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B!" JKI-/+ '9E&EF+*+ H%/ C/--80DE-&*0 H+/+ /-+&EF+/ %0 -GH-/EI-89%0 27%89-: ;"6>5 ?3

B!= LE+./+I+ M'8*+I-89+& C/--80DE-&*0 2N+8'0O/E9%5 27%89-: ;"6>5 ! ! ! ! ! ! ?3

B!? LE+./+I+ M'8*+I-89+& C/--80DE-&*0 2N+8'0O/E9%5 27%89-: ;"6>5 ! ! ! ! ! ! ?4

J!4 ,-0'&9+*% *% -GH-/EI-89% *% J-8P/E% 34 H+/+ %0 = Q'+/9-E/R-0! S% O+89%

0'H-/E%/ -0Q'-/*% -09)% %0 /-0'&9+*%0 *% H%89% *- $E09+ *% Q'+/9-E/)% 34! S%

O+89% 0'H-/E%/ *E/-E9% -09)% %0 /-0'&9+*%0 *% H%89% *- $E09+ *% Q'+/9-E/)%

31! S% O+89% E8M-/E%/ -0Q'-/*% -09)% %0 /-0'&9+*%0 *% H%89% *- $E09+ *%

Q'+/9-E/)% 3"! S% O+89% E8M-/E%/ *E/-E9% -09)% %0 /-0'&9+*%0 *% H%89% *-

$E09+ *% Q'+/9-E/)% 3=! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?=

J!1 ,-0'&9+*% *% -GH-/EI-89% *% J-8P/E% 31 H+/+ %0 = Q'+/9-E/R-0! S% O+89%

0'H-/E%/ -0Q'-/*% -09)% %0 /-0'&9+*%0 *% H%89% *- $E09+ *% Q'+/9-E/)% 34! S%

O+89% 0'H-/E%/ *E/-E9% -09)% %0 /-0'&9+*%0 *% H%89% *- $E09+ *% Q'+/9-E/)%

31! S% O+89% E8M-/E%/ -0Q'-/*% -09)% %0 /-0'&9+*%0 *% H%89% *- $E09+ *%

Q'+/9-E/)% 3"! S% O+89% E8M-/E%/ *E/-E9% -09)% %0 /-0'&9+*%0 *% H%89% *-

$E09+ *% Q'+/9-E/)% 3=! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ??

GE$



 !" #$%&'()*+ *+ $,-$./0$1(+ *+  $12./+ 3" -).) +% 4 5&).($/.6$%! 7+ 8)1(+

%&-$./+. $%5&$.*+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$ :/%() *+ 5&).($/.9+ 3;! 7+

8)1(+ %&-$./+. */.$/(+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$ :/%() *+ 5&).($/.9+

3<! 7+ 8)1(+ /1=$./+. $%5&$.*+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$ :/%() *+

5&).($/.9+ 3"! 7+ 8)1(+ /1=$./+. */.$/(+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$

:/%() *+ 5&).($/.9+ 34! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! >?

 !4 #$%&'()*+ *+ $,-$./0$1(+ *+  $12./+ 34 -).) +% 4 5&).($/.6$%! 7+ 8)1(+

%&-$./+. $%5&$.*+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$ :/%() *+ 5&).($/.9+ 3;! 7+

8)1(+ %&-$./+. */.$/(+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$ :/%() *+ 5&).($/.9+

3<! 7+ 8)1(+ /1=$./+. $%5&$.*+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$ :/%() *+

5&).($/.9+ 3"! 7+ 8)1(+ /1=$./+. */.$/(+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$

:/%() *+ 5&).($/.9+ 34! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! >@

 !> #$%&'()*+ *+ $,-$./0$1(+ *+  $12./+ 3> -).) +% 4 5&).($/.6$%! 7+ 8)1(+

%&-$./+. $%5&$.*+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$ :/%() *+ 5&).($/.9+ 3;! 7+

8)1(+ %&-$./+. */.$/(+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$ :/%() *+ 5&).($/.9+

3<! 7+ 8)1(+ /1=$./+. $%5&$.*+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$ :/%() *+

5&).($/.9+ 3"! 7+ 8)1(+ /1=$./+. */.$/(+ $%(9+ +% .$%&'()*+% *+ -+1(+ *$

:/%() *+ 5&).($/.9+ 34! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! >A

,:





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

 !" #$%&'$( )*(&*%$( &+ ,)$-%*.&+ #*/-$(/012/*! 3$45& 67 89:! ! ! ! ! ! ! ! ";

 ! #$%&'$( )*(&*%$( &+ ,)$-%*.&+ #2/-$(/012/*! 3$45& 67 89: ! ! ! ! ! ! ! ! ";

 !< #$%&'$( )*(&*%$( &+ ,)$-%*.&+ #&($(/012/*(! 3$45& 67 89: ! ! ! ! ! ! ! ! "8

8!" =&'$/2%*%& +>%2* %$( ?&@/A'$( 4$ /&4B-2$ C" 6D45-& 1*-E45&(&( * $/A1*FG$

-&'*52?* %* ?2*:! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ;C

8! =&'$/2%*%& +>%2* %$( ?&@/A'$( 4$ /&4B-2$ C 6D45-& 1*-E45&(&( * $/A1*FG$

-&'*52?* %* ?2*:! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ;"

8!< =&'$/2%*%& +>%2* %$( ?&@/A'$( 4$ /&4B-2$ C< 6D45-& 1*-E45&(&( * $/A1*FG$

-&'*52?* %* ?2*:! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ;"

8!; =&'$/2%*%& +>%2* %$( ?&@/A'$( 4$ /&4B-2$ C; 6D45-& 1*-E45&(&( * $/A1*FG$

-&'*52?* %* ?2*:! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ; 

8!8 =&'$/2%*%& +>%2* %$( ?&@/A'$( 4$ /&4B-2$ C8 6D45-& 1*-E45&(&( * $/A1*FG$

-&'*52?* %* ?2*:! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ; 

H?22





 !"#$%&' (

)*$+',%-.'

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

 !"#$%&' (% )*'+#,-*$% )%**%#$*% ./ #%& #-&0*' (% (12"('#/ 3& (-# *%43*#-# &'"#

"&,-*$'+$%# ,'*' ' 2"(' #-4"'5 % %4-+6&"4' (% 3& ,'7#8 9-* %:%&,5-/ +' &'"-* 4"('(%

(- ;*'#"5/ !<- 9'35-/ %#$"&'=#% >3% %:"#$'& ?/@A &"5BC%# (% 2%7435-# D"+453"+(- &-=

$-#/ 4'**-#/ 4'&"+BC%# % 6+"03#E ,'*'/ ',*-:"&'('&%+$%/ @@ &"5BC%# (% B'0"$'+$%#/

- >3% #"F+"G4' H/IA 2%7435-# ,-* B'0"$'+$% (% '4-*(- 4-& - J+#$"$3$- ;*'#"5%"*- (%

K%-F*'G' % L#$'$7#$"4' = J;KL MNOP8 Q("4"-+'5&%+$%/ #-&-# %:,%4$'(-*%# % '$-*%#

(% 3& 4*%#4"&%+$- 4-+#"(%*R2%5 &3+("'5 (% R*%'# 3*0'+'# 0%& 4-&- - '3&%+$- (-

+1&%*- (% 2%7435-#8 9'*$% ("##- #% (%2% '- (%#%+2-52"&%+$- (' "+(1#$*"' '3$-&-0"57#=

$"4' 0*'#"5%"*' >3% %& NHHI $%2% 3&' ,*-(3S<- (% ',*-:"&'('&%+$% $*T# &"5BC%# (%

2%7435-# M?NP8 U-& - '3&%+$- (- +1&%*- (% 2%7435-# % (' 3*0'+"V'S<- #3*F%& -# 4-+=

F%#$"-+'&%+$-#/ >3% #<- 3& (-# ,*"+4",'"# 4-&,-+%+$%# 4-+$*' ' >3'5"('(% (% 2"(' %&

3&' &%$*W,-5%8 X- ("' @H (% Y3+B- (% NHHO ' U-&,'+B"' (% L+F%+B'*"' (% )*RZ%F-

(% !<- 9'35-M@@P *%F"#$*-3 3& 4-+F%#$"-+'&%+$- (% NO[ >3"56&%$*-#/ '$"+F"+(- '##"&

3& *%4-*(% B"#$W*"4-/ '$. %+$<-8

U-& %#$% $'&'+B- (% ,-,35'S<- % 4-+4%+$*'S<- (% 2%7435-# . (% Z3+('&%+$'5 "&=

,-*$\+4"' ' *%'5"V'S<- (% ,%#>3"#'# #-0*% $*'+#,-*$%# %& R*%'# 3*0'+'#8 ]%+$*- (% $'"#

,%#>3"#'# %#$<- '>3%5'# >3% 03#4'& '+'5"#'* - %Z%"$- (% &3('+S'# +'# *%F*'# (% 4"*=

435'S<- (% 3& $*\+#"$- 3*0'+- '$*'2.# (% $.4+"4'# 4-&,3$'4"-+'"#/ #%+(-/ 3&' (%5'#/

$.4+"4'# (% #"&35'S<-8

L+$*% '# ("2%*#'# Z-*&'# (% #"&35'* - $*RZ%F- 3*0'+-/ '>3%5'# >3% 3$"5"V'& Q3$6=

&'$-# U%535'*%# *%4%0%*'& 3&' '$%+S<- %#,%4"'5 (-# ,%#>3"#'(-*%# +-# 15$"&-# '+-#/

,*"+4",'5&%+$% ' ,'*$"* (-# '+-# OH/ -+(% -# 4-&,3$'(-*%# 4-&%S'*'& ' F'+B'* 4'('

2%V &'"# 4','4"('(% (% ,*-4%##'&%+$- % #%3# ,*%S-# G4'*'& '4%##72%"#8

L#$% $*'0'5B- $%& 4-&- -0^%$"2- ,*"+4",'5 ' 4-+#$*3S<- (% 3& #"&35'(-* (% $*\+=

@



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

!"#$ %&'()$ %#"*"+(),$ #-.)$*$/"( ,- 0%#12(#$! 3-*%*(&-!4 5%- .$)#-)6( &-.%&!$! .(&(.7

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

.$)/-!#"$)(2-)#$! .$2$ -*-<(,$ )=2-&$ ,- <-8.%*$!4 (.",-)#-! - <-8.%*$! .$2 ,-;-"#$!>

3$2$ $'?-#"<$! -!9-.8@.$! ,-!#(.(27!-A

• B2 -!#%,$ ( .-&.( ,( #-$&"( ,- C%D$ ,- #&:;-/$4 '-2 .$2$ %2( &-<"!E$ '"'*"7

$/&:@.( ,$ (!!%)#$F

• 3(&(.#-&"+(GE$ ,$ #&:;-/$ %&'()$ ,-#(*6(),$ !-%! 9&")."9("! &-.%&!$!F

• H8)#-!- ,$! 2$,-*$! ?: .&"(,$! 9(&( ( !"2%*(GE$ $% ():*"!- ,- #&:;-/$4 !-),$ -*-

%&'()$ $% 9(&( &$,$<"(!F

• B2 -!#%,$ !$'&- ( #-.)$*$/"( ,- 0%#12(#$! 3-*%*(&-! '-2 .$2$ ( )$#(GE$ -

;$&2(*"!2$ )-.-!!:&"$!4 ").*%"),$ %2( &-<"!E$ !$'&- ( %#"*"+(GE$ ,-!#( -2 !"2%7

*(,$&-! ,- #&:;-/$ %&'()$F

• 3$)!#&%GE$4 .(*"'&(GE$ - <(*",(GE$ ,$ 2$,-*$ 9&$9$!#$>

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

I %!$ ,- 0%#12(#$! 3-*%*(&-! 9(&( !"2%*(GE$ ,- #&J)!"#$4 !-),$ -*- %&'()$ $% )E$4

<-2 /()6(),$ 2("! - 2("! (#-)GE$ ,$! 9-!5%"!(,$&-!4 9&")."9(*2-)#- ( 9(&#"& ,( ,K7

.(,( ,- LM4 $),- $! 9&")."9("! &-!%*#(,$! 9$,-2 !-& -).$)#&(,$! -2 NOP4 QR4 RR4 S4 OST>

U!!-! &-!%*#(,$! .$)!",-&(2 &-/&(! *$.("! ,- (#%(*"+(GE$ ':!".(! .$2$ (.-*-&(GE$4 ,-7

!(.-&(GE$ - ,-!(.-*-&(GE$ 9$& $'!#:.%*$> B2( &-<"!E$ .$)!",-&(),$ $ C%D$ ,- #&:;-/$

-2 (2'"-)#- )E$ %&'()$4 $% !-?(4 (5%-*-! 5%- !E$ .&"(,$! 9(&( &$,$<"(!4 9$,- !-&

-).$)#&(,$ -2 NPOT> U!#- =*#"2$ 2$!#&( 5%- ( 2("$& 9(&#- ,$! #&('(*6$! !- .$).-)7

#&(2 9&")."9(*2-)#- 9(&( &$,$<"(! $),- $ #&J)!"#$ -!#: *"<&-4 $% !-?(4 )( (%!V)."( ,-

.$)/-!#"$)(2-)#$! - ").",-)#-!>

U)#&-#(),$4 W(&*$<". -# (*> NXT .$)!",-&(&(2 ( #-$&"( ,$  !"#$% &!'()"* .$2$ '(!-

9(&( $ -!#%,$ ,$ .$29$&#(2-)#$ ,$ .$)/-!#"$)(2-)#$ -2 %2( <"( ,- ;("D( =)".(> I

-!#%,$ ,- &-/&(! 9(&( %2( ;("D(4 5%- 9$,- !-& (9*".(,( -2 9(&(*-*$ .$2$ %2 2-"$ ,-

2-*6$&(& $ ,-!-29-)6$ .$29%#(."$)(*4 K (9&-!-)#(,$ -2 NPST>

Y$& @24 $ 9&$'*-2( ,( 9-!5%"!( #&(#(,( )-!#( Z"!!-&#(GE$ !- .$).-)#&( )( .$)!7

#&%GE$ ,- %2 2$,-*$ '(!-(,$ -2 0%#12(#$! 3-*%&-! ( @2 5%- 9$!!( !-& !"2%*(,$ %2

(2'"-)#- ,- #&J;-/$ %&'()$> U!#- 2$,-*$ 9$,- !-& %!(,$4 9$!#-&"$&2-)#-4 9(&( 9*()-7

?(2-)#$ ,- 2%,()G(! )$ .-):&"$ %&'()$4 '-2 .$2$ %2( ;-&&(2-)#( $),- $! !-&<"G$!

,- -)/-)6(&"( ,- #&:;-/$ 9$,-2 !- (9$"(& 9(&( $ (%D8*"$ )( #$2(,( ,- ,-."!E$>



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

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

+*$%#)&+ *3 4556- /&3& +*$)& )* $#%".*7# %*/$&890'/#- "3# :*7 ,"* :'+# # #(8'/#;<&

)* /&$=*/'3*$%&+ >?+'/&+ (#.# # 0*.#;<& )* $&:&+ (.&)"%&+@ )*+/.'%':#- (&'+ &>+*.:#-

')*$%'A/#- .*0'+%.#- #$#8'+# B*$C3*$&+ * +'+%*3#+ %1/$'/&+@ * ,"#$%& #& (.&/*)'3*$%&-

(*+,"'+# *D(*.'3*$%#8 >#+*#)# *3 *D(*.'3*$%&+ *3 #3>'*$%* /&$%.&8#)&E

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

F (.*+*$%* G'++*.%#;<& *+%? *+%."%".#)# )# +*0"'$%* B&.3#H & I#(J%"8& K #(.*+*$%# #+

/&$+')*.#;L*+ '$'/'#'+ # /*./# )# /&$+%.";<& )* +'3"8#)&.*+ )* %.M$+'%&- )& (.&>8*3# #

+*. %.#%#)& * )&+ &>N*%':&+ )*+*N#)&+ $*+%* *+%")&E F +*0"'.- $& I#(J%"8& O +<& )*+/.'%&+

#80"$+ )&+ /&$/*'%&+ B"$)#3*$%#'+ $# P*&.'# )* Q8"D& )* P.?B*0&- & ,"* /.'# # >#+*

(#.# # /&$+%.";<& )* 3&)*8&+ (#.# %#'+ &>N*%':&+E

R3# :'+<& 0*.#8 +&>.* &+ F"%C3#%&+ I*8"8#.*+ 1 )#)# #& 8&$0& )& I#(J%"8&  - &$)* 1

/&$%#)# "3 (&"/& )# ='+%9.'#- )& B&.3#8'+3& * $&%#;<&- *- A$#83*$%*- )* +"# "%'8'7#;<&E

S I#(J%"8& T )*%#8=# & 3&)*8& (.&(&+%&- /=#3#)& IFRPU- (#.# # +'3"8#;<& )* %.?B*0&

".>#$& * & I#(J%"8& V *D(L* &+ .*+"8%#)&+ *$/&$%.#)&+ $# "%'8'7#;<& )& 3&)*8& IFRPU-

>*3 /&3& # B&.3# )* +"# :#8')#;<&E Q'$#83*$%*- #+ /&$/8"+L*+ A$#'+ * &+ %.#>#8=&+

B"%".&+ (&)*3 +*. *$/&$%.#)#+ $& I#(J%"8& WE

F& A$#8 )# (.*+*$%* G'++*.%#;<&- $&+ F(X$)'/*+ F * Y (&)*3 +*. :'+%&+- .*+(*/%':#2

3*$%*- # *:&8";<& )#+ .*0.#+ 8&/#'+ 8*0#'+ (#.# F"%C3#%&+ I*8"8#.*+ )* R3#2G'3*$+<&

*- /&3& *.#3 .*#8'7#)&+ &+ *D(*.'3*$%&+ )* Y."/* G&"08#+ Z.**$+='*8)+- (*+,"'+#)&.

)& [$+%'%"%* &B P.#$+(&.%#%'&$ \$0'$**.+E S F(X$)'/* I- (&. +"# :*7- #(.*+*$%# &+

.*+"8%#)&+ *$/&$%.#)&+ )* B&.3# 0.?A/#E





 !"#$%&' (

)*'+,! -* .&%/' -* )+01*2'

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

 ! "#$%&'! (# )*+,$ (# "%-.#/$ 0+!1'2 #!3+('% # (#!1%#4#% '! %#*'56#! #73%# $! 4#81+*$!9

4&'!9 # 1$2:$7#73#! (# &7.%';&7!3%+3+%'9 1$2$ !#2-.$%$!9 !&7'*&<'56#!9 #73%# $+3%$!9 #2

3#%2$! 2'3#2-3&1$!= >!3'! 3#$%&'! !+%/&%'2 7$! '7$! ?@9 7' 3#73'3&4' (# %#*'1&$7'% '!

/%'7(#<'! (# A+,$9 (#7!&('(# # 4#*$1&('(#9 :#*$ 1&#73&!3' B%+1# C%##7!D&#*(!=  3+'*;

2#73# #!3'! 3#$%&'! .+7('2#73'2 3$('! '! .#%%'2#73'! # 2$(#*$! (# A+,$ (# 3%E7!&3$

FGHI=  ! ':*&1'56#! (#!3'! 3#$%&'! !J$ '2:*'!= >73%# #*'! (#!3'1'2;!# FKGIL

•  4'*&'5J$ (# 3%'3'2#73$! '*3#%7'3&4$! #2 /#!3J$ (# 3%-.#/$M

• N$71#:5J$ # #7!'&$ (# 7$4'! 4&'!M

• O$(#*$! (# A+,$ $:#%'1&$7'* !#%4&7($ 1$2$ +2 !+0;2P(+*$ #2 $+3%'! .#%%';

2#73'! Q:$% #,#2:*$9 0'!#'($! #2 2$(#*$! (# 1$73%$*# (# 3%-.#/$ # $3&2&<'5J$

# '3%&0+&5J$ (# 3%-.#/$ (&7E2&1$RM

• )$%2'5J$ (# /#!3$%#! (# 3%-.#/$=

S':'/#$%/&$+ FGTI #,:*&1' U+# 7#2 !#2:%# $! .#7V2#7$! $0!#%4'($! 7$ 3%E7!&3$

!J$ #4&(#73#! :'%' $ 1$%%#3$ #U+'1&$7'2#73$9 # '&7(' (&4&(# '! '0$%('/#7! #2 3%W!

1'3#/$%&'!L

X=  0$%('/#7! :+%'2#73# (#(+3&4'!L $7(# !# .'< 7#1#!!-%&$ 1$7D#1#% '! *#&! (' .8!&1'

#,&!3#73#! U+# /$4#%7'2 $ .#7V2#7$M

K=  0$%('/#7! :+%'2#73# &7(+3&4'!L $7(# !J$ (&!:$7&0&*&<'($! :'%#! #73%'('Y!'8('

(# ('($! (# !&!3#2'! %#'&!9 U+#9 #2 !#/+&('9 !J$ +3&*&<'($! :'%' 'Z+!3'% #!3%+3+%'!

2'3#2-3&1'! /#7[%&1'! 1$2$ 2$(#*$!  \]O 9 ':%$,&2'56#! :$*&7$2&'&! # %#(#!

7#+%'&!9 :$% #,#2:*$M

G



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

!" #$%&'()*+, -+.*&/*'-0&-(,1 %+'* 2&-/*-&(/*+.* % /%'*3% *,.&4.4&(3 *5-,.* *6 */

,*)4-'(6 '('%, &*(-, ,7% 4.-3-8('%, 2(&( (94,.(& % /%'*3%"

:*9( ;4(3 <%& ( ($%&'()*/ &*(3-8('(6 (-+'( = 2%,,>?*3 @3(,,-A@0B3( 4.-3-8(+'% %,

,*)4-+.*, @&-.=&-%, CDEF1

• G-2% '* ?(&-0?*-,H

• I>?*3 '* '*.(3J*,H

• K*2&*,*+.(L7% '% 2&%@*,,%H

• M2*&(@-%+(3-8(L7%H

• N,@(3( '* (23-@(L7%"

O%&  !"# $% &'(!)&%!* *+.*+'*B,* @%/% ( ($%&'()*/ ;4* .&(.( ( 2(,,()*/ '% .*/2%6
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*#$.!( &#(*-( &4-( &+.#/(C#( "-$- #>"5+)-A7! &! =4>!' &#/(+&-&# # ,#5!)+&-&# &!
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)!/B!$.# .!(*$- - O+84$- E0P' !/&# )-&- 5+/I- $#"$#(#/*- - *$-K#*N$+- &# 4. ,#%)45!
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O+84$- E0P? R$-K#*N$+-( # .#&+&-( JP # JE0 SO!/*#? DQPGT
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δt ≈ 00 U; - $#8+7! S2 $#=#*# ! /3.#$! &# ,#%)45!( m 64# *$-B#8-. /! +/*#$,-5! δt /-

$#8+7! δx ≈ 00 V!8!' : "!((%,#5 -2.-$ 64# S1 # S2 (7!' $#("#)*+,-.#/*# - &#/(+&-&# #
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+# 76*85. 76*+#1%*$#/9

f (x, t) = v̄ (x, t) d (x, t) :;<=>
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7#(K# . '"/'6/. +%-% 4%& &%#/(,#+. '.*7.&1%9

d (x, t) =
n

δx.l
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δt.l
:;<P>

Q*+% l (*+('# . *R1%&. +% 7#(K#4 +# -(#<

? 3#&$(& +# +%*4(+#+% % +. '.13&(1%*$. 12+(. +.4 -%@'6/.4 c̄ %1 61# &%)(5. S1 2

3.44@-%/ $#1G21 '#/'6/#& # .'63#85. &%/#$(-# b0 '.*7.&1%9

b = d (δx, t)
1

n

n
∑

i=1

ci

= d (δx, t) c̄ :;< >

? 1%+(+# +% .'63#85. &%/#$(-# (*+('# E6#/ # 3#&'%/# +# -(# %4$" .'63#+# +% 7.&1#
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2
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ẍn+1 (t + T ) = α [ẋn (t)− ẋn+1 (t)] + ξ ∀n = 1, 2, 3, . . . >I3 `B
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>9 /9 20;<%5+ +#$% 2+$+1 +1 )%.,/*+1 2%#$%9 ( 2%0 ( 9%19( )%*+,-$($% *%)(9 +

9+$%*+ ( 2%0 /9 ,+94+02(9%#2+ %12;)%*= >12( %12(?-*-$($% 4+$% 1%0 @/%?0($( @/(#$+

(*5/9 )%.,/*+ 0%$/A 1/( )%*+,-$($% 4+0 (*5/9 9+2-)+ (*%(2B0-+= >C-12%9 $+-1 2-4+1
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4%02/0?(78+ @/% ' ,($( )%A 9%#+0 %#20% +1 )%.,/*+1 4%01%5/-$+0%1 DLMF=
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4%*+28+ G,+#1-$%0(#$+ (1 $-9%#1Q%1 $% %14(7+ % 2%94+H %9 /9( 0%5-8+ [x, x + δx)=
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ai,j (t + 1) = δ (ai,j (t) , ai+1,j (t) , ai,j+1 (t) , ai−1,j (t) , ai,j−1 (t)) ;IDX?

" ,5,(<-* /, )<-19)@4* ()1# 9*2B,91/* /, $%&'()&* +,-%-). /, 0%)# 01(,2#3,# C

* YZ*:* /) N1/)[7 9.1)/* 2*# )2*# \] <,-* ()&,(^&19* +*2_)` D U,#&, a*:*7 * *8a,&1=*

C )<.,#,2&). * 9*(<*.&)(,2&* /* <.*9,##* /, ,=*-%@4* /, *.:)21#(*# %21M9,-%-).,# F%,

<*/,( )##%(1. *# ,#&)/*# ]M(*.&) , !M=1=)D $ .,-)@4* /, =1A12B)2@) C /, OM=1A12B)#7

, <*##%1 F%)&.* .,:.)# -*9)1#7 F%, #4* QXL7 \ISK

• ;T!? b%8M<*<%-)@4*K F%)-F%,. 9C-%-) =1=) 1.^ (*..,. #, ,-) &1=,. (,2*# F%, /%)#

=1A12B)#c

• ;T ? b%<,. <*<%-)@4*K F%)-F%,. 9C-%-) =1=) 1.^ (*..,. #, ,-) &1=,. ()1# F%, &.J#

=1A12B)#c



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

• !"#$ %&'(&)*+,-./ 0*+10*&' 231*1+ 4'5 (&'6+7&2&' (+'+ + ('8946+ :&'+,-. ;& &1+

)4<&' =*+; .* )'>; <4?47@+;A

• !"B$ "&7+;246&7)./ C*+10*&' 231*1+ 6.')+ 4'5 '&7+;2&' ;& &1+ )4<&' &9+)+6&7)&

# <4?47@+;A

D;)& E.:. (.;;*4 )'>; 2.7F:*'+,G&; F7+4; ;&:*7=. H+1=+I+  !" #$" &6 JKKL/ !4$

&9)47,-./ ).=+; .; .':+74;6.; 4'-. 6.''&'A !44$ &;)+M414=+=&/ . 6.=&1. 4'5 2.7<&':4'

(+'+ *6 &;)+=. .7=& .; .':+74;6.; (&'6+7&2&6 7. 6&;6. &;)+=.A !444$ .;241+,-./ +;

231*1+; 2'4+6 46+:&7; 0*& ;-. (&'48=42+;N

O47=+ 3 (.;;P<&1 + &94;)>724+ =& <4?47@+7,+ 4''&:*1+' *)414?+7=. Q4+:'+6+ =& R.'.7.4S

2.7T.'6& (.=& ;&' .M;&'<+=. 7+ U4:*'+ #NBJ VL/

U4:*'+ #NB/ "&1+,-. =& <4?47@+7,+ M+;&+=. &6 Q4+:'+6+ =& R.'.7.4N !U.7)&/ JVWL$

 !" #$%&%'()*+ ,- ./$01($+2 3-&/&(4-2

O(&;+' =& (.;;*4' *6+ +'0*4)&)*'+ ;46(1&;S .; OX; ;-. 2+(+?&; =& 6.=&1+' ;4;)&6+;

=47Y642.; 2.6(1&9.; JZLN Q'.? &6 JWBL =&;2'&<& . *;. =& OX (+'+ + 6.=&1+:&6

=47Y642+ =& (.(*1+,-. &7<.1<&7=. . ;4;)&6+ =& ('&;+[('&=+=.'S +136 =& =&6.7;)'+'

. +6M4&7)& &6 0*& + (.(*1+,-. &;)5 47;&'4=+N \&;;& )'+M+1@. ;-. +('&;&7)+=.; =.4;

6.=&1.;N \. ('46&4'. =&1&;S 3 +('&;&7)+=. + 6.=&1+:&6 =. (.7). =& <4;)+ =.; '&[

2*';.; =. +6M4&7)& 2.6. +146&7).S )+9+ =& 7+)+14=+=& & 6.')+14=+=& =.; 47=4<P=*.;S

&7)'& .*)'.;N ]5 . ;&:*7=. 6.=&1. ;& =5 + (+')4' =.; 47=4<P=*.; & ;*+ '&1+,-. 2.6

. +6M4&7)&S .7=& &1&; &;)-. ;*E&4).; + ;4)*+,G&; =+ 7+)*'&?+ 2.6. 6*)+,-. & ;&1&,-.

7+)*'+1N D;;& )'+M+1@. 6.;)'+ 0*& + *)414?+,-. =+ ;46*1+,-. <4+ OXS 2.6M47+=. 2.6

^.7)&[X+'1. ;-. T&''+6&7)+; 6*4). _)&4; (+'+ . &;)*=. =& =47Y642+ =& (.(*1+,-.N

]5 &6 J`WLS H)&<&7;  !" #$" +('&;&7)+6 *6 a;.T)b+'&cS 2@+6+=. %&%!' [ ()) *+$#),

&%!'N d ('4724(+1 .ME&)4<. =&;)& a;.T)b+'&c 3 '&+14?+' ('&=4,-. =. 2'&;246&7). *'M+7.



 !"! #$%&%'()*+ ,- ./$01($+2 3-&/&(4-2  !

"#$"%&' (" )*(+,"-+) (+ ./ 0$$+-1,"$+' + '1" 02#+-$"34* 5*) 678 9 80'#+)"' (+ 729

:*$)"34* 6+*-$;<5*= >' "1#*$+' (+)*2'#$") ?1+ +'#" :+$$")+2#" & 5"@"A (+ "B1("$

-+'#*$+' (+ 1)" 50("(+ " #*)"$+) (+50'C+' +) $+,"34* " @,"2+B")+2#* 1$D"2*=

E @*''F%+, )*(+,"$ #")D&) " )0-$"34* (+ "20)"0' 1#0,0A"2(* ./G 5*)* & * 5"'*

(+ HIJK= L+''+ #$"D",M* *' "1#*$+' (+)*2'#$") " )*(+,"-+) @"$" " )0-$"34* (+

@+0N+' @*$ 1) $0* ",+)4* 5M")"(* O+'+,,+= P'#+ $0* & $+-1,"(* @*$ D"$$"-+2' + *

*DB+#0%* (+'#+ #$"D",M* & *#0)0A"$ *' $+51$'*' <2"25+0$*' (" 5*2'#$134* (+,"' + -"$"2#0$

" '1'#+2#"D0,0("(+ (*' @+0N+'=

Q)" '0)1,"34* +) !9(0)+2'C+' '*D$+ R1N* 24* '"#1$"(* (+ ;-1" (* '*,* @*(+ '+$

+25*2#$"(" +) HSTK= L+'#+ #$"D",M* *' "1#*$+' )*'#$") "' +?1"3C+' ?1+ +2%*,%+) *

:+2U)+2* (* R1N* +G +) '+-10("G * @$*5+''* (+ #*$2"$ * )*(+,* (0'5$+#* @"$" ?1+ +,+

@1(+''+ '+$ '0)1,"(* "#$"%&' (+ 1) ./ +) !VG 5*2:*$)+ @*(+ '+$ *D'+$%"(* 2" W0-1$"

!=X= . %",0("34* (+'#+ )*(+,* :*0 $+",0A"(" "#$"%&' (+ YD+25M)"$Z'[ +25*2#$"(*' 2"

,0#+$"#1$"= . 5*2'#$134* (* )*(+,* :*0 :+0#" 1#0,0A"2(*9'+ " @,"#":*$)" Y/.OP\*#[

?1+ @*(+ +25*2#$"(" +) HT]K=

W0-1$" !=X^ _0A02M"23" +) !9(0)+2'C+'= `W*2#+^ HSTKa

P) HS]K & 5$0"(" 1)" :+$$")+2#" 5"@"A (+ '0)1,"$ +%+2#*' 'F')05*' 2" $+-04* (+

b"2#M0G 6$&50"= > )*(+,* @$*@*'#* 2+'#+ #$"D",M* $+",0A" " (0'5$+#0A"34* (" $+-04*

*2(+ +N0'#+) *' )+(0(*$+' 'F')05*' + " $+,"34* (" %0A02M"23" :*0 $+",0A"(" 5*) X

+ ] %0A02M"'G '+2(* +'#+ 1) (*' @"$c)+#$*' (* )*(+,* @$*@*'#*= >' $+'1,#"(*' ("

'0)1,"34*G '+-12(* *' "1#*$+'G +'#4* +) D*" 5*25*$(c250"G #"2#* ?1"2#0#"#0%" + ?1"2#*

?1",0#"#0%")+2#+G 5*) " @$+%0'4* (+ 61#+2D+$-9d05M#+$= e; +) HIK :*0 +,"D*$"(* 1)

)*(+,* 5M")"(* 8/7.d. 9   !"# !$%%&%!" "'#$"!(#)*$ #&#+ !#! ,-$+%+./ +0 #$#'$!'

%!*! 1+23 9 5"@"A (+ '0)1,"$ * R1N* (+ ,"%" (* %1,54* P#2"

 

@"$" %+$0<5"34* (*

 

 !"#$ % &' (&)*+, $"-(, .-"&$/, 0#"10 $. 21,(3#*-$. /0 40..-#$ 0 5$"6#-$7 0 % *,#.-/01$/, ,

(&)*+, '$-. $)", /$ !&1,2$8 9 :)"-'$ 01&2;+, <,- 10=-."$/$ 0' > /0 ?0"0'@1, /0 ABBC DEFG8



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

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

%&+$#/'"," 72'$*8'$ %-#(9*#%,$ %&(& /#"':;& /& .'+*& ' ,$)'%*&$ /' "'-'.&0 < ),"*#"

/'$*' $#(2-,/&" =&# )&$$3.'- .'"#>%," 72,#$ ,$ -&%,-#/,/'$ 72' '$*;& '( 9"', /' "#$%& '4 ,

),"*#" /'$*,$ #+=&"(,:8'$4 "',-#6," #+*'".'+:8'$ ?2(,+,$4 %&(&4 )&" '@'()-&4 A,""'#",$

' %,+,#$ ),", ,-*'"," & B2@&0

C$ '$*2/&$ /' $#(2-,:;& /' )"&),D,:;& /' #+%E+/#&$ B&"'$*,#$ .E'( %"'$%'+/&4

%&+=&"(' ,)"'$'+*,/& )&" FGGH ' FIJH4 $'+/& & )"#('#"&4 2( *",A,-?& =2+/,('+*,- +,

)"'/#:;& /, )"&),D,:;& /' #+%E+/#& '( B&"'$*,$ -'.,+/& '( %&+$#/'",:;& *#)&$ /'

.'D'*,:;& ?&(&DE+',$ ' ?'*'"&DE+',$0 K9 & $'D2+/& 5 2(, '@*'+:;& /& )"#('#"&4

' 5 %&+$*"23/& A,$',/& '( <L &+/' ,$ %5-2-,$ *E( =&"(,*& ?'@,D&+,-0 <-5( /#$$&

%&+$#/'", %&+/#:8'$ %-#(9*#%,$ ' *&)&D",>, *'""'$*"'0 C (&/'-& =&# '@'%2*,/& '( &#*&

,(A#'+*'$ /#='"'+*'$ ' $' (&$*"&2 ,/'72,/& 72,+/& %&(),",/& %&( /,/&$ "',#$ /'

72'#(,/,$ B&"'$*,#$0

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

C #+3%#& /'$*' %,)3*2-& ,)"'$'+*&2 &$ %&+%'#*&$ A9$#%&$ /&$ <2*M(,*&$ L'-2-,"'$4 %&(&

2( (&/'-& $#()-'$4 )&"5( %&( , %,),%#/,/' '$)'%#,- /' $#(2-," '.'+*&$ %&()-'@&$4

%&+=&"(' /'(&+$*",/& +, N':;& G0!0 O&$*'"#&"('+*' =&# /'>+#/& & <2*M(,*& L'-2P

-," 1-'('+*,"4 72' %&+>D2", & =2+/,('+*& /,$ /'(,#$ ,"72#*'*2",$ /' <L4 ,-5( /'

%#*," & =&"(,-#$(& +'%'$$9"#&0 L&(& '@*'+$;& /& <L14 & <2*M(,*& L'-2-," /' Q2,$P

Q#('+$8'$ ,)"'$'+*, 2(, "'-,:;& /' .#6#+?,+:, (,#$ %&()-'@,4 ,$$#( %&(& $2,$ "'D",$

-&%,#$0 R#+,-('+*' =&",( %#*,/&$ ,-D2+$ *",A,-?&$ 72' 2*#-#6,",( %&( $2%'$$& & (&/'-&

/' <L 72' .;& /' /#+S(#%,$ /' )&)2-,:;& ,*5 $#(2-,:;& /' '.'+*&$ /, +,*2"'6, %&(&

,A,-&$ $3$(#%&$ ' '"2):8'$ .2-%S+#%,$0



 !"#$%&' (

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

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

 !"#$ %& '()$#&%& &(*+,-'%#$& '$ "#./$0% 1%!&"#+2'%&3 -4+$,$& 5-&$-'%& $* 67 "8* #$9

1$5('% -"$!:;% $&<$1(-, '%& <$&4+(&-'%#$&= >()$#&%& -#"(0%&3 - <-#"(# '- '?1-'- '$ @A3

-<#$&$!"-#-* % +&% '$ 67 1%*% 5-&$3 1%!/%#*$ <%'$ &$# $!1%!"#-'% $* BCD BEFD BGHD

BHHD BECD= I& #$&+,"-'%& '$*%!&"#-* - +"(,(J-:;% '$ <%+1-& #$0#-& 1%*% -1$,$#-:;%3

'$&-1$,$#-:;%3 )$,%1('-'$ -,$-"K#(- $ #$0#-& ,%1-(& '$ -"+-,(J-:;% '% *%'$,%= L* #$9

&+*% 1%!&('$#-!'% % M+N% '$ "#./$0% <%'$ &$# $!1%!"#-'% $* BFED3 %!'$ - *-(%# <-#"$

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

*+'-!:- '$ /-(N-&=

O-P%Q($1 $ O(P,-&J$Q&P( BFGD (!1,+(#-* #$0#-& ,%1-(& &+<,$*$!"-#$& -%& *%'$,%&

"#-'(1(%!-(& - R* '$ -+*$!"-# - )$,%1('-'$ *?'(-= S$0+!'% $&&$ "#-5-,T% ? $&<$#-'%3

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

*-(& <#KN(*- '- )$,%1('-'$ *.N(*- <$#*("('-=

I& *%'$,%& 5-&$-'%& $* 67 &;% *+("% U"$(& $ $R1($!"$&3 $ <%'$* &$# -<,(1-'%& <-#-

&(*+,-:;% '$ M+N% '$ "#./$0% $* "$*<% #$-,3 1%!/%#*$ <%'$ &$# )(&"% $* BHVD=  * BFD

/%( '$#()-'% % 1%*<%#"-*$!"% 1#2"(1% '% *%'$,% '$ M+N% '$ "#./$0% 5-&$-'% $* 67

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

1%!/%#*$ <W'$ &$# %5&$#)-'% !% 7-<2"+,% X= >$*-(& +"(,(J-:;% '$ 67& <-#- &(*+,-:;%

'$ "#Y!&("% +#5-!% <%'$* &$# $!1%!"#-'-& $* BFX3 ZV3 CV3 CXD=

I *%'$,% '$ M+N% '$ "#./$0% +#5-!% <#%<%&"% /%( (*<,$*$!"-'% 5-&$-'% $* +*

6+"W*-"% 7$,+,-#  &"%1.&"(1% [;%9\%*%08!$% $* X9>(*$!&]$&3 1T-*-'% 76L^S 9

  !!"!#$ !"%&'#%# (&$ "$)#* #$#+, $-'"!#%-&* 9 6+"W*-"% 7$,+,-# <-#- S(*+,-:;%

'$ #̂./$0% L#5-!%= I *%'$,% 76L^S <%&&+( #$1+#&%& 1-<-J$& '$ &(*+,-# 1-#-1"$#2&9

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

&$!&%#$& $ <-#-'-& '$ W!(5+&= 6,?* '(&&%3 ? <%&&2)$, - 0$#-:;% '$ $)$!"%& 4+$ 1-+&-*

XE



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

"#$%&'()#$*+&$(#, "#+# -&."/0#' "#+ 1&2&)(#' & *")1&$(&'3 4' '&56&' * '&%/)7 1&(*08

9*7:# # +#1&0# ;7#;#'(#3

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

<*1* "=0/0* 1# +#1&0# ;#1& *''/+)7 /+ 1#' 1#)' &'(*1#'> 0 8 -*?)*, 1 8 #"/;*1*3 @#1*'

*' "=0/0*' 1# +#1&0# ':# A/*17*1*' "#+ # 0*1# +&1)$1# 5.5 +&(7#'3 B'(* +&1)1*

7&;7&'&$(* # (*+*$9# +=1)# 1& /+ -&."/0# ;#;/0*7 $# C7*')0, 0&-*$1# &+ "#$')1&7*5:#

#' -&."/0#' A/& &'(:# *# '&/ 7&1#73 4' ;7#;7)&1*1&' 1*' "=0/0*' ':# 1&D$)1*' "#+#

/+* (/;0*> ci = {pd, sd, vmax, o}, #$1&> E)F pd = * 1)7&5:# ;7)+G7)*H E))Fsd = * 1)7&5:#

'&"/$1G7)*H E)))F vmax = # 0)+)(& 1& -&0#")1*1&H E)-F o = # )$1)"*1#7 '& * "=0/0* &'(G

#"/;*1*3

I#7 J1)7&5:# ;7)+G7)*K &$(&$1&8'& * 1)7&5:# #$1& # +#(#7)'(* (&$1& * D"*7 ;#7

(&+;#, )'(# =, '&%/)$1# ;#7 '/* 2*)L* & $:# *0(&7*$1# '/* 1)7&5:#3 I#7 #/(7# 0*1#, *

1)7&5:# '&"/$1G7)* = /()0)?*1* A/*$1# # +#(#7)'(* *0(&7* '/* 1)7&5:# #/ 1& 2*)L*3 I*7*

7&%)6&' #$1& $:# '& ;#1& *0(&7*7 * 1)7&5:# #/ * 2*)L*, #' -*0#7&' 1& pd & sd ':# )%/*)'3

I#7 D+, # 0)+)(& 1& -&0#")1*1& 1&(&7+)$* A/*$(*' "=0/0*' '&7:# *-*$5*1*', $# +GL)+#,

;#7 )(&7*5:#3 M&'(* +*$&)7*, * -&0#")1*1& = "*0"/0*1* &+ "=0/0*' ;#7 '&%/$1#

 (c/s),

'&$1# * "#$-&7':# 1& c/s ;*7* km/h 1*1* ;#7> 1c/s = 20km/h3

<*1* 1)7&5:# ;#''/) /+ "N1)%# d, & '&/ 7&';&"()-# 1&'0#"*+&$(# '#O7& #' &)L#' x

& y, "#$2#7+& ;#1& '&7 #O'&7-*1# $* P)%/7* Q3R3 I*7* )$1)"*7 A/& /+* "=0/0* $:#

&'(G 1)';#$.-&0 ;*7* (7S$')(#, & #/(7* ;*7* )$1)"*7 # D+ 1* -)* E"=0/0* #$1& # -&."/0# =

7&()7*1# 1# +#1&0#F, *' 1/*' (/;0*' {0, 0, 0, 0} & {9, 9, 9, 9} ':# /'*1*' 7&';&"()-*+&$(&3

P)%/7* Q3R> <N1)%# & 7&';&"()-#' 1&'0#"*+&$(#' E$#' &)L#' x & yF3

 

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



k ← 1
vid← 1
cx,y [o]← 0 ∀cx,y ∈ C

p (v)t

x,y ∀cx,y ∈ E, ∀t ∈ [ti, tf ]
p (l) , p (m) , p (d) , vsmall, vlarge, stmin, stmax, tii, tif



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

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

)/(3%&4 C & )&$5,$0& %# 0&%3* 3* )6-,-3* 7,# )&1.8#1 & 1&%#-&4 p (v)t

x,y 3 ./&939(-(%3%#

%# )/(3/ ,1 +#'),-& $3 )6-,-3 cx,y $& 1&1#$0& t4 E ⊂ C 6 & *,9)&$5,$0& %# )6-,-3*

7,# .#/1(0#1 3 )/(3:;& %# +#'),-&* $& 1&%#-&4 ti # tf *;& &* .#/'&%&* ($()(3- # 2$3- %#

*(1,-3:;&4 p (l) 6 3 ./&.&/:;& %# +#'),-&* </3$%#*4 p (m) 3 ./&939(-(%3%# %# 1,%3$:3

%# =3(>3 #?&, %(/#:;& # p (d) 3 ./&939(-(%3%# %# %#*3)#-#/3:;&@

A%()(&$3-1#$0# *;& %#2$(%3* 3* +#-&)(%3%#* 1B>(13* .3/3 +#'),-&* .#7,#$&* vsmall

# .3/3 +#'),-&* </3$%#* vlarge4 ,13 +#C 7,# 6 )&$D#)(%&4 #1.(/()31#$0#4 7,# #-#* 0E1

+#-&)(%3%# 1B>(13 %(=#/#$0#*@

A* +3/(B+#(* stmin # stmax %#0#/1($31 & 0#1.& 1B>(1& # 1'$(1& 7,# ,1 F$(9,*

.#13$#)#/B .3/3%& #1 ,13 .3/3%3 %# F$(9,*@ G 1&%#-& HAIJ" 6 )3.3C %# <#/3/

#+#$0&* 7,# .&**31 *(1,-3/ )&$<#*0(&$31#$0&* )&1& 3)(%#$0#* # +#'),-&* )&1 %#=#(0&*

%,/3$0# ,1 ($0#/+3-& %# 0#1.&@ K3/3 (**& *;& %#2$(%3* 3* +3/(B+#(* 7,# ($%()31 &

0#1.& ($()(3- %& ($)(%#$0# tii # & 0#1.& 2$3- %& ($)(%#$0# tif @

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

A #03.3 )D313%3  !"#! $%&%' &() *+%' 6 /#.&$*B+#- .#-3 )/(3:;& # )&$2<,/3:;& %&*

+#'),-&* 7,# (/;& )&1.&/ & 1&%#-&@ G A-<&/(01&  %#03-D3 #*03 #03.3@

 !"#$%&'( ) )/(3/L&+&*M#'),-&*NO

*+$+ &#,# cx,y ∈ E (PRI) -+.+
/0 cx,y [o] = 0 ∧ rand () ≤ p (v)t

x,y 01&2#

/0 rand () ≤ p (l) 01&2#
vk = {vid, 2, [x, y;−1,−1;−1,−1] , 1, vlarge, st}

/012#

vk = {vid, 1, [x, y] , 1, vsmall}
3( /0

k ← k + 1
vid← vid + 1

3( /0

3( *+$+

*+$+ &#,# cx,y ∈ E (SEC) -+.+
/0 cx,y [o] = 0 ∧ rand () ≤ p (v)t

x,y 01&2#

vk ← {vid, 1, [x, y] , 1, vsmall}
k ← k + 1
vid← vid + 1

3( /0

3( *+$+

G$%# E (PRI) ⊆ E 6 & *,9)&$5,$0& %# )6-,-3* 7,# .#/1(0#1 3 )/(3:;& %# +#'),-&*

# 7,# #*0;& $& ($')(& %3 +(3 ./($)(.3- #4 3$3-&<31#$0#4 E (SEC) ⊆ E #*0;& $& ($')(&



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

"# $%# &'()*"+,%#- rand () . )/# 0)*123 ,'&43*&+$'5 43, 6',#, *7/',3& #5'#89,%3& *3

%*8',$#53 (0, 1] '/ )/# "%&8,%:)%123 )*%03,/'- vk 3 $';()53 v "' ;*"%(' k 4',8'*('*8'

#3 (3*<)*83 "' $';()53& 4,'&'*8'& *3 /3"'53 V= >/ $';()53 vk 43"' &', "'?*%"3 43,@

vk :

{

{vid, tp, loc = [(x, y)] , vcur, vmax} , se veiculo pequeno

{vid, tp, loc = [(x1, y1) ; (x2, y2) ; (x3; y3)] , vcur, vmax, st} , se veiculo grande

AB=CD

E'*"3 tp 3 8%43 "' $';()53F (3/ 3& $#53,'& 1 4#,# $';()53& 4'G)'*3& (3/3 (#,,3&

' 2 4#,# $';()53& 6,#*"'& (3/3 H*%:)& ' (#/%*IJ'&F vcur # $'53(%"#"' #8)#5F vmax #

$'53(%"#"' /+K%/# G)' 3 /'&/3 43"' #8%*6%, ' st 3 8'/43 "' 4#,#"# '/ &'6)*"3&=

L3*&%"',#M&' G)' $';()53& 4'G)'*3& 3()4#/ &3/'*8' C (.5)5#F '*G)#*83 3& $';()53&

6,#*"'& 3()4#/ N (.5)5#& "' (3/4,%/'*83 43, C (.5)5# "' 5#,6),#= O3, '&8' /38%$3

# 53(#5%P#123 "3 $';()53 &' "+ 43, )/ 4#, 3,"'*#"3 (x, y) 4#,# (#,,3& ' 8,Q& 4#,'&

[(x1, y1) ; (x2, y2) ; (x3; y3)] 4#,# H*%:)& ' (#/%*IJ'&=

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

R3 %*;(%3 ' *3 ?/ "' (#"# 8,'(I3 "' $%#F G)#,8'%,23F 'K%&8'/ (.5)5#& ,'&43*&+$'%&

43, 3:8', ' ,'6%&8,#, "#"3& '&8#8;&8%(3& &3:,' # "%*S/%(# "3 /3"'53= T#%& (.5)5#& &23

(I#/#"#& (.5)5#& &'*&3,'& ' 4',8'('/ #3 &):(3*<)*83 S ⊂ C= U V563,%8/3 N #4,'&'*8#

3 "'8#5I#/'*83 "3 W)K3 "'&8# '8#4# "# &%/)5#123=

 !"#$%&'( ) ,'6%&8,#,X';()53AD

*+$+ &#,# cx,y ∈ Si -+.+

/0 cx,y [o] = 1 01&2#
V"%(%3*#, *# 5%&8# dadosSi 3& $#53,'& {vid, t, sid, bid}

3( /0

3( *+$+

*+$+ &#,# cx,y ∈ Sf -+.+

/0 cx,y [o] = 1 01&2#
V"%(%3*#, *# 5%&8# dadosSf 3& $#53,'& {vid, t, sid, bid}

3( /0

3( *+$+

U& &):(3*<)*83& Si ' Sf ,'4,'&'*8#/ #& (.5)5#& &'*&3,'& "3 %*;(%3 ' "3 ?/ "3 G)#,M

8'%,23= O#,# 3 V563,%8/3 N 03% #"/%8%"# # 'K%&8Q*(%# "#& 5%&8#& dadosSi ' dadosSf G)'

#,/#P'*#/ 3& "#"3& '&8#8;&8%(3& 4#,# )&3 43&8',%3, *# 0#&' "' 4#1&+5%!%6+$ 701/#$=

V $#,%+$'5 sid %*"%(# 3 %"'*8%?(#"3, "3 &'*&3, ' bid 3 %"'*8%?(#"3, "3 G)#,8'%,23=



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

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

" #$%$&$ &' ()*+,- . ,/ %'0,%-1 '2*-3')3' )1 3%45'61 ,%+$)1 ' 7,' 51* 01)-*&'%$&1

#$%$ $ 01)-3%,891 &1 /1&':1; < ":61%*3/1 = &'3$:>$ 01/1 -' &4 $ &*)?/*0$ &$ #$%$&$

&' ()*+,- $&13$&$ )1 /1&':1;

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

*+$+ &#,# cx,y ∈ B -+.+

*+$+ &#,# vk ∈ V -+.+

/0 vk [tp] = 2 ∧ vk [loc] = (x, y) 01&2#
/0 vk [vmax] 6= 0 01&2#

vk [vmax]← 0
vk [st]← dstmin + rand () . (stmax − stmin)e

/012# /0 vk [st] > 0 01&2#
vk [st]← vk [st]− 1

/012#

vk [vmax]← vlarge
3( /0

3( /0

3( *+$+

3( *+$+

<)&' B ⊂ C . 1 01)D,)31 &' 0.:,:$- '-#'0EF0$- #$%$ #$%$&$ &' ()*+,-;

 !"!. /0)1%02$% 3'4560%0

"--*/ 01/1 $- #$%$&$- &' ()*+,-G ,/ 1,3%1 %'0,%-1 5,)&$/')3$: #$%$ 1 H,21 &'

3%45'61 '/ 0')3%1- ,%+$)1- . $ '2*-3I)0*$ &' -'/451%1-; <- -'/451%1- #'%/*3'/ 7,' 1-

J'E0,:1- 01/#$%3*:>'/ $- -'8K'- 0%E3*0$- &' ,/$ J*$G 01/1 0%,L$/')31-G #1% '2'/#:1;

":./ &*--1G 1- -'/451%1- 3$/+./ -91 ,3*:*L$&1-G '/ $:6,)- 0$-1-G #$%$ 3%$J'--*$ &'

#'&'-3%'- 'M1, 01)3%1:' &' J':10*&$&' &' ,/ 3%'0>1; < ":61%*3/1 N &'/1)-3%$ 01/1

1- -'/451%1- 51%$/ 01)-*&'%$&1- )1 /1&':1;

"&*/*3*)&1O-' 7,' #$%$ 1- 01)D,)31- T1 ' T2 '2*-3' $ -'6,*)3' %':$891 &' 01/#:'O

/')3$%*'&$&'P T1 (G)⇒ T2 (R)G T1 (Y )⇒ T2 (R)G T2 (G)⇒ T1 (R)G T2 (Y )⇒ T1 (R)G

' 1- #$%?/'3%1- GG Y ' R -91 #$%$ 1- -'/451%1- Q'%&'G "/$%':1 ' Q'%/':>1G %'-#'03*O

J$/')3';

R$3'/$3*0$/')3'G 1 ":61%*3/1 N #1&' -'% '-0%*31 01/1P

(RT ) :











T(R) ⇒ vk [vmax]← 0

T(Y ) ⇒ vk [vmax]← 1

T(G) ⇒ vk [vmax]← vlarge

,∀vk ∈ V B=;SC



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

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

*+$+ &#,# cx,y ∈ T1 (G) ∪ T2 (G) -+.+
*+$+ &#,# vk ∈ V -+.+

/0 vk [loc] = (x, y) ∧ vk [tp] = 1 01&2#
vk [vmax]← vsmall

/012#

vk [vmax]← vlarge
3( /0

3( *+$+

3( *+$+

*+$+ &#,# cx,y ∈ T1 (Y ) ∪ T2 (Y ) -+.+
*+$+ &#,# vk ∈ V -+.+

/0 vk [loc] = (x, y) 01&2#
vk [vmax]← 1

3( /0

3( *+$+

3( *+$+

*+$+ &#,# cx,y ∈ T1 (R) ∪ T2 (R) -+.+
*+$+ &#,# vk ∈ V -+.+

/0 vk [loc] = (x, y) 01&2#
vk [vmax]← 0

3( /0

3( *+$+

3( *+$+

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

0 *%(1( 2*  !"# $%&'( "$)*+,!- 3 ( -(4* +(54 5+1#&%($%* 2* %#2# # +#2*'# 6078)9

:+( ;*< =:* ( 25$>+5"( 2# +#2*'# 3 &*('5<(2( $*4%* 1#$%#? @4 4:AB:C#4 -:$2(+*$%(54

4D# # "#$%&#'* 2( ;*'#"52(2* 2* :+ ;*E":'# .("*'*&(FD# * 2*4("*'*&(FD#/9 +:2($F( 2*

&#%( ."#$;*&4D# G 25&*5%( #: G *4=:*&2(/ * +:2($F( 2* -(5C(49 "#$-#&+* HI 9 IJK?

L* -#&+( +(%*+,%5"(9 ( 1(&%* 2( ("*'*&(FD# 1#2* 4*& *C1&*44( 1#&M

(R1) : vk [vcur]← min (vk [vcur] + 1, vk [vmax] , vmaxCel (vk)) .J? /

N, ( *=:(FD# ( 4*O:5& (1&*4*$%( ( *%(1( #$2* #"#&&* ( 2*4("*'*&(FD# ('*(%P&5(M

(R2) : vk [vcur]← max (vk [vcur]− 1, 0) , se rand () ≤ p (d) . .J?J/

0 %*&"*5&( *%(1( 2( +#;5+*$%(FD# 2# ;*E":'# 3 (=:*'( =:* &*1&*4*$%( ( ;54D# 2#

+#%#&54%(9 "#$-#&+*M

(R3) : vk [vcur]← min (vk [vcur] , gap (dir)) . .J?Q/



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

"#$ %& ' ()*+,(-( ( $./$( -( &#0+&.12(34#5

(R4) : vk [loc]← vk [loc] + vk [vcur] ∗ dir . 6789:

; <*/#$+2&# 9 ()$.=.12( # >?@# )$+1,+)(* -.=2( -+1A&+,(8

 !"#$%&'( ) &#0+&.12($B.+,?*#=6:

*+$+ &#,# vk ∈ V -+.+

/0 vk [tp] = 1 01&2#
C"($( 0.D,?*#= ).E?.1#= ' ).$&+2+-# (*2.$($ -. F(+@( . -+$.34#G

/0 rand () ≤ p (m) 01&2#
dir = dirCel (vk, sd)

/012#

dir = dirCel (vk, pd)
3( /0

/012#

C"($( 0.D,?*#= /$(1-.= =.&)$. ' .=,#*H+-( ( -+$.34# )$+1,+)(*G

dir = dirCel (vk, pd)
3( /0

C<)*+,(1-# ( $./$( -( (,.*.$(34#G

vk [vcur]← min (vk [vcur] + 1, vk [vmax] , vmaxCel (vk))
C<)*+,(1-# ( $./$( -( -.=(,.*.$(34# (*.(2I$+(G

/0 rand () ≤ p (d) 01&2#
vk [vcur]← max (vk [vcur]− 1, 0)

3( /0

C<)*+,(1-# ( $./$( -( 0+=4# -# &#2#$+=2(G

vk [vcur]← min (vk [vcur] , gap (dir))
C<)*+,(1-# ( $./$( -( &#0+&.12(34#G

vk [loc]← vk [loc] + vk [vcur] ∗ dir
3( *+$+

;1-. ( F?134# dir = dirCel (., .) ' $.=)#1=J0.* )#$ $.,?).$($ # -.=*#,(&.12# -(-#

#1-. # 0.D,?*# vk =. .1,#12$( . E?(* ( -.,+=4# 2#&(-(K -+$.34# )$+1,+)(* #? =.,?1-J$+(8

;?2$( F?134# +&)#$2(12. 1.=2. )$#,.==# ' ( gap (.) E?. +1-+,( # &J@+&# -. .=)(3#

0(L+# -# E?(* # 0.D,?*# )#-. =. &#0+&.12($ 1( -+$.34# .=,#*H+-(8 <*'& -+==# )#==?+ ?&

$.,?$=# ,()(L -. /.$($ ?&( -+=2A1,+( .12$. 0.D,?*#=K E?. ,$.=,. *+1.($&.12. ,#1F#$&.

( $./$(5 M< ,(-( !NO&PH -.0. .@+=2+$ ?&( -+=2A1,+( -. Q8Q& .12$. 0.D,?*#=RK ,#1F#$&.

-.%1+-# .& !8 

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

; &#-.*# ' ,()(L -. =+&?*($ ?& 2$JF./# ?$S(1# .& ?&( -(-( $./+4#K +=2# 'K #= 0.D,?*#=

E?. ,H./(& (# %& -. ?&( 0+( 2.$4# E?. =.$ $.&#0+-#=8 "($( 2(* .@+=2.& (= ,'*?*(= ,#&



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

!"#$%&' &'(&)*+)$' cx,y = {9, 9, 9, 9}, )$-.$%/& &0(#1)"2$ -" 3&45$ 6787 9 :#;$%1</$ =

2&/$-'<%" )$/$ $)$%%& " %&/$45$ -$ /$2&#$ (%$($'<$7

 !"#$%&'( ) %&/$!&%>&*)?#$@A

w ← 1
*+$+ &#,# cx,y ∈ F -+.+

*+$+ &#,# vk ∈ V -+.+

/0 vk [loc] 6= (x, y) 01&2#
v2w ← vk

w ← w + 1
3( /0

3( *+$+

3( *+$+

vq ← v2q ∀q = 1, 2, ..., w
k ← w

9-2& F B $ )$-C?-<$ 2& )B#?#"' D?& ($''?&/ '&? !"#$% 1;?"# E {9, 9, 9, 9}7

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

F$-;&'<1$-"/&-<$', ")12&-<&' & !&*)?#$' )$/ 2&.&1<$' '5$ &!&-<$' )$/?-' -$ <%G-'1<$,

(%1-)1("#/&-<& &/ '& <%"<"-2$ 2& <%H.&;$ &/ ;%"-2&' )&-<%$' ?%I"-$'7 J$% <"#, .$1

(%$($'<$ D?& $ F:KL3 .$''& )"("M 2& ;&%"% &!&-<$' $-2& N$?!&''& I#$D?&1$ ("%)1"#

$? <$<"# 2" !1"7 : 12B1" (%1-)1("# " )&%)" 2$ 1-)12&-<& B D?& 2?%"-<& ?/ 1-<&%!"#$

2& <&/($ 2& '1/?#"45$ ?/ )$-C?-<$ 2& )B#?#"' (&%/")&''& -5$O<%"-'1<H!&#7 : #P;1)"

(%&'&-<& ("%" &'<& <1($ 2& &!&-<$ B &0($'<$ (&#$ :#;$%1</$ Q7

 !"#$%&'( 4 ;&%"%R-)12&-<&@A

/0 tii ≤ t ∧ t ≤ tif 01&2#
*+$+ &#,# cx,y ∈ F -+.+

*+$+ &#,# vk ∈ V -+.+

/0 vk [loc] 6= (x, y) 01&2#
vk [vcur]← 0

3( /0

3( *+$+

3( *+$+

3( /0

S0(%&''"-2$ /"<&/"<1)"/&-<&T

(RI) :

{

vk [vcur]← 0, se tii ≤ t ∧ t ≤ tif

vk [vcur]← vmax, casocontrario
. @67=A



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

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

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

%10/# &# %#&1+#6 */)+)7'0&# '( 8'3)981)( %'23#(2:4)2'( 1;4+)2'&'( 0' <1,-# =>=>?>

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

"# +#0@# &1(/1 A'4B/*+# C#3'% '431(10/'&'( '( 31@3'( +#2')( 43#4#(/'( 4'3' # %#&1+#

A"DE<6 '(()% 2#%# (*'( 43)02)4')( 2'3'2/13B(/)2'( &1 ()%*+',-#> F )0B2)# &# A'4B/*+#

'431(10/#* # G*;# 43)02)4'+ &' ()%*+',-#6 4#(/13)#3%10/16 C#3'% &1/'+H'&#( #( (*.5

G*;#( &1 2#0$@*3',-# )0)2)'+6 23)',-# &1 0#8#( 81B2*+#(6 31@)(/3# &1 81B2*+#(6 4'3'&' &1

I0).*(6 2#0/3#+1 &1 (1%9C#3#(6 %#8)%10/',-# &#( 81B2*+#(6 31%#,-# &#( 81B2*+#( J*1 K9

1(/-# 0# $% &1 *%' 8)'6 16 4#3 $%6 ' @13',-# &1 )02)&10/1(>

"# $0'+ &' ()%*+',-# #( &'&#( #./)&#( &' &)0L%)2' (-# 2#0&10('&#( 0' C'(1 &1

2#0/'.)+)7',-# &#( (10(#31(> M(/1( &'&#(6 '+N% &1 #*/3'( 2'3'2/13B(/)2'(6 &1%#0(/3'% '

8'+)&',-# &# %#&1+# J*'0&# 2#%4'3'&#( ' #*/3'( '.#3&'@10( K9 '21)/'( '%4+'%10/1 0'

+)/13'/*3'6 2#%# '( ".#3&'@10( O'23#(2:4)2'( '431(10/'&'( 0# A'4B/*+# => F A'4B/*+#

P )39 &1%#0(/3'3 #( 1;413)%10/#( 31'+)7'&#( 0# %#&1+# A"DE<>



 !"#$%&' (

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

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

 ! "#$"%&'"()*! +*%,' %",-&.,/*! 0)&-&.,(/* * '*/"-* $%*$*!)* 123456 7*(+*%'" /"8

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

 ©"'

!0, @"%!A* B<C D;EF<  7"(G%&* 7%&,/* $,%, !&'0-,HA* 0)&-&., )*/*! *! %"70%!*! I0"

"!)A* $%"!"()"! (* '*/"-* 7*'* ,@"(&/,! /" 'J-)&$-,! +,&#,!6 7%0.,'"()*!6 @&,! !"8

70(/G%&,!6 !"'G+*%*!6 $,%,/,! /" K(&?0!6 7,%%*!6 K(&?0! " 7,'&(9L"!< 2-M0(! 7"(G%&*!

!&'0-,/*! ,&(/, $*!!0"' * %"70%!* /" M"%,HA* /" "@"()*! I0" $*!!,' 7,0!,% 7*(M"!8

)&*(,'"()*< 2 N&M0%, O<P ,$%"!"(), * -"&,0)" /* ',$, *(/" *! "#$"%&'"()*! +*%,'

%",-&.,/*! /"!),7,(/*8!" *! !"0! $%&(7&$,&! 7*'$*("()"!<

N&M0%, O<PQ R"&,0)" /* ',$, /*! "#$"%&'"()*! %",-&.,/*! 7*' !"0! $%&(7&$,&! 7*'$*8

("()"! "' /"!),I0"<

1*(+*%'" $*/" !"% *?!"%@,/*6 * 7"(G%&* $*!!0& *&)* I0,%)"&%L"! !"(/* I0,)%* ,7&',

/, ,@"(&/, $%&(7&$,- " I0,)%* ,?,&#* /, @&, $%&(7&$,-< 2 ,@"(&/, $%&(7&$,- $*!!0& )%S!

TO



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

"#$%#& ' ()# '%*'+&,- .' /011/ )'*2-& 3-( 111 456(6#&7 .' 4-)82$)'+*-0 9: #& ;$#&

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

456(6#&70 =-.-& -& 42(>#)'+*-& .- 82'&'+*' 4'+:2$- 8-&&(') &'):"-2-& ' #& 8#2#.#&

.' ?+$@(& '&*,- 6-4#6$>#.#& .- 6#.- .$2'$*- 3.- &'+*$.- .# ;$#7 &')82' #8A& /BC )'*2-&

.- $+D4$- .- E(#2*'$2,-F -( &'G#F #82-%$)#.#)'+*' +- )'$- .- @6-4-0 H) '%')86- .#

4-.$I4#J,- .- )#8# (*$6$>#.- 8#2# &$)(6#J,- .' *2K+&$*- 8-.' &'2 ;$&*- +# L$M(2# B010

L$M(2# B01N O-.$I4#J,- .- )#8# (*$6$>#.- +- P-.'6- OQH=R0

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

Q &$)(6#J,- .- *2K+&$*- +- )-.'6- OQH=R &' .: '+*2' -& S-2:2$-& .' CBNCC ' 11NCC0

T&*'& ;#6-2'& "-2#) '&4-6S$.-& .';$.- #- "#*- E('F ')8D2$4#)'+*'F '%$&*' *2K+&$*- 4-+U

&$.'2:;'6 .(2#+*' '&*' $+*'2;#6-0 O-+;'2*'+.- '&*'& S-2:2$-& 8#2# - *')8- ') &'M(+.-&

-& 8#2K)'*2-& ti ' tf &,-F 2'&8'4*$;#)'+*'F 18.000 ' 79.2000 Q "#4$6$.#.' .- (&- .-

*')8- ') &'M(+.-& G(&*$I4# '&*# 4-+;'2&,-0

V 8#2K)'*2- p (v)t

x,y 5 -@*$.- #*2#;5& .' L(+JW'& .' X'+&$.#.' .' Y2-@#@$6$.#.'

U YXL0 R'G# - )-;$)'+*- Z-'&*'U6'&*'[ #E('6' E(' -4-22' .-& @#$22-& 8#2# - 4'+*2-F

' Z6'&*'U-'&*'[ - $+;'2&-F #& L$M(2#& B0 ' B0\ #82'&'+*#) #& YXL& 8#2# - )-;$)'+*-

&(M'2$.-0 R'G#F *#)@5)F E(' #& ;$#& &'4(+.:2$#& 8-&&(') 8'2D-.-& .' )#$-2 )-;$)'+*-

E(' #4-)8#+S#) -& S-2:2$-& -+.' #& ;$#& 82$+4$8#$&F #&&$)F # L$M(2# B0B )-&*2# # YXL

8#2# #& ;$#& &'4(+.:2$#&0

Q 82-@#@$6$.#.' .' '+*2#.# .' ;'D4(6-& M2#+.'& +- )-.'6- OQH=R p (l) "-$ I%#.#

+- ;#6-2 .' 0, 30F $&*- 5F '%$&*' ()# 82-8-2J,- .' 30% .' ;'D4(6-& M2#+.'& ') 4$24(6#J,-
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/.2 +'2 6'&'/'2 /0 O+#4%2) R290 7'5.& B.# 'N%29'/. +'2 2#<%5',S02 6'&' stmin ← 10 0

stmax ← 30) M2 6'&G<09&.2 tii 0 tif 2-. 'N%29'/.2 /0 '8.&/. 8.< . 80+E&#. 2#<%5'/.)
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 !  !"#$%&' () *+",-./,0$'1 2,!&.3!4'1

"#$%&' ()*+ ,-.%/0'12 12 -34-&#5-602 12 7-68&#2 !9 4'&' 2 4&#5-#&2 :%'&0-#&;2)

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

<%=>-68&#2 ?%'&0-#&;2 !9 ?%'&0-#&;2 !@ ?%'&0-#&;2 !A ?%'&0-#&;2 ! 

9)9 18± 4 B@*CD 16± 4 B@9CD 17± 4 B@9CD 23± 5 B9@CD

9)@ 7± 2 BEECD 14± 3 B9FCD 17± 4 B9ECD 21± 4 B99CD

9)A 8± 2 BF9CD 11± 2 B ECD 16± 4 B9FCD 20± 4 B99CD

9) 7± 2 BEFCD 11± 3 B(*CD 11± 2 B*@CD 23± 5 BFCD

9)( 8± 2 BE*CD 11± 3 B FCD 10± 2 B*@CD 19± 5 B@GCD

 !"#$! %&'( )#$*+,-!-# ./-,! -*0 1#2+3$*0 4* +#456,* 7' 894:6# ;!6<4:#0#0 ! *+3;!=>*

6#$!:,1! -! 1,!?&

@5 !  !"#$! %&A !;6#0#4:! *0 6#03$:!-*0 #. 3. .*.#4:* *4-# * 4B.#6* -# 1#2+3$*0

#0:5 #. +6#0+,.#4:*& 90:#0 6#03$:!-*0 1!$,-!.C -# !$D3.! E*6.!C *0 6#03:!-*0 !;6#F

0#4:!-*0 !4:#6,*6.#4:#& G*.* ;*-# 0#6 ;#6+#",-*C ! 1#$*+,-!-# ./-,! +!, #4H3!4:*
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 !"#$%& '( ) *!$+&,& ,! -'.'' ) --.''

9,:+%#;(0" <,/(5%0(1" =! <,/(5%0(1" => <,/(5%0(1" =? <,/(5%0(1" = 

>8! 25± 5 @!ABC 24± 5 @!?BC 25± 6 @!!BC 27± 6 @DBC

>8> 14± 2 @AEBC 23± 5 @!!BC 24± 5 @FBC 27± 5 @GBC

>8? 16± 3 @G=BC 16± 3 @?>BC 25± 5 @DBC 28± 7 @ABC

>8 18± 3 @A?BC 19± 4 @?=BC 18± 5 @>GBC 27± 6 @ABC

>8A 19± 3 @ DBC 21± 4 @>DBC 20± 5 @>EBC 19± 5 @>DBC

H/:%-/ A8>I J%-"+0$/$% '2$0/ $". )%*+,-". #" +%#;(0" => @K#5(% L/(M#5%.%. / "+,L/N1"

(%-/50)/ $/ )0/C8

O P%#;(0" ? .0',-/ ,' '"'%#5" "#$% %Q0.5% '")0'%#5" 6"(5% $% )%*+,-". #". $"0.

.%#50$". $/ )0/8 R%.5/ 6"('/ / )%-"+0$/$% '2$0/ $". )%*+,-". S; % :/0Q/ % / "+,L/N1"

(%-/50)/ 2 /-5/8 T%.5% +/." / "+"((M#+0/ $% ,' /+0$%#5% L"$% +/,./( ,'/ U,%$/ $%

/52 !?AB #/ )%-"+0$/$% '2$0/4 +"#6"('% ":.%()/$" #" U,/(5%0(1" ! #" .,:+%#;(0" ?8>4

U,/#$" +"'L/(/$" /" 5(%+V" .%' (%5%#NW%.8
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9,:+%#;(0" <,/(5%0(1" =! <,/(5%0(1" => <,/(5%0(1" =? <,/(5%0(1" = 

?8! 22± 5 @!GBC 20± 5 @!GBC 20± 5 @!DBC 25± 6 @!!BC

?8> 10± 3 @G BC 15± 5 @!GBC 17± 5 @!EBC 23± 7 @!=BC

?8? 9± 1 @GGBC 13± 3 @ >BC 18± 5 @!GBC 21± 6 @!!BC

?8 9± 3 @E?BC 12± 4 @A=BC 11± 3 @G?BC 22± 6 @DBC

?8A 10± 5 @E=BC 11± 3 @A!BC 10± 3 @G?BC 16± 4 @?DBC
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 !"#$%& '( ) *!$+&,& ,! -./'' ) -0/''

"#$%&'()*+ ,#-).&*)/+ 01 ,#-).&*)/+ 0! ,#-).&*)/+ 02 ,#-).&*)/+ 0 

 31 41± 8 4156 41± 8 4156 41± 7 4156 43± 6 4156

 3! 27± 10 4 56 41± 8 4156 42± 8 4156 43± 6 4156

 32 41± 9 4156 28± 14 4756 41± 8 4156 43± 6 4156

 3 41± 948156 40± 8 4156 24± 6 4956 42± 6 4156

 3: 40± 848156 42± 7 48156 39± 9 4156 25± 5 41256

;-$&<- :3 = >&<+%*?-?& @A?*- ?+B C&D%#<+B '+ %&'()*+ 0 4E'.)& F-)G'.&B&B - +%#F-H/+

)&<-.*C- ?- C*-63
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"#$%&'()*+ ,#-).&*)/+ 01 ,#-).&*)/+ 0! ,#-).&*)/+ 02 ,#-).&*)/+ 0 

:31 41± 9 4156 42± 6 4156 43± 4 4256 42± 4 4!56

:3! 27± 12 4256 42± 7 4156 43± 4 4256 42± 4 4!56

:32 39± 10 4156 24± 5 41156 42± 4 4 56 42± 4 4!56

:3 41± 9 4156 29± 10 4I56 19± 34 :56 42± 4 4!56

:3: 41± 8 48156 36± 13 4256 28± 10 4!256 21± 4 4 256

;-$&<- :3:= >&<+%*?-?& @A?*- ?+B C&D%#<+B '+ %&'()*+ 0: 4E'.)& F-)G'.&B&B - +%#F-H/+

)&<-.*C- ?- C*-63
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-<A@ ?& &B.-) &@ %+'L+)@*?-?& %+@ - ;&+)*- ?& T<#U+ ?& ;)(L&P+ 4M-FD.#<+ !63

V+) J@R + NFG'?*%& M @+B.)- +B )&B#<.-?+B ?& @-'&*)- P)(J%-3
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NOPQ8 '$%(,()&'*" )" RS G")=%(,," T%',-.(-%" *( U(*(, V(0%'-, J R)&(.-=()!-' G"#6
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