&'(&) *& +,-.&) /$%&.,*,) +,-, $ /$0120.$ *& *,*$) #34  55  5"" 67,8

&. ,%!  5""9! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ":

 ! ;.-<=2.$) ,))$/<,*$) >) +,-.&) /$%&.,*,) +,-, $ /$0120.$ *& *,*$) #34

 55  5"" 67,8 &. ,%!  5""9! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ":

?!" @&)2A$ *$) AB.$*$)C /,-,/.&-D).</,) & -&)2%.,*$) +,-, A&%8$- ,.2,'E$ *,)

&F2<+&) +,-.</<+,0.&)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! GG

?! @&)2A$ *& ,%H20) .-,=,%8$) F2& 2.<%<I,A $ /$0120.$ *& *,*$) #34  55! ! :"

?!? @&)2A$ *& ,%H20) .-,=,%8$) F2& 2.<%<I,A $ /$0120.$ *& *,*$) #34  55

 5""! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :"

G!" J&.,%8,A&0.$ *$ /$0120.$ #34  55 & )2=/$0120.$) *&-<K,*$)! ! ! ! ! ! ! ! ::

G! J&.,%8,A&0.$ *$ /$0120.$ #34  55  5"" & )2=/$0120.$) *&-<K,*$)! ! ! ! ! :L

G!? M2,0.<*,*& *& /,-,/.&-D).</,) H&-,*,) +&%$) $+&-,*$-&) 2.<%<I,*$)! ! ! ! ! ! L?

G!G #,-,/.&-D).</,) H&-,*,) +$- A&<$ *, *&.&/'E$ *& +$0.$)N/8,K&C K$/,=2%O-<$)

& 8<).$H-,A,)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! LL

G!: P,.-<I *& /$0Q2)E$ /%O))</,! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! R:

G!L P,.-<I *& /$0Q2)E$ +,-, +-$=%&A,) /$A AS%.<+%,) /%,))&)! ! ! ! ! ! ! ! ! ! ! R:

G!R P,.-<I *& /$0Q2)E$ +,-, ,K,%<,'E$ *, )&HA&0.,'E$ , +,-.<- *, -&%,'E$

 !"#$%&'!#'(C & -&)2%.,*$ *, )&HA&0.,'E$ +-$+$).,! ! ! ! ! ! ! ! ! ! ! ! ! ! RT

L!" @&)2A$ *, /%,))<U/,'E$ *& &)+B/<& *& +O)),-$) 2.<%<I,0*$ /,-,/.&-D).</,) *&

/$-&) +,-,  C:C"R &  55 /%,))&)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! V5

 !" #$%$ &' ()**'+$ ,'-.'/+$01) 2$*$ ) .3+)&) &' ,'-.'/+$01) 2*)2),+) '.

*'4$01) $) ()/56/+) &' +',+' &' "77 ',23(8', (). 6. +)+$4 &' 9!799 $.),+*$,! :7

 !9 ;',6.) &$ (4$,,8<($01) &' ',23(8' &' 2=,,$*),> 6+848?$/&) ), ($/$8, @> A '

B ,'2$*$&$.'/+'! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :C

%



 !" #$%&'( )* +,*%%-.+*/0( )$ $%12+-$ )$ 13%%*4(% &5-,-6*7)( 8&%0( )(% +*7*-%

9:; 7( 7<=$, )$ 4$>4*% )$ 8&%0(! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?@

 !A #$%&'( )* +,*%%-.+*/0( )$ $%12+-$% )$ 13%%*4(% &5-,-6*7)( $ ( (1$4*)(4

LBP u2
P,R 1*4* @BABCD $ @EE +,*%%$%! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?F

 ! #$%&'( )* +,*%%-.+*/0( )$ $%12+-$ )$ 13%%*4(% &5-,-6*7)( ( (1$4*)(4 LBP ri
P,R ?F

 !D #$%&'( )* +,*%%-.+*/0( )$ $%12+-$ )$ 13%%*4(% &5-,-6*7)( ( (1$4*)(4 LBP riu2
P,R ?"

 !G #$%&'( )* +,*%%-.+*/0( )$ $%12+-$ )$ 13%%*4(% &5-,-6*7)( +*4*+5$4<%5-+*% )$

+(4$% 1*4* ( +(7H&75( IJK @EE @ECC $ ( +,*%%-.+*)(4 :;L! ! ! ! ! ! ! ! ! ! ?D

 !? #$%&'( )* +,*%%-.+*/0( )$ $%12+-$ )$ 13%%*4(% &5-,-6*7)( ( (1$4*)(4 LBP u2
P,R! ?G

 !CE #$%&'( )* +,*%%-.+*/0( )$ $%12+-$ )$ 13%%*4(% 1(4 '$-( )$ =*4-*/M$% :NOPQK(R!CE@

 !CC P*S* )* +(44$5* +,*%%-.+*/0( 1*4* +*4*+5$4<%5-+*% =-%&*-% $ *+T%5-+*% -%(,*)*%!CED

 !C@ P*S*% )$ *+$45( (U5-)*% 1(4 '$-( )* 8&%0( )$ -78(4'*/0( *&)-(=-%&*, :NOP

$ V&)-(! #$%&,5*)(% 1*4* ( +(7H&75( )$ 5$%5$% )$ AE $%12+-$% $ *1,-+*/0(

)$ CEWB FEW $ AEW )$ 5*S* )$ 4$H$-/0(! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CED

 !CF P*S*% )$ *+$45( (U5-)*% 1(4 '$-( )* 8&%0( )$ -78(4'*/0( *&)-(=-%&*, IXX

$ V&)-(! #$%&,5*)(% 1*4* ( +(7H&75( )$ 5$%5$% )$ AE $%12+-$% $ *1,-+*/0(

)$ CEWB FEW $ AEW )$ 5*S* )$ 4$H$-/0(! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CE?

 !C" L$,Y(4$% 4$%&,5*)(% 1*4* (% +,*%%-.+*)(4$% -7)-=-)&*-%B -7)$1$7)$75$ )*

*U(4)*>$' %&1$4.+-*, (& 14(8&7)*! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CCC

 !CA Z$.7-/0( )( [43+&,( $ 4$%&,5*)(% 1*4* *% )-8$4$75$% +('U-7*/M$% 1*4* (

+(7H&75( +('1,$5( )$ D +,*%%-.+*)(4$%! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CCC

 !C Z$.7-/0( )( [43+&,( $ 4$%&,5*)(% 1*4* *% )-8$4$75$% +('U-7*/M$% 1*4* (

+(7H&75( )$ F +,*%%-.+*)(4$% \+(' '$,Y(4 )$%$'1$7Y( -7)-=-)&*, $' 4$,*]

/0( *( %&U+(7H&75( (& +(7H&75( )$ +,*%%$%^! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CC@

 !CD Z$.7-/0( )( [43+&,( 1*4* ( +(7H&75( )$ @ +,*%%-.+*)(4$% \+(' '$,Y(4

)$%$'1$7Y( -7)-=-)&*,^! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CCF

 !CG I('U-7*/0( )$ +,*%%-.+*)(4$% $' 7<=$, )$ '$)-)*! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CC"

 !C? #$%&'( )*% $%12+-$% )( +(7H&75( )$ AE +,*%%$% +(' *52 A $44(%! ! ! ! ! ! ! ! CC 

 !@E #$%&'( )*% $%12+-$% )( +(7H&75( )$ AE +,*%%$% +(' @E (& '*-% $44(%! ! ! ! CC 

 !@C #$%&'( )*% $%12+-$% )( +(7H&75( )$ @EE +,*%%$% +(' *52 A $44(%! ! ! ! ! ! ! CCD

 !@@ #$%&'( )*% $%12+-$% )( +(7H&75( )$ @EE +,*%%$% +(' @E (& '*-% $44(%! ! ! ! CCG

K!C _-%5*>$' 7&'$4*)* \$754$ C $ CEE^ )*% +,*%%$% $ $%12+-$% 4$,*5-=*% *(% +(7]

H&75(% $ %&U+(7H&75(% )$ -'*>$7%! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CFG

K!@ _-%5*>$' 7&'$4*)* \$754$ CEC $ @EE^ )*% +,*%%$% $ $%12+-$% 4$,*5-=*% *(%

+(7H&75(% $ %&U+(7H&75(% )$ -'*>$7%! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CF?

S-



 !" #$%&'()* +,*)-'.' /)+&-) 0 ) 1223 .'% 42 56'%%)% -)6'&$7'% '8 58+9,+&8 .)

:,.$8%! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 0;2

 !; <)%,*8 .' 56'%%$=5'>?8 .) )%@A5$)% .) @:%%'-8% ,&$6$B'+.8 5'-'5&)-C%&$5'%

.) 58-)% @'-' 8 %,D58+9,+&8% .) 1E 4E ) 0F 56'%%)% )* .$G)-)+&)% G8-*'%

.) 8-('+$B'>?8! H% -)%,6&'.8% G8-'* 8D&$.8% @8- *)$8 .) I$%&8(-'*' .)

58-)% .) "2 G'$J'%E 56'%%$=5'.8- KLM N < O / ! "3 8&$*$B'.8% )* -)6'>?8

'% $*'()+% -)58-&'.'% @)68% 7'68-)% .) 5'$J' .)6$*$&'.8-'! ! ! ! ! ! ! ! ! ! 0;"

 !4 <)%,*8 .' 56'%%$=5'>?8 .) )%@A5$)% .) @:%%'-8% ,&$6$B'+.8 'D8-.'()* @-8N

G,+.' @'-' 8 %,D58+9,+&8% .) 1E 4E ) 0F 56'%%)% )* .$G)-)+&)% G8-*'% .)

8-('+$B'>?8! H% -)%,6&'.8% G8-'* 8D&$.8% @8- *)$8 .) ,*' '-P,$&)&,-'

QRR! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 0;"

Q!0 SJ@)-$*)+&8 0T $*'()+% %)* %)(*)+&'>?8 @'-' .$G)-)+&)% )%@'>8% .) 58-)%! 0;;

Q!1 SJ@)-$*)+&8 1T $*'()+% %)* %)(*)+&'>?8 @'-' .$G)-)+&)% )%@'>8% .) 58-)%! 0;;

Q!" SJ@)-$*)+&8 "T 7'-$'>?8 .' @8-5)+&'()* .) D8-.'! ! ! ! ! ! ! ! ! ! ! ! ! ! 0;4

Q!; SJ@)-$*)+&8 ;T $*@'5&8 .8 ,%8 .' $*'()* -)58-&'.' @)68% 7'68-)% .) 5'$J'

.)6$*$&'.8-' )* -)6'>?8 '8 ,%8 .' $*'()* 58*@6)&'! ! ! ! ! ! ! ! ! ! ! ! ! 0;4

Q!4 SJ@)-$*)+&8 4T $*@'5&8 .8 ,%8 .) .$G)-)+&)% P,'+&$.'.)% .) G'$J'% +8

I$%&8(-'*' .) 58-)%! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 0;U

Q!U V)&'6I'*)+&8 .'% )J)5,>W)% @'-' '% 4 '-P,$&)&,-'% ,&$6$B'+.8 $*'()+% .)

"1J"1 #$%&'(! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 0;F

Q!F V)&'6I'*)+&8 .'% )J)5,>W)% @'-' '% 4 '-P,$&)&,-'% ,&$6$B'+.8 $*'()+% .)

U;JU; #$%&'(! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 0;F

J$$



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

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

$%% # .$+/$01,*$+!0 2'13!0 2',4$3&

$& '(( # .!0,'56#7.89  *3:- ;<<

$& '(( '()) # .!0,'56#7.89  *3:- ;<< ;<==

*!+ # 9*>'3'+5' $% ?!1--*!+

,,- # @!-, @$13*'3 A3!+-%$3B

,+.$ # @*+'#?3!*+': C*-1!0 .!,'"$3*D!,*$+

/0. # E1'F 8!,13!,*$+F C!01'

1 2 # G$5!0  *+!3( H!,,'3+

3450640 # I1-*5 J+!0(-*-F K',3*'/!0 !+: 8(+,6'-*- %$3 J1:*$ 8*"+!0-

3,$$ # I'0#@3'L1'+5( .')-,3!0 .$'M5*'+,-

5 , # K!:*!0  !-*- @1+5,*$+

5+ # K':F  01'F ?3''+

07,- # 85!0'#N+/!3*!+, @'!,13' A3!+-%$3B

0.3 # 81))$3, C'5,$3 I!56*+'

8999



 !"#$%

 !"#$%&#' (")"("*+" ' &,"*+&-.'/01 2&#%'34 '!3&.',' ' .1*5%*+1# ," ,',1# ," &6'7

8"*# #"6 ("#+(&/9"#4 '!("#"*+' 6%&+1# ,"#'-1#4 "#!".&'36"*+" $%'*,1 ("3'.&1*','# ' !(17

:3"6'# ," 8('*%3'(&,'," -*'; <#+" +(':'3=1 %+&3&>' ' &,"*+&-.'/01 ," "#!?.&"# ," !@##'(1#

!1( 6"&1 ," &6'8"*# A"6 !'(+&.%3'( 1# .1*5%*+1# ," ,',1# BCD EFF " BCD EFF EFGGH !'('

.1*+(&:%&( " "#.3'("."( '#!".+1# (")"("*+"# '1 "6!("81 ," .'('.+"(I#+&.'# 2&#%'&#;  ,&.&17

*'36"*+"4 ? ':1(,',1 1 +"6' ,' &,"*+&-.'/01 ," "#!?.&"# !"31 !'(',&86' ," '!("*,&>'8"6

!(1)%*,'; J"##' )1(6'4 ? !1##I2"3 "#+':"3"."( .16!'('/01 "*+(" '# "#+('+?8&'# #%!"(-.&'&#

" !(1)%*,'# !'(' ' &,"*+&-.'/01 2&#%'3 ," 8('*%3'(&,'," -*';  3?6 ,&##14 1 +(':'3=1 !(17

!9" ,1&# *121# 6?+1,1#K %6 !'(' ' #"86"*+'/01 ," &6'8"*#4 :'#"',1 *'# .1("# !("#"*+"#

*' &6'8"6 " 1%+(1 !'(' ' )%#01 ," &*)1(6'/01 '%,&12&#%'3 *' &,"*+&-.'/01 ," "#!?.&"# ,"

!@##'(1#; L'(' ("'3&>'( ' )%#01 '%,&12&#%'3 )1& *"."##@(&1 .1*#+(%&( %6 .1*5%*+1 ," ,'7

,1# ," @%,&1 ("3'.&1*',1 '1 .1*5%*+1 ," ,',1# ," &6'8"*#; M +(':'3=1 "2&,"*.&' 1%+('#

.1*+(&:%&/9"# !1*+%'&# $%'*+1 ' ':1(,'8"*# ," .'('.+"(I#+&.'# 2&#%'&#4 #%'# &*N%O*.&'# "

("#+(&/9"# "6 ("3'/01 '1 !(1."##1 ," &,"*+&-.'/014 1% ," :'&P1 *I2"3 ," .'+"81(&>'/014 1

$%'3 "P&8" 1 +('+'6"*+1 ," ,&)"("*/'# #%+&# "*+(" '# .3'##"#; Q&*'36"*+"4 ,"#+'.'7#" $%"

' &,"*+&-.'/01 2&#%'3 ," "#!?.&"# ? %6 +"6' ("."*+" $%" !1##&:&3&+' ' .11!"('/01 "*+(" '#

.16%*&,',"# .&"*+I-.'4 +".*13R8&.'4 ".13R8&.' " ' #1.&",',";

 !"!#$!%&'(!#)*  ! "#$%&'()*+,- .'/0*12 3! 45*%01*5'#*#$ (%*2 6! 70#'-2 8! 9/&5*&:;

<'*/ /0=$5()'*'/ $ =5->0%#*/?

P&2



 !"#$%&#

 !"#" $#" %$&' (!$))"&*"+ #")$,"- ,. ,!" /0+1$) 0-"&,02($,0.& .& 1&(.&+,#$0&"-

0%$*" -$,$+",+3 4$#,0(1)$#)' 0& 2&"5*#$0&"- 4#.6)"%+7  !0+ 8.#9 (.&,#061,"+ 0& +"/"#$)

$+4"(,+ #")$,"- ,. /0+1$) :"$,1#"+ ,$90&* 0&,. $((.1&, ,!" 60#- +4"(0"+ 0-"&,02($,0.& 4#.5

6)"% ;"/$)1$,"- .& <=>?@@ $&- <=>?@@5?@AAB7 C& $--0,0.&3 +1(! $ 4#.6)"% 0+ ,$(9)"

1+0&* ,!" -""4 )"$#&0&* 4$#$-0*% ,. $)).8 $ (.%4$#0+.& 6",8""& +!$)).8 $&- -""4 +,#$5

,"*0"+ 0& /0+1$) 0-"&,02($,0.& 4#.6)"%+7 D.#"./"#3 ,8. &./") %",!.-+ $#" $)+. 4#.4.+"-E

$ %",!.- :.# (.).# 0%$*" +"*%"&,$,0.& 6$+"- $&- $ %",!.- :.# 60#- +4"(0"+ 0-"&,02($5

,0.& ,!$, #")0"+ .& ,!" :1+0.& .: /0+1$) -$,$ "F,#$(,"- :#.% 1&(.&+,#$0&"- 60#- 0%$*"+

$&- $(.1+,0(+ -$,$ "F,#$(,"- :#.% 60#- /.($)0G$,0.&+7  !" "/$)1$,0.& .: +1(! $1-0./0+1$)

:1+0.& $44#.$(! 8$+ ($##0"- .1, .& $ +"):5%$-" -$,$+", ,!$, #")$,"+ $1-0. $&- 0%$*" -$,$7

 !0+ 8.#9 $)+. (.&,#061,"+ 0& .,!"# $+4"(,+ #")$,"- ,. ,!" 0&H1"&(" $&- ,!" #"+,#0(,0.&+

.: /0+1$) :"$,1#"+ 0& ,!" 0-"&,02($,0.& 4#.("++ $&- ).85)"/") ($,"*.#0G$,0.&7 I0&$))'3 $&

0%4.#,$&, #"%$#9 0+ ,!$, /0+1$) 0-"&,02($,0.& 0+ $ #"("&, #"+"$#(! +16J"(, ,!$, :.+,"# ,!"

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

 !"#$%&'(  ! "#$%&' ()*+,#-.&,#/+0 1! 2#+* 34&#+*)0 5! 6%)#/0 7! 8**9 &+) :;&''/<

:,4&,*=#*$>

F/



 

 !"#$%&' (

)*$+',%-.'

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

3" -*-$%"# )."+3$#)*.&#/ # )#+#)*'#'% 23"#&# '% /*'#, %5%$*0#"%&$% )." # )."+/%6#

$#,%5# '% '*-$*&73*, 3" .18%$. .3 3"# )#$%7.,*# '% .18%$.-9 "%-". :3#&'. .).,,%" "3;

'#&<#- &# %-)#/#9 /.)#/*=#<>.9 */3"*&#<>.9 .)/3->. '% +#,$%-9 '*5%,%&$%- )%&?,*.- % +.&$.-

'% 0*-$#@ A+B- '4)#'#- '% +%-:3*-#-9 . ,%).&2%)*"%&$. 0*-3#/ #*&'# 4 ).&-*'%,#'. 3"#

$#,%5# '*5C)*/ +#,# )."+3$#'.,%-@ D ,%).&2%)*"%&$. 0*-3#/ 4 #+,%-%&$#'. &# /*$%,#$3,# '%

0?,*#- "#&%*,#-9 $#*- ).".E # )#$%7.,*=#<>.9 )/#--*F)#<>. .3 *'%&$*F)#<>. G#1.,'#7%&- :3%

13-)#" . &."% '. .18%$. +%,$%&)%&$% H *"#7%"IJ /.)#/*=#<>. G#1.,'#7%&- :3% 13-)#" %&;

).&$,#, . .18%$. &# *"#7%"IJ -%7"%&$#<>. G#1.,'#7%&- :3% 13-)#" '%/*&%#, . ).&$.,&. '.

.18%$. % -%+#,?;/. '. ,%-$#&$% '# *"#7%"I9 % ,%)3+%,#<>. '% .18%$.- -%"%/2#&$%- G#1.,'#;

7%&- :3% 13-)#" %&).&$,#, .18%$.- -%"%/2#&$%- %" 3"# 7,#&'% :3#&$*'#'% '% *"#7%&-I@

D +#,#'*7"# '."*&#&$% +#,# # ).&-$,3<>. '% -*-$%"#- '% *'%&$*F)#<>. '% *"#7%&- $%"

-*'. +,.+.,)*.&#'. +%/# A+,%&'*=#7%" '% K?:3*&#@ D +,%--3+.-$. '% :3% # A+,%&'*=#;

7%" '% K?:3*&# +.'% ,%-./0%, %-$% $*+. '% +,.1/%"# ,%-*'% &# )#+#)*'#'% '%-$# '% /*'#,

)." # )."+/%6*'#'% *&%,%&$%9 #+,%&'%&'. # +#,$*, '% '#'.- ,.$3/#'.-@ L%-$# 5.,"#9 )#1%

#.- +%-:3*-#'.,%- '% 0*->. )."+3$#)*.&#/ # ).&)%+<>. '% ".'%/.- % ,%+,%-%&$#<M%- '.-

,%)3,-.- 3$*/*=#'.-@ N&$,%$#&$.9 3"# :3#&$*'#'% -31-$#&)*#/ '. $,#1#/2. +%-#'. 4 5%*$.

+., #/7.,*$".- '% #+,%&'*=#7%" %" ,%/#<>. #.- '#'.- )./%$#'.-@

L%+%&'%&'. '% ).". 3" -*-$%"# '% )/#--*F)#<>. '% *"#7%&- 4 .,7#&*=#'.9 %/%

+.'% %-$#, +,%+#,#'. +#,# )/#--*F)#, .- .18%$.- :3% +%,$%&)%" #. "%-". &C0%/ 1?-*). '%

)#$%7.,*# .3 # 1#*6. &C0%/ '% )#$%7.,*=#<>.@ O. +,*"%*,. )#-.9 +#,# ,%-./0%, . +,.1/%"# '%

)/#--*F)#<>.9 . -*-$%"# '%0% *'%&$*F)#, 3" .18%$. '% *&$%,%--% &# *"#7%"9 +., %6%"+/.9

3"# "%-#9 3"# )#'%*,#9 3"# +/#&$#9 3" +?--#,.9 3" 0%C)3/.9 3"# +%--.#@ N" 7%,#/9

&%--%- )#-.- %6*-$%" '*5%,%&<#- -*7&*F)#$*0#- %&$,% .- .18%$.-9 :3% +.'%" 7%,#, )#,#)$%;

,C-$*)#- %6$,%"#"%&$% '*-),*"*&#&$%-@ A. ).&$,?,*. '# )#$%7.,*=#<>. '% &C0%/ 1?-*).9 #



 

!"#$%&'()*+,%-.)/ )" $0%!!+1$%-.) 2' #%+3) 456'0 7)2' !'* '4&'42+2% $)8) "8 7*)#0'8% 2'

(*%4"0%*+2%2' 14%/ )" !'9%/ 7*)#0'8%! :"' '3+('8 % +2'4&+1$%-.) '4&*' )#9'&)! ;)*&'8'4&'

!'8'0<%4&'!/ 8"+&%! 6','! 2+;'*'4$+%2)! %7'4%! 7)* 2'&%0<'! !"&+!= >'!&' $%!)/ '3'870)!

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

2% $),+4<%@ 2% 70%4&%? &A3+$% )" 4.) &A3+$%@ 2) 7B!!%*)? % :"' '!7C$+' 7'*&'4$'@ ' %!!+8

7)* 2+%4&'= D' %$)*2) $)8 E%) '& %0= F GH I/ '!&' &+7) 2' %70+$%-.) 7)2'*B !' &)*4%* "8%

&%*';% +87)*&%4&' 7%*% % B*'% 2' 6+!.) $)87"&%$+)4%0 ' J&+0 '8 8"+&%! %70+$%-K'! *'%+!=

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

L8 '3'870) 8"+&) $)4<'$+2) 2' $%&'()*+,%-.) 6+!"%0 2' #%+3) 456'0 C ) *'$)4<'M

$+8'4&) 2' '!7C$+'! )" *%-%!= N%*% '3'870+1$%* "8 7*)#0'8% 2' (*%4"0%*+2%2' 14%/ !'*B

'87*'(%2% % +2'4&+1$%-.) 2' '!7C$+'! 2' 7B!!%*)! $)8 2"%! $0%!!'!= O)4!+2'*%8)! 2)+!

7B!!%*)! 2% ;%850+% P"Q0'&?  !"#$"% &'()"$ ' *&!&(""$ &'()"$/ $)4;)*8' +0"!&*%2)! 4% R+M

("*% H=H= O%!) !'9%8 "&+0+,%2%! $%*%$&'*5!&+$%! !+870'!/ $)8) "8 <+!&)(*%8% F;*':"S4$+%

2' $)*'! 4% +8%('8I/ &)*4%M!' 7*%&+$%8'4&' +87)!!56'0 2+!&+4("+* '4&*' &%+! '!7C$+'!= T%!/

!' 7"2'*8)! +2'4&+1$%* %! 7*+4$+7%+! 2+;'*'4-%! 6+!"%+! %!!)$+%2%! U! '!7C$+'! ' *'7*'!'4M

&%2%! 4% +8%('8/ % &%*';% !' &)*4% 70%"!56'0= V 7B!!%*)  !"#$"% &'()"$ 7)!!"+ ) 7'+&)

8%+! '!$"*) ' "8% 7'4"('8 4% $%#'-%/ '4:"%4&) ) *&!&(""$ &'()"$ 4.) 7)!!"+ 7'4"M

('8 4% $%#'-% ' !'" 7'+&) C 8%+! $0%*)= >%! $)42+-K'! '8 :"' % +8%('8 ;)+ %2:"+*+2%/

$)4&"2)/ '!!%! 2+;'*'4-%! 6+!"%+! 7)2'8 4.) 1$%* '6+2'4&'!= D'4( '& %0= F GHWI '4;%&+,%

:"'/ $)8 +4;)*8%-K'! 0+8+&%2%!/ % !'0'-.) %"&)8B&+$% 2' $%*%$&'*5!&+$%! 2+!$*+8+4%4&'!

!' &)*4% 2+;5$+0/ 7)+!/ "8 (*%42' 4J8'*) 2' $%*%$&'*5!&+$%! +**'0'6%4&'! 7)2' $%"!%* "8

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

!"7'*%9"!&%8'4&) 2)! 2%2)!= P R+("*% H= %7*'!'4&% )"&*% 7%*&+$"0%*+2%2' 2' 7*)#0'8%!

2' (*%4"0%*+2%2' 14%? % (*%42' 6%*+%#+0+2%2' +4&*%$0%!!'= >'!&' $%!)/ &)2%! %! +8%('4!

!.) 2% '!7C$+' 1//& 2'33./04.!%/ 7)*C8/ % 2'7'42'* 2) (S4'*)/ 2% +2%2' ' 2% 8%4'+*%

$)8) % %:"+!+-.) 2% +8%('8 ;)+ *'%0+,%2%/ % 6%*+%#+0+2%2' +4&*%$0%!!' 7)2' !'* 8%+)* )"

8'4)*=

>'!&' &*%#%0<)/ %2)&%*'8)! "8% %#)*2%('8 % 18 2' +2'4&+1$%* %! 2+;'*'4&'! '!M

7C$+'! 2' 7B!!%*)! 7)* 8'+) 2' +8%('4!= D'!&% ;)*8%/ ) 7*)#0'8% 2' $0%!!+1$%-.) 7)2'

!'* 2'14+2) $)8)? 2%2% "8% +8%('8 2' "8 7B!!%*)/ +2'4&+1$%* 2'4&*' "8 4J8'*) 13)/

7)*C8 $)8 (*%42'! 7)!!+#+0+2%2'!/ % :"%0 '!7C$+' '0' 7'*&'4$'= V 2'!%1) 2% &%*';% 2'

$0%!!+1$%-.) !' 2'6' U 6%*+%-.) 2) ;"42)/ +0"8+4%-.) ' 7)!'/ 9B :"' % 8%+)*+% 2%! +8%('4!

!.) $)0'&%2%! 4) <%#+&%& 4%&"*%0 2)! 7B!!%*)!= >'!&%! +8%('4! 4.) C 7)!!56'0 $)4&*)0%*

*)&%-.)/ '!$%0% ' X4("0) 2' 6+!.) 4) 8)8'4&) 2% %:"+!+-.)=



 

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

."%+"2& ,$3+%"0% ,!"+$ ,!"- ./!0("# + "/4+%"0% 1233"!/"+% ./!0("# ,50

&6#$/, +7+8360, .& #%&/.+ ,"8"6&%".&.+ +/2%+ &, +,391"+, :16&,,+,; +8

$8 3%0<6+8& .+ #%&/$6&%".&.+ =/&( :!0/2+) >+6"/.+% +2 &6( ?@'@;(

!"#$%& '(?) A",50 #+%&6 .& B&%"&<"6".&.+ .&, &80,2%&, 3+%2+/1+/2+, C

+,391"+ &44+ 5'6604370!%( D,,+ 2"30 .+ ,"2$&E50 9 108$8+/2+ +/10/F

2%&.0 +8 16&,,+, .+ 3%0<6+8&, .+ #%&/$6&%".&.+ =/&( :!0/2+) >+6"/.+%

+2 &6( ?@'@;(



 

!" #"$%" &' ()*%+ #,-%)."/ '**' )0#+**' 1 ."020 +%1 0'*0" '$%,' #,"3**)"$+)* '

'*#'.)+4)*%+* 520+$"*6 70 '8'0#4" &)**" 1 20 +,%)9" #2:4).+&" ,'.'$%'0'$%' $" ;':*)%'

'<),&

 

6 =", 0')" &" +,%)9"/ 1 &)*.2%)&+ + )&'$%)3.+>?" &' &2+* '*#1.)'* $" #',@"&" &'

0)9,+>?"6 A* *29'*%B'* "C','.)&+* #+,+ )&'$%)3.+,  !"#$%"& #!'(#"%!&)%* ' +$!,-./$$ *?"

'**'$.)+40'$%' &' (',)3.+>?" &' .",'*/ #")* + #420+9'0 ' " C",0+%" &+* &2+* '*#1.)'*

*?" 02)%" *'0'45+$%'*6 D &'*+3"/ $" ."$%'8%"/ 1 ."0" #,".'&', ."0 #-**+,"* E2' #"F

&'0 $?" 0"*%,+, +* .+,+.%',@*%).+* &)*%)$%)(+* 0'$.)"$+&+*6 G'**'* .+*"*/ + *29'*%?" 1

"45+, +%'$%+0'$%' #+,+ 20+ ."0:)$+>?" &' (-,)+* .+,+.%',@*%).+* &)C','$%'* ' :2*.+, 20

."$*'$*" #+,+ +#"$%+, #+,+ 20+ "2 "2%,+ '*#1.)'6

A #+,%), &+ '8#"*)>?" &" #,":4'0+/ #,'%'$&'F*' #", 0')" &'*%+ %'*' ,'*#"$&', +

+4920+* E2'*%B'* #,)0",&)+)* '0 ,'4+>?" + #,":4'0+* &' )&'$%)3.+>?" ()*2+4 &' 9,+$24+F

,)&+&' 3$+ 2*+$&" ."0" '*%2&" &' .+*" + )&'$%)3.+>?" &' '*#1.)' &' #-**+,"*H

I6 J$C",0+>B'* 9',+&+* #", +49",)%0"* &" K*%+&" &+ A,%' &' '8%,+>?" &' .+,+.%',@*%).+*

' +#,'$&)L+9'0 *2#',()*)"$+&+/ '0 )0+9'$* *'0 ,'*%,)>?" &' '$%,+&+/ #"&'0 4'(+,

+ 20+ +:",&+9'0 ()-('4M

N6 A #+,%), &+ 5)#O%'*' &' E2' " *', 520+$" C+L 2*" &' .+,+.%',@*%).+* ()*2+)* #+,+

)&'$%)3.+, '*#1.)'*/ " 2*" &' .+,+.%',@*%).+* ()*2+)* E2' &)C','$.)+0 '*#1.)'* #"F

&'0 +28)4)+, $+ )&'$%)3.+>?" &' '*#1.)'* &' #-**+,"* &' 0+$'),+ ."0#2%+.)"$+4/

:+*'+$&"F*' '0 A#,'$&)L+9'0 &' P-E2)$+M

Q6 A ."$*)&',+, E2' + )&'$%)3.+>?" &' '*#1.)'* &' #-**+,"* #"&' *', C')%+ + #+,%), &'

)0+9'$* "2 *"$* '0)%)&"* #'4"* #-**+,"*/ 20 01%"&" &' C2*?" &' )$C",0+>B'* ()*2+)*

' +.R*%).+* #"&' +28)4)+, ' 0'45",+, "* ,'*24%+&"* &' 20 *)*%'0+ &' )&'$%)3.+>?"

+2%"0-%)."M

 6 S"$*)&',+$&" E2' + 2%)4)L+>?" &' .+,+.%',@*%).+* )*"4+&+*/ "2 + #"**):)4)&+&' &' '8)*F

%), ."0#4'0'$%+,)'&+&' '$%,' &)C','$%'* .+,+.%',@*%).+* #"&' $?" *', *23.)'$%' #+,+

)&'$%)3.+, '*#1.)'* &' #-**+,"*/ E2+4 +:",&+9'0 *',)+ 0+)* +&'E2+&+ #+,+ ,'#,'*'$F

%+, #,":4'0+* &' 9,+$24+,)&+&' 3$+ ' "* )0#+.%"* &'*%+ +:",&+9'0 $+* %+8+* &'

)&'$%)3.+>?" ()*2+4 +2%"0-%).+M

 !" #$%&'()*+

D ":T'%)(" 9',+4 &'*%' %,+:+45" 1 )&'$%)3.+, '*#1.)'* &' #-**+,"* #", 0')" &'

+*#'.%"* ,'4+%)("* U )&'$%)3.+>?" ()*2+4 +2%"0-%).+/ $" ."$%'8%" &' *)*%'0+* &' .4+**)3.+F

 

   !"#$%&!'%(



 

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

&(*+4*&,*$ -' ('&('$'+5,!"#6 $%&'(24*,/ ' &(#7%+-,8 9,(, '$5' &(#&:$*5#3 #$ #.;'5*)#$

'$&'4<24#$ ('$&'45*)#$ $"# -'5,/=,-#$ , $'1%*(6

• >*-,( 4#0 %0 &(#./'0, -' 1(,+%/,(*-,-' 2+, '0 *0,1'0 -*1*5,/3 4#0# ,# *-'+5*24,(

'$&?4*'$ -' &@$$,(#$3 -'$,2# 5,+5# &,(, #$ $'('$ =%0,+#$ A%,+5# &,(, ,/1#(*50#$

4#0&%5,4*#+,*$ A%' &('5'+-,0 (',/*B,( '$$, 5,('7, -' 7#(0, @1*/ ' ,%5#0@5*4,C

• D+)'$5*1,( %0, 5,('7, -' 4/,$$*24,!"# -'$,2,-#(, -')*-# E ),(*,!"# -# 7%+-# ' */%F

0*+,!"# A%,+-# , 0,*#(*, -,$ *0,1'+$ 7#* 4#/'5,-, '0 =,.*5,5 +,5%(,/8 G'$$,$

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

,A%*$*!"# -' *0,1'+$C

• I&/*4,( ,.#(-,1'+$ -*7'('+4*,-,$ -' 'J5(,!"# -' 4,(,45'(<$5*4,$ ' -' 4/,$$*24,!"# ,#

*-'+5*24,( ,%5#0,5*4,0'+5' '$&?4*'$ -' &@$$,(#$8 9,(5*4%/,(0'+5'3 -*$4%5*( '$5(,F

5?1*,$ $%&'(24*,*$ ' &(#7%+-,$8

• I%0'+5,( , &('4*$"# -, *-'+5*24,!"#3 A%' &#-'(@ $'()*( 4#0# $'1%+-, #&*+*"# ,#

'$&'4*,/*$5, =%0,+# #% E *0&/'0'+5,!"# -' ,&/*4,5*)#$ ('/,4*#+,-#$C

• K',/*B,( 7%$"# -' *+7#(0,!L'$ ,%-*#)*$%,*$8 I&(#)'*5,(F$' -, *-'*, -' A%' , *-'+5*2F

4,!"# '$&?4*'$ -' &@$$,(#$ &#-' #4#(('( &#( 0'*# -' *0,1'+$ #% @%-*#$3 ,1(%&@F/#$3

&,(, )'(*24,( # 4#0&#(5,0'+5# -# $*$5'0, -' *-'+5*24,!"# ,%5#0@5*4,C

• M'$4(')'( # 4#0&#(5,0'+5# -# &(#./'0, -' *-'+5*24,!"# ,%5#0@5*4, -' '$&?4*'$

-' &@$$,(#$ '0 4,$#$ '$&'4<24#$3 4#0&%5,4*#+,/0'+5' '7'5*)#$3 &,(, /*-,( 4#0 ,

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

-'$'0&'+=# -#$ ,/1#(*50#$ $#.(' #$ 4#+;%+5#$ -' -,-#$ 4#+5'0&/,-#$ ' , -'2+*!"#

-' %0 $*$5'0, -' ('7'(N+4*, &,(, 5,*$ 4,$#$8

• I),/*,( A%,/ # 5*&# -' ('&('$'+5,!"#3 $%&'(24*,/ #% &(#7%+-,3 4#+$'1%' 7#(+'4'(

0'/=#( ('&('$'+5,!"# '0 ('/,!"# E 4#/'5, -' 4,(,45'(<$5*4,$8 O$&'4*24,0'+5'3 ,),F

/*,( $' , ,.#(-,1'0 -' ,&('+-*B,1'0 -' 4,(,45'(<$5*4,$ &#-' $'( 0'/=#( -# A%' ,$

4,(,45'(<$5*4,$ '$&'4*,/*B,-,$8

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

9,(, '$5, 5'$'3 -%,$ ,.#(-,1'+$ 4'+5(,*$ $"# ;%$5*24,-,$6 0#5*)#$ A%' 5#(+,0

&(#./'0,$ -' 1(,+%/,(*-,-' 2+, &'4%/*,('$3 ' , '$4#/=, -, *-'+5*24,!"# -' '$&?4*' -'

&@$$,(#$ &,(, ('&('$'+5@F/#$8 I$ $%.$'!L'$ , $'1%*( -*$4%5'0 #$ -#*$ 4,$#$8



 

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

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

$(%&./6 0# )%0% 3-# ., .7%"0.8#&, .*-.(, 9.:#) -,% 0# ./8%"(*)%, 0# ;2"#&0(:.8#) 0#

<13-(&.= ># 9%"). 8#"./6 2.". )#/'%"." % 0#,#)2#&'% 0# -) ,(,*#).6 ? &#$#,,1"(% $%5

/#*." ).(%"#, $%&@-&*%, 0# 0.0%, 0# *"#(&.)#&*% 2.". ,-2#"." . +."(.7(/(0.0# # .2"#&0#"

. "#$%&'#$A5/%,= ;,,()6 *%"&.5,# ()2%"*.&*# $%&,*"-(" )%0#/%, ).(, 2%0#"%,%,6 #B*".("

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

%'()= ;*-./)#&*#6 #B(,*#) )-(*., ./*#"&.*(+., 2.". "#$%&'#$#" %7@#*%, #) &C+#/ 71,($%6

#) 3-# ? 2"#$(,% 0(,*(&8-(" $.*#8%"(., $%)%6 2%" #B#)2/%D $.0#(".,6 +#C$-/%,6 .&().(,6 #/#5

*"%0%)?,*($%,6 #&*"# %-*"%,= E%&*-0%6 % "#$%&'#$()#&*% 0# %7@#*%, #) 7.(B% &C+#/ .(&0.

? -) $.)2% 0# 2#,3-(,. 3-# 2#").&#$# $%) )-(*%, 0#,.F%,= ; "#,%/-G4% 0# 2"%7/#).,

0# 8".&-/."(0.0# F&. $%) )H/*(2/., $/.,,#, # 2%-$%, #B#)2/%, .,,%$(.0%, I $.0. $/.,,# ?

-). 3-#,*4% 0#,.F.0%". 2.". . .2"#&0(:.8#) 0# )13-(&.6 % 3-# 2%0# ,#" ,(&*#*(:.0% 0.

,#8-(&*# 9%").D 0.0. -). ().8#) 0# #&*".0. $%) -) %7@#*% 0# (&*#"#,,# #) 2"()#("%

2/.&% 2"#0(:#" . $/.,,# 0% %7@#*% 2#"*#&$#&*# I ().8#)=

;% $%&*"1"(% 0. $.*#8%"(:.G4% 0# &C+#/ 71,($%6 . $.*#8%"(:.G4% 0# 7.(B% &C+#/6 3-#

2%0# ,#" #&$%&*".0. #) 2"%7/#)., 0# 8".&-/."(0.0# F&.6 )-(*., +#:#, ,# .2"#,#&*. $%)%

-) 0#,.F% 2.". ,#"#, '-).&%,

 

6 )#,)% ./*.)#&*# #B2#"(#&*#,6 *#&0% #) +(,*. 3-#6 #B(,5

*#) )#&%, "#$-",%, +(,-.(, 0(,$"()(&.&*#, #) "#/.G4% .% "#$%&'#$()#&*% &% &C+#/ 71,($%=

J) 8#"./6 2.". #,,# *(2% 0# 2"%7/#). ? 0(9C$(/ %7*#" -). 3-.&*(0.0# ".:%1+#/ 0# 0.0%,

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

2"%9-&0% 0% 0%)C&(% #,2#$CF$%=

;% 7-,$." #,*.7#/#$#" ., 0(9#"#&G., #&*"# 2"%7/#)., 0# 8".&-/."(0.0# F&. # "#$%5

&'#$()#&*% 0# %7@#*%,6 2%0#)%, .F")." 3-#6 &% 2"()#("% $.,%6 0(,*(&8-(" #&*"# ., $/.,,#,

2%0# ,#" ).(, 0(9C$(/ $%) .2#&., $.".$*#"C,*($., +(,-.(, ,-*(, 0(,2%&C+#(,= K% ,#8-&0%6 ?

$%)-) -). .7-&0L&$(. 0# $.".$*#"C,*($., +(,-.(, H*#(,= E%) (&9%").GM#, /()(*.0.,6 .

,#/#G4% .-*%)1*($. 0# $.".$*#"C,*($., 0(,$"()(&.&*#, ,# *%"&. $%)2/#B.6 @1 3-#6 % 8".&0#

&H)#"% 0# $.".$*#"C,*($., (""#/#+.&*#, 2%0# $.-,." 2"%7/#)., .% ./8%"(*)% 0# .2"#&0(:.5

8#) N>#&86 O".-,#6 # P#(5P#(6 QRSTU=

;+.&G%, &. *#$&%/%8(. # . "#+%/-G4% 0. (&9%").G4% *"%-B#".) -) $"#,$()#&*%

#B2%&#&$(./ 0# 0.0%, 0# ().8#) &4% 2"%$#,,.0%,= V#8-&0% P#(5P#( NQRSTU6 9-&0.)#&*.0%

2%" 0.0%, 0. #)2"#,. E(,$%

!

6 . #,*().*(+. 0# $%&,-)% 8/%7./ 0# *"19#8% 0# 0.0%, &.

W&*#"&#* 2%" )A, 9%( 0# QS JB.7X*#, #) QRSS6 ,#"1 0# YZ JB.7X*#, #) QRSY # 0# ZT

 

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

5+! , $,(+1!6, /!/&"#+ ',&* /! 789 /#* $!+1:$&#* $# ".1!;1# 4,1, !**! <' =>!$?2 @8A@BC

!

%((4DEEFFFC"&*"#C"#'E



 

!"#$%&'( ') *+,-. /'012 0'(&' 34&5)2 6'07852 9-: &87;'<2 1' 620&'312 =5(>#4. ?(

'(&5)#&5=#( 50156#) @>' ')A8'(#( 62)2 2 B2> C>$'

 

1'='8D2 <'8'065#8  * E28#( 1' =F1'2(

A28 )50>&2 ' 62)2 2 G#6'$22H

!

I J++ )54EK'( 1' 5)#<'0( A28 15#. L ;#&2 @>' 15(A2(5&5=2(

)M='5( '(&D2 6#1# ='N )#5( A8'('0&'( 0# =51# E>)#0#. O28 '"')A42I 02=2( )21'42(

1' 6'4>4#8'( (D2 A821>N512( ' 4#0P#12( # &212 )2)'0&2. Q>0&#)'0&' 62) '(('( 02=2(

)21'42(I #( 6R)'8#( ;2&2<87S6#( '(&D2 6#1# ='N )#5( (2S(&56#1#( ' 62) )#528 1'S05PD2

1' 5)#<'0(. T'(&# ;28)#I >) <8#01' 03)'82 1' A'((2#( A21' <'8#8 503)'8#( 5)#<'0(

624'&#1#( (') 8'(&85PK'(I @>' 1'=') ('8 <'8'065#1#(I 8'6>A'8#1#( ' >&545N#1#( 1' 15;'8'0&'(

;28)#(.

U2( 34&5)2( #02(I '(&7 15(A20F='4 >)# <8#01' @>#0&51#1' 1' 620V>0&2( 1' 1#12(I 1'

5)#<'0(I 1'156#1#( # #((>0&2( '(A'6FS62(I &#5( 62)2W 5)#<'0( 1' A4#0&#(I #05)#5(I 2$V'&2(

12)X(&562(I ='F6>42( '&6. O#8# 5)A4')'0&#8 >) (5(&')# 1' 64#((5S6#PD2 #>&2)7&562 =57='4I

2( 620V>0&2( 1' 5)#<'0( 15(A20F='5(I ') '(A'65#4 5)#<'0( 82&>4#1#(I (D2 >) 62)A20'0&'

68F&562 A#8# # #A8'015N#<') 1' )7@>50#I 620(51'8#012Y(' @>'I 2 2$V'&5=2 1' >) #4<285&)2

1' #A8'015N#<') X 2 1' A821>N58 >) )21'42 <'0'8#45(&# # A#8&58 12( 1#12( '"5(&'0&'(. !)

)>5&2( 6#(2(I (D2 0'6'((785#( 6'0&'0#( 1' )54E#8'( 2> )54EK'( 1' 5)#<'0( 1' #4&# 8'(24>PD2

V7 82&>4#1#( ' 62) 15='8(#( 50;28)#PK'( #156520#5(. Z) '"')A42 1'((' &5A2 1' 620V>0&2

1' 1#12( # [\?]!0'&

"

I @>' 620(5(&' 1' )#5( 1' ,^ )54EK'( 1' 5)#<'0( 1' #4&# 8'(24>PD2

82&>4#1#( ') )#5( 1' *++++ 6#&'<285#(. T' ;28)# <'8#4I '0;#&5N#Y(' @>' '"5(&') )>5&#(

#4&'80#&5=#( A#8# 8'620E'6'8 2$V'&2( ') 0F='4 $7(562I )#( 0') &#0&#( A#8# 8'620E'65)'0&2

1' $#5"2 0F='4. ? 620(&8>PD2 12 620V>0&2 1' 1#12( A#8# 2 8'620E'65)'0&2 =5(>#4 1' $#5"2

0F='4 (' #A8'('0&# #2( A'(@>5(#128'( 62)2 >) A82$4')# 'I ') #4<>0( 6#(2(I #A'0#( >)

'(A'65#45(&# A21'87 620(&8>FY4#.

_ 1'('0=24=5)'0&2 1' >) (5(&')# 1' =5(D2 62)A>&#6520#4I 02 620&'"&2 1' <8#Y

0>4#851#1' S0#I A#((# A28 >) 1'(#S2 #156520#4 8'4#6520#12 ` =#85#$5451#1' 0#( 5)#<'0(

1' >) 620V>0&2 1' 1#12(. ?2 '"')A45S6#8 A28 )'52 12 A82$4')# 1# 51'0&5S6#PD2 1'

'(AX65'(I 1#1# >)# 5)#<') 1' >) A7((#82 @>#4@>'8I 2 (5(&')# #>&2)7&562 1'='87 51'0Y

&5S6#8 # @>' '(AX65' '4' A'8&'06'. O21')2( 2$('8=#8 # <8#01' @>#0&51#1' 1' '(AX65'(I

#A82"5)#1#)'0&' ,+.+++ '(AX65'( 1' A7((#82(I @>' A21') #A#8'6'8 ') 15;'8'0&'( 6'07852(

a('> E#$5&#& 0#&>8#4I 62)2 b28'(&#( 2> A#8@>'(I '0&8' <8>A2( 1' 2>&82( #05)#5( '&6.cI

#A8'('0&#8 15;'8'0&'( A2('(I &#)#0E2( ' R0<>42( 1' =5(D2. ?( 5)#<'0( A21') #A8'('0&#8

=#85#PK'( 1' 54>)50#PD2 ' A#8&'( 12 A7((#82 A21') ('8 2)5&51#( A28 2>&82( '4')'0&2(

12 6'07852. ?4X) 15((2I A21') 26288'8 =#85#PD2 1' 628'(I 82&#PK'(I '(624E# 1' 15;'8'0&'(

 

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

!

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

"

 !!"$%%2.03,45,!')63%



 

!"#$%$"& ' ()*+,-$ "!./0 1!"#)!2! 1!3$%4$1$-!53! 0 #0567530 1! 1$10" !"#0%4,10 ($)$

3)$3$) 8)$57%$),1$1! 95$ (0) -!,0 1$ ,1!53,9#$./0 1! !"(:#,!" 1! (;""$)0"&

< )!"7%3$10 1$ 3$)!=$ 1! #%$"",9#$./0 1!"3! 3,(0 1! ()0>%!-$ (01! 3)$?!) ,5=0)@

-$.A!" )!%!2$53!" ($)$ 7- 7"7;),0 ! "!) B3,% 5$ =0)-$ 1! $(%,#$.A!" )!$,"& C)0>%!-$"

1! 8)$57%$),1$1! 95$ "! 30)5$)$- (0(7%$)!" $0 %0580 10" B%3,-0" $50"& D+!-(%0" 1!

#$3!80),?$./0 2,"7$% 1! >$,+0 5E2!% (01!- "!) 0>"!)2$10" !- ","3!-$" 1! ,1!53,9#$./0 1!

!"(:#,!"F )$.$"F ,5"!30"F (%$53$"F $%,-!530"F !53)! 073)0"&

 !"!# $ %&'()*+,-%. /. %/0,*%1-.23( /0 04'5-%04 /0 '644.)(4

'2$5.0" 5$ 3!#50%08,$ 3G- (!)-,3,10 502$" $>0)1$8!5" 1! #0%!3$ 1! 1$10" )!=!)!5@

3!" $0 -!,0 $->,!53! !- 7- ,-(0)3$53! 10-E5,0 1! $(%,#$./0H 0 -05,30)$-!530 1! !#0"@

","3!-$" IJ$"3!5F K#J,5%!LF ! M$8!F NOPOQ& R0""$ #0-()!!5"/0 10" ","3!-$" !#0%*8,#0"

$,51$ : %,-,3$1$& S!#7)"0" #0-0 "$3:%,3!"F )!1!" 1! "!5"0)!"F 3:#5,#$" 1! )!#054!#,-!530

1! ($1)A!" ! 2,"/0 #0-(73$#,05$% 3G- =0)5!#,10 =!))$-!53$" B3!," ($)$ $ $T7,",./0 1!

1$10" $->,!53$," !- %$)8$ !"#$%$& R0 !53$530F 1! $#0)10 #0- '#!2!10 !3 $%& INOOUQF $

#0%!3$ 1! 1$10" 1$ >,01,2!)",1$1!F !"(!#,$%-!53! ($)$ $ =$75$F $,51$ : %,-,3$1$ 1!2,10 V

5!#!"",1$1! 1! ,1!53,9#$) !"(:#,!" (0) "!)!" 47-$50"&

' $2$%,$./0 1$ >,01,2!)",1$1! : 7- 1!"$90 ($)$ !#0%08,"3$"F >,*%080" ! ()09"",@

05$," T7! ()!3!51!- 1!"#)!2!) 07 T7$53,9#$) >,01,2!)",1$1! !- !"#$%$" !#0%08,#$-!53!

)!%!2$53!" ! =0)5!#!) "E53!"!" 0(0)375$" ! ,53!)()!3$.A!" T7! (0""$- (!)-,3,) 1!#,"A!"

)!"(05";2!," T7! )!17?!- 0" ),"#0" ($)$ !"(:#,!" $-!$.$1$" 1! !+3,5./0F (0(7%$.A!" !

4$>,3$3"& M%03,5 !3 $%& INOPWQ !5=$3,?$ T7! !"3! 3,(0 1! 3$)!=$ : !""!5#,$% ($)$ 7- 1!"!5@

20%2,-!530 "7"3!53;2!% ! (!)3,5!53! $0 #053!+30 $37$%F T7$510 -7,30" =$30)!" 8!)$10" (0)

1!-$51$" !#05X-,#$" (01!- 0#$",05$) -71$5.$" $->,!53$," 8%0>$," 1$ Y0)$ ! 1$ =$75$&

D53)!3$530F 3$," ,5=0)-$.A!" -7,3$" 2!?!" !"3/0 ($)#,$%-!53! 1,"(05E2!," ($)$ ()0=!""0@

)!"F #,!53,"3$" ! #,1$1/0" !F 1! -010 =)!T7!53!F ,5#0-(%!3$" ($)$ !#0"","3!-$" #0- 8)$51!

1,2!)",1$1!&

Z! =0)-$ 8!)$%F 2;),0" ,-($""!" T7! (!)-$5!#!- ,5"0%B2!,"F 0),7510" 1$ 5!#!"",@

1$1! 1! #05"!)2$) !#0"","3!-$"F (01!- "!) 3)$3$10" #0- $ $(%,#$./0 1! $()!51,?$10 1!

-;T7,5$& '%875" !+!-(%0" %,"3$10" (0) M%03,5 !3 $%& INOPWQH 0 7"0 1! ,5=!)G5#,$ [$L!",$5$

($)$ ,5=!),) $" 2!%0#,1$1!" 1! $2!" -,8)$3*),$"F $ ($)3,) 1! 1$10" 1! )$1$)!" -!3!0)0%*8,@

#0" ! -01!%$8!- 1! 1,"3),>7,./0 1! !"(:#,!"\ 7"0 1! #0567530" 1! 1$10"F #0- )!8,"3)0" 1!

0>"!)2$.A!" 1$ ()!"!5.$ 07 $7"G5#,$ 1! !"(:#,!" !- 1!3!)-,5$10" %0#$," I(01!- "!) 1!@

"!520%2,10" -01!%0" T7! (0""$- ()!2!) $ ()!"!5.$ 07 $7"G5#,$ !- 073)0" %78$)!"Q& '%:-

1,""0F 0" ,53!)!""!" !- #054!#!) 0 #0-(0)3$-!530 1! !"(:#,!" (01!- "!) !+(%0)$10" 5$



 

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

)( ,%5!'(- .% 3$(3%#%&'( )* *,364"*, ".+%,($%,- .% ,(7$*+"+8.4"% )* *,364"*, %!*%&%)%,

)* *91".&'(- *.1$* (01$(, )*,1%4%)(, 3($ :5(1". *1 %5; <=>?@A;

B%$1"405%$!*.1*- ")*.1"C4%$ % *,364"* % /0* 0! 3D,,%$( 3*$1*.4* )*,3*$1% ".1*$*,,*

)* )"E*$*.1*, #$03(, )* %)!"$%)($*,- 3*5% 7*5*F% )%, %+*, * )* ,*0 4%.1( * 1%!76! )*

*,3*4"%5",1%,- 3*5% ,0% "!3($1G.4"% *4(5H#"4%; I)*.1"C4%$ %+*, 6 0!% %1"+")%)* 4(!35*9%-

7*! 4(.2*4")% 3*5(, ($."1H5(#(,- * 4(.,")*$%)% 0!% 1%$*E% 4"*.1JC4% )*,)* % %.1"#0")%)*;

K, ($."1H5(#(, *,10)%! %, %+*,L ,0% *9",18.4"% .% .%10$*F%- ,0% 7"(5(#"%- ,*0, 4%.1(,- ,0%

)",1$"70"&'( * ,*0 "!3%41( *4(5H#"4(; M 45%,,"C4%&'( )* *,364"*, )* 3D,,%$(,- #*$%5!*.1*-

6 E*"1% 3($ *,3*4"%5",1%, *! ($."1(5(#"% 4(! 7%,* *! 0! ,",1*!% 3$(3(,1( 3($ N"..%*0,O

P.")(- Q"5(- R5%,,*- K$)*!- Q%!J5"%- * S,364"*

 

;

S9",1*! %5#0!%, $%FT*, 3$D1"4%, 3%$% (7,*$+%$- *,10)%$ (0 !(."1($%$ 3D,,%$(,;

R"*.1",1%, 4(,10!%! 0,%$ 3D,,%$(, 3%$% *,10)%$ * 4(!3$**.)*$ *4(,,",1*!%,- 3($ ,*$*!

.0!*$(,(,- ,*.,J+*", U, !0)%.&%, %!7"*.1%",- !%", ED4*", )* 4(.1$(5%$ )( /0* (01$%, *,36V

4"*,- *,1'( 3($ 1()% 3%$1* * ,'( $*5%1"+%!*.1* ED4*", )* ,*$*! +",1(,; W"+*$,%, %35"4%&T*,

)( !0.)( $*%5 3()*! 01"5"F%$ %, %+*, 4(!( 4(%)X0+%.1*,- 1%", 4(!(O !(."1($%!*.1( )*

3(50"&'( %!7"*.1%5 <N(+*11- =>?=A- %+%5"%&'( )% /0%5")%)* )( !*"( %!7"*.1* <Y%$)*5"-

Z(5[- \0$12- \(42- ]%042*$1- * Q$(!!(51- =>?>A * ".)"4%)($*, )* ,0,1*.1%7"5")%)*

!

; W*

%4($)( 4(! Y%$)*5" *1 %5; <=>?>A- 3D,,%$(, ,'( 0! *C4%F ".)"4%)($ 3%$% %51*$%&T*, .%

7"()"+*$,")%)*- 3($/0* ,'( )",1$"70J)(, ,(7$* 0!% %!35% #%!% )* 3%",%#*.,- ,'( ED4*",

)* )*1*41%$ *! 4(!3%$%&'( 4(! (01$(, #$03(, )* %."!%", * 1*!(, 0! 7(! 4(.2*4"!*.1(

% $*,3*"1( )% !%"($"% )%, *,364"*,; S! !0"1(, 4%,(,- 6 .*4*,,D$"( *,1"!%$ ( .^!*$( )*

3D,,%$(, *! D$*%, *4(5(#"4%!*.1* ,*.,J+*",- 4(!( 3($ *9*!35(- $*,*$+%, .%10$%", (0 *!

D$*%, )* )"EJ4"5 %4*,,(; B($1%.1(- % %)(&'( )* !61()(, %01(!%1"F%)(, 3%$% ")*.1"C4%$

*,364"*, )* %+*, 6 0!% E($!% ".1*$*,,%.1* 3%$% %+%5"%$ % /0%.1")%)* * )"+*$,")%)* )%,

%+*, /0* %3%$*4*! *! 0!% $*#"'( * 3()*! %09"5"%$ *! +D$"%, %35"4%&T*, 3$D1"4%,; W*,1%

E($!%- %, $%FT*, 3$D1"4%, !*.4"(.%)%, %.1*$"($!*.1* X0,1"C4%! ( *,10)( )* !*4%.",!(,

3%$% % ")*.1"C4%&'( )* *,364"*, )* 3D,,%$(,;

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

R(.,")*$%.)( % 3$()0&'( 4"*.1JC4% $*5%1"+% % 3$(75*!%, )* #$%.05%$")%)* C.%-

*,1% 3*,/0",% 1*! 4(!( (7X*1"+( %3$*,*.1%$ 4(.1$"70"&T*, 3(.10%", /0* %7($)%! %,3*41(,

$*E*$*.1*, U ")*.1"C4%&'( +",0%5; ]*.)( *! +",1% ( %,3*41( 1*!3($%5 )*,1% 3*,/0",%- %

 

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

!

 !!"#$$%%%&'()*(,2&.34



 !

"#$%&'(#)*$&+,*,& & * ,&"#))&$%& ,+-&).+/"*01# ,& '2%#,#. *(3+"*,#. (*)* * +,&$%+/"*01#

,& &.(2"+&. ,& (4..*)#.5 &$6*%+7*8.& * +$#-*01# ,# %&'* &' 6*"& *# 9.%*,# ,* :)%&5 ;'*

-&7 <;& * '*+#)+* ,#. %)*=*3>#. *=#),*,#. 6#+ ,&.&$-#3-+,* &' (*)*3&3# * &..* (&.<;+.*

$# (&)?#,# ,& @! @ * @! AB

: (&).(&"%+-* )&"&$%& ,# %&'* &.%*=&3&"& $#-*. *=#),*C&$.5 .;*. )&C)*. .1# +$#8

-*,#)*.5 *+$,* &.%1# &' *,*(%*01# & $1# .1# %#%*3'&$%& "#'()&&$,+,*.B 9..* "#$,+01#

*%;*3 (&)'+%& )&..*3%*) # 6*%# ,& <;& # "#$>&"+'&$%# "+&$%?/"# (#,&)4 .&) "#$.%+%;?,# *

(*)%+) ,& "#$%)+=;+0D&. (#$%;*+.5 .;*. +$E;F$"+*. & )&.%)+0D&.B G* .&<;F$"+*5 2 *()&.&$8

%*,*5 * /' ,& .& (&)"&=&)&' *. "#$%)+=;+0D&. "+&$%?/"*. ,&.%* (&.<;+.* ,& %&.&5 ;'* 3+.%*

,*. ()+$"+(*+. "#$%)+=;+0D&.H

• G#-# '2%#,# ,& .&C'&$%*01# ,& +'*C&$. =*.&*,# $*. "#)&. ()&.&$%&. $* +'*C&'I

• G#-# '2%#,# ,& 6;.1# ,& +$6#)'*01# *;,+#-+.;*3 $* +,&$%+/"*01# ,& &.(2"+&. ,&

(4..*)#.I

• J#$.%);01# ,& ;' "#$K;$%# ,& 4;,+# )&3*"+#$*,# L. &.(2"+&. (&)%&$"&$%&. *# "#$8

K;$%# JMN @!! @!  B O "#$K;$%# JMN P! Q#$C. (#..;+ *. C)*-*0D&. ,& 4;,+# ,& P!

&.(2"+&.B :. *'#.%)*. 6#)*' '*$;*3'&$%& .&C'&$%*,*.5 C&)*$,# ;' $#-# "#$K;$%#

,& 4;,+#.B :'=#. #. "#$K;$%#. (#,&' .&) &R(3#)*,#. &' $#-*. (&.<;+.*.I

• S&/$+01# ,& ;' .+.%&'* ,& )&6&)F$"+* (*)* * *(3+"*01# ,# #(&)*,#) ,& %&R%;)*. $#.

"#$K;$%#. JMN @!! & JMN @!! @!  I

• J#'(*)*01# ,# %&'* ,* +,&$%+/"*01# ,& &.(2"+&. (#) '&+# ,#. (*)*,+C'*. ,& *()&$8

,+7*C&' .;(&)/"+*3 & ()#6;$,*I

• J#'=+$*01# ,& "3*..+/"*,#)&.5 &' %&)'#. *=.%)*%#. & .&' *(#+# ()#=*=+3?.%+"#5 "#$8

.+,&)*$,# "3*..+/"*,#)&. <;& *,#%*' *=#),*C&$. .;(&)/"+*+. & ()#6;$,*.I

• : -&)+/"*01# ,& <;& &R+.%& "#'(3&'&$%*)+&,*,& &$%)& ,+6&)&$%&. "*)*"%&)?.%+"*. -+8

.;*+.5 '&.'# <;& * -*)+*01# ,& ,&.&'(&$># &$%)& &3*. .&K* *3%*B

: (*)%+) ,*. "#$%)+=;+0D&. ,&.")+%*. 6#+ (#..?-&3 ,&)+-*) #;%)*. "#$%)+=;+0D&. (#$8

%;*+.H

• 9.%;,#. ,&%*3>*,#. ,& *=#),*C&$. ,& +,&$%+/"*01# -+.;*3 =*.&*,*. &R"3;.+-*'&$%&

&' "#)&. & %&R%;)*.5 K4 (;=3+"*,*. $# 6#)'*%# ,& *)%+C# "+&$%?/"# &' "#$6&)F$"+*.

$*"+#$*+. & +$%&)$*"+#$*+. ,* 4)&*I



  

• ! "#$"%&'(# )* +&* ,' ",-,".*-/'.0",' 10'&,0' 2*-"*30),' 2*%#' '*-*' 4&5,$#' 2#)*5

,&60%0,- $# 2-#"*''# )* 0)*$.07",8(#9 "#$.&)#: $(# '(# '&7"0*$.*'9

• ! ,2%0",8(# )* 5*",$0'5#' )* -*;*08(# "#5 1,-0,8<*' $# "#52-#50''# *--# * -*;*08(#

'* ,2-*'*$., "#5# &5, ,%.*-$,.01, 10=1*% 2,-, %0),- "#5 &5 2-#3%*5, .(# 2*"&%0,->

!%?5 )0''#: .#-$, 2#''/1*% , @&'(# )* 0$@#-5,8(# )* )0@*-*$.*' "%,''07",)#-*'9

• ! "#530$,8(# )* "%,''07",)#-*' 2#)* ,&60%0,- $# ,&5*$.# ), .,6, )* ,"*-.# )* &5

'0'.*5, ,&.#5=.0"# )* 0)*$.07",8(# )* *'2?"0*'> A53#-, *''* ,&5*$.# $(# '*;, '0BC

$07",.01#: , "#52%*5*$.,-0*),)* *$.-* ,' ",-,".*-/'.0",' ? @#-.*5*$.* *10)*$"0,),9

• ! ,$=%0'* )* *--#' 2,-, "#52-**$)*- , '050%,-0),)*' *$.-* ,' 05,B*$' 0$"#--*.,C

5*$.* "%,''07",),' * , #-B,$0D,8(# )*'',' 05,B*$' *5 &5, *'.-&.&-, *5 +&* '*;,

2#''/1*% , 0$.*-2-*.,8(# )#' -*'&%.,)#'> ! 0$1*'.0B,8(# ? @*0., , 2,-.0- )# B-&2# )*

05,B*$' 0$"#--*.,5*$.* "%,''07",),': -*'&%.,$.*' ), ,2%0",8(# )* .#)#' #' "%,''07C

",)#-*' &.0%0D,)#' $# )*"#--*- ), 2*'+&0',9

• ! "#$'.,.,8(# )* +&* , #-B,$0D,8(# .,6#$E50",F G-)*5: H,5/%0,: IJ$*-# * A'2?C

"0* -*K*.* $#' *--#' )# "%,''07",)#-> !' 2*"&%0,-0),)*' )* &5, *'2?"0* 0$.*-@*-*5

)0-*.,5*$.* $,' .,6,' )* ,"*-.# )# "%,''07",)#->

L#- 5*0# )*'.* .-,3,%4#: , B*-,8(# )* &5 ',3*- "0*$./7"# '#3-* # &'# )*'',' ",C

-,".*-/'.0",' 10'&,0' 2#)*: $, 2-=60': 2-#20"0,- 5*%4#- )*'*52*$4# $# *'.,3*%*"05*$.#

)* '0'.*5,' ,&.#5=.0"#' )* 0)*$.07",8(# )* *'2?"0*'> !%?5 )0''#: ? 2#''/1*% *'.,3*%*"*-

"##2*-,8(# *$.-* , "#5&$0),)* "0*$./7",: .*"$#%MB0",: *"#%MB0", * , '#"0*),)*>

N#$.-03&08<*' $, *'@*-, '#"0,% 2#)*5 '*- ,%",$8,),' "#5 , ,2%0",8(# )#' "#$4*C

"05*$.#' #3.0)#' 2#- 5*0# )*'., 2*'+&0', $, "#$'.-&8(# )* @*--,5*$.,' )* 0)*$.07",8(#

,&.#5=.0", * 5&%.05/)0, 2,-, ,&60%0,- $, 0)*$.07",8(# )* *'2?"0*' +&*: B*-,%5*$.*: ? )*C

',7# =-)&# 2,-, # 2O3%0"# *5 B*-,% *: 5&0.,' 1*D*': )0@/"0% ,.? 5*'5# 2,-, 2-#7''0#$,0':

2#-+&* *60B* , 5,$02&%,8(# )* $#5*' .,6#$E50"#'> !2%0",8<*' )* '0'.*5,' 5&%.05/)0,

2#)*5 B*-,- '#%&8<*' ,&60%0,-*' 2,-, @,"0%0.,- , 5,$02&%,8(# )* $#5*' .,6#$E50"#'> A'C

',' '#%&8<*' '(# )* 0$.*-*''* )* 2-#7''0#$,0' 2,-, , 0)*$.07",8(# )* *'2?"0*' *5 ",52#: )*

*)&",)#-*' "#5# @*--,5*$., *)&","0#$,%: #& )* #3'*-1,)#-*' * ,)50-,)#-*' ), ,10@,&$,

2#- 5*0# )* &5 ,2%0",.01# )* *$.-*.*$05*$.#: *$.-* #&.-#'>

G&.-,' "#$.-03&08<*' )# 2#$.# )* 10'., *"#%MB0"# 2#)*5 '*- 10$"&%,),' 2*%# 0$.*C

-*''* )* ,BJ$"0,' -*B&%,)#-,' $# 5#$0.#-,5*$.# )* .*52# -*,% *5 *"#''0'.*5,'> P$@#-5,C

8<*' 2-*"0',' * ,.&,%0D,),' *5 -*%,8(# Q ,10@,&$, 2#''030%0., +&* ,' ,BJ$"0,' -*B&%,)#-,'

2#'',5 ,1,%0,- 052,".#' ,530*$.,0' ),' ,.010),)*' 4&5,$,' * 2-#2#-"0#$,- 5*)0),' 5,0'



 !

"#$%&'( ) )*)+%,'(- .)"+'/)0+)1 ' 23/40%2'563 )0+") '( 23/40%&'&)( *'2%7%+' 3 4(3 &) %08

*3"/'563 ) 2309)2%/)0+3 2%)0+:;23 0' %/$7'0+'563 &) $37:+%2'( ) $"3<"'/'( =4) $3(('/

>)0);2%'" ' (32%)&'&)-

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

 (+) +"'>'793 )(+# 3"<'0%?'&3 )/ ()+) 2'$:+473(1 230*3"/) &)(2"%563 ' ()<4%"@ !"#

$%&'() * 8 )0402%' '( $"%02%$'%( /3+%,'5A)(1 &)(';3( ) B4(+%;2'+%,'( $'"' 230+)C+4'7%?'"

3( +)/'( ' ()")/ '>3"&'&3( 0)(+' +)()D !"$%&'() + 8 '>3"&' 3 ")*)")02%'7 +)E"%231 (3> 3

)0*3=4) &'( $"%02%$'%( +F20%2'( ")7'2%30'&'( '3( +)/'( 2)0+"'%( &)(+) +"'>'793D !"$%&'()

, 8 +"'+' &) 4/' &)+'79'&' "),%(63 >%>7%3<"#;2' 23/ ")7'563 '3( +)/'( '>3"&'&3( 0)(+'

+)()D !"$%&'() - 8 &)+'79' 3( /F+3&3( )(+'>)7)2%&3( $'"' ,)"%;2'" '( $"3$3(%5A)( %0%2%'%(1

'7%2)"5'&3( 0' %0,)(+%<'563 >%>7%3<"#;2'D !"$%&'() . 8 '$")()0+' 4/ 03,3 /F+3&3 &) *4(63

'4&%3,%(4'7 0' %&)0+%;2'563 &) )($F2%)( &) $#(('"3(D !"$%&'() / 8 ),%&)02%' 3( ")(47+'&3(

3>+%&3(1 >)/ 23/3 23/$'"'5A)( ) '0#7%()( ")'7%?'&'(D !"$%&'() 0 8 )C$")((' '( 230274(A)(1

'( $"%02%$'%( 230+"%>4%5A)( &)(+' +)()1 >)/ 23/3 (4<)(+A)( &) 230+%04%&'&) ) +"'>'793(

*4+4"3(-

 !2 3,'4(-5$&*654 7'&(4

G3 $")()0+) 2'$:+4731 )0402%'/3( ' ")7),H02%' &' %0,)(+%<'563 &) 03,'( '>3"&'<)0(

$'"' %&)0+%;2'" )($F2%)( &) $#(('"3(1 )(+'>)7)2)0&3 230)CA)( )237E<%2'( ) +)2037E<%2'(

)0+") I%(63 .3/$4+'2%30'71 ")2309)2%/)0+3 (303"31 J$")0&%?'<)/ &) K#=4%0'1 )0+")

34+"'( #")'( '0'7%('&'(- J&%2%30'7/)0+)1 )C)/$7%;2'/3( ' 23/$7)C%&'&) ) 3( $"3>7)/'(

&' %&)0+%;2'563 ,%(4'7 &) <"'047'"%&'&) ;0'- J7F/ &%((31 )(27'")2)/3( ' /3+%,'563 $'"'

)(+' $)(=4%('1 ()4 )(23$31 3>B)+%,3( ) 230+"%>4%5A)(-



 !

 !"#$%&' (

)%*+!,-*$!./' 0-1234!

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

&,/$%.*74, 0# *1 $3$%#1' 0# 30#/%38&'74, '*%,19%3&, 0# #$(-&3#$: ;.31#3.,< $4, =,./#&3>

0'$ '+5*1'$ 0#8/37?#$ /#&#$$9.3'$ ('.' #$%'6#+#&#. , .#=#.#/&3'+ %#@.3&, A*# =*/0'1#/%'

#$%# %.'6'+B,: C1 $#5*30'< $4, 0#$&.3%'$ '$ (.3/&3('3$ (.9%3&'$ '0,%'0'$ (#+'$ 1#%,0,+,>

53'$ '%*'3$ ('.' ' 30#/%38&'74, 0# #$(-&3#$ 0# (9$$'.,$ (,. 1#3, 0# 31'5#/$:

 !" #$%&'%($ )* )+)$, #+-(*./ #01  22

C1 ('.%3&*+'. $,6.# ' 30#/%38&'74, 0# #$(-&3#$ 0# (9$$'.,$ 1*3%,$ '*%,.#$ %D1

.#+'%'0, .#$*+%'0,$ *%3+3E'/0, , &,/F*/%, 0# 0'0,$ G'+%#&B>HGIJ K3.0$ LMM NGHK LMMO:

GHK LMM - *1 &,/F*/%, 0# 31'5#/$ (.,(,$%, (,. P#+3/0#. #% '+: NLM MO &,1 LMM #$(-&3#$

0# (9$$'.,$ N(.3/&3('+1#/%# /,.%#>'1#.3&'/,$O /, A*'+ $4, 03$(,/363+3E'0'$ Q:M!! 31'>

5#/$ .,%*+'0'$ # 032#.$,$ '%.36*%,$ '$$,&3'0,$: R'+ 6'$# (#.13%# , #$%*0, &'.'&%#.3E'0,

0# 0'0,$< , A*# /4, - (,$$)2#+ &,1 ,*%.,$ &,/F*/%,$ 1'3$ (,(*+'.#$ A*# $# &,/&#/%.'1

/, /)2#+ 69$3&, 0# 3/=,.1'7?#$: R,0'$ '$ '/,%'7?#$ .#'+3E'0'$ /' 31'5#1 =,.'1 ,6%30'$

(,. 1#3, 0# *$*9.3,$ 0' 3/%#.='&#  !"#$%&"$' ()*+

 

: S,.'1 &,+#%'0,$ 0,3$ %3(,$ 0# '/,>

%'7?#$< ' $#51#/%'74, '(.,T31'0' # ' &'3T' 0#+313%'0,.': U $#51#/%'74, '(.,T31'0' =,3

,6%30' 0, 0#$#/B, 0, *$*9.3, &,1 (3/&#+ 5.,$$, ('.' %,&'. %,0,$ ,$ ,&-!'. 0# &,/%,./, 0,

(9$$'., #1 (.31#3., (+'/,: U &'3T' 0#+313%'0,.' =,3 0#0*E30' ' ('.%3. 0'$ 3/=,.1'7?#$

0, 0#$#/B, 0, *$*9.3,: U S35*.' L: '(.#$#/%' #T#1(+,$ 0# '/,%'7?#$ #=#%*'0'$ '%.'2-$

0# *1' 3/%#.='&# 23$*'+ # &.3%-.3,$ (.->#$%'6#+#&30,$: C1 ,*%.' %'.#='< ,$ *$*9.3,$ $4,

&,/230'0,$ ' =,./#&#. '/,%'7?#$ 0# '%.36*%,$: I4, &,+#%'0,$ LV '%.36*%,$ 23$*'3$ A*'/0,

, *$*9.3, ,6$#.2' *1' 31'5#1: J*.'/%# , (.,&#$$, #+#$ $4, A*#$%3,/'0,$ #1 .#+'74,

', /)2#+ 0# &,/8'/7' 0# $*' .,%*+'74, #1 %.D$ '+%#./'%32'$W &#.%#E' N0#8/3%32'1#/%#OX

 

 !"#$%&'() (*+ ,--#"+..///0*-12304$*.



 !

"#$%& '($&)*)#+,#-%#./ # *01)1-2*34&5 67%4& 017(&-8)#17 *$9:1)&7 -& ;&$,*%& <*%+*= "&,

01)#$7*7 *-&%*3>#7 $#;#$#-%#7 * "*0* 1,*?#,/ $#7:+%*-%#7 0# "&+#%*7 "&,  @AA :7:B$1&75

C D1?:$* E5E *($#7#-%* :,* )174& ?#$*+ 0# *,&7%$*7 (#$%#-"#-%#7 *& "&-F:-%& 0# 0*0&7

GHI EJJ # GHI EJJ EJ  5

D1?:$* E5 K 6L#,(+&7 0# *-&%*3>#7 $#*+1M*0*7 #, 1,*?#-7 0& "&-F:-%& 0# 0*0&7

G*+%#"2NHGOP I1$07 EJJ 'GHI EJJ.5 Q*$* "*0* 1,*?#, R *%$1=:80* * 1-;&$,*34&

0# 7#?,#-%*34& *($&L1,*0* '"&-%&$-& -* "&$ )#$0#. #, 7#?:10* R #7%1,*0* *

"*1L* 0#+1,1%*0&$* # &  !"#$% &!#&' 'S#+1-0#$ #% *+5 EJ J.5

D1?:$* E5EK T174& ?#$*+ 0# *,&7%$*7 (#$%#-"#-%#7 *& "&-F:-%& 0# 0*0&7 GHI EJJ

# GHI EJJ EJ  'S#+1-0#$ #% *+5 EJ J.5

U "&-F:-%& 0# 0*0&7 G*+%#"2NHGOP I1$07 GHI EJJNEJ  'S*2 #% *+5 EJ  . R :,*

)#$74& *%:*+1M*0* 0& "&-F:-%& GHI EJJ 'S#+1-0#$ #% *+5 EJ J.5 V* -&)* )#$74& 74& 017(&N

-1=1+1M*0*7   5AWW 1,*?#-7/ 7#-0& #, ,R01* XJ 1,*?#-7 (*$* "*0* "+*77#/ (*$* & "&-F:-%&

0# %$#1-*,#-%&/ # & $#7%*-%# (*$* & "&-F:-%& 0# %#7%#5 Y&0*7 *7 1-;&$,*3>#7 017(&-1N



 !

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

2+,(/- &)*+,#-,8 & )-2#'&'+ 9 & &'#6/- '+ #):-,.&6/- ,+:+,+)*+ 7 $-;&$#%&6/- '+  ! 1&,*+(

'- ;-,1- + '& ;&"+6& '- 1<((&,-4 = >&"+$& ?4 +@+.1$#A;& &( 1&,*+( ;-$+*&'&( #)'#;&'&(

1+$-( 0(0<,#-(4 = >&"+$& ?4? &1,+(+)*& -( &*,#"0*-( &((-;#&'-( & ;&'& 1&,*+4 B  !"#$%

&!#&' '& $-;&$#%&6/- '+ 1&,*+( :-# -"*#'- '& .9'#& '& #'+)*#A;&6/- #)'#;&'&( 1-, ;#);-

0(0<,#-( '- ()*'+$,*+- .#!/4

>&"+$& ?4 C D-$+6E+( '+ 1&,*+( ;-$+*&'&( 1&,& - ;-)F0)*- '+ '&'-( DGH ?II ?I  JK&L

+* &$4 ?I  M4

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

N&,*+( '- D-,1- 0!)+7&1 0)--41 -)3& -) 1 !, '& -) 1 0+*/1 -)3& 5,$ 1 !, '& 5,$ ) &+,-

>&"+$& ?4?C =*,#"0*-( &((-;#&'-( 7( 1&,*+( ;-$+*&'&( 1&,& - ;-)F0)*- '+ '&'-( DGH ?II

?I  JK&L +* &$4 ?I  M4

L&( "#$$ (L&1+ ;-)+ L&( O#)3 ;-$-, ",-O) L&( "+$$P 1&**+,) (-$#'

L&( 011+,1&,*( ;-$-, -,&)3+ L&( ",+&(* 1&**+,) (*,#1+' L&( ",+&(* ;-$-, 10,1$+

L&( (#%+ (.&$$ L&( 1,#.&,P ;-$-, P+$$-O L&( ;,-O) ;-$-, OL#*+

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

G.& +(;-$L& #.1-,*&)*+ 1&,& & ;-)(*,06/- '+ (#(*+.&( '+ ;$&((#A;&6/-8 ,+;-)L+Q

;#.+)*- + #'+)*#A;&6/- '+ -"F+*-( '+ #)*+,+((+ +. #.&3+)( '#(1-)R2+#( )- 5(*&'- '& =,*+
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-%/+/; % 0,$1'0>-%)*+ ,% $/92-0$ $< "#$/'*+5 R 0,$1'0>-%)*+ ,$ $/92-0$/ ,$ 9B//%(+/ %
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+# .-%#-,.+(+# # +# <(.$* /&,%* /*0)&%(/.*-(9B .,,* )#'0.%# ()9./P:9* #0 )'*<9#0(, +#
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:.'/ (/) )/:)/(/1"%'% :/?% Q=+%,-.  7S7
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A1.-# "*(* -*$* "*$(9#: $%@1.$# *)(*/<' $* BC5*89#  3DE %& 5&* &5$*18* 1# /*,#(

$# #"%(*$#( LBPP,R3 F%')* 7#(&* ROR(x, i) 7*(> 5&* (#)*89# 1#' +.)' *''#-.*$#' *
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%1)(% '5-%''./#' +.)' 1* (%"(%'%1)*89# -.(-5,*( KLM3 N9# $%'.61*$#' "*$(I%' C5% )%12*&

/*,#( O $% 1# &>P.&#  -#&# Q51.7#(&%Q% 5'*$*' *' %')*);').-*' $% #-#((R1-.* $% $.7%S

(%1)%' "*$(I%' 51.7#(&%' "*(* $.'-(.&.1*89# $* )%P)5(* ?TG*,*: UV%1"VV: % M.%).WV.1%1:

 JJ!E3 H# '%651$#: # #"%(*$#( < .1/*(.*1)% = (#)*89# % .65*,&%1)% .1/*(.*1)% * )(*1'S

7#(&*8I%' &#1#)X1.-*' $* %'-*,* $% -.10*: "#()*1)#: * )%P)5(* $% -*$* !"#$% "#$% '%(

$%@1.$#: "%,*' BC5*8I%'  3Y %  3Z3 [.1*,&%1)%: # #"%(*$#( KLM < 5&* %P-%,%1)% &%$.$*

%'"*-.*, % %')(5)5(*, "*(* )%P)5(*' $% 5&* .&*6%&3 T #"%(*$#( KLM "#$% '%( *",.-*$#

%& .&*6%1' -#,#(.$*': = *$*")*89# &*.' 5'5*, < # "(#-%''*&%1)# $#' -*1*.' $% -#(%' '%"*S

(*$#'3 B& '%65.$* #' /*,#(%' #+).$#' %& -*$* -*1*, "#$%& '%( 5).,.0*$#' .1$./.$5*,&%1)%

#5 -#1-*)%1*$#' "*(* -#&"#( 5& /%)#( $% -*(*-)%(;').-*' $% )%P)5(*' -#,#(.$*'3

LBP riu2
P,R =





∑P−1
p=0 s(gp − gc) '% U(LBPP,R) ≤ 2

P + 1 -*'# -#1)(>(.#:

? 3YE

T1$%

U(LBPP,R) = |s(gP−1 − gc)− s(g0 − gc)|

+
P−1∑

p=1

|s(gp − gc)− s(gp−1 − gc)|
? 3ZE

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

T &<)#$# 5).,.0*$# "*(* %P)(*.( *' -*(*-)%(;').-*' %')(5)5(*.' < # +,-%$ ./0-1"-/2

3$-2)1$ 41-/&5617 ?N\[]E ?K#^%: !___E % ?K#^%:  JJ`E3 T *,6#(.)&# N\[] $%)%-)* %

%P)(*. $%'-(.)#(%' ,#-*.' %& 5&* .&*6%&3 B')%' $%/%& '%( %1-#1)(*$#' %& C5*1).$*$%'

"*(* -#+(.( $%1'*&%1)% # #+G%)# $% .1)%(%''% % "#''.+.,.)*( # (%-#12%-.&%1)#3 B')% &<)#$#

)(*1'7#(&* 5&* .&*6%& 15&* -#,%89# $% /%)#(%' $% -*(*-)%(;').-*': *' C5*.' *"(%'%1)*&
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9:;< $%)$=("$ !">-%)$+?(0 (@/%$A2$0 2( 4%$2!("/(0 *-'$!0 B)$4"!/32( ( -%!("/$+,-C
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D 4(%$+,- 2-0 2(0'%!/-%(0 9:;<

!

E$0(!$F0( () G3$/%- (/$5$0 5%!"'!5$!01 '!/$"2-

H-I( B JJKCL MC 2(/('+,- 2-0 (@/%()-0N  C *-'$*!=$+,- 2-0 5-"/-0F'O$#(N PC $/%!E3!+,- 2$

-%!("/$+,-N KC '-"0/%3+,- 2- 2(0'%!/-%6

D 5%!)(!%$ (/$5$ 8 $  !"!#$%&  ! !'"(!)&* G3( '-"0!0/( () ("'-"/%$% )Q@!)-0

( )A"!)-0 *-'$!0 5-% )(!- 2( 3)$ R*/%$4() () '$0'$/$ '-) $ >3"+,- S-T B !"#$#%&#

'( )*+,,!*%C1 E30'$"2- $0 '$%$'/(%A0/!'$0 G3( 0(U$) )$!0 (0/Q#(!0 "- (05$+- (0'$*$%6 D

5%!)(!%$ >$0( 2( 2(/('+,- 2-0 5-"/-0F'O$#( 8 !2("/!R'$% *-'$!0 ( (0'$*$0 G3( 5-2() 0(%

$/%!E3A2-0 %(5(/!2$)("/( () %(*$+,- $ 2!>(%("/(0 5-"/-0 2( #!0/$ 2( 3) )(0)- -EU(/-6

S$2$ 3)$ !)$4() 2( ("/%$2$ I(x, y) $ %(5%(0("/$+,- L(x, y, σ) 8 4(%$2$ $ 5$%/!% 2$

'-"#-*3+,- (∗) 2( 3)$ >3"+,- T$300!$"$ B3)$ !)$4() E-%%$2$ 8 4(%$2$ $ 5$%/!% 2$

$5*!'$+,- 2$ >3"+,- T$300!$"$ 0-E%( 3)$ !)$4() -%!4!"$*C1 G(x, y, σ)1 '-) $ !)$4() 2(

("/%$2$6 9("2- (0/( R*/%- #$%!Q#(* . (0'$*$ $/%$#80 2- 5$%&)(/%- σ1 '-">-%)( $ VG3$+,-

 6WL

G(x, y, σ) =
1

2πσ2 e
−(x2+y2)/2σ2

B 6WC

X-">-%)( ( VG3$+,-  6Y1 $ S-T 8 -E/!2$ 5(*$ 03E/%$+,- 2$0 !)$4("0 R*/%$2$0 '-)

(0'$*$0 #$%!$2$0 5-% 3)$ '-"0/$"/( k1 -3 0(U$1 8 $ 2!>(%("+$ ("/%( $0 !)$4("0 E-%%$2$0

5-% 3) R*/%- 4$300!$"- "$0 (0'$*$0 σ ( kσ6 S(0/$ >-%)$1 8 5-00A#(* 2(/('/$% #$%!$+?(0

2( !"/("0!2$2(01 '-)- 5-% (@()5*-1 E-%2$06 X$2$ '-"U3"/-1 '-)5-0/- 5(*$0 !)$4("0

2$ R*/%$4() T$300!$"$ ( 5(*$0 %(03*/$"/(0 2$0 2!>(%("+$0 BS-TC ("/%( (*$01 >-%)$ 3)$

-!/$#$1 '-)- (@()5*!R'$ $ ;!43%$  6Z6 D5[01 $ !)$4() R*/%$2$ '-) σ /() 0(3 /$)$"O-

%(23=!2- . )(/$2( ( 0(%#( 2( ("/%$2$ 5$%$ $ 5%[@!)$ 4(%$+,- 2( -!/$#$01 >-%)$"2- 3)$

5!%&)!2(6 \ "])(%- 2( -!/$#$0 ",- 8 R@-6 S(5-!0 2$ 4(%$+,- 2$ 5!%&)!2(1 30$F0( $

!)$4() 2- !"/(%#$*- S-T1 ( '-)5$%$ '$2$ -!.#/ '-) 0(30 #!=!"O-0 $2U$'("/(06 D ;!43%$

 6^ $5%(0("/$ $ 2(/('+,- 2( (@/%()-0 "- (05$+- 2( (0'$*$6 D 5%[@!)$ (/$5$ 8 2(R"!% $
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;<=<> 2+"#('?@%$ 2+"+ ':(1($A+ .% 884+B%C ;<<D>>E

!

F"( @(:!()*+ .+ ($G+:!'"+ HI57 0 + J%&/% HI57E 7:('(K/% .% ,"( ",.(&)( L,% '+:&( + ($G+:!'"+

:M#!.+ #(:( 2+"#,'(: 2+&N,&'+/ .%&/+/ .% .%/2:!'+:%/ HI57 3%.($.! % 5,$9%:/+& 8;<=<>E



D(x, y, σ) = (G(x, y, kσ)−G(x, y, σ)) ∗ I(x, y)

= L(x, y, kσ)− L(x, y, σ)

D(x, y, σ)

X̂

(|D(X̂)| < )

X̂ = −
δ2D−1

δx2

δD

δx



σ

m(x, y)



σ

k x k n xn
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(."+)6 0%)0+ )%0 %7/4+&.& .) #'$+&0.89%) :%+01(&#*.); < 01(+"+ "%  !" #$ %&'(#)*+,

=>%(+& "% /+'(+) *?.>%@ 1 3.)%."+ '. A-.'(#2.8B+ >%(+&#.4 "% "%)*&#(+&%); C .3+&".:%0

>%(+& "% /+'(+) *?.>% 1 .'D4+:. .+ 01(+"+ "% ./&%'"#2.:%0 -(#4#2.'"+ . &%/&%)%'(.8B+

 !"-#$-.#/0, /.&. . *.(%:+&#2.8B+ "% (%7(+; E0 >%(+& "% /+'(+)5*?.>% *+&&%)/+'"% . -0

?#)(+:&.0. "+ 'F0%&+ "% +*+&&G'*#.) "% "%(%&0#'."+) /."&9%) %0 -0. #0.:%0; C) /&#'5

*#/.#) >.'(.:%') "%)(% 01(+"+ )B+ . )#0/4#*#"."%6 %H*#G'*#. *+0/-(.*#+'.46 #'>.&#I'*#. .

(&.')$+&0.89%)6 +*4-)B+6 #4-0#'.8B+ % .) >.&#.89%) #'(&.*4.))%);

C A-.'(#2.8B+ "+) "%)*&#(+&%) .:&-/."+) %0 -0 >%(+& )%&B+ +) /+'(+)5*?.>% >#)-.#)

.))+*#."+) J #0.:%0; < >+*.3-4D&#+ 1 *+')(&-K"+ . /.&(#& "% /.&(%) "% -0. #0.:%06

4%>.'"+ %0 *+'(. . /&%*#)B+ "% *+&&%)/+'"G'*#. "% *.". /.&(% % + /+"%& "% %7/&%))B+

.>.4#."+) )+3&% + &%)(.'(% "+ *+',-'(+ L#>#* % M#))%&0.' = NNO@; C A-.'(#2.8B+ >%(+&#.4

1 &%.4#2.". /%4+ .4:+&K(#0+ P51&!*,; Q0 /.&(#*-4.& -0. >.&#.8B+ /&+/+)(. /+& Q4R.'

= NNO@ A-% .*%4%&. + *D4*-4+ %0 %'*+'(&. +) 0%)0+) .:&-/.0%'(+) "+ .4:+&#(0+ +&#:#'.4;

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

SDA-#'.) "% >%(+&%) "% )-/+&(% ="+ #':4G)T 23((#/+ 4&5+#/ 6!57)*&, 5 LUS@

)% ./&%)%'(.0 *+0+ -0. .3+&".:%0 .0/4.0%'(% -(#4#2.". /.&. (&%#'.0%'(+ "% *4.))#5

H*."+&%); V+&.0 /&+/+)(.) % $-'".0%'(.".) '. (%+&#. "% ./&%'"#2."+ %)(.(K)(#*+6 A-%

%)(.3%4%*% -0. )1&#% "% /&#'*K/#+) A-% "%>%0 )%& )%:-#"+) /.&. )% +3(%& *4.))#H*."+&%)

*+0 3+. *./.*#"."% "% :%'%&.4#2.8B+ =U./'#R6  NNN@; C #"%#. *%'(&.4 ".) LUS) 1 %'*+'5

(&.& + ?#/%&/4.'+ W(#0+ /.&. )%/.&.& -0 *+',-'(+ "% "."+)6 %'A-.'(+ ?D6 (%+&#*.0%'(%6

#'H'#(+) ?#/%&/4.'+) /.&. )%/.&.& + *+',-'(+ "% "."+); E0 ?#/%&/4.'+ 1 %)*+4?#"+6 "%

0+"+ A-% . "#)(I'*#. .(1 + /+'(+ "% "."+) 0.#) /&W7#0+ "% .03.) .) *4.))%) 1 0.7#5

0#2.".; <) /+'(+) A-% 0%"%0 + ?#/%&/4.'+ )B+ +) >%(+&%) "% )-/+&(%; < LUS 1 -0

*4.))#H*."+& $-'".0%'(."+ '. (%+&#. ". 0.7#0#2.8B+ 0.&:#'.4 . H0 "% 0#'#0#2.& + %&&+

"% :%'%&.4#2.8B+; X'#*#.40%'(%6 + ?#/%&/4.'+ )%/.&.>. +) "."+) 4#'%.&0%'(% %0 "-.) *4.)5

)%)T /+)#(#>.) % '%:.(#>.); Q0 #0/4%0%'(.89%) )%:-#'(%) . .3+&".:%0 $+# &%$+&0-4.".

/.&. )%& ./4#*.". %0 )#(-.89%) 0.#) :%'1&#*.)6 *+')#"%&.'"+ *.)+) "% /&+34%0.) A-% 'B+

)%,.0 4#'%.&0%'(% )%/.&D>%#) % /&+34%0.) *+0 0F4(#/4.) *4.))%);

Y.&. %7%0/4#H*.& + $-'*#+'.0%'(+ "+ *4.))#H*."+& LUS

 

*+')#"%&% -0 *+',-'(+ "%

"."+) D = {x1, x2, ...xl} =+'"% l &%/&%)%'(. + 'F0%&+ "% +3)%&>.89%)@; Q0 -0 /&+34%0.

"% *4.))#H*.8B+ 3#'D&#.6 +'"% *.". #')(I'*#. "% D /%&(%'*% . -0. *4.))% /+)#(#>. +-

'%:.(#>.6 "% 0+"+ A-% {xi, yi}, i = 1, ..., l6 (.4 A-% yi ∈ {+1,−1} % xi ∈ Rd
;
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" #$%&'&()* +&# ,-#./-0,&# %$'.$-0$-.$# &# 01&##$# %*#,.,2&# $ -$3&.,2&# 4 '$&1,5&+&

%*' 6$,* +* 7,%$'%1&-*8 " 9:;&()*  8<< &%'$#$-.& 0*6* #)* +$=-,+*# *# %*-.*# %&'&

* 7,%$'%1&-*8 >$#.& ?*'6&@ w 4 * 2$.*' %$'%$-+,0;1&' &* 7,%$'%1&-* $

|b|
‖w‖

$#.&A$1$0$ &

+,#./-0,& $-.'$ * 7,%$'%1&-* $ * %*-.* +$ *',3$68 " 9:;&()*  8< ,-+,0& :;$ ;6& 6&'3$6

+$=-$ &# ?'*-.$,'&# %&'& 0&+& 01&##$ $6 &6A*# *# 1&+*# +* 7,%$'%1&-*8

w.x+ b = 0 B 8<<C

yi(w.x+ b) ≥ 1 B 8< C

D# $E$6%1*# +* 0*-F;-.* +$ +&+*# +$ .'$,-&6$-.* :;$ +$=-$6 * 7,%$'%1&-*@ #&G

.,#?&5$6 & 9:;&()*  8< @ $#.)* 1*0&1,5&+*# #*A'$ &# ?'*-.$,'&# +&# 01&##$# $ 07&6&+*# +$

2$.*'$# +$ #;%*'.$8 D *AF$.,2* +* 01&##,=0&+*' 4 6&E,6,5&' & 6&'3$6 %*' 6$,* +* %*#,0,G

*-&6$-.* +* 7,%$'%1&-*

 

8 H ;#;&1 '$%'$#$-.&' * &13*'I.,6* +$ 0*-#.';()* +* 01&##,=0&+*'

JKL %*' 6;1.,%1,0&+*'$# +$ M&3'&-3$@ -$#.$ 0&#* αi8 " %*#,()* N.,6& +* 7,%$'%1&-* %*+$

#$' *A.,+& %*' 6&E,6,5&()*@ 0*-?*'6$ & 9:;&()*  8<O@ #;F$,.& &# '$#.',(P$# +&# 9:;&(P$#

 8<Q $  8<R8

∑

i

αi −
1

2

∑

i,j

αiαjyiyjxi.xj B 8<OC

w =
∑

i

αiyixi B 8<QC

∑

i

αiyi = 0 B 8<RC

D 1&+* +* 7,%$'%1&-* *-+$ $-0*-.'&G#$ ;6 -*2* $E$6%1* & #$' 01&##,=0&+* %*+$

#$' 0&10;1&+* %$1& 9:;&()*  8<S8 9-.'$.&-.*@ -$6 #$6%'$ *# +&+*# %*+$6 #$' #$%&'&+*#

%$'?$,.&6$-.$@ :;&-+* ,##* *0*''$ ;6& 2&',T2$1 +$ 0;#.* C 4 ,-.'*+;5,+& %&'& %$-&1,5&'

&# 01&##,=0&(P$# ,-0*''$.&# +* 0*-F;-.* +$ .'$,-&6$-.*8 9##& %$-&1,+&+$ $#.&A$1$0$ ;6&

'$#.',()* $6 '$1&()* &*# 6;1.,%1,0&+*'$# +$ M&3'&-3$@ +$ 6&-$,'& :;$ 0 ≤ αi ≤ C8

" U;-()* V$'-$1 1*0&1,5&+& -* -W01$* +* 01&##,=0&+*' JKL .$6 & ?;-()* +$ 6&%$&'

&# 0&'&0.$'I#.,0&# $6 ;6 $#%&(* +$ +,6$-#)* 6&,*'8 X*' $E$6%1*@ -& 9:;&()*  8<S

$E,#.$ & ?;-()* V$'-$1 K(x, xi)@ *-+$ x '$%'$#$-.& * 2$.*' +$ $-.'&+&@ xi *# $E$6%1*# +$

 

 !" #$%! &$ '$!#$("%) * +!,,-.$/ #!,(")" 01$ ) /)"21") &) #)"2$# *

|2|
‖w‖ $ 01$ ) #)"2$# &!

3%+$"+/)4! +!&$ ,$" #)5%#%6)&) #%4%#%6)4&! ‖w‖
2
,17$%(! ) "$,("%89! %#+!,() +$/) :01)89! ;<=;<
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"#$%&'($&") $ yi ' *+',,$ ',,)*%'-' ' *'-' $.$(/+)0

f(x) = sgn(
∑

i

αiyiK(x.xi) + b) 1 0234

5 67&89) :$#&$+ 7"%+%;'-' K(x, xi) < *)&=$*%-' *)() 67&89) :$#&$+ +%&$'#> /)%,

$&*)&"#' ) /#)-7") -), ?$")#$, -$ $&"#'-' $( 7( $,/'8) +%&$'#0 5+<( -' ,$/'#'89)

+%&$'# ' %(/+$($&"'89) -) *+',,%@*'-)# ABC /)-$ *)&"$(/+'# ' *+',,%@*'89) $( -'-),

&9) +%&$'#($&"$ ,$/'#D?$%,0 5, 67&8E$, -$ :$#&$+ &9) +%&$'#$, *)(7($&"$ 7"%+%;'-', ,9)

'  !"#!$ %!&#& '()*+#,) 1FGH4$ ' I)+J&)(%'+0

5, ABC, ,9) $@*';$, &' *+',,%@*'89) -$ *)&K7&") -$ -'-), L7$ ,9) +%&$'#($&"$

,$/'#D?$%,0 I'#' ), ?$")#$, *)( M#'&-$ &N($#) -$ *'#'*"$#O,"%*',> 7( ABC +%&$'# /)-$ ,$#

7"%+%;'-)0 H7&-'($&"'-) /$+) "$)#$(' -$ P)?$#
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S, ?'+)#$, -), #T"7+), $ ', /#)Q'Q%+%-'-$, $,"%('-', /)-$( ,$# '#(';$&'-',0 S

UVGABC 1P='&M $ U%&>  W2X4 7"%+%;' ) (<")-) /#)/),") /)# I+'""

!

/'#' *)&?$#"$# $,,'

,'O-' $( 7(' /#)Q'Q%+%-'-$0 Y$,"$ (<")-)> 7(' 67&89) ,%M(T%-$ $,"%('-' $(/%#%*'R
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$12.,0*&' ';2 (2)$2'"&' *+ /<1#2' 0=/+#' *+ 2$+1&>?+' 0;2@%#0+&1+'A $21 +B+)$%2A +) 1+*+'
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)#$#%; U#7'" C#)1' $'%1# -#"#$# &'()*&+,% -," .(&/0, $' #1+2#/0, /#%*+/#!#%

 

;

X#)# #("'&1#) , &E"'), $' 'R'"C4,% &# '1#C# $' 1)'+&#"'&1, $, ",$'4, (1+4+K

7#",% # 'R1)#/0, $' %(M+"#B'&% $# +"#B'" ,)+B+&#4; A "'1,$,4,B+# #$,1#$# %'B(' #%

'1#C#% C),C,%1#% C,) Y#.'"#&& '1 #4; 5=>?V@ ' )'#4+7# 1)#&%4#/Z'% $# +"#B'" ,)+B+&#4<

,M1'&$, (" &E"'), $' %(M+"#B'&%

!

; A C,%%+M+4+$#$' $' -,&%+$')#) (" &E"'), "#+,) $'

+"#B'&% 5"#+% 'R'"C4,% $+%1+&1,%@ C)'2+&' # ,-,))L&-+# $' %,M)'#F(%1' &# '1#C# $' 1)'+K

&#"'&1,; [&1)'1#&1,< '%%# -,&$+/0, ,-,))' '" 1'"C, $' 'R'-(/0, ' #, D&#4 $, C),-'%%,

, &E"'), $' +"#B'&% $' -,&F(&1, $' $#$,% P +B(#4 #, +&+-+#4;

A "'1,$,4,B+# C),C,%1# C,) Y#.'"#&& '1 #4; 5=>?V@< +&+-+#4"'&1'< )'#4+7# # 'R1)#K

/0, #4'#1J)+# $' %(M+"#B'&% # C#)1+) $' +"#B'&% $, -,&F(&1, $' 1)'+&#"'&1,; W ",$'4,

P 1)'+&#$, '" )'4#/0, # C#)1'% $# +"#B'"< -,&%+$')#&$, # $+"'&%0, $' .)#B"'&1,% +B(#+%

C#)# 1,$#% #% +"#B'&%; X#)# 1#&1,< P &'-'%%G)+# ("# '%1)#1PB+# C#)# $+2+$+) #% +"#B'&%

$' 1'%1' '" C#)1'%< 'R'-(1GK4#% C,) "'+, $, ",$'4, ' -,"M+&#) ,% )'%(41#$,%; A %,4(/0,

#$,1#$# .,+ %'4'-+,&#) ("# B)#$' $' %(M+"#B'&% '" )'4#/0, T +"#B'"< ,( %'F#< (1+4+7#) ,

-,&F(&1, $' 1,$#% #% %(M+"#B'&% &0, %,M)'C,%1#%;

X#)# # .#%' 1'%1'< #% %(M+"#B'&% %0, -,"M+&#$#% C#)# # +"#B'" +&1'+)#; \()#&1'

# 'R'-(/0, $, ",$'4,< -#$# %(M+"#B'" C,%%(+ ("# C),M#M+4+$#$' $' C')1'&-') # ("#

 

 !"#$%  !"#$%#& %! #'()%#'*'( & '()'(*("+,-, )%'. f(x) = 1/(1 + e−x).
!

/!012,3(2 & , +',-!#$% ),', % +('2% (2 1"345*. +*%&,-



 !

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

%#2%) 51&

 !

- 6#,$) 7/%&)8 ) */&0'()9:/ ;)%) 1&) '&)2#& "# $#,$# 3 /0$'") ") *+),,#

<1# &)='&'4) ) ,/&) "), ;%/0)0'+'")"#, #& $/"), ), ,10'&)2#(, "# 1&) '&)2#&-

>& ,?($#,#8 ) &#$/"/+/2') ;/"# ,#% "#,*%'$) ") ,#21'($# 7/%&)@ )A ;)"%/('4)9:/ "/

$)&)(B/ "), '&)2#(, ;)%)  C= C8 */& D *)()', "# */%#, (/ 7/%&)$/ EFGH 0A #=$%)9:/ "#

,10'&)2#(, "), '&)2#(, /%'2'()', I(#,$# *),/ / $)&)(B/ ") ,10'&)2#& 3 J # / $)&)(B/

") 0/%") "#,*/(,'"#%)") 3 CH *A $%#'()&#($/ "/ &/"#+/ */& '&)2#(, # ,10'&)2#(,H "A

1$'+'4)9:/ "/ */(K1($/ "# $#,$#,-

L+21&), )%<1'$#$1%), 7/%)& ) ;)%) ) '"#($'M*)9:/ "# #,;3*'#,- >,,), )%<1'$#$1%),

,:/ );%#,#($)"), () N'21%) C-OP # 7/%)& '(,;'%)"), (/, $%)0)+B/, "# IQ%'4B#R,ST # U'(V

$/(8 WPP!A8 IQ%'4B#R,ST #$ )+-8 WPOWA8 IX'%#,)( #$ )+-8 WPOWA- L )%<1'$#$1%) );%#,#($)")

() N'21%) C-OO 7/' ) <1# &)', ,# )");$/1 )/ ;%/0+#&) "# '"#($'M*)9:/ "# #,;3*'#, "#

;Y,,)%/,

  

-

N'21%) C-OP@ 6'7#%#($#, )%<1'$#$1%), )R)+')"), ;)%) %#"# (#1%)+ */(R/+1*'/()+ #&

%#+)9:/ Z '"#($'M*)9:/ "# #,;3*'#, "# ;Y,,)%/,-

 !

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

  

2 345+')(! 6 +$ "!,-. 60701 $4%!"!+*$ %!"89*$'." '! :7 !;!(8,<!" ! $ =$%)>+()$ .?*)'$ 4$%$ $" ()+(.

$%@8)*!*8%$" )+')($'$" +$ A)&8%$ /0:70 2" !;4!%)#!+*." '!"(%)*." +$" B$?!9$" 601 8*)9)C$# )#$&!+" '!

DE;DE  !"#$% ! ." )+')($'." +$ B$?!9$ 60F 8*)9)C$# )#$&!+" '! 1/;1/  !"#$%0



 !

"#$%&' ()**+ , '&-%#./.%&' '01.'0' 2'&' &/0/ 3/%&'4 513614%5#13'4)

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

, '71&0'$/8 '01.'0' 2'&' ' '2&/30#9'$/8 2&1:%30' %.#4#9' %8' &/0/ 3/%&'4 518

8;4.#24'< 5'8'0'<= 513:1&8/ 0/<5&#>?1 3' </>?1 @)A)@) B'&' 1 :%35#13'8/3.1 0/ %8'

&/0/ 3/%&'4 513614%5#13'4 C 3/5/<<D&#1 0/E3#& %8' '&-%#./.%&' / '4$%3< 2'&F8/.&1< 0/

'2&/30#9'$/8) , </>?1 ()A)* '2&/</3.1% ' '&-%#./.%&' 0' &/0/ -%/ 2/&8'3/5/&D EG') ,

</>?1 '.%'4 0/<5&/6/ 1< 2'&F8/.&1< 0/ '2&/30#9'$/8 -%/ 210/8 </& '4./&'01< /3-%'3.1

./<./< /G2/&#8/3.'#< <?1 &/'4#9'01< 2'&' /3513.&'& 1 8/4H1& 0/</82/3H1)

, "#$%&' ()*@ '2&/</3.' %8 &/<%81 01 2&15/<<1 0/ 54'<<#E5'>?1 2'&' %8' IJJ)

J/<./ 5'<1= 1 513K%3.1 0/ 0'01< C 0#6#0#01 /8 .&L< 513K%3.1<+ .&/#3'8/3.1= 6'4#0'>?1

M2'&./ 01 513K%3.1 0/ .&/#3'8/3.1N / ./<./) ,< #8'$/3< <?1 <%78/.#0'< O 8/.10141$#'

0/ $/&'>?1 0/ <%7#8'$/3<) , '&-%#./.%&' C #3#5#'4#9'0' 21& %8' 5'8'0' 513614%5#13'4=

</$%#0' 0/ 5'8'0' 0/ '$&%2'8/3.1= / 5'8'0'< 513/5.'0'< 415'48/3./) , 5'8'0' .1.'4P

8/3./ 513/5.'0' &/5/7/ 5181 /3.&'0' 1< 2/<1< 0' 5'8'0' 513614%5#13'4 #3#5#'4#9'01< 518

 ! "#$%&%%%') , <'Q0' 0/<<' 5'8'0' C #$%'4 O -%'3.#0'0/ 0/ 54'<</< -%/ 1 2&174/8' 4/6'

/8 513.') R 2'&F8/.&1 ()*+,-. #30#5' 1 %<1 0/ %8' :%3>?1 -+/"012) , :%3>?1 -+/"012

:1# 0/.'4H'0' 3' </>?1 @)A)*)

"#$%&' ()*@+ S#<?1 $/&'4 01 2&15/<<1 0/ #0/3.#E5'>?1 0/ /<2C5#/< 21& 8/#1 0/

IJJ)

, &/0/ C .&/#3'0' 21& 8/#1 01 8C.101 $&'0#/3./ 0/<5/30/3./ /<.15D<.#51= %8 '4P

$1&#.81 /G/5%.' #./&'.#6'8/3./ 2/-%/31< 2'<<1< /8 0#&/>?1 O 0#8#3%#>?1 01 /&&1= </301

0/E3#01 21& %8' :%3>?1 0/ 2/&0' / '4$%3< 2'&F8/.&1< '0#5#13'#<) B'&' #<<1 513<#0/&'P</



 !

"#$ %& '('%& '$ )*$+,(-$,)% &$.(- (/(0+('%& 1%* #-( 2#,34% '$ 1$*'(5 6 (07%*+)-%

 !"#$%&$!'!()&* 8 #&('% '( -$&-( 2%*-( 9%-% $- #-( *$'$ )%)(0-$,)$ 9%,$9)('(5 :

*$'$ ,$#*(0 9%,/%0#9+%,(0 '$/$ '$;,+* #-( 2#,34% %<.$)+/% 1(*( %)+-+=(34%> ,$&)$ 9(&% (

2#,34% #)+0+=('( 8 ( *$7*$&&4% 0%7?&)+9(5 6& 1(*@-$)*%& +,&'$%& - $ +"&.(/,&'%0'- 9%,&+'$A

*(- '%+& /(0%*$&B %& *C)#0%& *$(+& $ (& 1*%<(<+0+'('$& $&)+-('(&5 6& 1(*@-$)*%& '$ 9#&)%&

#)+0+=(- #- 9%$;9+$,)$ $&9(0(* 1(*( 2#,34% %<.$)+/%5 D&&% 2%*,$9$ #-( -(,$+*( 2E9+0 '$

(.#&)(* ( )(F( '$ (1*$,'+=(7$- 70%<(0 '( *$'$5 6& 1*+,9+1(+& 1(*@-$)*%& '$ (1*$,'+=(A

7$- #)+0+=('%& &4%> G*+=H$/&IJ KLM!NOB +0$.1 2 34335- 2 )(F( '$ (1*$,'+=(7$- 1(*(

1$&%&P +0$.6 2 34337- 2 )(F( '$ (1*$,'+=(7$- 1(*(  )!. P +8&81 2 349-2 8&80*(:8

1(*( 1$&%&P +8&86 2 349-2 8&80*(:8 1(*(  )!. P +;" 2 3 QR *$7#0(*+=(34% '% )+1% SLP

+<%&$&:( QR M5T R /(0%* '$ (<(,'%,%5

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

: 9%-<+,(34% '$ 90(&&+;9('%*$& )$- 9%-% %<.$)+/% 9$,)*(0 <#&9(* % -$0H%* 9%,A

.#,)% '$ 90(&&+;9('%*$&> <$- 9%-% % -$0H%* -8)%'% '$ 9%-<+,(34% '$&&$& 9%,.#,)%&5

: /+(<+0+'('$ '$&)(& $&)*()87+(& &$ (1*$&$,)( ,( -$0H%*( '%& *$&#0)('%& ,( 9%-<+,(34%

$- *$0(34% (% *$&#0)('% %<)+'% 1$0%& 90(&&+;9('%*$& +,'+/+'#(+&5 :& 1%&&?/$+& -(,$+*(&

'$ 9%-<+,(* &(?'(& '$ L 90(&&+;9('%*$& $- 9%,.#,)%& '$1$,'$- '(& +,2%*-(3U$& %<)+'(&

1%* -$+% '%& 90(&&+;9('%*$& +,'+/+'#(+&5 V$&)$ )*(<(0H%> 9%,&+'$*(-%&B +O L = 7 K)%'%&

%& 90(&&+;9('%*$& +,'+/+'#(+&OP ++O L = 3 K%& )*W& -$0H%*$& '$&$-1$,H%& +,'+/+'#(+&OP +++O

L = 2 K%& '%+& -$0H%*$& '$&$-1$,H%& +,'+/+'#(+&O5 :08- '+&&%> '#(& 2%*-(& '$ 9%-<+,(A

34%B +O ,% ,?/$0 '$ -$'+'(> "#$ 9%,&+'$*( ( 9%,;(,3( ()*+<#?'( ( 9('( 90(&&$5 V$&)$ ,?/$0

2%*(- +-10$-$,)('(& (& $&)*()87+(&B -EF+-%> &%-(> 1*%'#)%> &%-( 1%,'$*('( $ 1*%'#)%

1%,'$*('%P ++O $- ,?/$0 (<&)*()%> "#(,'% 9('( 90(&&+;9('%* 1*%'#= #- *C)#0%5 X%* -$+%

'$&)$& *C)#0%& &4% +-10$-$,)('%& % 6*E9#0%> /%)% -(.%*+)E*+% *$0(9+%,('% Y -$'+'( $&)(A

)?&)+9( -%'(> /%)% -(.%*+)E*+% 1%,'$*('% 1$0( )(F( '$ (9$*)% '% 90(&&+;9('%* +,'+/+'#(0

$ % /%)% -(.%*+)E*+% 1%,'$*('% 1$0% )+1% '$ 9(*()$*?&)+9( #)+0+=('( K9%*> )$F)#*(> $)9O5

Z-( (<%*'(7$- 1(*( ( 9%-<+,(34% '$ 90(&&+;9('%*$& 8 ( 2#&4% '$ *C)#0%& '$ 90(&&$&

1*$'+)(& 1%* #- 90(&&+;9('%*5 [&&$ )+1% '$ 2#&4% (&&#-$ "#$ % 90(&&+;9('%* 9%,H$9$ )%'%

% $&1(3% '$ 9(*(9)$*?&)+9(& $ ( 90(&&+;9(34% 1%'$ &$* *$&#0)('% '$ #-( %1+,+4% 9%0$)+/(5

:&&+-> &$,'% D1, D2, ...DL #- 9%,.#,)% '$ L 90(&&+;9('%*$&> 8 1%&&?/$0 %<)$* '+2$*$,)$&

)+1%& '$ &(?'(& 1(*( $&&$ 9%,.#,)% KG#,9H$/(> LMM OB

• =>?0, ! .(%!(& B Di, i = 1, 2, ..., L 1*%'#= #- *C)#0% Si ∈ Ω = w1, w2, ..., wc 9%,.#,)%

'$ 90(&&$&5 X%*)(,)%> 1(*( "#(0"#$* X ∈ Rn
> ( 9%0$34% 1*%'#= #- /$)%* S =



 !

[S1, S2, ...S
t
L] ∈ Ωt

"

•  !"#$ %# &#%'%( # $%&% Di i = 1, 2, ..., L' ()*&+, +- ./0*) [di, 1di, 2...di, c]
t
&/ -/1

&2&%3 /40)/ [0, 1] 5+/ )/()/3/40%- * 3+(*)0/ (%)% % 62(70/3/ 5+/ x 3/8% &% $9%33/

wj, j = 1, 2, ..., c"

•  !"#$ )*+,-$) # : +3%&* $*- z1
 !

(%)% ./)2;$%) 3/ Di ()*&+, % 3%<&% $*))/0% *+

24$*))/0% (%)% X" =/30/ $%3*' * $*48+40* ()*&+, +- ./0*) [y1, y2, ...y
t
L] &/ .%9*)/3

>24?)2*3 y1 ∈ 0, 1, i = 1, 2, ...L 5+/ 24&2$%- +-% $9%332;$%@A* $*))/0% *+ 24$*))/0%" B

*)?$+9* $*40%>292,% $9%332;$%@A* $*))/0% 4*3 $%3*3 /- 5+/ (/9* -/4*3 +- Di 24&25+/

$9%332;$%@A* $*))/0%"

C%)% 2-(9/-/40%) )/D)%3 &/ &/$23A*' 4* 4<./9 &/ -/&2&%3' %33+-2-*3 +- ./0*) %.

%'&#/0')/($ &/ $%)%$0/)<302$%3' x / c $9%33/3 (*33<./23' )*0+9%&%3 ω1 % ωc *)D%42,%&* $*-*

+- $*48+40* &/ )70+9*3" E/ F*)-% 5+/ +- $*48+40* &/ k $9%332;$%&*)/3 D1...Dk *4&/

$%&% $9%332;$%&*) Di ()*&+, 4% 3%<&% [PDi(ω1|x), PDi(ω2|x), ..., PDi(ωj|x)]' *4&/ PDi(ωj|x)

)/()/3/40% * 3+(*)0/ (%)% 5+/ 62(70/3/ &/ 5+/ * ./0*) x 3/8% &% $9%33/ wj" G3 3/D+240/3

)/D)%3 &/ &/$23A* (*&/- 3/) %&*0%&%3#

• Max# % $9%33/ $*- * 4<./9 &/ $*4;%4@% -%23 /9/.%&* : % ./4$/&*)%" H*4F*)-/ %

I5+%@A* J"K#

ω̂ = arg maxPDi(ω|x)

i ∈ [1, k]

ω ∈ Ω LJ"KM

• Sum# >%3/%&% 4* 3*-%07)2* &*3 4<./23 &/ $*4;%4@% F*)4/$2&*3 (/9*3 $9%332;$%&*)/3"

B3 4<./23 &/ $*4;%4@% 3A* 3*-%&*3 (%)% $%&% $9%33/ / % $9%33/ $+8% 3*-% )/3+90%40/

F*) % -%23 /9/.%&% : &/$9%)%&% ./4$/&*)%" H*4F*)-/ % I5+%@A* J"!"

ω̂ = arg max
k∑

i=1

PDi(ω|x)

ω ∈ Ω LJ"!M

• Prod# >%3/%&% 4% -+902(92$%@A* &*3 4<./23 &/ $*4;%4@% F*)4/$2&*3 (/9*3 $9%332;$%1

&*)/3" B3 4<./23 &/ $*4;%4@% 3A* -+902(92$%&*3 (%)% $%&% $9%33/' / % $9%33/ $+8*

 !

 !"#$ %& '&()*(#& Z+ ,$(%& -*$ Z = {z1, ..., zN}, zj ∈ Rn
$ '&(.$'$ &/ "0#*1&/ 2!"! #&%&/ &/ 3!1&"$/

zj +



 !

"#$%&'$ #()&*'+,'( -$# $ .+/) (*(0+%$1 2 %(3*+#+%+ 0(,3(%$#+4 5$,-$#.( + 67&+89$

:4!4

ω̂ = arg max
k∏

i=1

PDi(ω|x)

ω ∈ Ω ;:4!<

• wSum= 2 "$))>0(* +%/3/$,+# "()$) ?) )+>%+) %$) 3*+))/@3+%$#()4 A()'( 3+)$1 $ ,>0(*

%( 3$,@+,8+ %( 3+%+ 3*+))/@3+%$# 2 .&*'/"*/3+%$ "$# k "()$) wi1 ( $) "()$) )9$

()"(3>@3$) "+#+ 3+%+ 3*+))/@3+%$#4 5$,-$#.( + 67&+89$ :4:4

ω̂ = arg max
k∑

i=1

wiPDi(ω|x)

ω ∈ Ω ;:4:<

• wProd= )(B&( $ .().$ "#$3(%/.(,'$ %+ )$.+ "$,%(#+%+4 5$,-$#.( + 67&+89$:4C4

ω̂ = arg max
k∏

i=1

[PDi(ω|x)]
wi

ω ∈ Ω ;:4C<

D) #(B#+) %( 3$.E/,+89$ +%$'+%+) "+#+ +) )+>%+) ,$ ,>0(* +E)'#+'$ 3$##()"$,%(.

+$ 0$'$ %+ .+/$#/+1 $& 0$'$ .+F$#/'G#/$4 D) ()'#+'2B/+) )/."*() ( 3$."&'+3/$,+*.(,'(

(@3/(,'()1 3$,)/)'/,%$ +"(,+) %( 3$,'+B(. %$ ,H.(#$ %( 3*+))/@3+%$#() 7&( #('$#,+#+.

+ &.+ %('(#./,+%+ 3*+))(4 A())( 3+)$1 )(#G 0(,3(%$#+ + 3*+))( 7&( #(3(E( .+/$# ,H.(#$

%( 0$'$) %$) 3*+))/@3+%$#()4 I '#+E+*J$ 3$. #K'&*$) ,$ ,>0(* +E)'#+'$1 %( 3(#'+ -$#.+

#()'#/,B( $ ,H.(#$ %( -&)L() 7&( "$%(. )(# #(+*/M+%+) (1 3$,)(7&(,'(.(,'(1 +) 3$,3*&)L()

7&( "$%(. $E'/%+)4 I 0$'$ .+F$#/'G#/$ )( +"#()(,'+ 3$.$ &.+ +*'(#,+'/0+ 0/G0(* "+#+ +

0(#/@3+89$ %( #(B#+) ,())() 3+)$)4

D -&)9$ "$# 0$'$ .+F$#/'G#/$ "$%( )(# -$#.+*/M+%+ %+ )(B&/,'( -$#.+1 )(,%$=

[di,1, di,2, ...d
t
i,c] &. 0('$# 7&( di,j ∈ 0, 1 /,%/3+ + )+>%+ %$ 3*+))/@3+%$# Di, i = 1, 2, ..., L

3$. #(*+89$ + &.+ +.$)'#+ x "(#'(,3(# $& ,9$ + &.+ 3*+))( ωj, j = 1, 2, ..., c $ 0$'$

.+F$#/'G#/$ "$%( ()3$*J(# + 3*+))( ωk 3$,-$#.( + 67&+89$ :4N=

gk(x) =
L∑

i=1

di,k =
c

max
j=1

{gj(x) =
L∑

i=1

di,j} ;:4N<

D %(3/)9$ @,+* "$%(#G *(0+# (. 3$,'+ &.+ 3*+))( (O'#+ ωc+1 "+#+ ,(,J&.+ %+)



 !

"#$%&'"$()"*+ ,-"'./ " 0%.(." '1/ -#$&"2"**" -0 #(0("& αL, 0 < α ≤ 1 2"&" " 3#"**% ωk4

5%'./ " .%3(*1/ 6'"# %72&%**" '" 8,-"91/ !4 :




ωk, *%

∑L
i=1 .i,k ≥ αL

ωc+1 3"*/ 3/'$&;&(/4

<!4 =

>-"'./ x = 1
2
+ ∈, 0 <∈< 1

L
$%0/* " 0"(/&(" *(02#%*+ /- *%?" @ABCD ./* )/$/*4

>-"'./ α = 1 %7(*$% " -'"'(0(.".%4

E (02#%0%'$"91/ ." &%F&" ,-% 3/'*(.%&" / )/$/ 0"?/&($;&(/ 2/'.%&"./ G ('.(3"."

,-"'./ /* 3#"**(63"./&%* '/ 3/'?-'$/ '1/ "2&%*%'$"0 .%*%02%'H/ *(0(#"&+ 3"*/ %0 ,-%

/ 3#"**(63"./& 0"(* 3/02%$%'$% 2/.%&; ('.(3"& " .%3(*1/ 6'"# 2"&" / )/$/ ./ 3/'?-'$/4

>-"'./ / )/$/ 0"?/&($;&(/ 2/'.%&"./ G -$(#(I"./ " 8,-"91/ !4J 2&%3(*" *%& "#$%&"." 2"&"

!4K4 L'.% wi G 3/%63(%'$% .% 2%*/ 2"&" / 3#"**(63"./& Di4 M/& 3/')%'91/+
∑L

i=1 wi = 1 %

wiαpi <pi G " 2&/N"N(#(.".% .% "3%&$/ ./ 3#"**(63"./& Di=4

gk(x) =
L∑

i=1

di,k =
c

max
j=1

{gj(x) =
L∑

i=1

widi,j} <!4K=
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4 $"%+*N& .$ 0-0%0&, +" $/'$,01$-#+" %+1 + %+-;)-#+ <=> ?@@ .$9$B"$ &+ O&#+ .$

C)$ &*D)-" #,&:&*N+" -& *0#$,&#),& ,$'+,#&,$1 ,$")*#&.+" '&,& $""$ %+-;)-#+ .$ .&.+"3

!""$" #,&:&*N+" O+,&1 )#0*02&.+" %+1+ "0"#$1& .$ ,$O$,P-%0& '&,& +" ,$")*#&.+" ',$*010B

-&,$" .$""& '$"C)0"&3 Q+ $-#&-#+A $1 %),#+ '$,(+.+ .$ #$1'+A "),D0,&1 #,&:&*N+" C)$

,$'+,#&9&1 ,$")*#&.+" '&,& & <=> ?@@ ?@88 $ O+0 '+""(9$* $"#&:$*$%$, )1 -+9+ "0"#$1&

.$ ,$O$,P-%0&3 4*E1 .0""+A + &)1$-#+ .& C)&-#0.&.$ .$ 01&D$-" '+, %*&""$" -& "$D)-.&

9$,"6+ .+ %+-;)-#+" .$ .&.+"A "$,0& O)-.&1$-#&* '&,& & ,$&*02&56+ .+" -+9+" $/'$,01$-#+"3

R" ,$")*#&.+" "6+ $/',$""+" .$ O+,1& ',+D,$""09& 0-0%0&*1$-#$ '&,& ? %*&""$"A M %*&"B

"$"A 8S %*&""$"A M@ %*&""$" $ + %+-;)-#+ +,0D0-&* %+1 ?@@ %*&""$"3 4 O+,1& .$ &',$"$-#&56+

%+-"0.$,& H"):%+-;)-#+" %+1 1$-+, -T1$,+ .$ $"'E%0$"3 Q$""$" %&"+"A & ',+:*$1&#02&56+

,$*&%0+-&.& & D,&-)*&,0.&.$ G-&A -6+ G%& #6+ $90.$-#$A '$*+ O&#+ .$ C)$ &0-.& E '+""(9$*

'$,%$:$, &*D)1&" .0O$,$-5&" .0"%,010-&-#$" $-#,$ &" %*&""$" U$"'E%0$"V3 !-#,$#&-#+A '&,&

+" %+-;)-#+" .$ M@ $ ?@@ %*&""$"A & %+-.056+ .$ D,&-)*&,0.&.$ G-& $"#J %+1'*$#&1$-#$

',$"$-#$A & C)&* $/0D$ + #,&#&1$-#+ .$ .0O$,$-5&" ")#0" $-#,$ &" %*&""$"3 W""+ 01'*0%&

.0,$#&1$-#$ -+" ,$")*#&.+" .$"%,0#+" $ #&1:E1 O+0 +:;$#+ .$ $"#).+ .$"#$ #,&:&*N+3

R 4'P-.0%$ < &',$"$-#& +)#,&" O+,1&" .$ +,D&-02&56+ .$ "):%+-;)-#+" .$ .&.+"

$ .0"%)#$ 01'&%#+ .+" ,$")*#&.+" +:#0.+" '+, 1$0+ .$ "):%+-;)-#+" .$ .&.+" &*$&#X,0+"

U+,D&-02&56+ )#0*02&.& '&,& &',$"$-#&, +" ,$")*#&.+" -+ .$%+,,$, .$"#$ %&'(#)*+VA %+-;)-#+"

"010*&,$" UO+,5&-.+ & ',$"$-5& .$ D,&-)*&,0.&.$ G-& '+, 1$0+ .$ $"'E%0$" '$,#$-%$-#$" &



 !

"#$"% &%"'()%* # +,-./-0,$ -1, $)")(%2#$ 3$#" 4/%(4/#2 $)")(%2)5%5# 6)$/%(*7 8%2% 97 : #

;< +(%$$#$=

 !" #$%&'()*+% ,)-) ./0 122

>$0% $#?1, 0#" +,", 82)-+)8%( ,@.#0)6, %82#$#-0%2 ,$ 2#$/(0%5,$ 5,$ #A8#2)"#-0,$

)-)+)%)$7 +,-5/B)5,$ 8%2% %6%()%2 )$,(%5%"#-0# %$ +%2%+0#2'$0)+%$ 5# +,2#$ # 0#A0/2%$= C,5,$

,$ 2#$/(0%5,$ 5#$+2)0,$ -#$0% $#?1, $1, ,@0)5,$ 8,2 "#), 5, +,-./-0, 5# 5%5,$ DEF 9GG

4/# 8,$$/) H=GII )"%J#-$ 5# 9GG #$8K+)#$= L%2% +%5% #$8K+)#7 #$01, 5)$8,-'6#)$ 5# 9G

% MG %",$02%$= >-02#0%-0,7 #" +%$,$ #" 4/# %$ +(%$$#$ 8,$$/#" 8,/+,$ #A#"8(,$ $1,

+,-$)5#2%5%$ 8#(, "#-,$ ;: %",$02%$ 5# +%5% +(%$$# 8%2% % #0%8% 5# 02#)-%"#-0,= >$$%

8%2%"#02)B%?1, &,) #$0%@#(#+)5% 8#(, 02%@%(N, 5# O#()-5#2 #0 %(= 39G;G* $#-5, $#J/)5%

8#(,$ 5#"%)$ 02%@%(N,$ 4/# 2#8,20%" 2#$/(0%5,$ 8%2% #$$# +,-./-0, 5# 5%5,$=

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

>$0% $#?1, %82#$#-0% ,$ 2#$/(0%5,$ ,@0)5,$ #A+(/$)6%"#-0# 8,2 "#), 5# +%2%+0#2'$P

0)+%$ 5# +,2= Q ,@.#0)6, 82)-+)8%( K %6%()%2 , +,"8,20%"#-0, 5% +%2%+0#2'$0)+% +,2 #" 5/%$

+,-5)?R#$S #A02%?1, 5# +%2%+0#2'$0)+%$ 5% )"%J#" )-0#)2%7 ,/ $#.%7 $#" % %8()+%?1, 5# $#JP

"#-0%?1, #7 #" $#J/)5%7 +," % %8()+%?1, 5# /"% %@,25%J#" 5# $#J"#-0%?1, @%$#%5% #"

+,2#$= T5)+),-%("#-0#7 K 2#%()B%5% /"% 6#2)U+%?1, 5% #U+V+)% 5, "K0,5, 5# $#J"#-0%?1,

82,8,$0, #" 2#(%?1, W$ )"%J#-$ 5, +,-./-0, 5# 5%5,$=

Q$ 6#0,2#$ 5# +%2%+0#2'$0)+%$ &,2%" ,@0)5,$ 8,2 "#), 5# N)$0,J2%"%$ 4/# J#2%" /"%

2#82#$#-0%?1, +,"8%+0% 5% )"%J#" 3+%5%  !"#$ K %$$,+)%5, % /"% +,2* #" /" -X"#2, 82KP

5#U-)5, 5# &%)A%$ 3-#$0# #A8#2)"#-0, ;G 8%2% +%5% +%-%( 4/# #" $#J/)5% $1, +,-+%0#-%5%$

8%2% &,2"%2 , 6#0,27 +,-&,2"# &,) 5#$+2)0, -, +%8'0/(, M -% $/@$#?1, M=M=;=;*= E"% +,2

8,5# $#2 5#$+2)0% 5# 5)&#2#-0#$ &,2"%$7 5#8#-5#-5, 5, #$8%?, 5# +,2 /0)()B%5,= Y#$0#

#A8#2)"#-0, $1, /0)()B%5,$ ,$ #$8%?,$ 5# +,2#$ Z[\ # ]^F 8%2% )"%J#-$ $#J"#-0%5%$ #

-1, $#J"#-0%5%$=

Q 82)"#)2, #A8#2)"#-0, +,-$)5#2% % )"%J#" +,"8(#0% 3% +,2 82#$#-0# -% )"%J#"

K #A02%'5% )-5#8#-5#-0# 5# 8#20#-+#2 %, 8V$$%2, ,/ %, &/-5,*= Q $#J/-5, #A8#2)"#-0,

%8()+% % $#J"#-0%?1, @%$#%5% #" +,2#$ %-0#$ 5% #A02%?1, 5# +%2%+0#2'$0)+%$ # 5#$0% &,2"%

,+,22# /"% $#8%2%?1, #-02% %$ +,2#$ 5, 8V$$%2, # %$ +,2#$ 8#20#-+#-0#$ %, &/-5,7 8,$$)@)()P

0%-5, 4/# %$ +,2#$ 5, 8V$$%2, 8%20)+)8#" 5, 82,+#5)"#-0, 5# #A02%?1, 5# +%2%+0#2'$0)+%$=

>" %"@,$ ,$ +%$,$ , 6#0,2 K +,"8,$0, 8#(% +,-+%0#-%?1, 5,$ 02_$ +%-%)$ ]^F ,/ Z[\=

T C%@#(% H=; %82#$#-0% ,$ 2#$/(0%5,$ 5% %@,25%J#" @%$#%5% #A+(/$)6%"#-0# #"



 !

"#$%&' ( ")*&&+,"*-#$ ./+)+0*-# 1 234 "#5  !"#!$ %&'(&$ )&*(* +,#-.(/# % #/+5+0*67#

8*$* #& 8*$95%/$#& -% ".&/# % 0&11& 8#$ 5%+# -% 0"(' *!&"-2 %5 $%)*67# *# "#:;.:/# -%

/$%+:*5%:/# "#5 *8)+"*67# -% <*)+-*67# "$.0*-* -% "+:"# 8*$/+6=%&'

>*?%)* @'AB C%&.5# -* ")*&&+,"*67# -% %&81"+% -% 8D&&*$#& ./+)+0*:-# "*$*"/%$E&/+"*& -%

"#$%& 8*$* FGHGAI % F!! ")*&&%&'

>*J* -% "#$$%/* ")*&&+,"*67# KLM

2%5 &%N5%:/*67# O#5 &%N5%:/*67#

P&8*6# -% "#$ F H AI F!! F H AI F!!

Q23 RSGRF TIG!F FHG!H RGAI  FG@T TRGST FHG@S RG@!

CUV ISGHS S G!I A@G @ TGA@ IIG T T!GS ARGTR @GR@

W5 -#& #?;%/+<#& -%&&% %J8%$+5%:/# 1 *<*)+*$ # +58*"/# -* &%N5%:/*67# :* ")*&X

&+,"*67#' Y*$* 5%:&.$*$ * %,"D"+* -# 51/#-# -% &%N5%:/*67# 8$#8#&/#G *& +5*N%:&

&%N5%:/*-*& 8%)# *)N#$+/5# 8$#8#&/# &7# "#58*$*-*& Z &%N5%:/*67# *8$#J+5*-* -+&8#X

:+?+)+0*-* ;.:/*5%:/% "#5 # "#:;.:/# -% -*-#& OWV F!!' O#5# *& +5*N%:& -# "#:;.:/#

8#&&.%5 -+5%:&=%& -+[%$%:/%&G .5 8%$"%:/.*) -% )*$N.$* 8*$* * ?#$-* -% <%$+,"*67# -%

"#$%& [#+ -%,:+-# :* \#$+0#:/*) % :* <%$/+"*) 8*$* $%8$%&%:/*$ *& "#$%& -# [.:-#' >%&/%&

[#$*5 $%*)+0*-#& "#5 8%$"%:/.*+& -% FL * A!L -% )*$N.$*G +:-%8%:-%:/% -*& -+5%:&=%&

-* +5*N%5 8*$* .5 +-%:/+,"*-#$ -# <*)#$ 5*+& *-%].*-# 8*$* # 8$#?)%5*' ^ >*?%)* @'F

*8$%&%:/* #& $%&.)/*-#& -* *<*)+*67# -# 51/#-# -% &%N5%:/*67# 8$#8#&/#G "#:&+-%$*:-#

FL -% )*$N.$* -% ?#$-*'

>*?%)* @'FB >*J* -% "#$$%/* &%N5%:/*67# 8*$* # 51/#-# -% &%N5%:/*67# 8$#8#&/# %5

$%)*67# *# "#:;.:/# -% /%&/% -% F!! %&81"+%& "#5 .5 /#/*) -% S'!SS *5#&/$*&'

P&8*6# -% "#$ >*J* -% &%N5%:/*67# KLM

CUV IAG!!

Q23 IHG!!

^ 8$+5%+$* "#:").&7# #?/+-*G 8#$ 5%+# -* *:D)+&% -#& $%&.)/*-#&G *8#:/* ].% *& "*X

$*"/%$E&/+"*& -% "#$ :7# &7# -+&"$+5+:*/+<*& # &.,"+%:/% 8*$* )+-*$ "#5 .5 N$*:-% :_5%$#

-% ")*&&%& 8*$* # 8$#?)%5* -% ")*&&+,"*67# -% %&81"+%& -% 8D&&*$#&' `.*:/# Z &%N5%:/*X

67#G 8%$"%?%X&% .5 +58*"/# [*<#$D<%) &#?$% *& /*J*& -% ")*&&+,"*67#G 8$#8#$"+#:*:-# .5

*.5%:/# -% RGRFL :* /*J* -% ")*&&+,"*67# -% -.*& ")*&&%&G 5*& %&&% +58*"/# :7# 1 /7#

&+N:+,"*/+<# ].*:-# # :_5%$# -% ")*&&%& *.5%:/*G */+:N+:-# !GTS L 8*$* # "#:;.:/# -%

F!! ")*&&%&' ^)15 -+&&#G ].*:-# &% "#58*$*5 #& $%&.)/*-#& *)"*:6*-#& 8%)#& %&8*6#& -%

"#$ CUV % Q23G #& 5%)\#$%& $%&.)/*-#& [#$*5 #?/+-#& ./+)+0*:-# # %&8*6# -% "#$ Q23' ^

-+[%$%:6* :* /*J* -% ")*&&+,"*67# <*$+* -% A!GF L 8*$* -.*& ")*&&%& */1 AGITL 8*$* F!!

")*&&%&'



 !

" #$%&'$ ()* +,-./$ ,- /&-0'.$1,- 1$ -&2031$ $%,/1$2&+ 1& 4'$--564$78,9 ,31& $-

4$/$4.&/:-.54$- &;./$:1$- 1& 4$1$ 4$3$' 1$ 5+$2&+ -8, 0.5'5<$1$- 5315=510$'+&3.& 4,+,

=&.,/ 1& 4$/$4.&/:-.54$-9 ,0 -&>$ ,- /&-0'.$1,- ,%.51,- 4,+ ,- =&.,/&- PH 9 PS9 PV ) "?&3$-

,- /&-0'.$1,- ?$/$ , &-?$7, @AB -8, $?/&-&3.$1,- 3&-.$ .$%&'$9 0+$ =&< C0& &--& &-?$7,

-&+?/& ,%.&=& +&'D,/&- .$;$- 1& 4,//&.$ 4'$--564$78,) E--&- /&-0'.$1,- -8, 53.&/&--$3.&-

?,/C0&9 3&--& 4$-,9 0-$F-& +&3,- 53G,/+$78, ?$/$ $ 4'$--564$78, 1& &-?H45&- 1& ?I--$/,- 1,

C0& $ $%,/1$2&+ $3.&/5,/9 C0& 0.5'5<$ 0+ =&.,/ 1& 4$/$4.&/:-.54$- C0& 4,34$.&3$ ./J- 4$3$5-

1$ 5+$2&+) K, &3.$3.,9 ,- /&-0'.$1,- $?/&-&3.$1,- 3$ #$%&'$ ()* 38, -8, -0?&/5,/&- $,-

/&-0'.$1,- $?/&-&3.$1,- 3$ #$%&'$ ()!)

#$%&'$ ()*L M&-0+, 1$ 4'$--564$78, 1& &-?H45& 1& ?I--$/,-9 0.5'5<$31, ,- 4$3$5- @9 A & B

-&?$/$1$+&3.&)

#$;$ 1& 4,//&.$ 4'$--564$78, NOP

Q$3$5- 1, &-?$7, 1& 4,/ @AB R S !T RUU

PH VR9*S WS9U* RU9WR (9(U

PS TT9 W WR9*V !S9RR W9*W

PV T 9W! WR9*V !U9(U R9VT

" 4'$--564$78, ?,/ +&5, 1& ABX- ?,1& 2&/$/ &-.5+$.5=$- 1& ?/,%$%5'51$1&- $ ?,-F

.&/5,/5 /&'$45,3$1$- $, 2/$0 1& 4,36$37$ 1& 0+$ 1&.&/+53$1$ $+,-./$ ?&/.&34&/ $ 0+$

4'$--&) E--$- ?/,%$%5'51$1&- ?,1&+ -&/ 4,+%53$1$- 4,3-51&/$31, $- /&2/$-L Max N=$',/

+I;5+,P9 Sum N-,+$P9 Prod N?/,10.,P9 WSum N-,+$ ?,31&/$1$P & WProd N?/,10.,

?,31&/$1,P)

" #$%&'$ ()W +,-./$ ,- /&-0'.$1,- ,%.51,- $./$=H- 1$ 4,+%53$78, 1$ -$:1$ 1,-

4'$--564$1,/&- ?$/$ ,- 4$3$5- @9 A & B9 ?,/ +&5, 1$- /&2/$- >I 45.$1$-) Y- /&-0'.$1,- +,-F

./$1,- 3$ #$%&'$ ()W C0$31, 4,+?$/$1,- $,- $?/&-&3.$1,- 3$ #$%&'$ ()! $?,3.$+ C0& ,

-&2031, +H.,1, 1& 4'$--564$78, -Z -0?&/$ , ?/5+&5/, +H.,1, 1& 4'$--564$78, C0$31, -8,

4,3-51&/$1$- S 4'$--&-) [$/$ .,1,- ,- ,0./,- 4$-,-9 $ ?/5+&5/$ $%,/1$2&+ 1& 4'$--564$78,

$'4$37$ ,- +&'D,/&- /&-0'.$1,-) \-., 53154$9 $ -&2031$ 4,34'0-8, ?$/$ &-.& &;?&/5+&3.,L $

-&?$/$78, 1, =&.,/ 1& 4$/$4.&/:-.54$- & $ 4,+%53$78, 1,- 4'$--564$1,/&- ?,1& 38, -&/ $1&F

C0$1$ ?$/$ '51$/ 4,+ , ?/,%'&+$ 1& 4'$--564$78, 1& &-?H45&- C0$31, 1&-4/5.,/&- &;4'0-5=,-

1& 4,/&- -8, $%,/1$1,-)

K,- &;?&/5+&3.,- C0& ?,1&+ $=$'5$/ , 5+?$4., 1, +H.,1, 1& -&2+&3.$78, ?,/

4,/ &+ 5+$2&3-9 ?&/4&%&F-& C0& &;5-.& 0+ 5+?$4., 1$ -&2+&3.$78, 3,- /&-0'.$1,- 1&

4'$--564$78,) "+%,- ,- &-?$7,- 1& 4,/ @AB & M]^9 4,3-&20&+ -&2+&3.$/ 4,//&.$+&3.&9

+$5- 1& TUO 1,-  !"#$%) Q,3.01,9 & , 5+?$4., &+ /&'$78, $ 4'$--564$78, 1& &-?H45&- 1&

?I--$/,- 38, ?,1& -&/ 4,3-51&/$1, /&'&=$3.&9 1&=51, _ %$5;$ =$/5$78, 1& V9VRO ?$/$ ,

-0%4,3>03., 1& R 4'$--&- & U9W*O ?$/$ , 4,3>03., 1& RUU 4'$--&-)



 !

"#$%&# '()* +%,-./ 0# 1&#,,231#45/ 0% %,6712% 0% 68,,#9/, -:2&2;#<0/ =-,5/ 0/, 1#<#2,

>?@ </ <AB%& 0% 9%C9#, 0% =-,5/(

"#D# 0% 1/99%:# 1&#,,231#45/ EFG

HI.%9/ 0% 1&#,,%,

+%C9# 0% =-,5/ ! J KL !MM

Max NJO! )LO'N K O'J 'OL'

Sum N'OL' ) OMK !!OK' LOK'

Prod NNO!) ) O'L !!OJ) LO!J

WSum N OLK JKO'' !PON LOJ 

WProd  KOKN JKO'' !POLM NOMP

Q,,# B#92#45/O ,-C%9% R-% # ,%C.%<:#45/ <5/ 0%,%.6%<S# -. 6#6%& 2.6/9:#<:% </

69/$&%.# 0% 20%<:231#45/ 0% %,6712%,O %. 6#9:21-&#9 R-#<0/ / <I.%9/ 0% 1&#,,%, 7 #&:/(

Q.$/9# %,,# 1/<1&-,5/ ,%T# B8&20# ,/.%<:% 6#9# /, 9%1-9,/, 0% 1/9%, %.69%C#0/, <%,:%

%D6%92.%<:/O <5/ 7 6/,,AB%& %,:%<0%9 # /-:9/, :26/, 0% 0%,192:/9%, 0% 1#9#1:%9A,:21#,( U&7.

02,,/O 6/0%V,% 1/<1&-29 R-% # #$/90#C%. 0% ,%C.%<:#45/ 69/6/,:# <5/ #69%,%<:# -.# $/#

%,1#&#$2&20#0%O 0%B20/ / 9%,-&:#0/ /$:20/ 6#9# / 1/<T-<:/ 0% !MM 1&#,,%,(

W2<#&.%<:%O # #<8&2,% C%9#& 0/, 9%,-&:#0/, 2<021# $#2D/ 2.6#1:/ 0/ 69/1%,,/ 0%

,%C.%<:#45/ % <# 20%<:231#45/ 0% %,6712%, 0% 68,,#9/,( X/9 /-:9/ &#0/O / 69/1%,,/ 0%

,%C.%<:#45/ 2.6&21# %. #&:/ 1-,:/ #0212/<#& Y 20%<:231#45/( X/9 %,,%, ./:2B/,O /, %D6%92V

.%<:/, ,%C-2<:%, ,-$,:2:-%. # %:#6# 0% ,%C.%<:#45/ 6%&# -:2&2;#45/ 0% 2.#C%<, 9%1/9:#0#,

0% #1/90/ 1/. 2<=/9.#4Z%, 0% 1#2D# 0%&2.2:#0/9# %. 9%&#45/ #/ /$T%:/ 0% 2<:%9%,,% 02,V

6/<2$2&2;#0# T-<:#.%<:% 1/. / 1/<T-<:/ 0% 0#0/, /92C2<#&( U6%,#9 0% <%,:% 1#,/ <5/

S#B%9 ,%6#9#45/ 0/ /$T%:/ 0% 2<:%9%,,% % / =-<0/ 0# 2.#C%.O :%.V,% # C#9#<:2# 0% R-% /

/$T%:/ 0% 2<:%9%,,% %,:# 69%,%<:% <# 2.#C%. % :#.$7. R-% .%</, 2<=/9.#45/ 0# 2.#C%.

7 0%,1#9:#0#(

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

Q,:# ,%45/ #69%,%<:# /, 9%,-&:#0/, /$:20/, 6/9 .%2/ 0/, 0%,192:/9%, 0% :%D:-9# $#V

,%#0/, %. [\X( W/9#. 9%#&2;#0/, :9], %D6%92.%<:/, 1/<,20%9#<0/ /, /6%9#0/9%,* LBP u2
P,RO

LBP ri
P,R % LBP riu2

P,R (

^ 692.%29/ %D6%92.%<:/ =/2 9%#&2;#0/ %. 2.#C%<, 1/&/920#, 1/0231#0#, </ =/9.#:/

+_\( U #<8&2,% 0/, 1#<#2, 0% 1/9%, 7 9%#&2;#0# 2<02B20-#&.%<:% 6#9# 1#0# 1#<#& # 3.

0% R-% <5/ /1/99# 6%90# 0% 2<=/9.#45/ 0# 9%&#45/ %<:9% 1#<#2, 0% -. .%,./  !"#$(

^ 9%,-&:#0/ 0% LBPRGB 7 #69%,%<:#0/ 6/9 .%2/ 0# .702# 0/ 69/1%,,#.%<:/ 0/, :9],

1#<#2,( "#& %,6#4/ 0% 1/9 %. 1/<T-<:/ 1/. / /6%9#0/9 LBP u2
P=8,R=1 #69%,%<:# / .%&S/9

0%,%.6%<S/ -:2&2;#<0/ 0-#, 1&#,,%,O 6/97.O </, 0%.#2, 1#,/, 31# %B20%<12#0/ R-% %. -.



 !

"#$%&'() *$( +( ,-('#$ ().$# /' *&)00'01 ) 2)3) /' )*'#2$ 4 /'*#'(',2)/)1 5)#.),/$
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