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+ "/$70#7%' EX>*YE G#4%/#94% $# "\7/1# '#(%'W(/1# !#.# -%41.%,%. %4(#-)4 % #23%4D

]' %4(#-) H .%!.%4%$(#-) 1)') 0'# 1)$&0$2F) -% "/(%.#/4 !)4/(/,)4D ]' %4(#-) s ∈ S

!)-% 4%. .%!.%4%$(#-) 1)' "/(%.#/4 !.)!)4/1/)$#/4D Y). %6%'!"); Rico∧Conhecido !)-%./#

.%!.%4%$(#. ) %4(#-) -% 0'# !%44)# ./1# % 1)$T%1/-#D  0(.) ')-) -% .%!.%4%$(#. )4 %4(#-)4

4F) 1)' "/(%.#/4 -% !./'%/.# ).-%'Q <4=65/>%1? @2)&3A#'/"B ∧ <4=65/>%2? @2)&"2"B

 

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

# *0 *89#0 %:" #,*%*"#$%# ! -!"(!/%*"#$%! #0(#/*.! ;<=)*$#2*"#$%! >)7006-!?@3



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

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

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

5+& /&$&/)#$6')%/& %+ !$)&()# /!('%"#$&"& "*$&()# !  -&(#7&+#()! 8 " #$%&'()( *(

+, ,+-*. /(0#"*.0 9''! '%.(%:/& ;*# ;*&%';*#$ /!("%<4#' (=! +#(/%!(&"&' #+ *+

#')&"! '=! /!('%"#$&"&' >&-'&' ?@*''#-- # A!$2%. BCCDE0 F #')&"! %(%/%&- i # & +#)& g

)&+,8+ '=! $# $#'#()&"!'  !$ /!(7*(<4#' "# -%)#$&%'0 GH &' &<4#' #+ A '=! #' #/%:/&"&'

#+ )#$+!' "#  $8I/!("%<4#' ;*# "#2#+ '#$ '&)%'>#%)&' &()#' "& &<=! '#$ #J#/*)&"& #  #-!'

#>#%)!' $#'*-)&()#' "& '*& #J#/*<=!0 K!$ #J#+ -!L & &<=! "# 2!&$ #+ *+ &2%=! "# *+

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

123.N !"#Np, de, paraO

$#%&'!()*+,!M  !Np, deO ∧ "#$%&NpO ∧ "'(&)&(*&NdeO ∧ "'(&)&(*&NparaO

-.-*/!M ¬ !Np, deO ∧  !Np, paraOO

1')# #';*#+& $# $#'#()& 2H$%&'  !''%,%-%"&"#' "# &<4#' ;*#  !"#+ '#$ "#$%2&"&'  #-&

%(')&(/%&<=! "&' 2&$%H2#%' p, de # para0 P-.*(' '%')#+&' "#  -&(#7&+#()! "%2%"#+ !'

#>#%)!' #+ *+& 4$)'" *( "*$23.  &$& -%)#$&%'  !'%)%2!' # *+& 4$)'" *( (4$,$-"23.  &$&

-%)#$&%' (#.&)%2!'0

A& Q%.*$& B0RS 8 & $#'#()&"! *+  $!,-#+& "#  -&(#7&+#()! *)%-%3&("! TU@9KT /V&I

+&"! W+,-.& .&/ 01&2&/ X0 F  $!,-#+& /!('%')# #+ +!2#$ !' ,-!/!' *'&("! &' &<4#'

0!1-# # 0!1-#2"#"0-3"0 F !,7#)%2! 8 &-)#$&$ !  /*3.& 4-$2$31 "! +*("!  &$& ;*# '#7&

!,)%"! !  /*3.& +'*30 A! W /*3.& 4-$2$31 XL ! ,-!/! C #')H '!,$# ! ,-!/! A # ! ,-!/! B

#')H '!3%(V!0 P +#)& 8 &-/&(<&$ & /!(:.*$&<=! !("# ! ,-!/! A #')H '!,$# ! ,-!/! B # !

,-!/! B #')H '!,$# ! ,-!/! C0

P &<=! 0!1-#Nb, x, yO +!2# *+ ,-!/! b ;*# #')H '!,$# x  &$& yL '# &+,!' b # y

#')=! -%2$#'0 5+ ,-!/! -%2$# '%.(%:/& ;*# (=! #J%')# !*)$! ,-!/! '!,$# #-#0 Y# !%' ;*# !

+!2%+#()! 8 >#%)!L x :/& -%2$# +&' y (=!0 Z*&("! x = mesa & &<=! 0!1-#Nb, x, yO )#+

! #>#%)! Livre(mesa)L +&' & +#'& (=! :/&$H -%2$# N'#+ ,-!/!'O0 1()$#)&()!L /!+! /%)&"!

#+ ?@*''#-- # A!$2%. BCCDEL /!('%"#$&+!' ;*# Livre(mesa) 8 2#$"&"#%$&  !%' '* !+!' ;*#

Livre(mesa) '%.(%:/& ;*# #J%')# #' &<! -%2$#  &$& /!-!/&$ ,-!/!' '!,$# & +#'&0 P &<=!

0!1-#2"#"0-3"Nb, xO +!2# *+ ,-!/! b ;*# #')H '!,$# x  &$& & +#'&0

K&$& #2%)&$ &-.*+&' $#"*("[(/%&' "*$&()# & .#$&<=! "!  -&(!L &-.*+&'  $8I/!("%<4#'

'=! &"%/%!(&"&' &' &<4#' Nb 6= x\ b 6= y\ x 6= y\ Bloco(b)\ Bloco(x)\ Bloco(y)O0 P'  $8I

/!("%<4#' Bloco(b)L Bloco(x) # Bloco(y)L '=! $#' !('H2#%'  !$ #J%.%$ ;*# /&"& #-#+#()!

"&"! /!+! #()$&"& '#7& *+ ,-!/!0 GH &'  $8I/!("%<4#' b 6= xL b 6= y # x 6= yL "#)#$+%(&+

;*# !' #-#+#()!' '#7&+ "%>#$#()#'0 ]!+ #')&' #')$&)8.%&' #2%)&+!' ;*# '#7&+ /!('%"#$&"&'

&-.*+&' &<4#' $#"*("&()#'0 K!$ #J#+ -!L & &<=! 0!1-#2"#"0-3"NA, mesaO 8 $#"*("&()#

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

1J%')#+ "%2#$'&' '!-*<4#'  &$& !  $!,-#+& "& Q%.*$& B0RS0 P '#.*%$ '=! & $#'#()&"!'



 !  !"#$%&' () *%+,!-.+$'/ 0.1234'/ . 02!5!&6'/  '22.&!$'/

 !"#$% &'()(#*  !"#$ A, Mesa! ∧  !"#$ B, Mesa! ∧  !"#$ C, A! ∧
%&!'! A! ∧ %&!'! B! ∧ %&!'! C! ∧ ()*#$ B! ∧ ()*#$ C! ∧ ()*#$ mesa!!

 !"#$% +,"#  !"#$ A, B! ∧  !"#$ B, C! ∧  !"#$ C, mesa!!

-./%  !"#$ b, x, y!"

%$&'(!)*+,-!#  !"#$ b, x! ∧ ()*#$ b! ∧ ()*#$ y! ∧ %&!'! b! ∧ %&!'! y! ∧
 b 6= x! ∧  b 6= y! ∧  x 6= y!

#.#+/!#  !"#$ b, y! ∧ ()*#$ x! ∧¬  !"#$ b, x! ∧¬ ()*#$ y!!

-./%  !"#$01$1 #21 b, x!"

%$&'(!)*+,-!#  !"#$ b, x! ∧ ()*#$ b! ∧ %&!'! b! ∧ %&!'! x! ∧  b 6= x!

#.#+/!#  !"#$ b, mesa! ∧ ()*#$ x! ∧¬  !"#$ b, x!!

 !"#$% &'()* +$,-./0% 1 !"#$ #$% &'$($% 2 $/3$/4/56%7, 3/.% .!5"#%"/0 89:;+8'

7,!4 3.%5,4 <#/ $/4,.=/0 /46/ 3$,-./0%

 

' >0 ?%7% /46%7, ,4 .!6/$%!4 /0 5/"$!6, 7/46%?%0

%4 3$@A?,57!BC/4 7% %BD, <#/ 4/$E /F/?#6%7%' G4 .!6/$%!4 5/"%7,4 4D, /.!0!5%7,4 7, /46%7,

$/4#.6%56/ 7% %BD,' H, I5%. 4D, 4#-.!5J%7,4 ,4 .!6/$%!4 <#/ K%L/0 3%$6/ 7% 0/6%'

"#$%& '(  !"#$%&$& #'&MCN AO ≺  !"#$MBN mesaN CO ≺  !"#$MAN mesaN BO

 !"#$%& '()*)$+ 7'52.!A, Mesa" ∧ 7'52.!B, Mesa" ∧  !"#$,C, A- ∧ %&!'!,A- ∧ 8&'4'!B"

∧ %&!'!,C- ∧ 93:2.!B" ∧ ()*#$,C- ∧ 93:2.!mesa" ⇐=  !"#$%&$& #'&!C#A"

 7'52.!A, Mesa" ∧  !"#$,B, Mesa- ∧ 7'52.!C, Mesa" ∧ 8&'4'!A" ∧ %&!'!,B- ∧ %&!'!,C-

∧ 93:2.!A" ∧ ()*#$,B- ∧ ()*#$,C- ∧ 93:2.!mesa" ⇐=  !"#$!B#mesa#C"

 7'52.!B, C" ∧  !"#$,A, Mesa- ∧ 7'52.!C, Mesa" ∧ %&!'!,A- ∧ %&!'!,B- ∧ 8&'4'!C" ∧

()*#$,A- ∧ ()*#$,B- ∧ 93:2.!mesa" ⇐=  !"#$!A#mesa#B"

 !"#$%& ./#$ 7'52.!A, B" ∧ 7'52.!B, C" ∧ 7'52.!C, Mesa" ∧ 8&'4'!A" ∧ 8&'4'!B" ∧ 8&'4'!C"

∧ 93:2.!A" ∧ 93:2.!mesa"

"#$%& )(  !"#$%&$& #'&MCN AO ≺  !"#$MAN mesaN BO ≺  !"#$%&$& #'&MAN BO ≺

 !"#$MBN mesaN CO ≺  !"#$MAN mesaN BO

 !"#$%& '()*)$+ 7'52.!A, Mesa" ∧ 7'52.!B, Mesa" ∧  !"#$,C, A- ∧ %&!'!,A- ∧ 8&'4'!B"

∧ %&!'!,C- ∧ 93:2.!B" ∧ ()*#$,C- ∧ 93:2.!mesa" ⇐=  !"#$%&$& #'&!C#A"

 a1 ≺ a2 $%&'%()* +,- * *./0 a1 ∈ A 1-2- $-3 -4-),5*1* *'5-$ 1- a2 ∈ A6 s⇐= a3 $%&'%()* +,- $073-

0 -$5*10 s ∈ S $-38 -4-),5*1* * *./0 a3 ∈ A6



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

  !"#$!A, Mesa" ∧ ,+-.' B, Mesa! ∧ ,+-.' C, Mesa! ∧ %&!'!!A" ∧ %&!'!!B" ∧ /$+0+ C!

∧ ()*#$!A" ∧ ()*#$!B" ∧ 123.' C! ∧ 123.' mesa! ⇐=  !"#$ A"mesa"B!

  !"#$!A, B" ∧ ,+-.' B, Mesa! ∧ ,+-.' C, Mesa! ∧ %&!'!!A" ∧ %&!'!!B" ∧ /$+0+ C! ∧

()*#$!A" ∧ 123.' C! ∧ 123.' mesa! ⇐=  !"#$%&$& #'& A"B!

 ,+-.' A, Mesa! ∧  !"#$!B, Mesa" ∧ ,+-.' C, Mesa! ∧ /$+0+ A! ∧ %&!'!!B" ∧ %&!'!!C"

∧ 123.' A! ∧ ()*#$!B" ∧ ()*#$!C" ∧ 123.' mesa! ⇐=  !"#$ B"mesa"C!

 ,+-.' B, C! ∧  !"#$!A, Mesa" ∧ ,+-.' C, Mesa! ∧ %&!'!!A" ∧ %&!'!!B" ∧ /$+0+ C! ∧

()*#$!A" ∧ ()*#$!B" ∧ 123.' mesa! ⇐=  !"#$ A"mesa"B!

 #$%&'( )*%&# ,+-.' A, B! ∧ ,+-.' B, C! ∧ ,+-.' C, Mesa! ∧ /$+0+ A! ∧ /$+0+ B! ∧ /$+0+ C!

∧ 123.' A! ∧ 123.' mesa!

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

!0 *+6%8  !"#$9A, B: ∧  !"#$9B, C: ∧  !"#$9C, Mesa:; < "#$%&! =( &>! ? % .+$@!,

*!$0A>!7 6B /0+ &+C+**32% 4+ .%3* %AD+*; E+*.! %**3. +$+ &>! 4+35% *+, 0.% *!$0A>!;

FG+*%, 4+ HIJK#H G!**3)3$32%, % +*G+C3LC%A>! 4+ -B,3!* G,!)$+.%* ,+%3*7 +$+ %3&4% ? 3&M

*0LC3+&2+ G%,% ,+G,+*+&2%, %$N0&* G,!)$+.%*; #!, 3**! O!,%. 4+*+&-!$-34!* &!-!* .!4+$!*

4+ ,+G,+*+&2%A>!7 2%3* C!.! FPQ R#+4&%0$2 'STSU + #PPQ RV4+$W%.G + X!Y.%&& =ZZ[U;

\.% C!.G%,%A>! +&2,+ HIJK#H + FPQ7 C!. %* 43O+,+&A%* +&2,+ %.)%* %* $3&N0%N+&*7 ?

%G,+*+&2%4% +. RJ0**+$$ +  !,-3N =ZZ]U; F $3&N0%N+. #PPQ 3&C$03 HIJK#H + FPQ7 +

G!**3)3$32% 4+L&3, 2+.G! 4+ 40,%A>! G%,% %* %AD+* + 4+*C,+-+, !* +O+32!* 4! 2+.G! *!),+ %*

%AD+*; F$?. 4+*2%* .!43LC%AD+*7 3&C$03 ! 2,%2%.+&2! 4+ +5G,+**D+* &0.?,3C%* + G+,.32+

+*G+C3LC%, 0.% O0&A>! 4+ !23.3^%A>! 4! G$%&! 94+&!.3&%4% .?2,3C%:7 % *+, 4+*C,32% &%

G,_G,3% ,+G,+*+&2%A>! 4! G,!)$+.%;

P+G+&4+&4! 4+ C!.! ? 4+L&34! 0. G,!)$+.%7 G!4+.!* +5+C02%, 0.% !0 .%3* %AD+*

%! .+*.! 2+.G!; F$?. 43**!7 +53*2+. -B,3!* !,4+&%.+&2!* 4+ %AD+* /0+ ,+*!$-+. 0.

G,!)$+.%; P+-34! % 2!4%* +**%* G,!G,3+4%4+* + %!* 3&1.+,!* G,!)$+.%*7 +53*2+. -B,3!*

%$N!,32.!* + $3&N0%N+&* 4+ G$%&+6%.+&2!; `+,%$.+&2+ ! G$%&+6%.+&2! ? 43-34! +. "#$%&+M

6%.+&2! a$B**3C!( + "#$%&+6%.+&2! &>!Ma$B**3C!(;

"#$%&'$(&%)* +#,--./*0 b 0. G$%&+6%.+&2! !&4+ ! +*2%4! ,+*0$2%&2+ %G_* % +5+C0A>!

4%* %AD+* !0 4! G$%&! G!4+ *+, G,+-3*2! C!.G$+2%.+&2+7 G!3* ! +*2%4! %20%$ ? .!43M

LC%4! %G+&%* G+$%* %AD+* 4! G$%&!;  +&@0.% !02,% .!43LC%A>! ? 3&*+,34% 40,%&2+

% +5+C0A>! 4! G$%&!7 !0 *+6%7 0.% -3*>! 4+2+,.3&c*23C%;

"#$%&'$(&%)* %1* +#,--./*0 V&-!$-+ G$%&!* C!..1$23G$!* C%.3&@!* 43O+,+&2+* 4+ +5+M

C0A>!; a!. 3*2!7 !* G$%&!* &>! *>! +*G+C3LC%4!* C!.! 0.% *+/0d&C3% 4+ %AD+*7 .%*

C!. G!$c23C%* /0+ .%G+3%. +*2%4!* +. %AD+*;

V53*2+. 43-+,*!* %$N!,32.!* 4+ G$%&+6%.+&2!; < %#&'(')&* ? 0. G$%&+6%.+&2! )%*+%4!

+. N,%O! + O!3 G,!G!*2! G!, Re$0. + f0,*2 'SSgU; F$N0&* .?2!4!* C!&*3*2+. &! 0*! 4%

$_N3C% G,!G!*3C3!&%$ %2,%-?* 4+ %53!.%* G%,% 4+40A>! 4!* G$%&!*7 2+&4! 4+*2%/0+ !* 2,%M

)%$@!* 4+ Rh%02^ + H+$.%& 'SS=U7 Rh%02^ + H+$.%& 'SSiU + Rh%02^ + j%$*+, 'SSSU; <



 !  !"#$%&' () *%+,!-.+$'/ 0.1234'/ . 02!5!&6'/  '22.&!$'/

 !"#" $%&'(')*$+, '- ."')/'&*01 ' 2'3+ 45567 8 9- %3$)':$-')*, ;9' %'&-<*' , 9(,

+' ,%'&$+,&'( =,- %&8>=,)+<?@'( ' 'A'<*,(B C- .D)+'&(,) '* $3B 455E7 (F, $%&'(')*$+$(

-'30,&<$( +,  !"#" G !"#$%& '%()*)+(" > HI"JB D38- +'(*'( *&$/$30,(K 'L<(*'- +<M'&>

(,( '(*9+,( =,&&'3$*,( =,-%$&$)+, ,( -8*,+,( +' %3$)':$-')*, ' %&,%,)+, -'30,&<$(B

N$( %&OL<-$( ('?@'( (F, $/,&+$+,( $3P9)( -8*,+,( +' %3$)':$-')*,B

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

# $3P,&<*-, +' %3$)':$-')*, -$<( (<-%3'( P'&$ *,+,( ,( '(*$+,( ' *&$)(<?@'( ')*&'

'(*$+,( +' 9- P&$A,B C- ('P9<+$K ')=,)*&$ 9- =$-<)0, $ %$&*<& +, '(*$+, <)<=<$3 $*8

9-$ -'*$ g ∈ G 9($)+, %,& 'L'-%3, 9- $3P,&<*-, +' /9(=$ +, -'),& =$-<)0,B # %3$),

8 9-$ (<-%3'( (';QR)=<$ +' ,%'&$+,&'( ;9' =,&&'(%,)+'- $( $&'(*$( +, P&$A, +9&$)*' $

'L'=9?F, +, $3P,&<*-, +' /9(=$ %'3, -'),& =$-<)0,B D%'($& +' ('& 9-$ (,39?F, S(<-%3'(T

'(*' %&,='+<-')*, )F, 8 M<UM'3 ;9$)+, , )V-'&, +' M$&<UM'<( 8 -9<*, P&$)+'K :U ;9' M$<

=&<$& -9<*,( '(*$+,(B C- 9- %&,/3'-$ =,- 6W ,9 XW M$&<UM'<( /,,3'$)$( , )V-'&, +'

'(*$+,( 8 -9<*, P&$)+'B ",& 'L'-%3,K %$&$ 6W M$&<UM'<( *'-,( 220 = 1.048.576 '(*$+,( '

=,- XW M$&<UM'<( 230 = 1.073.741.824 '(*$+,(B

C- M'Y +<((,K -9<*$( M'Y'( 8 -$<( 'Z=<')*' 'M<*$& P'&$& $ -$<,& %$&*' +,( '(*$+,( +'

A,&-$ 'L%3[=<*$ ' %&,+9Y<& (,-')*' , '(*$+, (9='((,& ,9 %&'+'='((,& +, '(*$+, $*9$3 ;9'

'(*U (')+, =,)(<+'&$+,B C(*' *<%, +' /9(=$ %,+' ('& M<(*$ =,-, $ $%3<=$?F, -$<( AU=<3

+,( $3P,&<*-,( +' /9(=$ ), 9(, P'&$3 '-%&'P$+,( )$ &'(,39?F, +' 9-$ M$(*$ P$-$ +'

%&,/3'-$( +' /9(=$B #( -$<( =,)0'=<+,( (F, $3P,&<*-,( +' /9(=$ 0'9&[(*<=$ *$<( =,-, D

∗
K

\]D

∗
' (9$( M$&<$)*'( .^$&* '* $3B 45_EK"'$&3 45E`Ka,&A 45Eb7B C(*'( $3P,&<*-,( %,+'-

('& 9($+,( %$&$ ')=,)*&$& -$<( &$%<+$-')*' $ -'30,& (,39?F, ,9 (,39?@'( $%&,L<-$+$(

+, O*<-,B

^U +9$( %,((</<3<+$+'( %&<)=<%$<( %$&$ ')=,)*&$& 9- =$-<)0, $ %$&*<& +, '(*$+, <)<=<$3

$*8 9- '(*$+, -'*$c $*&$M'(($& $ *&$)(<?F, +, P&$A, $ %$&*<& +, '(*$+, <)<=<$3 $*8 $

-'*$ Gd9(=$ "&,P&'((<M$ > ,$%-(%.  !(%/*JK ,9 , =,)*&U&<,K $ %$&*<& +' 9-$ -'*$ $*8 ,

'(*$+, <)<=<$3 Gd9(=$ e'P&'((<M$ > 0(/1-(%.  !(%/*JB D %&<)=<%$3 +<A'&')?$ ')*&' '(*$(

%,((</<3<+$+'( 8 ;9' %,+' 0$M'& MU&<,( '(*$+,( -'*$K -$( $%')$( 9- '(*$+, <)<=<$3B D

/9(=$ &'P&'((<M$ 8 9- %,9=, -$<( =,-%3<=$+$ +' <-%3'-')*$&K -$( %'&-<*' =,)(<+'&$&

(<-93*$)'$-')*' MU&<,( =$-<)0,( ;9' =,)+9Y'- $ 9-$ -'*$ .e<)*$)') '* $3B 6WWb7B "$&$

, %&,/3'-$ +' %3$)':$-')*, $-/,( ,( -8*,+,( +' /9(=$ %,+'- ('& $%3<=$+,(B

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

D d9(=$ "&,P&'((<M$ =,-'?$ ), '(*$+, <)<=<$3 +, %&,/3'-$K =,)(<+'&$)+, (';QR)=<$(

+' $?@'( $*8 ')=,)*&$& 9-$ (';QR)=<$ ;9' $3=$)=' 9- '(*$+, -'*$B # '(*$+, <)<=<$3 +$

/9(=$ 8 , '(*$+, <)<=<$3 +, %&,/3'-$ +' %3$)':$-')*,B C- P'&$3K =$+$ '(*$+, ('&U 9-

=,):9)*, +' 3<*'&$<( %,(<*<M,( G3<*'&$<( ;9' )F, $%$&'='- (F, A$3(,(JB



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

 ! "#$%! "&'()*+%(! " ,- %!."/0 !10 .0/"! "2,%'"! ),3"! &456)07/(#$%! !10 !".(!8%(."!9

: %!."/0 !,)%!!04 4%!,'."7.% /% ,-" "#10 5 ;%4"/0 &%'" "/(#10 /% '(.%4"(! /% %8%(.0 &0!(6

.(+0 % &%'" %'(-(7"#10 /0! '(.%4"(! /% %8%(.0 7%;".(+09 : .%!.% 2,% +%4(<)" !% ,-" -%." 80(

%7)07.4"/" )07!(!.% %- /%.%4-(7"4 !% 0 %!."/0 !".(!8"= " -%." /0 &40>'%-" /% &'"7%3"6

-%7.09  ?(;,4" @9AB "&4%!%7." 0 &4(-%(40 &"!!0 /" >,!)" &40;4%!!(+" !0>4% 0 &40>'%-"

/" ?(;,4" @9AC9

?(;,4" @9ABD E4(-%(40 &"!!0 /% ,-" >,!)" &40;4%!!(+" &"4" 0 &40>'%-" /" ?(;,4" @9AC9

: %!&"#0 /% %!."/0! /% ,- &40>'%-" /% &'"7%3"-%7.0 5 <7(.09 E04."7.0F 2,"'2,%4 "';06

4(.-0 /% >,!)" /% ;4"80! 2,% !%3" )0-&'%.0 !%4* ,- "';04(.-0 /% &'"7%3"-%7.0 )0-&'%.09

G- >0- "';04(.-0 /% >,!)" 704-"'-%7.% ,.('(=" ,- +"'04 /% H%,4I!.()"9 E04 %J%-&'0F

0  

∗
5 ,- >0- "';04(.-0F 3* 2,% ,.('(=" ,- +"'04 /% H%,4I!.()" 2,% 0.(-(=" " >,!)"9 :

&40>'%-" /" >,!)" &40;4%!!(+" 5 2,% %'" )07!(/%4"/" .0/"! "! "#$%! "&'()*+%(!F (7)',(7/0

"2,%'"! (44%'%+"7.%!9 K0;0F ,-" >0" ">04/";%- 84")"!!" !%- ,-" >0" H%,4I!.()"9

L0 %J%-&'0 /" ?(;,4" @9ABF " "#10  !"#$MC, A, BN .%- )0-0 %8%(.0 " 7%;"#10 /0 '(.%4"'

Livre(B)9 : %!."/0 !,)%!!04 710 )07!(/%4" %!.% '(.%4"' % "/()(07" .0/0! 0! %8%(.0! /" "#10

 !"#$MC, A, BN9  0 <7"' /" >,!)" " !0',#10 /0 &40>'%-" /% &'"7%3"-%7.0 5 )0-&0!.0

&%'"! "#$%! 2,% 8"=%- &"4.% /0 )"-(7H0 %7.4% 0 %!."/0 (7()("' ".5 " -%."9 O!.% ;4,&0 /%

"#$%! )044%!&07/% "0 &'"70F 0, !%3"F &%'" P%<7(#10 @9@ 5 (;,"' " P 9

"#$%&'$(&%)* +*( ,-.+$ /&01&..23$

 Q,!)" R%;4%!!(+" "&'()"/" !0>4% 0 &'"7%3"-%7.0 )07!(/%4" (7()("'-%7.% 0! '(.%4"(!

/" -%."F % &0!.%4(04-%7.% (7()(" ,-" >,!)" ".5 %7)07.4"4 ,- %!."/0 2,% &0!!," .0/0!
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 ! "#$%&'#! ( %!$'( #)#*#'"+ , -&#)*#-'" .')$'/%0 (' 12!*' &%/&%!!#.' 3 42% %"' -%&0#$%

* )!#(%&'& '-%)'! '56%! &%"%.')$%!+ 70' '58 3 &%"%.')$% -'&' 20' 0%$' !% '"*')5' 9$%0

* 0 %:%#$ ; -%" 0%) ! 20 ( ! %"%0%)$ ! (' 0%$'+ < & %=%0-" > )' ?#/2&' @+AB 3 %=#1#( 

 -&#0%#& -'!! (' 12!*' &%/&%!!#.' ! 1&%  -& 1"%0' (' ?#/2&' @+AC+ D8 * )!#(%&'('!

'-%)'! '! '56%! 42% - !!2%0 '"/20 %:%#$ 42% !'$#!:'E '"/20 "#$%&'" (' 0%$'+

?#/2&' @+ABF <&#0%#& -'!! (' 12!*' &%/&%!!#.' -'&'  -& 1"%0' (' ?#/2&' @+AC+

G)$&%$')$ > %=#!$%0 02#$'! '56%! #&&%"%.')$%! 42% $'0130 - (%0 "%.'& ' 20 %!$'( 

0%$'+ 70' 12!*' -'&' $&H! 42% -%&0#$% '56%! #&&%"%.')$%! '#)(' !%&H * 0-"%$'> 0'! !%&H

0%) ! %I*#%)$%+ D% %=#!$#& 20' ! "258 %"' !%&H %)* )$&'(' % $%&H '-%)'! '56%! &%"%.')$%!+

, &%!$&#58 ' '56%! &%"%.')$%! !#/)#I*' 42% ' 12!*' -'&' $&H! ) &0'"0%)$% $%0 20 :'$ &

(% &'0#I*'58 02#$ 0'#! 1'#= 42% ' 12!*' -& /&%!!#.'+



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

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

&!'#%&6-. /* )7& &6-. '*2& & 7*,&89 :7 $.2. *+,&/. $& 0)+%& %.$+#+,* $&+ !"3;%.$/#6<*+

/& &6-. * .+ '#,*"&#+ ()* $-. =."&7 +&,#+=*#,.+ !*'& &6-.9  '37 /* #$+*"#" &!*$&+ &6<*+

()* &'%&$%*7 &'1)7 '#,*"&' /*+*>&/.? $*$@)7 *=*#,. /& &6-. !./* $*1&" !&",* /& 7*,&9

A* #++. .%.""*" & &6-. $-. =&B !&",* /& 0)+%& $&()*'* 7.7*$,.9  + &6<*+ ()* +&,#+=&B*7

*++& "*+,"#6-. +-. %@&7&/&+ %.$+#+,*$,*+9 C&+#%&7*$,*? )7 *+,&/. !"*/*%*++." /* )7&

&6-. a ∈ A ()* +&,#+=&B )7& 7*,& g ∈ G 3 #1)&' &4

• D./.+ .+ '#,*"&#+ /* g ()* $-. +-. +&,#+=*#,.+ !*'. *=*#,. /* a9

• E&/& '#,*"&' /& !"3;%.$/#6-. /* a +*7 %.$+#/*"&" .+ '#,*"&#+ >F *G#+,*$,*+9

H& I#1)"& J9KL . *+,&/. !"*/*%*++." /& &6-.  !"#$MA, mesa,BN 3 =."7&/. !."4

• O#,*"&#+ $-. +&,#+=*#,.+ !*'. *=*#,. /& &6-.4 Sobre(B, C) ∧ Sobre(C, mesa)9

• P"3;%.$/#6<*+ /& &6-.4 Sobre(A, mesa)∧Bloco(A)∧Bloco(B)∧Livre(A)∧Livre(B)9

Q ,3"7#$. &%.$,*%* ()&$/. 3 *$%.$,"&/. )7 *+,&/. ()* +&,#+=&B . *+,&/. #$#%#&' /.

!".0'*7& /* !'&$*>&7*$,.9 R7 .),"&+ !&'&2"&+? )7 *+,&/. /& 0)+%& ()* !.++)# ,./.+ .+

'#,*"&#+ /. *+,&/. #$#%#&'9

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

S #7!.",&$,* /#+,#$1)#" *$,"* . !'&$*>&/." ."#1#$&' ADTUPA? * & '#$1)&1*7 /* "*!"*;

+*$,&6-. ADTUPA9 V*2#/. &. +*) !./*" /* "*!"*+*$,&6-.? & '#$1)&1*7 ADTUPA /*+*$2.';

2#/& !&"& /*+%"*2*" .!*"&/."*+ * 7./*'.+ /* 7)$/.+? 2*7 +*$/. )+&/& %.7 !*()*$&+

7./#W%&6<*+ *7 )7 1"&$/* $X7*". /* !'&$*>&/."*+9

ADTUPA M !"#$%&' ()*)"&+, -#*./.0.) 1&%23)4  %35)& N 3 )7 !".1"&7& /* !'&$*>&;

7*$,. /*+*$2.'2#/. !." 2.',& /* KYZ[ $.  (- -#.)&#"./%#"3? =."7&'7*$,* %.$@*%#/. %.7.

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

&,)&'7*$,* %@&7&/. /* 5!'&$*>&/."8? +*$/. )7& ,*"7#$.'.1#& 7&#+ &!".!"#&/& @.>* $&

U \I#]*+ * H#'++.$ KYZK^9

H*+,* %.$,*G,.? 5"*+.'2*" !".0'*7&+8 +#1$#W%& *$%.$,"&" )7& +*(_`$%#& /* .!*"&/."*+

$. *+!&6. /* 0)+%& /. 7)$/. ()* #"F ,"&$+=."7&" . *+,&/. #$#%#&' !&"& )7 .),". *7

()* )7& /*,*"7#$&/& =a"7)'& M7*,&N !./* +*" !".2&/& %.7. 2*"/&/*9 V)&+ !"#$%#!&#+

,3%$#%&+ +-. ),#'#B&/&+ $& "*+.')6-. /* !".0'*7&+4 6)"#*7)#' 8#"39*/* MbR N !&"& &

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

7./*'. /* 7)$/.9  ,3%$#%& bR %.$+#+,* *7 )7& *+,"&,31#& /* 0)+%& !&"& +.')6-. /*

!".0'*7&+ * =.# #$,"./)B#/. *7 :)#)&"3 1&%23)4  %35)& McAPN \H*d*'' * A#7.$ KYYe^9

cPA ,"&,& /* )7 &70#*$,* %.7 .0>*,.+ .$/* +-. ,"&$+=."7&/.+ &,"&23+ /* .!*"&/."*+?

*'*+ /*,*%,&7 & /#=*"*$6& +.0"* . &70#*$,* * &+ 7*,&+? ,*$/. . .0>*,#2. /* /#7#$)#" ,&'

/#=*"*$6&9
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 !"#$ %&'(')* +,-.*/+.-0 1%- /-02.-3-4 /- 5+.4* */-1%*/* + ,.+6(-4*7 8*/* +,-9

.*/+. : 2*.*2&-.')*/+ ,+. &.;0 -<&'/*/-0= %4* 5%<>?+ /- */'>?+@ %4* 5%<>?+ /- /-(->?+

- %4* ,.:92+</'>?+7 A4 +,-.*/+. : *,('2B3-( * %4 /*/+ ,.+6(-4* 0+4-<&- 0- 0%*0 ,.:9

2+</'>C-0 0?+ 0*&'05-'&*07 D0 -5-'&+0 /* *,('2*>?+ /- %4 +,-.*/+. ,*.* %4 /*/+ ,.+6(-4*

2+<0'0&- -4 */'2'+<*. - /-(-&*. /+ -0&*/+ /+ 4%</+ &+/*0 *1%-(*0 2(B%0%(*0 -0,-2'E2*/*0

,-(*0 5%<>C-0 /- /-(->?+ - */'>?+ ,.-02.'&*0 <+ +,-.*/+.7 D% 0-F*@ *0 5%<>C-0 /- */'>?+ -

/-(->?+ /-02.-3-4 2+4+ + +,-.*/+. *(&-.* + -0&*/+ /+ 4%</+7 G00*0 5%<>C-0 0?+ /-02.'&*0

,+. ('0&*0 /- 2(B%0%(*0 1%- /-3-4 0-. */'2'+<*/*0 +% /-(-&*/*07

H&.*3:0 /+0 +,-.*/+.-0 I*>C-0J  !"#$ &-<&* .-0+(3-. %4* 4-&* /+ -0&*/+ /+ 4%</+7

 - * 4-&* <?+ : 0*&'05-'&* &+&*(4-<&-@ %4 +,-.*/+. : -02+(K'/+ /- 4+/+ 1%- .-0+(3*

,*.&- /* 4-&*7 !','2*4-<&- + +,-.*/+. 4*'0 .-(-3*<&- : -02+(K'/+@ +% 0-F*@ : -02+(K'/+ +

+,-.*/+. 1%- *(&-.* + -0&*/+ /+ 4%</+ /- 4+/+ 1%- E1%- + 4*'0 ,.LM'4+ /* 4-&*7 G0&-

,.+2-/'4-<&+ /- 6%02* 2+4 + %0+ /- +,-.*/+.-0 2+..-0,+</- * &:2<'2* NGH7

#<'2'*(4-<&-  !"#$ 5+' ,.+F-&*/+ ,*.* 2+<&.+(*. + .+6O  K*P-Q7 H R'S%.* T7UV 4+0&.*

%4* -M-4,(+ /+ WN%</+ /-  K*P-QX 1%- 2+<0'0&- -4 1%*&.+ 0*(*0 /'0,+0&*0 *+ (+<S+ /-

%4 2+..-/+.@ +</- 2*/* 0*(* &-4 %4* ,+.&* - %4 '<&-..%,&+. /- (%)7

R'S%.* T7UV= $.+6(-4* WN%</+ /-  K*P-QX7

Y+ WN%</+ /-  K*P-QX + .+6O ,+/- 0- 4+3-. -<&.- ,+<&+0 /-<&.+ /- %4* 0*(*@ ,+/-

,*00*. ,-(* ,+.&* -<&.- 0*(*0@ ,+/- 0%6'. - /-02-. /- +6F-&+0 1%- ,-.4'&*4 -00* *>?+@
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 !"#$$%$ &%'(%)  *'+%$  , )*'+%$ '-. $$#"./$ ) , *#01 2) %34 ) "/))56 ') )7/8

•  !9"# $:8 ;/-)').  ! !/6 $ / <=%> ? , " "%$% $1 @('+ A# / <=%> ?  ). B%  !

"  A# "  $ ) B%! "/)'34 ) -% ! )!% )%*%1 @('). #!% "/$.%  -.$ %) ,#%) )%*%)C

 ).%-,/ *'+%,%) " */ &/$$ ,/$1

• %&'(!!)! 9*# "# $:8 @!"#$$%$ #!% &%'(% * ,% "/)'37/ " "%$% % "/)'37/ $1 ;/!/

"$DE&/-,'34 ) . !/) A# * "$ &')% ) $ #!% &%'(%  "  $ ) B%! )%*%)1

• +(*,! 9*:8 <#F'$  ! #!% &%'(% *1 G%$% '))/ * . ! , ) $ #!% &%'(%1

• -./0.! 9*:8 H )& $ , #!% &%'(% *1 G%$% '))/ * . ! , ) $ #!% &%'(%1

• 1,2)! 9/:8 I'+%$ #! '-. $$#"./$ /1 G%$% '))/ / . ! , ) $ #! '-. $$#"./$  <=%> ?

. ! ,  ).%$  ! &'!% , #!% &%'(% -% "/)'37/ ,/ '-. $$#"./$1

• -./3,2)! 9/:8 H )*'+%$ #! '-. $$#"./$ /1 G%$% '))/ / . ! , ) $ #! '-. $$#"./$  

<=%> ? . ! ,  ).%$  ! &'!% , #!% &%'(% -% "/)'37/ ,/ '-. $$#"./$1

2 ) +#'$ D , )&$'./ #!  ( !"*/ )'!"*'J&%,/ ,/ "*%- B%! -./ #.'*'0%-,/ <KLMG<1

"#$%&'(

2 N'+#$% O1PQ !/).$% #! "$/F* !% , !/6 $ #!% &%'(%  -.$ .$R) )%*%)1 S /FB .'6/ D

 !"#$$%$ % &%'(%  -.$ %) )%*%) #.'*'0%-,/ #! $/FT1 S $/FT  ).U '-'&'%*! -. -% <%*% P  

% V;%'(%PW -% <%*% O1 S %& ))/  -.$ %) )%*%) D $ %*'0%,/ %.$%6D) , "/$.%)1 @). "$/F* !%

) $U &=%!%,/ , VX/6 $ % ;%'(%W1

N'+#$% O1PQ8 G$/F* !% VX/6 $ % ;%'(%W1

Y% N'+#$% O1PZ )7/ , )&$'./) /) /" $%,/$ ) ,/ "$/F* !% VX/6 $ % ;%'(%W1 S /" $%,/$

)*9,C $PC $O: )'+-'J&% A# / L/FT ) !/6 ,% )%*% r1 "%$% r2 %.$%6D) ,% "/$.% d1 S
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 ! !" #$" #%&

 !"#$%&'()*%+ ,-.-/-01%234 !56 ∧ 78,97:-;80'4 !54 !<6

/(=>? ;@A@>?!+ ,-.-/-01%234 !56

/(=>? -'($(%&?!+ ,-.-/-01%234 !<6

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

 !"#$%&'()*%+ 7-BC-026 ∧ ,-.-/-024 !56 ∧ ,-.-/-01%234 !56 ∧
78,97:-;80'4 !54 !<6

/(=>? ;@A@>?!+ ,-.-/-024 !564 ,-.-/-01%234 !56

/(=>? -'($(%&?!+ ,-.-/-01%234 !<64 ,-.-/-024 !<6

 !"#$% &'()* +,-$%./$-0 ./ ,$/12-3% 45/6-$ % 7%!8%9'

"'()*+  ,-.-)/

DE+ ,-.-/-01%234 .?A?56

78,97:-;80 %!>?54 .?A?54 .?A?<6

78,97:-;80 %!>?<4 .?A?<4 .?A?F6

7-BC-07?(G?56

,-.-/-07?(G?54 .?A?<6

0∀ G4 ∀ H4 ∀ I6 078,97:-;80G4 H4 I6 ⇒ 78,97:-;80G4 I4 H66

#0()'

JE+ 0∃ G607-BC-0G6 ∧ ,-.-/-0G4 .?A?566

J5+ ,-.-/-07?(G?4 !56 ∧ ,-.-/-01%234 !56 ∧ 78,97:-;80'4 !54 .?A?56

J<+ ,-.-/-01%234 !56 ∧ 78,97:-;80'4 !54 .?A?<6

 !"#$% &'&:* ;0<%./ =>!?!%2 - 5-<% ./ ,$/12-3% 45/6-$ % 7%!8%9'

/,-$%./$ "#$%&&'&@1A .A $(A $&B -3,#$$% % ?%!8% b .% 0%2% r1 ,%$% r2 %<$%6C0 .%

,/$<% d' 7%.% #3 .-0<-0 /,-$%./$-0 ,/00#! D$CE?/>.!FG/A H!0<% I-2-<%$ - H!0<% J.!?!/>%$'

+ ;0<%./ =>!?!%2 - % 5-<% 0G/ %,$-0-><%./0 >%  !"#$% &'&:' + ;0<%./ =>!?!%2 5: C

?/3,/0</ ,/$ 2!<-$%!0 K#- $-,$-0-><%3 -8%<%3-><- / -0<%./ !>!?!%2 ./ ,$/12-3%' J 3-<%

?/>0!0<- -3 3/6-$ % 7%!8% ( .% L%2% & ,%$% % L%2% (' + ,2%>-M%./$ <-><% ,$/6%$ K#-

% 3-<% N: C 6-$.%.-!$%A /# 0-M%A K#- %31/0 % 7%!8% ( - / O/1P -0<G/ >% L%2% (' ;00%

,$!3-!$% ?/>M#>FG/ N: C Q%20%' 7/>0-KR-><-3-><-A / ,2%>-M%./$ 1#0?% #3 /,-$%./$ ?/3

#3% -8,$-00G/ ,$-0-><- >% H!0<% J.!?!/>%$ K#- ,/.- </$>%$ -00% ?/>M#>FG/ 6-$.%.-!$%'

+ /,-$%./$ "#$%&&'& ,/00#! >% H!0<% J.!?!/>%$  !"!#!$%& '() - K#%>./ d C

0#10<!<#S.% ,-2% 7%!8% ( - r2 C 0#10<!<#S./ ,-2% L%2% (A -3 0-"#!.% % ,$!3-!$% ?/>M#>FG/

C 0%<!0Q-!<%' + ,%00/ 0-"#!><- C <-><%$ ,$/6%$ K#- -0<- /,-$%./$ ,/.- 0-$ %,2!?%./ -3 5:'

;00% <-><%<!6% Q%2T%A "-$%>./ #3 >/6/ 0#1E,$/12-3% N('

 !>%23-><-A -3 N& %0 ,$CE?/>.!FU-0 /1<!.%0 .- (& 0G/ ,$/6%.%0 0-$-3 6-$.%.-!$%0 -3

5:' 7/>0-KR-><-3-><-A -0<- /,-$%./$ ,/.- 0-$ %,2!?%./' + ,2%>/ V>%2 .-0<- ,$/12-3% C

?/3,/0</ ,-2%0 %FU-0 *+$,-'./0& "/1/0& "/1/() - 23,4++!+$5/67/0& ,-'./0& "/1/(&

"/1/0)' J0 ?/>M#>FU-0 .#$%><- / ,2%>-M%3-></ - / ,2%>/ V>%2 0G/ %,$-0-><%./0 >%  !"#$%

&'&('



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

 !"#$%"&$#'(

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

12#314$52'6)78-!, %-.-!, %-.-/0

12#314$52'6)78-/, %-.-/, %-.-90

1$:;$'1-<=-!0

#$%$&$'1-<=-!, %-.-/0

'∀ =, ∀ >, ∀ ?0 '12#314$52'=, >, ?0 ⇒ 12#314$52'=, ?, >00

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

12#314$52'6)78-!, %-.-!, %-.-/0

12#314$52'6)78-/, %-.-/, %-.-90

1$:;$'1-<=-!0

#$%$&$'1-<=-!, %-.-!0

'∀ =, ∀ >, ∀ ?0 '12#314$52'=, >, ?0 ⇒ 12#314$52'=, ?, >00

 !"#(

:('6)78-!, %-.-!, %-.-/0

3 6@(($('1-<=-!, 6)78-!, %-.-/, %-.-!0

 !"#$% &'&() *+,#-.%/0 /0 1-%2+3%4+2.0 /0 1$05-+4% 6708+$ % 9%!:%;'

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

< 1-%2+3%4+2.0 -!2+%$ =02,!,.+ +4 #4% ,+>?@2=!% /+ %AB+,' C,,0 0=0$$+ 10!, 0 1-%2+D

3%4+2.0 "+$%-4+2.+ +:+=#.% #4% %AE0 % =%/% 404+2.0' F2.$+.%2.0G 0, 1-%20, 2E0 ,E0

2+=+,,%$!%4+2.+ -!4!.%/0, 1+-% -!2+%$!/%/+ /%, %AB+,' H+2/0 %,,!4G 0 1-%2+3%4+2.0 /+

0$/+4 1%$=!%- =02,!,.+ +4 +2=02.$%$ 1-%20, 02/+ %, %AB+, ,+3%4 /!,10,.%, +4 1%$%-+-0'

F4 0#.$%, 1%-%8$%,G %-"#4%, %AB+, 10/+4 ,+$ +:+=#.%/%, %0 4+,40 .+410 I1%$%-+-0J'

K%- %50$/%"+4 %1$+,+2.% % L+:!5!-!/%/+ 2% 0$/+4 +4 >#+ 0 1-%20 M +-%50$%/0' C,.0 MG

0 1-%2+3%/0$ .$%5%-N% 1$!4+!$0 +4 /+=!,B+, 4%!, 6O58!%,; + 6!410$.%2.+,;G +4 8+P /+ Q0$A%$

>#+ ,+3%4 /!,10,.%, +4 0$/+4 =$020-O"!=%' H+"#2/0 R*#,,+-- + S0$8!" &TTUVG .%- +,.$%.M"!%

/+ $+.%$/%$ #4% +,=0-N% /#$%2.+ % 5#,=% M =N%4%/% /+  !"#$!"%&&! "'(%"!' <  !")

#$!"%&&! "'(%"! M #4 =02=+!.0 W.!- 1%$% %2%-!,%$ %, /+=!,B+, >#+ /+8+4 ,+$ .04%/%, +4

>#%->#+$ 1$05-+4% /+ 5#,=%G 3X >#+ 10/+ .0$2%$ 4%!, +Y=!+2.+ 0 1-%2+3%4+2.0' Z  !"#$%

&'&& %1$+,+2.% % =041%$%AE0 +2.$+ 0 1-%2+3%4+2.0 /+ 0$/+4 1%$=!%- + 0 1-%2+3%4+2.0 /+

0$/+4 .0.%- I-!2+%$J'

<$!"!2%-4+2.+G 0 1-%2+3%4+2.0 /+ 0$/+4 1%$=!%- Q0! !2.$0/#P!/0 10$ RH%=+$/0.! ([\]V

=040 #4 4+!0 /+ !2=$+4+2.%$ % +Y=!@2=!% /0 1-%2+3%4+2.0 +8!.%2/0 % 6+,=0-N% 1$+4%.#$%

/+ #4% 0$/+4 +4 1%$.!=#-%$ /+ %AB+, =04 053+.!80 /+ %-=%2A%$ #4% 4+.%;' Z #.!-!/%/+

/+,.+ 4M.0/0 .+4 /+402,.$%/0 =040 ,+ 10/+ $+,0-8+$ /+ Q0$4% +Y=!+2.+ 0 1$05-+4%

67#2/0 /0, ^-0=0,;G 02/+ ,+ +2=02.$% % *(!"+,%+ -. /0&&"+( RH#,,4%2 ([\UV' F4

R7=%--+,.+$ + *0,+25-!.. ([[(V M %1$+,+2.%/% #4% +:.+2,E0 /0 .$%5%-N0 /+ RH%=+$/0.!

([\]V'

Z2X-!,+, =041%$%.!8%, /0, 1-%2+3%4+2.0, /+ 0$/+4 1%$=!%- + .0.%- ,E0 %1$+,+2.%/%,

+4 R7!2.02 +. %-' ([[(V + R7!2.02 +. %-' ([[_V' `+$%-4+2.+ 0 1-%2+3%4+2.0 /+ 0$/+4

1%$=!%- M 4+-N0$' F2.$+.%2.0G 0 4+-N0$ 4M.0/0 /+ 1-%2+3%4+2.0 /+1+2/+ /% N+#$a,.!=%

+ /0 1$0=+/!4+2.0 /+ 5#,=% %1-!=%/0, 1%$% ,0-#AE0 /0 1$05-+4%' b%$% /+.%-N%$ +,.+,



 !  !"#$%&' () *%+,!-.+$'/ 0.1234'/ . 02!5!&6'/  '22.&!$'/

 !"#$% &'&&( )*+,%$%-.* /01$/ * ,2%0/3%+/01* 4/ *$4/+ ,%$5!%2 / 1*1%2'

,$*5/4!+/01*67 /+ 89!01%0/0 /1 %2' &::;<7 = 4/65$!1% % 5*+,2/>!4%4/ 4/ %2"#06 %2"*$!1+*6'

? ,2%0* 4/ *$4/+ ,%$5!%2 5*06!61/ /+ #+ 5*03#01* 4/ %-@/67 A#/ !0!5!%2+/01/ = B*$+%4*

,*$ 4#%6 %-@/6 CD51E5!%6F 4/0*+!0%4%6  !"#$% / &$'' G %-.*  !"#$% 0.* ,*66#! ,$=H

5*04!-@/6 / 1/+ 5*+* /B/!1* 1*4*6 *6 2!1/$%!6 4* /61%4* !0!5!%2 4* ,$*I2/+%' G %-.* &$'

0.* 1/+ /B/!1* / 1/+ 5*+* ,$=H5*04!-.* *6 2!1/$%!6 +/1% 4* ,$*I2/+% 4/ ,2%0/3%+/01*'

G *$4/+ 4%6 %-@/6 = 4%4% ,/2% B*$+% A ≺ B7 /+ *#1$% ,%2%J$%67 A 4/J/ 6/$ />/5#1%4%

%01/6 4/ B7 +%6 0.* 0/5/66%$!%+/01/ !+/4!%1%+/01/ %01/6' ?$4/06 A#/ B*$+%+ 5!52*6

0.* ,*4/+ 6/$ %4!5!*0%4*6 %* ,2%0*7 *# 6/3%7 A ≺ B / B ≺ A = #+ 5*0K!1* L5!52*M / 0.*

B%N ,%$1/ 4* ,2%0*' O%$% * ,2%0* !0!5!%2 1/+*6 Inicio ≺ Fim'

P+ JE05#2* 5%#6%2 /01$/ 4#%6 %-@/6 A / B 0* ,2%0* = /65$!1* 5*+* A
p
−→ B' Q61/

JE05#2* 6!"0!D5% A#/ A %25%0-% B %1$%J=6 4/ p7 *# 6/3%7 * /B/!1* p 4% %-.* A 6%1!6B%N ,/2*

+/0*6 #+% ,$=H5*04!-.* 4/ B' R%  !"#$% &'&& * JE05#2* MeiaEsqueda
MeiaEsquerdaNo

−→

SapatoEsquerdo 6!"0!D5% A#/ ,%$% 5*2*5%$ * 6%,%1* /6A#/$4* = ,$/5!6* 1/$ 5*2*5%4% %

+/!% /6A#/$4%' P+% %-.* C /01$% /+ 5*0K!1* 5*+ A
p
−→ B 6/ * /B/!1* 4/ C = ¬p /

4/J/ J!$ L,/2% *$4/+ 4%6 %-@/6M 4/,*!6 4/ A / %01/6 4/ B' G2"#06 ,2%0/3%4*$/6 1$%1%+

* JE05#2* A
p
−→ B 5*+* 6/04* ,$*1/"!4*7 ,*!6 p 0.* ,*4/ 6/$ 0/"%4* 0* !01/$J%2* 4/

A ≺ B'

R* ,2%0/3%+/01* 4/ *$4/+ ,%$5!%2 = +%01!4* #+ 5*03#01* 4/ ,$=H5*04!-@/6 /+ %I/$1*

L0.* 6%1!6B/!1%6M' ? ,2%0/3%4*$ 1$%I%2S% ,%$% /05*01$%$ %-@/6 A#/ 6%1!6B%-%+ /66%6 ,$=H

5*04!-@/6 6/+ !052#!$ 5*0K!1*6' ? ,2%0/3%+/01* *5*$$/ %1= /05*01$%$ #+ ,2%0* A#/ 0.*

,*66#% ,$=H5*04!-@/6 /+ %I/$1*' R%  !"#$% &'&& 1/+*6 *6 6/"#!01/6 5*+,*0/01/6(

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

()*%+&' MeiaEsquerda ≺ SapatoEsquerdo

MeiaDireita ≺ SapatoDireito



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

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

−→ SapadoEsquerdo

MeiaDireita
MeiaDireitaNo
−→ SapatoDireito

SapatoEsquerdo
SapatoEsquerdaNo

−→ Fim

SapatoDireito
SapatoDireitoNo
−→ Fim 

./01%($2,345) 56 785/9(- !"

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

5$*05'67$* 8$ )58$( $ &$&4+( /)&9'0) /)( )* :;&/+-)* /.+*.'* <( ,-.&) /)&*'*0$&0$ *$(

,5=>/)&8'67$* .?$50.* = +(. *)-+62) @&0$* 8$ 8$()&*05.5 +( $3$(,-)A /)($6.()* /)(

+(. B)5(+-.62) *'(,-'%/.8. ,.5. ,5)?-$(.* 8$ ,-.&$C.($&0) ,5),)*'/')&.- 

• D ,-.&) '&'/'.- /)&0$( .,$&.* ) '&;/') EF*0.8) G&'/'.-H $ ) %( EF*0.8) I$0.HA .

5$*05'62) 8$ )58$(  !"#$% ≺ &$'A &$&4+( :;&/+-) /.+*.- $ 0)8.* .* ,5=>/)&8'67$*

8. ($0. $( .?$50) E1+$ 8$:$( *$5 *.0'*B$'0.*H 

• D *+/$**)5 $*/)-4$ .5?'05.5'.($&0$ +(. ,5=>/)&8'62) .?$50. p $( +(. .62) B $

J$5. +( ,-.&) *+/$**)5 ,.5. 0)8) ()8) /)&*'*0$&0$ ,)**;:$- ,.5. $*/)-4$5 +(. .62)

A 1+$ .-/.&/$ p 

• K 5$.-'L.8) +( 0$*0$ 1+$ :$5'%/. *$ ) ,-.&) = +(. *)-+62) ,.5. ) ,5)?-$(. 8$

,-.&$C.($&0) )5'J'&.- M)() *2) J$5.8)* .,$&.* ,-.&)* /)&*'*0$&0$*A ) 0$*0$ 8$

($0. ,5$/'*. .,$&.* :$5'%/.5 1+$ &2) $3'*0$( /)&8'67$* $( .?$50) 

N'&.-($&0$ = 8$()&*05.8) +( $3$(,-) 8$ ,-.&$C.($&0) 8$ )58$( ,.5/'.- ,.5. ) ,5)>

?-$(. 8) OP&$+ Q)?5$**.-$&0$R D )?C$0':) = 0$5 +( ,&$+ *)?5$**.-$&0$ $( ?)( $*0.8)

/)55$0.($&0$ ()&0.8) &) $'3) 8) /.55)A )&8$ ) $*0.8) '&'/'.- 0$( +( ,&$+ B+5.8) &) $'3)

$ +( ,&$+ *)?5$**.-$&0$ ?)( &) ,)50.>(.-.* S$*0$ /$&T5') ) ,5)/$8'($&0) J$5.-($&0$

.8)0.8) = $B$0+.5 . 05)/. 8) ,&$+ B+5.8) ,$-) ,&$+ *)?5$**.-$&0$ M)&0+8)A ,5'&/',.->

($&0$ U &)'0$A +(. .62) ,)**;:$- = *'(,-$*($&0$ .?.&8)&.5 ) :$;/+-) $ .5/.5 /)( +(

,5):T:$- ,5$C+;L) /)55$*,)&8$&0$ .) 8$*.,.5$/'($&0) 8)* ,&$+* @-J+(.* *'(,-'%/.67$*

*2) 5$.-'L.8.* ,.5. B./'-'0.5 $*0. 8$()&*05.62) F*0$ ,5)?-$(. = .,5$*$&0.8) &. N'J+5.

V VW +0'-'L.&8) . -'&J+.J$( @#X E:.' .-=( 8$ QYZGPQ ,$-) B.0) 8$ ./$'0.5 -'0$5.'* &$J.>

0':)*H 

D 5$*+-0.8) 8) ,-.&$C.($&0) = .,5$*$&0.8) &. N'J+5. V V[ Q2) &$/$**T5')* \ ,.**)*

,.5. $&/)&05.5 . *)-+62) 8) ,5)?-$(. P5'($'5) . ?+*/. /)($6. /)( ) ,-.&) '&'/'.-

/)&0$&8) .* .67$*  !"#$% $ &$' @ $*1+$58. 8$ /.8. .62) *2) 8$*/5'0.* *+.* ,5=>/)&8'67$*

$ . 8'5$'0. )* $B$'0)* K '(,)50.&0$ *.-'$&0.5 1+$ ) $B$'0) 8$ +(. .62) &)5(.-($&0$ = .

*.0'*B.62) 8. ,5=>/)&8'62) 8$ )+05. .62)A *$&8) $*/5'0) .,$&.* +(. :$L @ $3,-'/.62) 8$

/.8. ,.**) = .,5$*$&0.8. . *$J+'5]



 !  !"#$%&' () *%+,!-.+$'/ 0.1234'/ . 02!5!&6'/  '22.&!$'/

 !"#$% &'()(#*  ! Furado,Eixo! ∧  ! Sobressalente, PortaMalas!!

 !"#$% +,"#  ! Sobressalente, Eixo!!

-./%  !"#$!% Sobressalente, PortaMalas!"

&%'()#*+,-.##  ! Sobressalente, PortaMalas!

!/!,0##  ! Sobressalente, PortaMalas! ∧¬  ! Sobressalente, Ch"o!!

-./%  !"#$!% Furado,Eixo!"

&%'()#*+,-.##  ! Furado,Eixo!

!/!,0## ¬  ! Furado,Eixo! ∧  ! Furado, Ch"o!!

-./% 1#*02% Sobressalente, Eixo!"

&%'()#*+,-.##  ! Sobressalente, Ch"o! ∧¬  ! Furado,Eixo!

!/!,0## ¬  ! Sobressalente, Ch"o! ∧  ! Sobressalente, Eixo!!

-./% 3!,42%35%2*0!6#,0! !"

&%'()#*+,-.##

!/!,0## ¬  ! Sobressalente, Ch"o! ∧¬  ! Sobressalente, Eixo! ∧
¬  ! Sobressalente, PortaMalas! ∧¬  ! Furado, Ch"o! ∧
¬  ! Furado,Eixo!!

 !"#$% &'&() *+,-$!./0 10 2$034+5% 6 !"# $#%&'(7'

8' 9 $+%4!:%1% % +,-04;% 1% <=!-% 2$>?-0=1!./0 +5 %3+$@0 EmASobressalente, EixoB 1%

%./0 Fim' CD!,@+ %2+=%, #5% %./0 %24!-EF+4 2%$% +,,% 2$>?-0=1!./0G ,+=10 % %./0

 !"#$%ASobressalente, EixoB'

&' 9 ,+4+-!0=%1% % 2$>?-0=1!./0 +5 %3+$@0 )*A+(,%"--&."!/"0 123(B 1% %./0

 !"#$%A+(,%"--&."!/"0 )45(B' H0F%5+=@+ +D!,@+ %2+=%, #5% %./0 %24!-EF+4 I#+ ,%?

@!,J%: +,,% 2$>?-0=1!./0) &'(!)'%A+(,%"--&."!/"0  (%/&6&.&- B'

(' C,-04;+50, % 2$>?-0=1!./0 +5 %3+$@0 ¬EmAFurado, EixoB 1% %./0

 !"#$%ASobressalente, EixoB' K2+=%, 2%$% 1+50=,@$%$ #5 -0=L!@0 ,+4+-!0=%50, %

%./0 *'+,$%*-%$"#'.!+#'AB +5 F+: 1+  !"#$%AFurado, EixoB' M%, % %./0

*'+,$%*-%$"#'.!+#'AB @%53>5 @+5 0 +J+!@0 ¬EmASobressalente, Ch3oBG 0 I#+

,!"=!N-% I#+ +4% +,@E +5 -0=L!@0 -05 0 FO=-#40)

Remover(Sobressalente, PortaMalas)
Em(Sobressalente,Chao)

−→ Montar(Sobressalente, Eixo) 

P' Q%$% ,04#-!0=%$ +,@+ -0=L!@0G %1!-!0=%50, #5% $+,@$!./0 1+ 0$1+5 I#+ -040-%

*'+,$%*-%$"#'.!+#'AB %=@+, 1+ &'(!)'%ASobressalente, PortaMalasB' K <=!-%

2$>?-0=1!./0 %3+$@% =+,,+ 505+=@0 > ¬EmASobressalente, PortaMalasB' C=@$+?

@%=@0G I#%4I#+$ %./0 +,-04;!1% +=@$% +5 -0=L!@0 -05 0#@$% %./0' K,,!5G ,050,

03$!"%10, % $+50F+$ % %./0 *'+,$%*-%$"#'.!+#'ABG 20!, +,,% %./0 =/0 J#=-!0=%

-050 #5 5010 1+ @$0-%$ 2=+#'

R' M%!, #5% F+: ,+4+-!0=%50, % 2$>?-0=1!./0 ¬EmAFurado, EixoB' *+,,% F+: +,-0?

4;+50, % %./0 &'(!)'%AFurado, EixoB'

S' Q%$% N=%4!:%$ 0 24%=+T%5+=@0G ,/0 ,%@!,J+!@%, %, 2$>?-0=1!.U+,

EmASobressalente, PortaMalasB + EmAFurado, EixoB 2+4% %./0 7!894('



 !"! #$%&'(%)'&*+ ,' -'./01+1 2%0% 3+4+1 -56  !

 !"#$% &'&() *+%,-.%/-,01 2- 1$2-/ 3%$4!%+ 3%$% 1 3$15+-/% 2%  !"#$% &'&6'

7/ 89#::-++ - ;1$<!" =>>?@ A %3$-:-,0%21 #/ 3:-#21B4C2!"1 21 %+"1$!0/1 *D*' 7:0-

/A0121 41,:!:0- -/ #/% 5#:4% 5%:-%2% ,% -:41+E% - 41,F!01 2- 13-$%21$-:'

 !" #$%&'(%)'&*+ ,' -'./01+1 2%0% 3+4+1 -56

G/% %51$2%"-/ H#- -,<1+<- % %3+!4%IJ1 2- 3+%,-.%/-,01 -/ .1"1: 21 0!31 9KL A

%3$-:-,0%2% -/ 8ME%, -0 %+' &NNO5P ME%, -0 %+' &NNO%@' D 15.-0!<1 A 4$!%$ 3+%,1: H#-

$-:1+<%/ 1 3$15+-/% 2- 3$12#IJ1 2- $-4#$:1:' 7:0- 3$15+-/% A 41/31:01 3-+1 -:0%21

!,!4!%+ 2- $-4#$:1: 21 .1"1P 3-+1 41,.#,01 2- %IQ-: - % /-0% 2- $-4#$:1:' D 21/R,!1 2-

%IQ-: #0!+!S%21 31$ 8ME%, -0 %+' &NNO%@ A %3$-:-,0%21 ,%  !"#$% &'T' 7:0- /-:/1 21/R,!1

2- %IQ-: A #:%21 3%$% 1: 0-:0-: 2- 3+%,-.%/-,01 2-:0- 0$%5%+E1' M1/1 4!0%21 31$ 8ME%,

-0 %+' &NNO%@ :-$!% 31::R<-+ #0!+!S%$ #/% +!,"#%"-/ /%!: 0$%2!4!1,%+ 3%$% $-3$-:-,0%$ -:0-

21/R,!1P 0%+ 41/1 *UUV' 7,0$-0%,01P % $-3$-:-,0%IJ1 #:%2% A WX4!+ - 2-:4$-<- 2- W1$/%
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 !"#" $ %$&'()$ %* "+,*-. /"#" #*"!)0"# $- 1*-1*- 234"( *1 "!. 56678934"( *1 "!. 5667":

;1)!)0$; $ <$=$  !"#$%.

>& %$- ?#$8!*&"- %$ ?!"(*<"&*(1$ %* #* ;#-$- ?"#" <$=$- @AB C D;*  $& $ %* $##*#

%$ <$=$ $ &"?" -$E#* "!1*#"+,*-. F*G)%$ " *-1"- "!1*#"+,*- $ 1*&?$ %* %;#"+H$ %* "!=;I

&"- "+,*- C G"#)JG*!. K--"  "#" 1*#'-1) " )&?!) " (" (* *--)%"%* %* #*"!)0"# ($G"&*(1* $

?!"(*<"&*(1$ ?"#" &*1"- <J  $&?;1"%"-. /$# *L*&?!$9  $& $ %* $##*# %$ <$=$ " &'"(%)

G") -*(%$  $(-;&)%"9 (* *--)1"(%$ D;* $ *(!%!+) 1*(4" D;* 8;- "#  "%" G*0 &")- !$(=* $

#* ;#-$ ,''-. K-1* ?#$8!*&" E"0 ?"#1* %$- 1#"8"!4$- E;1;#$- %* ?*-D;)-".

M "#D;)1*1;#" %* ?!"(*<"&*(1$ %* 234"( *1 "!. 56678: C  $&?$-1" ?$# 1#N- *!*&*(1$-.

O ?#)&*)#$ C $ /!"(*<"%$# B*DP*( )"! D;* C #*-?$(-JG*! ?$# #*1$#("# ;& ?!"($ -*DP*( )"!.

O -*=;(%$ *!*&*(1$ %" "#D;)1*1;#" *-1"8*!* * D;")- "+,*- ?$%*& -*# *L* ;1"%"- *& ?"I

#"!*!$. /$# Q!1)&$ 1*&$- " /#$%;+H$ M%) )$("! %* @* ;#-$- D;* %*1*#&)(" D;")- #* ;#-$-

%*G*& -*#  #)"%$- ?"#" %* #*&*(1"# $ .!/(%*!+.

O ?!"(*<"%$# -*DP*( )"! %*1*#&)(" D;")- "+,*- %*G*& E"0*# ?"#1* %$ ?!"($ ?"#" D;*

" &*1" -*<" "! "(+"%". R*-1* ?"--$9 1$%"- "- "+,*- -H$ *-1"8*!* )%"- -*DP*( )"!&*(1*. O

?#$8!*&" %* *-1"8*!* *# ;&" -*DPN( )" %* "+,*- C D;* $ .!/(%*!+ C &;)1$ -;?*#)$# "$

.!/(%*!+ %* ;& ?!"($  $& "+,*- *& ?"#"!*!$. B*(%$ "--)&9 "!=;&"- "+,*- ?$%*& -*#

*L* ;1"%"- "$ &*-&$ 1*&?$ S?"#"!*!$T9 1$#("(%$ $ .!/(%*!+ &*($#.

/$# *L*&?!$9 -* $ *-1"%$ )() )"! C S0 *(!%!+)1 2 )',+3!44 T * " &*1" S055 6'4- T9 $

?!"(*<"%$# -*DP*( )"! %*1*#&)("#)" D;* $ ?!"($ C S7'44(7)8#'4-1 7'44(7)8#'4- T. R*-1*  "-$9

"?*("- "$ 1C#&)($ %" ?#)&*)#" "+H$ D;* " $;1#" ?$%*#)" -*# *L* ;1"%". K(1#*1"(1$9 C

?$--'G*! *L* ;1"# *--"- "+,*- "$ &*-&$ 1*&?$9 ?$)- *L)-1*& 0 *(!%!+) %)-?$('G*)-.

/"#" " 1"#*E" %* *-1"8*!* *# D;")- "+,*- ?$%*& -*# *L* ;1"%"- *& ?"#"!*!$ 1*&$- $

"!=$#)1&$ %* K- "!$("&*(1$. K-1* ?#$ *%)&*(1$ 8;- " D;")- "+,*- ?$%*& -*# *L* ;1"%"-

($ 1*&?$ "(1*#)$# %* 1C#&)($ $; )(' )$ %* $;1#" "+H$.

M /#$%;+H$ %* @* ;#-$- M%) )$(")- ;1)!)0" $ ?!"(*<"%$# -*DP*( )"! * " 4*;#'-1) " %*

*- "!$("&*(1$ ?"#" *-1"8*!* *# -* C ?$--'G*!  #)"# ($G$- #* ;#-$- D;* %* #*&*(1*& $

.!/(%*!+. /$# *L*&?!$9 ?"#" "!=;&"- &*1"- C G"(1"<$-$ ="-1"# ;& 1*&?$ ?#$%;0)(%$

;& *(!%!+) ?"#" "<;%"# " "1)(=)# " &*1". U*-&$ D;* -*<"& ="-1$- #* ;#-$- * 1*&?$9

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

/#$%;+H$ %* @* ;#-$- M%) )$(")- (H$ E$) *L?!$#"%" (*-1* 1#"8"!4$. K-1* 1V?) $ E"0 ?"#1*

%$- 1#"8"!4$- E;1;#$-.

M- ?#VL)&"- -*+,*- %*- #*G*&  $& %*1"!4*- *-1*- &C1$%$-. R" B*+H$ 5.W.X C "?#*-*(I

1"%$ $ /!"(*<"%$# B*DP*( )"!. R" B*+H$ 5.W.5 C %*- #)1" " Y*;#'-1) " %* K- "!$("&*(1$.

M$ Z("!9 (" B*+H$ 5.W.[9 C "?#*-*(1"%" " /#$%;+H$ %* @* ;#-$- M%) )$(")-.



 !"! #$%&'(%)'&*+ ,' -'./01+1 2%0% 3+4+1 -56  !

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

 !"#$%&#'() *%+,%$-.#" /%0 -(0( 1#*% # /2-$.-# 3456 7(0( -./#'( !() 879#$ %/ #"6

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

345 2 *AB-.%$/%6 4"% (!%)# *%"%-.($#$'( A0# *A10%/# '% 0('( # '%-)%0%$/#) # '.C%)%$D#

%$/)% ( %*/#'( .$.-.#" % # 0%/#> % %$/E( %F%-A/# #* #DG%* $%-%**H).#* !#)# )%*("?%) %**#

*A10%/#6 5/)#?2* '% A0 !)(-%**( )%-A)*.?( #* (A/)#* *A10%/#* *E( )%*("?.'#*> #/2 +A%

/('#* #* 0%/#* %*/%&#0 *#/.*C%./#*6

 5"I()./0( J #!)%*%$/# ( !*%A'(K-L'.I( '%*/% !"#$%&#'() *%+,%$-.#"6 M#)# *.0!".B-#)

%*/% #"I()./0( #**A0.0(* +A% $E( 9H )%-A)*( +A% *%&# !)('AN.'( % -($*A0.'( #( 0%*0(

/%0!( !() A0# 0%*0# #DE(6 5 *%IA.) *%)H '%*-)./( .$C()0#"0%$/% %*/% #"I()./0( -(0 (*

'%/#"9%* '( 345 -($*.'%)#$'( ( '(0@$.( '(  !"#$%  !"#$%& '()*(

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

 ! PS ← Proj(S). /01&23 4%35/1&23 23 53#3

"! %* ∀i, Ri ≥ gi 6 0&1"07/"13 43% PS &'+,
#! $+&-$, ∅
$! +,. %*

%! Ri ← &8#$9 %/:$%03 3;2/ Ri < gi /9 PS
&! Ai ← &<=3 >$/ 4%32$? Ri

'! ri ← >$&;1"2&2/ 2/ Ri /9 PS
(! α← >$&;1"2&2/ 2/ Ri 4%32$?"2& 43% Ai

)! k ← ceil((gi − ri)/α)
 *! Acts← 48&;3 0/>@/;:"&8 :39 Ai %/4/1"23 k A/?/0

  ! G∗ ← ∅ BC8&;3 4&%& 0&1"07&?/% &0 4%6D:3;2"<E/0 2/ AiF

 "! *#$ /!! Rj = p >$/ 0=3 4%6D:3;2"<E/0 2/ Ai .#

 #! %* Rj = p 6 $9& 4%6D:3;2"<=3 G"&'$("&H 3$ G)*""*+ H 2/ Ai &'+,

 $! G∗ ← G∗ ∪Rj ≥ p
 %! +,. %*

 &! %* Rj = p 6 $9& 4%6D:3;2"<=3 G,*-%$.&H 2/ Ai &'+,

 '! G∗ ← G∗ ∪Rj ≥ k.p
 (! +,. %*

 )! +,. *#$

"*! Pre←MEA(S,G∗)
" ! Plan′ ← concatenar(Pre, Acts)
""! S ′ ← /01&23 23 53#3 2/43"0 2/ /I/:$1&% 0/>@/;:"&89/;1/ Plan′

& 4&%1"% 2/ PS
"#! $+&-$, concatenar(Plan′, MEA(S ′, G))

J39 K&0/ ;&0 &<E/0 23 239L;"3 2& !"#$%& '() 0/%M :&%&:1/%"?&23 3 :3943%1&9/;13 23

&8#3%"193 +,-( ,9 4%"9/"%3 8$#&%. 3 +,- /0:38N/ %/4/1"2&9/;1/ $9& 0$K9/1& ";0&1"0D

7/"1& Ri ≥ gi. / :3;01%O" $9 0$K48&;3 Plan′
>$/ 3 0&1"07&<&( P/#$;23 QJN&; /1 &8( 'RRSKT.

G6 4300LA/8 9301%&% >$/. 2&23 $9 #%MU:3 2/ 2/4/;2V;:"& 2/ %/:$%030. /I"01/ $9& 3%2/D

;&<=3 03K%/ 30 %/:$%030 2/ 1&8 73%9& >$/ 3 +,- ;=3 ;/:/00"1&%M %/A/% $9& 9/1& %/038A"2&(

,01& 3%2/9 2/ %/:$%030 %/038A/ 132& 9/1& 2/ %/:$%03 %/;3AMA/8 &;1/0 2/ >$&8>$/% 9/1& 2/

%/:$%03 ;=3 %/;3AMA/8  43%>$/ &0 9/1&0 2/ %/:$%030 %/;3AMA/"0. $9& A/? %/038A"2&0. 0/94%/
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 !"#"$ #%&'()*+"& ,&"-+' " .#'.#*%+"+% $'-'/0-*!" +% ",$%-/' +% #%!,#&'& #%-')1)%*&234

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

:(9$ +*&&'8 &% './"# .'# ;,"(;,%# ',/#" '#+%-"67' +% #%!,#&'& ;,% -%!%&&*/" &"/*&<"=%#

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

+% "6?%& .#'+,=*+"& .%(" '#+%$3 A&/' .'#;,%8 &% ,$" $%/" <'# &"/*&<%*/" -')"$%-/%8 +%)%

&%# .'#;,% "(>,$" "67' ,/*(*="+" ."#" #%&'()%# %&&" $%/" <'* B,&"+"4 .%("& !'-+*6?%& +%

',/#" $%/"3 :&&*$8 ' .("-' %-!'-/#"+' .%(' CD: /%$ ' !'-@,-/' $E-*$' +% "6?%&8 ;,%

!'-&'$% ' !'-@,-/' $E-*$' +% #%!,#&'& -%!%&&1#*'& ."#" "/*->*# " $%/"3 F'$' ' CD:

" !"+" ."&&' "!#%&!%-/" .%(' $%-'& ,$" "67' G/*( "' .("-'8 &," +,#"67' 9 (*$*/"+" .%('

-G$%#' $E-*$' +% "6?%& ."#" &"/*&<"67' +" $%/"3

H% ' >#1 !' +% +%.%-+I-!*" +% #%!,#&'& !'-/9$ !*!('&8 9 .'&&E)%( ;,% ' CD:  ;,%

.#%&' %$ ,$  !!" *- -*/' ."#" !%#/'& %&/"+'& *-*!*"*&3 J'# %K%$.('8 -' #$%&'(8 )!  *)+,

&! - #%;,%# ,$" +!./0$  % ,$ "*$($/+8 %-;,"-/' "& "6?%& 1'2 -,+!./0$  % 1'2 -,"*$($/+

!'-&'$%$ ,$" !%#/" ;,"-/*+"+% +% ',#'3 : .#%&%-6" +%&/%& !*!('& &*>-* !" ;,% L1 ,$"

.'&&*M*(*+"+% ;,% -7' %K*&/" ,$ .("-' ."#" "/*->*# ,$" +%/%#$*-"+" $%/" %$ "(>,-&

!"&'&3 5' %-/"-/'8 9 .'&&E)%( <"!*($%-/% %&/%-+%# ' "(>'#*/$' ."#" +%/%!/"# /"*& !"&'& &%

%(%& "!'-/%!%#%$3 :(9$ +*&&'8 !'$' +%&!#*/' "!*$"8 &% ' %&/"+' +' @'>' *-*!*"( !'-/9$

,$ "*$($/+ % ,$" +!./0$  8 .'+%$'& >"#"-/*# ;,% L1 &%$.#% ,$ .("-'8 -7' *$.'#/"-+'

;,"( &%@" " $%/"3 : &%>,*# 9 ".#%&%-/"+' ,$ %K%$.(' +% .("-%@"$%-/' &%;N%-!*"(3

!"#$%&'

O/*(*="-+' ' :(>'#*/$' P8 /%$Q&% !'$' 'M@%/*)' %-!'-/#"# ,$ .("-' &%;N%-!*"( ."#"

' %&/"+' *-*!*"( R3 4!./0$  5 6 7*$($/+5 899 :! -5 ;99 #!!- 2 % $%/" R3 4!./0$  5 8

7*$($/+23 5"& S*>,#"& T3TU8 T3TV8 T3TW8 T3TX8 T3TY % T3Z[8 &7' $'&/#"+'& '& ."&&'& +"

&'(,67' +%&/% .#'M(%$"3 F"+" $%/" &"/*&<%*/" 9 /"!L"+" !'$ ,$ /#"6'3

S*>,#" T3TU\ J#*$%*#' ."&&' +' .#'M(%$" +% .("-%@"$%-/' &%;N%-!*"(3
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 ! "#$%&! '(') * !+&,-,./!01 1 +&#2,#&1 +!--1 0! -13%451 0,-/, +&163,2!( 7 6%-8!

812,4! 9,&#:8!.01 8!0! &,8%&-1 0! 2,/! G( ; 16<,/#91 * 0,/,&2#.!& =%!3 &,8%&-1 .51 *

-!/#->,#/1 +1& S(  ,-/, 8!-1? * .,8,--@&#1 8&#!&  !"#$#%& +!&! -!/#->!A,& ! 0#>,&,.4! ,./&,

S B' ("#$#%&C , G B) ("#$#%&C( D!&! #--1? * +&,8#-1 !0#8#1.!& %2! !451 *+,-./!"#$#%&

!1 +3!.1( 7+E- #.83%#& ,-/! !451 * &,!3#A!0! %2! 8F!2!0! &,8%&-#9! +!&! 1 73$1&#/21

G? /,.01 8121 16<,/#91 ! -!/#->!451 0!- +&*H81.0#4I,- 0, *+,-./!"#$#%&( J #2+1&/!./,

-!3#,./!& =%, !- 2,/!- 0, G =%, .51 >1&,2 -!/#->,#/!- .,-/, 212,./1? -,&51 &,-139#0!- ,2

%2 +!--1 +1-/,&#1& 0! &,8%&-51(

"#$%&! '('KL M,$%.01 +!--1 01 +&163,2! 0, +3!.,<!2,./1 -,=N,.8#!3(

"#$%&! '('OL P,&8,#&1 +!--1 01 +&163,2! 0, +3!.,<!2,./1 -,=N,.8#!3(

7 "#$%&! '('K 21-/&! 1 -,$%.01 +!--1 01 ,Q,2+31 /&!/!01( ; +3!.1 ,.81./&!01 .1

!/%!3 212,./1 * !+&,-,./!01 .! +!&/, #.>,&#1&(  ,-/, 8!-1? 81.-#-/, !+,.!- .! !451

*+,-./!"#$#%&( 7 2,/! G 81&&,-+1.0, !- +&*H81.0#4I,- 0,-/! !451( ;- &,8%&-1-  0+!!-1
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  !! "#$% !"# $"# $%&'$( '&#$ )#* S+ , !-# %$$'./ 0 - & *.'!%-% % $#123"# -% . &% &

'())$* ) 1% %-'3"# -% %3"# +(,$%-.())$* !# )1%!#+ 4. $ 52'-%/ 0 * %1'6%-% 2.% 78%.%-%

* 72*$'9% )%*% $%&'$(%3"# -%$ )*0:7#!-'3; $ - $&% !#9% %3"#+

<% ='52*% >+>? 0  @'A'-# .%'$ 2. )%$$# -# )1%! B%. !&#+ C %&2%1 )1%!# 0 (#*.%-#

$ DE !7'%1. !& ) 1%$ %3; $ +(,$%-.())$*  /#$$0/1-2#$%+ <#9%. !& / 0 ! 7 $$F*'# $%&'$(%6 *

%$ . &%$ - G+ G%*% '$&# 0 '!712H-# %# )1%!# % %3"# /#$$0/1-2#$%+ I.% !#9% 78%.%-% %#

.0&#-# 0 * %1'6%-% )%*% $%&'$(%6 * %$ )*0:7#!-'3; $ - /#$$0/1-2#$%+

='52*% >+>JK L2%*&# )%$$# -# )*#A1 .% - )1%! B%. !&# $ DE !7'%1+

='52*% >+>MK L2'!&# )%$$# -# )*#A1 .% - )1%! B%. !&# $ DE !7'%1+

N)O$ %-'7'#!%* % %3"# /#$$0/1-2#$% !# )1%!#/ 0 )* 7'$# $%&'$(%6 * $2%$ )*0:7#!-'3; $+

P#!&2-#/ %$ . &%$  . G $"# $%&'$( '&%$ )#* S+ Q $& .#-#/ /#$$0/1-2#$% 0 %-'7'#!%-% %#

)1%!# $ . % ! 7 $$'-%- - '!712'* !#9%$ %3; $ )%*% $2% $%&'$(%3"#+ G#$& *'#*. !& / 0

* $#19'-% 2.% !#9% . &% D2  $&%9% $2$) !$% !# )%$$# -% * 72*$"#+ <%$ ='52*%$ >+>J  

>+>M $"# %)* $ !&%-#$ #$ R1&'.#$ )%$$#$ -# )1%! B%. !&#+
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 !"#$% &'()* +,%-. /0120-3!%, .45!6. -. 07089,. 5$%5%6.'

:. ;-%, 508./ % /.,#<=. 60/50 9$.4,08% 07!4!6% -%  !"#$% &'()' > 9,%-. /0120-3!%,

3.-/!/50? $0/9035!@%80-50? -%/ %<A0/  !""# $%&!"'?  !""# $%(!!'? )*+"'%,*--".?  !""# $%&!"'?

 !""# $%&!"'?  !""# $%&!"'?  !""# $%&!"' 0 )*+"'%-#/,/0$' > 1/2#,-/0 60/50 9,%-. B !"#%, %

CDEF'

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

+%$% 0/5!8%$ 3.8 9$03!/=. % #5!,!6%60 60 1#%!/1#0$ $03#$/./ $0-.@G@0!/ B 9$03!/. $09$.H

"$%8%$ %/ %<A0/ 9%$% 90$8!5!$ % 3.-3.$$I-3!% 0 6!8!-#!$ . 1/2#,-/0 6. 9,%-.'  %J08./

!//. #5!,!J%-6. #8 9$.30//. 60 0/3%,.-%80-5. 1#0 90$3.$$0 % /012I-3!% .$60-%6% 60 %<A0/'

+%$% 3%6% %<=. Ai? . 9$.30//. 8.@0 . 5089. 60 !-K3!. 60 Ai 9%$% . 8%!/ 306. 9.//K@0,?

60 5%, L.$8% 1#0 /#%/ 9$BH3.-6!<A0/ 0/50M%8 /%5!/L0!5%/' +%$% #8% %<=. Ai 1#0 3.80<% -.

5089. tsi 508H/0 1#0 R+(tsi ) B . 0/5%6. 60 $03#$/./ -. 5089. tsi %9N/ ./ 0L0!5./ %6!3!.-%6./

%. 0/5%6. 6. M.". 9%$% 5.6%/ %/ %<A0/ 1#0 50$8!-%8 08 tsi ? 0 R−(tsi ) B . 0/5%6. 60 $03#$/./

6. M.". %-50/ 1#0 ./ 0L0!5./ /0M%8 %6!3!.-%6./' >4@!%80-50? %/ 9$BH3.-6!<A0/ 60 Ai 0/5=.

/%5!/L0!5%/ 9.$ R+(tsi )' O0 0,0/ 5%84B8 0/5=. /%5!/L0!5./ 9.$ R−(tsi )? !/5. /!"-!;3% 1#0 %

/%5!/L%<=. 6%/ 3.-6!<A0/ 60 Ai -=. /=. 60@!6. % 1#%,1#0$ #8% 6%/ %<A0/ 1#0 50$8!-%8

-. 5089. ts? /0-6. 9.//K@0, 8.@0$ % %<=. Ai 9%$% 3.80<%$ 8%!/ 306. 08 ts? % B9.3%

%-50$!.$ 60 603!/=. P5089. 08 1#0 #8% %<=. 3.80<% .# 50$8!-%Q' R/5. B $0905!6. %5B

1#0 %/ 3.-6!<A0/ 9$B@!%/ 60 Ai /0M%8 /%5!/L0!5%/ 9.$ R+(tS)? 8%/ -=. R−(tS)? .# /0M%? %

/%5!/L%<=. 6%/ 3.-6!<A0/ 60 Ai B 60@!6. S/ %<A0/ 1#0 50$8!-%8 3.8 5089. ts' > 9,%-.

%".$% B $08%$3%6. 3.8. % %<=. Ai 1#0 3.80<% -. 5089. ts? 0 9.608./ 3.-5!-#%$ % 50-5%$

0/3%,.-%$ %/ 9$N7!8%/ %<A0/ 6. 9,%-. /0120-3!%,' > 9/0#6.H3N6!". 9%$% 0/50 9$.306!80-5.

B 6%6. -. :,".$!58. F'

"#$%&'()* + O3T06#,0PPlanoQ

 ! ,%& i← 1, ..., k -%

"! ts ← tsi
#! R−(ts) ← 0/5%6. 60 $03#$/./ %-50/ 6./ 0L0!5./ 6%/ %<A0/ 1#0 50$8!-%8 08 t /=.

%6!3!.-%6./'

$! .)'#/ 9$BH3.-6!<A0/ 60 Ai /=. /%5!/L0!5%/ 9.$ R−(ts) -%
%! ts ← B9.3% P!-K3!. 0U.# 5B$8!-. 60 #8% %<=.Q 60 603!/=. %-50$!.$'

&! /0- .)'#/

'! Plano← Plano− (Ai, t
s
i , t

e
i ) + (Ai, t

s, tei − tsi + ts)
(! /0- ,%&
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 !"#$%&' ()")*+%" ,-# )' #&$).'*)" -/) )01'2 $)3) )01' #*+"# ' *'4' +#/!' 3# %*5$%'

# ' 4#.6' +#/!' 3# +7"/%*' $'*+%*-) &#*3' #8#$-+)3)9 :-)*3' $)3) )01' 7 !"'$#&&)3)2

&#/!"# !'3#/'& !"'(")/;<.) )*+#& 3# -/) )01' )*+#"%'" &# #.)& *1' $'*&'/#/ '- #/<

!"#&+)/ ' /#&/' "#$-"&'9 ='*&%3#")*3' -/ !)" 3# )0>#& A # B2 &#*3' A )*+#& 3# B2 #/

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

#&$).'*)" B9 ?"%/#%"'2 &# A # B &1' )3@)$#*+#&2 ' #&+)3' )*+#& 3# A 3#4# +#" '& "#$-"&'&

&-A$%#*+#& #/ R !)") A # B &#"#/ #8#$-+)3)&9 B&+' &%(*%A$) ,-#2 *),-#.# #&+)3'2 A #

B !'3#/ &#" #8#$-+)3)& &%/-.+)*#)/#*+#2 '- &# !'&&54#.2 B !'3# &#" #&$).'*)3) )*+#&

3# A9 ?'" '-+"' .)3'2 &# A # B #&+1' &#!)")3)& !'" ,-)%&,-#" )0>#& ,-# !"'3-C#/ R

) A/ 3# &)+%&D)C#" )& !"7<$'*3%0>#& 3# B2 #*+1'2 ' *'&&' !"'$#&&' *1' /-3)"%) B )*+#&

3'& #D#%+'& 3#&&)& )0>#&9 E/F'") #&+# !"'$#3%/#*+' *1' ()")*+) ) !"'3-01' 3# -/ !.)*'

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

*' *I/#"' 3# )0>#&J # D-*$%'*) F#/ *) !";+%$)9  )!"#&#*+)3' ) &#(-%" -/ #8#/!.' 3#

#&$).'*)/#*+' -+%.%C)*3' ' K.('"%+/' L9

"#$%&'(

E&+# #8#/!.' $'*&%&+# *' #&$).'*)/#*+' 3' !.)*' &#,M#*$%). 3) N%(-") O9PQ9 E&+#

!"'$#3%/#*+' "#3-C ' %*+&#,*" 3' !.)*' $'.'$)*3' ).(-/)& )0>#& #/ !)").#.'9 R)&

N%(-")& O9PS2 O9PO2 O9PP2 O9PT2 O9PL2 O9PU2 O9PV # O9PW2 &1' )!"#&#*+)3'& ).(-*& !)&&'& 3'

#&$).'*)/#*+'9 K' A*).2 ) N%(-") O9PX /'&+") ' !.)*' 'F+%3' )!G& ' #&$).'*)/#*+'9

N%(-") O9PSY Z#*+)+%4) 3# #&$).'*)" ) )01'  !--& ./0!-1 *' +#/!' Q9

[# /'3' &#,M#*$%).2 $)3) )01' 3' !.)*' 7 #&$).'*)3)9 \ +#/!' 3# -/) )01' 7 ).+#")3'

!)") ' /#*'" +#/!' #/ ,-# &-)& !"7<$'*3%0>#& D'")/ &)+%&D#%+)&9 \ !"%/#%"' !)&&' 3'

#&$).'*)/#*+'2 #8%F%3' *) N%(-") O9PS2 3#&$"#4# ) +#*+)+%4) 3# #&$).'*)" ) )01'  !--& ./

0!-1 *' +#/!' Q9 \& "#$-"&'& *' +#/!' Q H2 3!)"4*--2 5 6&*#*".2 7 8*((* +#2 7 9$,,-:2 7

;!!.%*"2 <77 =!-12 >77 ?!!1 J &)+%&D)C#/ )& !"7<$'*3%0>#& 3) )01'  !--& ./0!-1 H)(**(+@

2 6&*#*". *$,-.*$@ 2 3!)"4*-- J9 R1' #8%&+# *#*6-/ +#/!' )*+#"%'" )' Q2 &#*3' )&&%/2

 !--& ./0!-1 7 /)*+%3) *#&+# +#/!'9 K N%(-") O9PO /'&+") #&+) )01' )!G& &#" #&$).'*)3)9

R' !)&&' &#(-%*+#2 7 "#).%C)3' ' #&$).'*)/#*+' 3) )01'  !--& ./)!!19 B*%$%)./#*+#2

#&+) )01' 7 $'.'$)3' *' +#/!' LSQ HN%(-") O9PPJ9 R#&+# +#/!' '& "#$-"&'& 3%&!'*54#%&
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 !"#$% &'(&) * %+,-  !""# $%&!"' . /01%2-3%4% 3- 5/67- 8'

0%5!09%:/6 0#%0 7$.;1-34!+</0' =05% %+,- . 7-0!1!-3%4% 3- 5/67- %35/$!-$> !"#%2 % 8

? !"#$% &'(@A' B/05/ 1%0->  !""# $%(!!' 7-4/ 0/$ 6%35!4% 3- 5/67- 8' C/34- %00!6> /00%

%+,- D1% /6 7%$%2/2- 1-6  !""# $%&!"' ? !"#$% &'(EA'

 !"#$% &'(() F/35%5!G% 4/ /01%2-3%$ % %+,-  !""# $%(!!' 3- 5/67- EH8'

 !"#$% &'(@) F/35%5!G% 4/ /01%2-3%$ % %+,-  !""# $%(!!' 3- 5/67- 8'

)*+"'%,*--". . % 7$IJ!6% %+,- % 0/$ /01%2-3%4%' *0 7$.;1-34!+</0 4/05% %+,- 0,-

G/$!D1%4%0 0/ 0,- 0%5!09/!5%0 3- 5/67- HEK8 ? !"#$% &'(LA' B/05/ 5/67- /2% 7-4/ 0/$

6%35!4%> 4/05/ 6-4-> 5/35%6-0 /01%2-3M;2% 3- 5/67- %35/$!-$ EH8' =35$/5%35-> 3- 5/67-

EH8 3,- /J!05/6 $/1#$0-0 0#D1!/35/0 N#/ 0%5!09%+%6 0#%0 7$.;1-34!+</0 ? !"#$% &'(KA' O-6

!00-> % %+,- /*+"'%,*--". . /01%2-3%4% 3- 5/67- HEK8> N#/ 9-! /J%5%6/35/ - P25!6- 5/67-

/6 N#/ 5/G/ 0#%0 7$.;1-34!+</0 0%5!09/!5%0 ? !"#$% &'(QA'



 !  !"#$%&' () *%+,!-.+$'/ 0.1234'/ . 02!5!&6'/  '22.&!$'/

 !"#$% &'()* + %,-.  !""# $%&!!' / 012%3.4%5% 4. 6078. 9'

 !"#$% &'(:* ;046%6!<% 50 012%3.4%$ % %,-. ()*"'%+),,"- 4. 6078. =)>9'

 !"#$% &'(>* ;046%6!<% 50 012%3.4%$ % %,-. ()*"'%+),,"- 4. 6078. )=9'

;.5%1 %1 %,?01 $016%4601 1-. 012%3.4%5%1 #6!3!@%45. 0160 7017. 8$.205!7046.' A

$01#36%5. B4%3 / %8$01046%5. 4%  !"#$% &'(C' D !460$011%460 .E10$<%$ F#0 . ./0#+,/1 5.

83%4. 10FG042!%3 0 5. 83%4. 012%3.4%5. 1-.H $018026!<%70460H IC=) 0 &I=)' J11. 507.416$%

F#0 #7 703K.$ 83%4. 8.50 10$ 042.46$%5. %. 0L02#6%$ . 8$.205!7046. 50 012%3.4%7046.'



 !"! #$%&'(%)'&*+ ,' -'./01+1 2%0% 3+4+1 -56  !

 !"#$% &'()* + %,-.  !"#$%&!''#( / 012%3.4%5% 4. 6078. 9:;<'

 !"#$% &'(=* >01#36%5. 5. 012%3.4%7046. 5. 83%4. 5%  !"#$% &'(<'

 !"!# $%&'()*& '+ ,+-(%.&. /'0-0&120.

?@A06!B%45. 7!4!7!C%$ . )*+,&'*- 2.41!50$%D10 % !423#1-. 50 706%1 !460$705!E$!%1 50

"0$%,-. 50 $02#$1.1' F7% 706% !460$705!E$!% 2.$$018.450 % #7% 706% 50 8$.5#C!$ #7 .#

7%!1 $02#$1.1 50 #7 5060$7!4%5. 6!8.' G%$% 2%5% 706% !460$705!E$!% . 83%40A%5.$ 07D

8$0"% . HI+ 10"#!5. 803. 8$.2011. 50 ./0,$!#, 8%$% "0$%$ #7 83%4.' J.41!50$%45. 0160

83%4. 1-. %83!2%5.1 .1 7017.1 8$.205!7046.1 %6/ %6!4"!$ % 706% "3.@%3' G%$% 10302!.4%$

#7% %,-. % 10$ 0K02#6%5%L 5046$0 .1 83%4.1 "0$%5.1L . 83%40A%5.$ 012.3M0 . 83%4. 2.7 .

704.$ )*+,&'*-' ? 83%4. "0$%5. 803. 83%40A%5.$ "0$%370460 4-. / 6.6%370460 0K02#6%5.

N#%45. . 1!1607% $0%3!C% . 83%40A%7046. #6!3!C%45. . 016%5. %6#%3 5. A.".' O. 046%46.L

% 2.416$#,-. 50 6%!1 83%4.1 1-. B%3!.1.1 8.$N#0 %A#5%7 4% 1030,-. 5% %,-. 4% P%10 %6#%3'

G%$% 0160 2E32#3. 50 706%1 !460$705!E$!%1 / %8$01046%5. . +3".$!67. Q'

+ A#16!R2%6!B% 8%$% 0160 8$.2011. 50 @#12% 503!7!6%5. 8.$ 706%1 !460$705!E$!%1 /

5012$!6. % 10"#!$' S 23%$. N#0 / 8.11TB03 042.46$%$ #7 83%4. N#0 607 #7 4U70$. 7T4!7.



 !  !"#$%&' () *%+,!-.+$'/ 0.1234'/ . 02!5!&6'/  '22.&!$'/

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

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

"! t← +$/*, &+3&"

#! S ← $.+&-, &+3&" -, 1,2,

$! ', $4#.+$ &"23/& &56, -#.*,!78$" 93$ *,-$ .$' $4$03+&-& !, +$/*, &+3&" ()./

%! Plan← Schedule(MEA(S,G))
&! ./- ',

'! (G1, ..., Gn) ← 3/& "#.+& -$ /$+&. #!+$'/$-#:'#&. 93$ 2$'& /&#. '$03'.,.

'$!,8:8$#.;

(! ,%& 0## i = 1, ..., n -%

)! P0 ←MEA(S,Gi)
 *! S ′ ← $.+&-, *',1$+&-, &*<. $4$03+&' P0 & *&'+#' -$ S
  ! P1 ←MEA(S ′, G)
 "! Plani ← Schedule(concatenar(P0, P1))
 #! ', makespan -$ Plani < makespan -$ Plan ()./

 $! Plan← Plani

 %! ./- ',

 &! ./- ,%&

 '! ./- ,%&

 (! ,%& 0## (Aj, t
s
j , t

e
j) ∈ Plan ,!-$ tsj = t -%

 )! executar Aj

"*! ./- ,%&

-$ &5=$. $ 0'#& , /,!+&!+$ /7!#/, -$ '$03'.,. '$!,8:8$#.> 0,/, ,.  !"#"$%; ?, $!+&!+,>

& 0'#&56, &-#0#,!&" -$ '$03'.,. '$!,8:8$#. *,-$ -#/#!3#' , &"'!# "$ -$ 3/ *"&!, (/$./,

93$ $.+$ !,8, *"&!, +$!@& /&#. &5=$.); A$ , +$/*, -$.*$!-#-, !& 0'#&56, -$..$. '$03'.,.

B 0,/*$!.&-, *$", +$/*, *,3*&-, *$"&. &5=$. $/ *&'&"$", *$'/#+#-&. *$",. '$03'.,.

&-#0#,!&#. '$!,8:8$#.; C,!+3-,> ,. *"&!,. *,-$/ .$ +,'!&' -$/&.#&-&/$!+$ 0,/*"$4,. .$

$4#.+$ 3/& D3.0& #"#/#+&-& .,D'$ +,-&. &. /$+&. #!+$'/$-#:'#&. *,..78$#.; %&'& 0,!+,'!&'

$.+$ *',D"$/&> B !$0$..:'#, $!0,!+'&' $4*"#0#+&/$!+$ 3/ *"&!, 93$ *$'/#+& &"0&!5&' &

/$+& #!+$'/$-#:'#& -$ 0'#&' &"23/& 93&!+#-&-$ E4& &-#0#,!&" -$ '$03'.,. '$!,8:8$#.> $/

.$23#-&> $!0,!+'&' 3/ *"&!, 93$ *$'/#+& &"0&!5&' & /$+& 2",D&";  . -,#. *"&!,. .6,

$!+6, 0,/D#!&-,. $/ 3/ F!#0, *"&!,> .$!-, 8$'#E0&-, .$ , !,8, *"&!, +$/ 3/ &"'!# "$

/$!,' -, 93$ , *"&!, ,'#2#!&"; A$ &..#/ G,'> B 0,!.#-$'&-, 0,/, .,"356, , !,8, *"&!,>

93$ *',-3H ,. '$03'.,. &-#0#,!&#. '$!,8:8$#.;

%&'& 0&-& I0#0",J (3!#-&-$ -$ +$/*, -, (")*+#) -, 1,2,> , 0"#$!+$ 8$'#E0& .$ $4#.+$/

&"23/&. &5=$. -#.*,!78$#. 93$ *,-$/ .$' $4$03+&-&.; A$ &..#/ G,'> $"$ 0@&/& , *"&!$1&-,'

*&'& $!0,!+'&' ,. *"&!,. 93$ *'$$!0@$/ & /$+& & *&'+#' -, $.+&-, &+3&"; K/ *"&!, +$':

0,/, /$+& .&+#.G&H$' & /$+& 2",D&" -$ '$03'.,.> .$/ /$+&. #!+$'/$-#:'#&.> $!93&!+, ,.

,3+',. +$'6, *,' ,D1$+#8, .&+#.G&H$' 0&-& 3/& -&. /$+&. #!+$'/$-#:'#&. 93$ $4*"#0#+&/$!+$

0'#&/ '$03'.,. '$!,8:8$#. &-#0#,!&#.;  *"&!, 0,/ , /$!,' &"'!# "$ B $.0,"@#-,; %&'&

'$&"#H&' $..&. +&'$G&. .6, 3+#"#H&-,. ,. -,#. *',0$-#/$!+,. &*'$.$!+&-, &!+$'#,'/$!+$L

MNO $ ,-.!/+0!;



 !"! #$%&'(%)'&*+ ,' -'./01+1 2%0% 3+4+1 -56  !

 !"#$% &'()* +$,-#./, -0 $01#$2,2 %-!1!,3%!2 %4$%562 -0 704%2 !340$70-!8$!%2'

9  !"#$% &'() %:$02034% #7% $0:$02034%./, "0$%; -% <#21% -0 $01#$2,2 %-!1!,3%!2

#2%-,2 :%$% %4!3"!$ % 704% ";,<%; 7%!2 $%:!-%70340' =>!2407 n 704%2 !340$70-!8$!%2?

$0:$02034%-%2 :,$ Gi? ,3-0 1 ≤ i ≤ n' =22%2 704%2 !340$70-!8$!%2 :,22!<!;!4%7 031,34$%$

:;%3,2 1,7 703,$  !"#$%!&' @2 :;%3,2 2/, 1$!%-,2 #4!;!A%3-, ,2 %;",$!47,2 B=9 0

'()#*+,#' C034$0 ,2 :;%3,2 "0$%-,2 %, 1,32!-0$%$ %2 704%2 !340$70-!8$!%2 6 021,;D!-, ,

E#0 :,22#! , 703,$  !"#$%!&'





 !"#$%&' (

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

 !"! #$"!" %& '(!)*+ *),$ ! *",$& ,$ -*,!. !. !/0$. .1* $.'$2342!,!. 2*&'($-!&$)-$+

3)323!(&$)-$ 5 '"*'*.-* %& '(!)$6!&$)-* ,$ *",$& '!"23!(7 8 '(!)$6!&$)-* ,$ *",$&

'!"23!( $.'$2342! -*,!. !. !/0$. ! .$"$& $9$2%-!,!.+ &!. )1* ,$-$"&3)! %&! *",$&

$.'$2:42! '!"! ! $9$2%/1* ,!. &$.&!.7 ;. !/0$. .1* $.2*(<3,!. 2*)=*"&$ ! &$-! $&

"$(!/1* !* $.-!,* !-%!(7 >$#%),* ?@%..$(( $ A*"B3# CDDEF+ * '(!)$6!&$)-* ,$ *",$&

'!"23!( 2*).3.-$ $& GH%!(H%$" !(#*"3-&* ,$ '(!)$6!&$)-* H%$ '*..! 3).$"3" ,%!. !/0$. $&

%& '(!)* .$& $.'$2342!" H%!( ,$(!. ,$B$ .$" $9$2%-!,! '"3&$3"*I7

J*&* ,$.2"3-* )* J!':-%(* K $ 23-!,* '*" ?J<!) $- !(7 KLLMN+J<!) $- !(7 KLLM!F+ *

'(!)$6!&$)-* '!"! 6*#*. ,* -3'* @O> '*..%3 !(#%&!. '"*'"3$,!,$. $.'$2:42!.7 ;'$.!"

,! '*..3N3(3,!,$ ,$ %-3(3P!" *%-"*. '(!)$6!,*"$.+ %& .3&'($. '(!)$6!&$)-* %.!),* QR;

5 .%423$)-$ '!"! $..! -!"$=!7

; &*-3B!/1* ,! !"H%3-$-%"! ,$ '(!)$6!&$)-* ,$.-$ -"!N!(<* -$& 2*&* N!.$ ! S3#%"!

T7C7 A$.-$ '"*N($&! * $.-!,* 3)323!( 5 U !"#$%&''(  )*&+&$,( - ./00'1( 233 4"'5 V $ !

&$-! 5 U !"#$%&''( 6 )*&+&$, V7 O$&*. $& A %& '(!)* .$HW$)23!( #$"!,* '$(* '(!)$6!,*"

.$HW$)23!( ,$ ?J<!) $- !(7 KLLMNF7 R.-$ '(!)* 5 ,!,* 2*&* $)-"!,! '!"! * !(#*"3-&* ,$

$.2!(*)!&$)-* ,$.-$ &$.&* !%-*"+ -$),* 2*&* "$.%(-!,* * '(!)* B7 A* '(!)* A $93.-$

* '"*N($&! H%$ !. !/0$. 7"''*7,89"'5 )1* !'"*B$3-!& * "$2%".* 0*&+&$,+ ,3.'*)3N3(3P!,*

'$(! !/1* :/;'580*&+&$,7 X..* *2*""$ '*"H%$ !. !/0$. 7"''*7,89"'5 .1* $.2!(*)!,!. !)-$. ,$

:/;'580*&+&$,7 Y$.-$ &*,*+ * "$2%".* 0*&+&$, )1* 5 %.!,* )* $.2!(*)!&$)-*7 >$),* !..3&+

! !"H%3-$-%"! ,$ '(!)$6!&$)-* ,* -"!N!(<* -$& * *N6$-3B* ,$ !(-$"!" * '(!)* .$HW$)23!(

,!,* 2*&* $)-"!,! '!"! * $.2!(*)!&$)-*7 X.-* '*..3N3(3-! !'"*B$3-!" &$(<*" *. "$2%".*.

H%$ .1* 2"3!,*. ,%"!)-$ * '(!)$6!&$)-*7

8 '(!)* C &*.-"! * '(!)* .$HW$)23!( H%$ .$ '"$-$),$ *N-$" )$.-$ -"!N!(<*7 J*&* !

'"3&$3"! !/1* :/;'580*&+&$, )1* )$2$..3-! ,*. "$2%".*. '"*,%P3,*. '$(!. !/0$. 7"''*7,89"'5+

5 '*..:B$( !(*2!" -!( !/1* )* 3):23* ,* '(!)*7  !"! $)2*)-"!" $.-$. '(!)*.+ 5 '"*'*.-* *

%.* ,$ %& '(!)$6!&$)-* ,$ *",$& '!"23!( $& 2*)6%)-* ,$ %& '"*2$,3&$)-* ,$ $.-!N$Z

($23&$)-* ,$ '"3*"3,!,$7 X..* '$"&3-$ '"3*"3P!" !. !/0$. &!3. 3&'*"-!)-$. H%$ '*,$&

,3.'*)3N3(3P!" "$2%".*. ,%"!)-$ * $.2!(*)!&$)-*7 [%!),* * '(!)* C 5 ,!,* 2*&* $)Z

  



 !  !"#$%&' () *+,%-$.$%+! /. 0&!1.2!3.1$'

 !"#" $"!" % &'(")%*"+&* % #& ,-."* & ")/ 0112345 6 %3 7#% % $)"*% D/ 8&' & $)"*%

%  !"#"$% $!%#9:7#% *% $)"*&;"+&* % 6 9'"#% $"!" &<&(9 "! 9+" #"' "=>&' &'((!&%)*'(+/

-%+$"!"*#% % ,"-!# "$ #%' $)"*%' B & D5 %3'&!?"+%' @9& % +&).%! $)"*% (%!!&'$%*#&

"% D/

A7B9!" C/DE F)"*%' 9'"#%' (%+% +% 7?"=G% #" "!@97 & 9!" #& $)"*&;"+&* %/

H '&B97! 6 #&'(!7 % % $)"*&;"+&* % #& %!#&+ $"!(7") $!%$%' % *&' &  !"3").%/ I $)"*%

(!7"#% 6 (%+$%' % $%! " 7?7#"#&'/ J+" " 7?7#"#& (%*'7' & &+ 9+" %9 +"7' "=>&' #& 9+

#& &!+7*"#%  7$%/ K' & +6 %#% 9 7)7:" " '&)&=G% #& %$&!"#%!&' L"=>&'M $"!" !&'%)?&! +& "'/

-"#" %$&!"#%! (%+$>& 9+ (%*;9* % #& $!6N(%*#7=>&' & &O&7 %'5 '&*#% !&'$%*'P?&) $%!

#&(!&+&* "! " #7O&!&*=" &* !& " " 7?7#"#& 7*7(7") & " +& "/ QG% (!7"#"' *%?"' " 7?7#"#&'

9 7)7:"*#% &' &' %$&!"#%!&'/ F"!" ("#" *%?" " 7?7#"#& 6 "$)7("#" 9+" !&(9!'G% $"!"

'" 7'O":&! '9"' $!6N(%*#7=>&'/ K' & $!%(&#7+&* % %(%!!& " 6 @9&  %#"' "' +& "' '&;"+

'" 7'O&7 "'/

I H)B%!7 +% 2 &'$&(7R(" % $)"*&;"+&* % #& %!#&+ $"!(7") $!%$%' % "#$%&'LSinicio5

GmetaM/ I' $"!S+& !%' #& &* !"#" 'G% % &' "#% 7*7(7") Sinicio & % &' "#% +& " Gmeta/

K' &' $"!S+& !%' 'G% (%+$%' %' "$&*"' $%! !&(9!'%'/ J+" ?"!7P?&) B)%3") R B9"!#"

%' !&(9!'%' @9& 'G% $!%#9:7#%' $%! ("#" " 7?7#"#&/ T''% $&!+7 & @9& %' !&(9!'%' '&;"+

"$!%?&7 "#%'5 &?7 "*#% @9& " 7?7#"#&' !&#9*#"* &' '&;"+ (!7"#"'/ H' " 7?7#"#&' S & G

'G% (!7"#"' " $"! 7! #%' &' "#%' Sinicio & Gmeta/ H " 7?7#"#& S *G% &' P "''%(7"#" " "=>&'

& *G% "$!&'&* " $!6N(%*#7=>&'/ -%* 9#%5 S  &+ (%+% &O&7 % " $!%#9=G% #%' !&(9!'%'

$!&'&* &' &+ Sinicio/ H " 7?7#"#& G *G% &' P "''%(7"#" " "=>&' & &O&7 %/ K* !& "* %5 S

 &+ (%+% $!6N(%*#7=G% %' !&(9!'%' $!&'&* &' &+ Gmeta/ 8% "#$%&' 9+ $)"*% 6 B&!"#%

$&)" (."+"#" #" O9*=G% %($)#*$+#),&-./#+%$.01$(LS5 GM  &*#% (%+% $"!S+& !%'

"' " 7?7#"#&' S & G/ I $)"*% 6 (%+$%' % $&)"' " 7?7#"#&' & (.$-# &"/#".# (!7"#%' $&)"

O9*=G% %($)#*$+#),&-./#+%$.01$(/

I +6 %#% %($)#*$+#),&-./#+%$.01$(5 "$!&'&* "#% *% H)B%!7 +% U5 6 !&'$%*'P?&)

$%! &' "3&)&(&! @9"7' " 7?7#"#&' & (.$-# &"/#".# #&?&+ '&! (!7"#%'/ T*7(7")+&* &5 'G%

?&!7R("#%' '&  %#%' %' !&(9!'%' #" +& " G 'G% '" 7'O&7 %' $%! S/ Q& O%!&+ '" 7'O&7 %' 6

&' "3&)&(7#% 9+ (.$- &"/#"( &* !& S & G/ T''% '7B*7R(" @9& *G% 6 $!&(7'% (!7"! *&*.9+"

" 7?7#"#& & *G% 6 *&(&''P!7% 9 7)7:"! "' " 7?7#"#&' $!&'&* &' &+ R $"!" '" 7'O":&! G/ I'



 !

"#$%&'()*   !"#$%&Sinicio, Gmeta'

() *"+,-.!/ 0/$1"/ R← ∅2 ,345"36,"7" ,3,6,"/8!35! 4!8 !/!8!35$4)

9) :+,"+ " "5,.,7"7! S 4!8 ";<!4 ! 4!8 %+=>6$37,;<!4) ?35+!5"35$2 S %$44@, $ !A!,5$
7! %+$7@B,+ $4 +!6@+4$4 7! Sinicio)

C) :+,"+ " "5,.,7"7! G 4!8 ";<!4 ! 4!8 !A!,5$4) ?35+!5"35$2 S %$44@, 6$8$ %+=>
6$37,;<!4 $4 +!6@+4$4 7! Gmeta)

D) ?E!6@5"+ +#,-./,*.-(%0&1.*+,&2',#3S,G4) ?45! %+$6!7,8!35$ 6+," $ %/"3$ 7!
$+7!8 %"+6,"/)

+!6@+4$4 7$ 5,%$  !"#$%& &#$''()2 *!(+ ! ,!!+)' 4F$ "/$6"7$4 %"+" " 4"5,4A";F$ 7! G)

G/$6"+ @8 +!6@+4$ 4,03,H6" I@! 3!3J@8 $@5+" ";F$ %$7! @4"+ 5"/ +!6@+4$) K +!6@+4$ =

"/$6"7$ "%!3"4 4! A$+ 3!6!44-+,$ ! !45!L" 7,4%$3M.!/)

"#$%&'()* 5 #/"3!L"8!35$K+7!8#"+6,"/&S,G'

() N! 5$7$4 $4 +!6@+4$4 7" 8!5" G 4F$ 4"5,4A!,5$4 %$+ S = 6+,"7$ $ (-".  /$#/( S
recursos
−→ G)

K4 +!6@+4$4 7$ 5,%$ '0!+$ & 7" "5,.,7"7! S 4F$ "/$6"7"4 %"+" 4"5,4A"B!+ G) G%!3"4
$4 +!6@+4$4 3!6!44-+,$4 ! 7,4%$3M.!,4 4F$ "/$6"7$4)

9) :"4$ 6$35+-+,$) #"+" 6"7" +!6@+4$ 8!5" gi ∈ G2 A";"O

&"' si ← +!6@+4$ gi %+!4!35! !8 S)

&1' ri ← +!6@+4$ gi %+!4!35! !8 R)

&6' N! gi = 7$ 5,%$  !"#$%&2 = "/$6"7" " I@"35,7"7! 7! +!6@+4$ si 3!6!44-+," !

7,4%$3M.!/ %"+" 4"5,4A"B!+ gi)

&7' N! gi = 4"5,4A!,5$ %!/$ +!6@+4$ si2 +!5$+3"+ "$ %"44$ 9)

&!' N! ri > 02 = 6+,"7$ $ (-".  /$#/( R
ri−→ G 6$8 "&4' "5,.,7"7!&4' !8 R I@!

%+$7@B&!8' $ +!6@+4$ ri) ?44" +!/";F$ = !45"1!/!6,7" 6$8 $ 8!3$+ 3P8!+$

7! "5,.,7"7!4 %$44M.!/) :"4$ ri 4!L" 7$ 5,%$  !"#$%&2 = "/$6"7$ $ +!6@+4$ ri

3!6!44-+,$ %"+" 4"5,4A"B!+ gi) Q "/$6"7$ "%!3"4 $ +!6@+4$ 3!6!44-+,$ ! 7,4%$3M.!/)

&A' N! gi 3F$ = 4"5,4A!,5$ %!/$4 +!6@+4$4 si + ri2 !E!6@5"+

6&',&"('7'1,1.3si, rr, gi, S,G4)

N! G 3F$ = 5$5"/8!35! 4"5,4A!,5$ %$+ S2 = ,3,6,"7" @8" 1@46" 6$8 $ $1L!5,.$ 7!

4"5,4A"B!+ G) #"+" ,44$2 3$."4 "5,.,7"7!4 4F$ 6+,"7"42 (-".#  /$#/-# 4F$ !45"1!/!6,7$4 !

+!6@+4$4 4F$ "/$6"7$4) G $+7!8 I@! $4 +!6@+4$4 7! G 4F$ .!+,H6"7$4 =O 1!,"2/((2 '&/#/"12

3/00/ .#2 #$''()2 4!!1%/"2 *!(+ ! ,!!+) ?44" $+7!8 %$44,1,/,5" I@! ";<!4 8",4 ,8%$+5"35!4

4!L"8 4"5,4A!,5"4 %+,8!,+$ R:J"3 !5 "/) 9SST1U)

G4 ."+,-.!,4 si2 ri ! gi2 6$++!4%$37!8 +!4%!65,."8!35! "$4 +!6@+4$4 %+!4!35!4 !8 S2 R

! G) K M37,6! i ,37,6" I@! $ 8!48$ +!6@+4$ = "5+,1@M7$ " 6"7" ."+,-.!/) K@ 4!L"2 4! "

8!5" = $ +!6@+4$ *!(+2 "4 ."+,-.!,4 si2 ri ! gi2 +!A!+!8>4! " *!(+)

N! $ +!6@+4$ gi = 7$ 5,%$  !"#$%&2 4F$ "/$6"7$4 $4 +!6@+4$4 3!6!44-+,$4 ! 7,4%$3M.!,4

%"+" 4"5,4A"B!+ gi) :"4$ si 4"5,4A";" gi2 " 1@46" %"44" %"+" $ %+VE,8$ +!6@+4$) N! si 3F$



 !  !"#$%&' () *+,%-$.$%+! /. 0&!1.2!3.1$'

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

6 / !,) *!'!  !"# 7!%&' ! -&"!(  &.,) !5)+!,! ! 8/!."#,!,& .&+&  9'#! & ,# *).34&5 *!'!

 !"# 7!%&' ! -&"!0 :)4!-&."&(  & ri 6 ,) "#*)  !"#$%& ! 8/!."#,!,& .&+&  9'#! & ,# *).34&5

,) '&+/' ) ri 6 !5)+!,)0 ;! ) ) '&+/' ) ,& S -!# R .<)  &=!-  /$+#&."& *!'!  !"# 7!%&'

! -&"!( /-! .)4! !"#4#,!,& 6 +'#!,! !"'!46 ,! 7/.><) "#$%#&'$($)%)*+si, rr, gi, S, G,0

? @5A)'#"-) B( "#$%#&'$($)%)*+si, rr, gi, S, G,( 6 '& *). 94&5 *)' +'#!' !"#4#,!,& 0

C  ! !"#4#,!,& *'),/%&- '&+/' ) ( "&.,) +)-) )D=&"#4)  !"# 7!%&' gi0 E'#-&#') 6 & "!F

D&5&+#,! 8/!5 !><) Ai *'),/% ) '&+/' ) gi0 C-  &A/#,!( 6 +!5+/5!,! ! 8/!."#,!,& ,& !>G& 

.&+&  9'#! *!'!  !"# 7!%&' ! ,#7&'&.>! ,& '&+/' ) (gi − (si + ri))0 H 4&'#$+!,) ) "#*) ,&

'&+/' )(  & 7)'  !"#$%& 6 +'#!,! !*&.! I !"#4#,!,& +)- k !>G& Ai( +! ) +)."'9'#)(  <)

+'#!,! k !"#4#,!,& +)- I !><) Ai +!,!0 ? 8/!.") !."& !5A/. '&+/' )  <) ,# *).#D#F

5#%!,) .) & +!5).!-&.") -&5J)' *),&  &' ) *5!.)( *)' #  ) !5A/-! !"#4#,!,&  <) +'#!,! 

+)- !*&.! /-! !><) Ai0 K-! .)4! +J!-!,! !) -6"),) -.%/*0%1*/'23#)*1-%#4$%.

6 '&!5#%!,!( "&.,) ) )D=&"#4) ,&  !"# 7!%&' ! *'6F+).,#>G& ,!L M .)4!L M !"#4#,!,&L M0 @)

$.!5 "),) '&+/' ) *'),/%#,) & ,# *).34&5 ,& /-! !"#4#,!,& +)- "),! ! *'6F+).,#>G& 

 !"# 7&#"! 6 !,#+#).!,) ! 4!'#94&5 R LE!  ) NL,M & OL,M ,) @5A)'#"-) "#$%#&'$($)%)*M0

&.52#$'61 7 ;'#!'@"#4#,!,&Lsi, ri, gi, S, GM

I0 Ai ← !><) 8/& *'),/% ) '&+/' ) gi0

P0 α← 8/!."#,!,& ,& '&+/' ) *'),/%#,) *)' Ai0

Q0 k ← ceil((gi− (si +ri))/α)0 R/!."#,!,& ,& !>G& .&+&  9'#! *!'!  !"# 7!%&' ! -&"!0

N0 1& ) '&+/' ) si 6 ,) "#*)  !"#$%&0

L!M ;'#!' /-! !"#4#,!,& A +)- k !>G& Ai0 :! !"#4#,!,& A  <) & "!D&5&+#,! ! 

*'6F+).,#>G& *!'!  /! &2&+/><)0 ?/  &=!( ! -&"! 8/& ,&4&-  &'  !"# 7&#"! 

*!'! &2&+/"!' A0

LDM ;'#!' ) '(")  *$#*' A
produce
−→ G0

L+M C2&+/"!' -.%/*0%1*/'23#)*1-%#4$%.LS,AM0

L,M ? '&+/' ) *'),/%#,) *&5! !"#4#,!,& A  <) !,#+#).!,) ! 4!'#94&5 R0 @5)+!'

) '&+/' ) *'),/%#,) .&+&  9'#) *!'!  !"# 7!%&' ! -&"!( &2+&") ! 8/!."#,!,&

&2+&,&."&0

O0 ;! ) +)."'9'#)( '&*&"#' k 4&%& )  &A/#."& *!  ) S

L!M ;'#!' /-! !"#4#,!,& A +)- I !><) Ai0 :! !"#4#,!,& A  <) & "!D&5&+#,! ! 

*'6F+).,#>G& *!'!  /! &2&+/><)0 ?/  &=!( ! -&"! 8/& ,&4&-  &'  !"# 7&#"! 

*!'! &2&+/"!' A0

LDM ;'#!' ) '(")  *$#*' A
produce
−→ G0

L+M C2&+/"!' -.%/*0%1*/'23#)*1-%#4$%.LS,AM0

L,M ? '&+/' ) *'),/%#,) *&5! !"#4#,!,& A  <) !,#+#).!,) ! 4!'#94&5 R0

:! T#A/'! Q0P & Q0Q 6 &2#D#,) /- &2&-*5) ,& !*5#+!><) ,) @5A)'#"-) U0



 !

 !"#$%&

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

%!#* / 0 !"#$%&'') 1 ()&*&$+)  2""+3&$12  ( &3,%!,3( %(%!-#( * 4*3,54!' R -6(

&(""7, -!-87% !'!%!-#() !"#*-+( 4*9,*2 : .*+* &*""( *" *#,4,+*+!" "6( .3,*+*" ! ("

3!.73"(" +,"&(-;4!," "6( *+,.,(-*+(" * R2 <6( *&3!"!-#*+(" => &*""(") (-+! .*+* 7%

+!'!" .(33!"&(-+! * .3,*?6( +! 7%* *#,4,+*+! (7 7% 3!'*.,(-*%!-#( +! &3!.!+@-.,*2  *

&*3#! "7&!3,(3 +*" *#,4,+*+!" / +!".3,#( ( -A%!3( +* *#,4,+*+! ! ( #!%&( +! +73*?6(2

B -A%!3( +* *#,4,+*+! / 7% &*3C%!#3( D7! 3!&3!"!-#* * *#,4,+*+! ! ( #!%&( / 7"*+(

-( !".*'(-*%!-#() "!-+( !$&',.*+( .(% +!#*'8!" -( +!.(33!3 +( #3*E*'8(2 :" %!#*" D7!

+!4!% "!3 "*#,"F!,#*" "6( !$,E,+*" -* &*3#! ,-F!3,(3 +! .*+* *#,4,+*+!2 G*+* %!#* "*#,"F!,#*

(7 3!.73"( *'(.*+( / "7E',-8*+(2

H-,.,*'%!-#!) -( &*""( A) / 4!3,I.*+( .*+* 3!.73"(2 : %!#*  !"#$%&'' J5 / "*#,"F!,#*

&!'( !"#*+( ,-,.,*') "!-+( +!".(-",+!3*+*2 : "!K7,3 / .3,*+* 7%* *#,4,+*+! +! -A%!3( =

.(% 7%* *?6( 456'/78)&*&$+ &*3* "*#,"F*9!3 * %!#* 1 ()&*&$+) #!-+( #!%&( ,K7*' * LLM2

:" &3/N.(-+,?O!" +!"#* *#,4,+*+! "6(  !"#$%&'')  9588': ! ;-- ."'/2

 ( &*""( B / .3,*+* 7%* -(4* *#,4,+*+! +! -A%!3( L &*3* "*#,"F*9!3 * %!#*  9588':2

P""* *#,4,+*+! &(""7, 7% #!%&( +! >QM ! %!#*  ()&*&$+) ,-- ."'/ ! 1,- 0""/2 B 3!.73"(

 ()&*&$+ J5 !$,"#! -( !"#*+( ,-,.,*') "!-+( -!.!""53,( "*#,"F*9!3 ,-- ."'/2 P-#3!#*-#()

J5 !$,"#! ,- ."'/ +,"&(-;4!') !""* D7*-#,+*+! / +!"#,-*+* * "*#,"F*?6( &*3.,*' +!"#* %!#*2

R%* -(4* *#,4,+*+! .(% M *?O!" <"'')<+7="'/ / .3,*+*) .(%( / *&3!"!-#*+( !% C2 S*3* *

*#,4,+*+! T (" 3!.73"(" +( !"#*+( ,-,.,*' "*#,"F*9!% "7*" %!#*" 0D12 S(3/%) (" 3!.73"("

!$.!+!-#!" +* *#,4,+*+! T "6( *+,.,(-*+(" !% R &*3* D7! -(4*" *#,4,+*+!" &(""*% *"

7#,',9*3 &*3* "*#,"F*9!3 "7*" %!#*"2 P"#! &3(.!+,%!-#( (.(33! *#/ D7! #(+*" *" %!#*"

"!J*% "*#,"F!,#*") .(%( &(+! "!3 (E"!34*+( -(" &*""(" "!K7,-#!" +*" U,K73*" T2L ! T2T2

B 3!"7'#*+( I-*' +!"#! !$!%&'( / (E"!34*+( -* U,K73* T2Q2 V*",.*%!-#!) !"#! &'*-( /

7% WK3*F(X) (-+! .*+* 4/3#,.! .(33!"&(-+! * 7%* D7*-#,+*+! +! *?O!" ! *" *3!"#*" +!I-!%

*" 3!'*?O!" +! &3!.!+@-.,*) (7 "!J*) 7%* *?6( &(+! "!3 !$!.7#*+* "(%!-#! *&Y" #(+*" *"

&3!.!+@-.,*"2 G*+* *#,4,+*+! &(""7, *'K7-" &*3C%!#3(" -* &*3#! "7&!3,(3) 3!&3!"!-#*-+(

3!"&!.#,4*%!-#!) ( -A%!3( +* *#,4,+*+!) * %*,(3 +73*?6( &*3* .(%&'!#*3 !""* *#,4,+*+!

"!% .(-",+!3*3 *" 3!"#3,?O!" +! 3!.73"(" ! * &3,(3,+*+!2 R%* (E!34*?6( ,%&(3#*-#! / D7!

(" 3!.73"(" +! 7%* *#,4,+*+! "6( *+,.,(-*+(" !% R *&!-*" *&Y" * "*#,"F*?6( +! #(+*" *"

"7*" %!#*"2  ( G*&;#7'( Q) / #3*#*+( .(% +!#*'8!" ( .5'.7'( +! &3,(3,+*+! +*" *#,4,+*+!"2



 !  !"#$%&' () *+,%-$.$%+! /. 0&!1.2!3.1$'

 !"#$% &'() *+,-./0 1, ,+,2#340 10 5/"0$!6-0 7 ,- #- .$08/,-% 1, ./%9,:%-,960'



 !

 !"#$% &'&( )*+,-./ 0+ +*+1#23/ 0/ 4."/$!5,/ 6 +, #, -$/7.+,% 0+ -.%8+9%,+85/

:1/85!8#%23/;'



 !  !"#$%&' () *+,%-$.$%+! /. 0&!1.2!3.1$'

 !"#$% &'() *+%,- ./ 0$./1 *%$2!%+ 2$!%.- 2-1 - 3+"-$!41- 5 6%$% - /7/16+- 4$%4%.-'



 !"#$%&' (

)*$!+,&,-./,0$' 1, 23.'3.1!1, "!3!

4$.5.1!1,*

 !"#$%&'()* $*+('+ ,'%- #./%#($# * 0+*/#--* )# #-/'1*(',#($* *!-#+&*23-# 42# %)#(3

$%./'+ '56#- ,'%- +#1#&'($#- #+' 2, 7'$*+ %,0*+$'($#8 9#-$# -#($%)* 0+%*+%)')#- 7*+',

#-$'!#1#/%)'- 0'+' '- '$%&%)')#-8

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

2,' !2-/' #, 0+*72()%)')# :;*+,#( #$ '18 <==>?8 @-$# ,A$*)* A '01%/')* -*!+# '-

'$%&%)')#- 42# 0+#/#)#, )%+#$',#($# ' ,#$'8  0+*/#)%,#($* *!$A, 2, &'1*+ (2,A+%/*

42# %)#($%./' ' 0+%*+%)')# )# 2,' '$%&%)')#8 B, &'1*+ (2,A+%/* !'%C* '--*/%')* ' 2,'

'$%&%)')# -%D(%./' 42# ' ,#-,' 0*--2% 2,' 0+%*+%)')# '1$' # $#, 0+#7#+E(/%' -*!+# '-

*2$+'- '$%&%)')#- 42# #-$F* '--*/%')'- ' 2, &'1*+ (2,A+%/* -20#+%*+8

 - 01'(*- )# *+)#, 0'+/%'1 $+'$')*- /*,* #($+')' 0'+' * '1D*+%$,* )# #-$'!#1#/%,#($*

)# 0+%*+%)')# 0'+' '$%&%)')#- -F* /*(-%)#+')*- D+'7*-8 ;')' 0+#/#)E(/%' /*++#-0*()# '

2,' '+#-$' 42# /*(#/$' )2'- '$%&%)')#-8 G20*()* )2'- '$%&%)')#- u # vH -# u 0+#/#)# vH

#($F*H $#,*- ' -#D2%($# '+#-$' Iv, uJ8  D+'7* 2-')* (#-$# 0+*/#)%,#($* A * K%(&#+-*L )*

01'(* D#+')* )* ;'0M$21* N8 9' O%D2+' P8> A '0+#-#($')* 2, #C#,01* )# 2, D+'7* /*,

!'-# (* 01'(* )' O%D2+' N8P8

Q'+' )#.(%+ '- 0+%*+%)')#- -F* 2-')*- *- R1D*+%$,*- >= # >>8  R1D*+%$,* >= A

+#-0*(-S&#1 0*+ D#+'+ -2!D+'7*- ' 0'+$%+ )* D+'7* /*++#-0*()#($# '* 01'(* )# *+)#, 0'+/%'1

D#+')* (' G#5F* <8N8P8 @-$#- -2!D+'7*- -F* )')*- /*,* #($+')' 0'+' * R1D*+%$,* >>8 @-$#

'1D*+%$,* A +#-0*(-S&#1 0*+ #-$'!#1#/#+ '- 0+%*+%)')#-H )# ,*)* 42# '- '$%&%)')#- /*,

,'%*+ K0+*72()%)')#L -#"', ,'%- %,0*+$'($#-8 R K0+*72()%)')#L /*++#-0*()# ' 2, &'1*+

42# %()%/' * 42'($* ,'%- 0+*72()* * #1#,#($* #-$S (' !2-/'8

T(%/%'1,#($#H /')' '$%&%)')# 42# 0+#/#)# ' ,#$' /*++#-0*()# ' 2, -2!D+'7*8 ;')'

-2!D+'7* A +#-0*(-S&#1 0*+ #-$'!#1#/#+ ' 0+%*+%)')# )# 0'+$# )'- '$%&%)')#- )* 01'(*8

9* /*($#C$* )#-$# $+'!'1U* $#,*- '1D2,'- '56#- 42# -F* ,'%- %,0*+$'($#-8  42'($*

'($#- #-$'- '56#- -F* #C#/2$')'- ,#1U*+ A * '0+*&#%$',#($* )*- +#/2+-*-8  - -2!D+'7*-

-F* D#+')*+#- /*(-%)#+'()* ' ,#-,' *+)#, )# %,0*+$V(/%' )# +#/2+-*- )* ;'0M$21* NH

 !



 !  !"#$%&' () *+$!,-&-./0-1$' 2- 34/'4/2!2- "!4! 5$/6/2!2-+

 !"#$% &'() *+%,- #.%/- 0-1- 23214+- ,- 2.5%62+20!12,5- /2 4$!-$!/%/2'

-# .27%)  !"#$%&'()*+##,  !"#$%-.+/+)&,  !"#$% +00+12/,  !"#$%/!--#3,  !"#$%4''&5+), 1'##.1&%

6'#$, 1'##.1&%(''$' 8..% -$/21 /2 %9:2. ; #5!+!<%/% %42,%. 4%$% 2.0-+=2$ >#%!. .?- %.

4$!12!$%. %9:2. >#2 4$202/21 /!$25%12,52 % 125% 2 >#2 .2$?- 0-,.!/2$%/%. ,% "2$%9?-

/-. .#6"$%@-. A+!,=% B /- C+"-$!51- (DE'

*-$ 23214+-F ,%  !"#$% &'( .?- 0$!%/-. G .#6"$%@-.F 7H >#2 23!.521 /#%. %9:2. >#2

4$202/21 /!$25%12,52 % 125% A7  !"#$%4''&5+) 2 7  !"#$%-.+/+)& E' C %9?- 1%!. !14-$5%,52

,2.52 0%.- ;  !"#$%-.+/+)&' C 4%$5!$ /2..% %9?- ; 0$!%/- - 4$!12!$- .#6"$%@-' C .2"#!$ ;

0$!%/- - .#6"$%@- 0-,.!/2$%,/- % %9?-  !"#$%4''&5+)' C  !"#$% &'G 23!62 2.52. .#6"$%@-.'

 !"#$% &'G) I#6"$%@-. /%  !"#$% &'('

J C+"-$!51- (D 521 0-1- 2,5$%/% #1 "$%@- G = (V, E)F -$!2,5%/- 2 %0K0+!0-' L1

.!.521% /2 0-$2. ; #.%/- 4%$% !/2,5!M0%$ >#%!. N;$5!02. 7H @-$%1 4$-02..%/-.' J. N;$5!02.

.?- 4!,5%/-. 0-1 % 0-$ 6$%,0% -# 4$25%F 0-$$2.4-,/2,/- $2.4205!N%12,52F %-. N;$5!02.

0-1 N%+-$ /2 4$!-$!/%/2 7H /2M,!/-. 2 -. N;$5!02. %!,/% ,?- 4$-02..%/-.' C+;1 /!..-F 0%/%

N;$5!02 2.5H %..-0!%/- % #1 N%+-$ /2 4$-@#,/!/%/2 w'



 !

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

 ! -%& .## )*!+",& u ∈ V [G] /%
"! cor[u]← -./012

#! w[u]← 0
$! 01/ -%&

%! p← 1
&! -%& .## )*!+",& u ∈ Adj[Meta] /%
'! G′ ← 3456!%7# % 8%!+"! $& u '&9,&+# #3 )*!+",&3 #:$& cor = PRETO(;
(!  !"#!"$%$&'"(")%*G′

+ u+ p,
)! p′ ← <%"#! 8!"#!"$%$& &< G′

<%"3 =;

 *! -%& .## )*!+",& v ∈ V [G′] /%
  ! cor[v]←  .>?2

 "! w[v]← p + p′ − w[v]
 #! 01/ -%&

 $! p← p′

 %! 01/ -%&

 &! w[meta]← p

"#$%&'()* ++  !"#!"$%$&@"3"+%'GA uA p(

 ! w[u]← p
"! -%& .## )*!+",& v ← Adj[u] /%
#! '- w[v] ≤ w[u] ()01
$!  !"#!"$%$&'"(")%*G+ v+ w[u] + 1,
%! 01/ '-

&! 01/ -%&

B:","%C<&:+& +#$# )*!+",& 8#334" cor 5!%:,% & w "64%C % D 'C":E%3 = F G(; / 8!#74:$"$%$&

":","%C p * "64%C % = 'C":E% H(; 1%$% )*!+",& u %$I%,&:+& % <&+% ,#!!&38#:$& % 4< 3456!%7#

G′
'# &3+%$# ":","%C & % <&+% :J# 7%K&< 8%!+& $#3 3456!%7#3(; >3+& 3456!%7# ,#!!&38#:$&

%#3 )*!+",&3 ,#< cor = BRANCO & L4& 3J# %C,%:MN)&"3 % 8%!+"! $& u; /3 %!&3+%3 3J#

+#$%3 %L4&C%3 L4& ,#:&,+%< &3+&3 )*!+",&3;  %!% &33% +%!&7% 8#$& 3&! 43%$# 4< 3"<8C&3

%C6#!"+<# $& 543,% &< 8!#74:$"$%$& #4 543,% &< C%!64!%; /8O3 $&P:"! G′
* %8C",%$# #

/C6#!"+<# == 8%!% $&P:"! % 8!"#!"$%$& $& ,%$% )*!+",& v ∈ V [G′] 'C":E% Q(; / 3&64"! *

$&+&!<":%$# # <%"#! )%C#! $& 8!"#!"$%$& &< G′
<%"3 =; 1#<# # 6!%7# * 4< !&+!%+# $#

8C%:# $& #!$&< 8%!,"%CA ,#< %!&3+%3 :# 3&:+"$# ,#:+!N!"#A # )%C#! $& 8!#74:$"$%$& $&)&

3&! %C+&!%$#; B33# * 7&"+# 8%!% +#$#3 #3 )*!+",&3 $& G′
'C":E% =R(; 1%$% )*!+",& &< G′

*

<%!,%$# ,#< % ,#!  .>?2 'C":E% ==(A IN L4& %,%5#4 $& 3&! %:%C"3%$#; S":%C<&:+& *

%!<%K&:%$% % 8!#74:$"$%$& %+4%C &< p 'C":E%=G(;  #! TC+"<# # )%C#! $& p * %33#,"%$# %

<&+%A IN L4& * % TC+"<% %+")"$%$&;

2 /C6#!"+<# == &:,#:+!% % <%"#! 8!#74:$"$%$& $#3 )*!+",&3 &< 4< 6!%7#; >3+& )%C#!

$& 8!#74:$"$%$& !&8!&3&:+% &9%+%<&:+& % <%"#! $"3+U:,"% &:+!& # 8!"<&"!# )*!+",& & +#$#3

#3 #4+!#3 ,#:3"$&!%:$# 4<% $"3+U:,"% $& = 8%!% ,%$% %!&3+%; 2 V&<% G;= & %  !#)% G

$&<#:3+!%< % ,#!!&+4$& $# /C6#!"+<# ==; /8O3 % 8!#)% $& ,#!!&+4$& * $&3,!"+# ,#<

$&+%CE&3 % %:NC"3& $& ,#<8C&9"$%$& $&3+& 8!#,&$"<&:+#;



   !"#$%&' () *+$!,-&-./0-1$' 2- 34/'4/2!2- "!4! 5$/6/2!2-+

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

5+&('.! '2'.',$ u ∈ V 3 (,$ 60!7

• 82'.',$)!2(! ∀s ∈ V, w[s] = 0 ! w[u] = 09
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./V!.- % 1$-.#?@- .-3 $/2#$3-3' X/V!.- % /33%3 2%$%25/$S35!2%3; 3@- %1+!2%.%3 %+"#0%3 $/D

"$%3 1%$% -5!0!6%$ /35/ 1$-2/.!0/,5-' *%$% ./32$/V/$ /35/ /32%+-,%0/,5- B ./0-,35$%.%

% %1+!2%?@- .- 789

∗
,- 1+%,- .%  !"#$% &'('

Y,!2!%+0/,5/ 3@- =/!5%3 %+"#0%3 2-,3!./$%?J/3 % $/31/!5- .- %+"-$!50-' R%.% /35%.-

2-$$/31-,./ % #0 /32%+-,%0/,5- ./ %?J/3' R-0- %3 %5!V!.%./3 .- 1+%,- 3@- 2-01-35%3



 !"! #$%& %'()*+,- .- /0*+(-.+12.3- ,2 42*560-0 21 7-8-0 49#  !

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

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

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

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

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

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

%$5%' ,!$! '*.0! 0&'/&./%'2

<* %,!"0! ,!$ !' ,!.,*&/!' 0% @*(9! A2A2B * 0! C-:!"&/$! B+ ,%0% *'/%0! ,!.'&'/* *$

#$ ,!.?#./! 0* %()*' 8#* *'/9! *$  "!:"*''!+ !# '*?%+ %()*' '*.0! *',%-!.%0%'2 D%"%

! *',%-!.%$*./! *$ ?!:!' EF@+ 8#%.0! !' *'/%0!' '#,*''!"*' '9! ,"&%0!' .!  %''! 0*

'*-*(9! 7-&.G% H 0! C-:!"&/$! B;+ '9! #'%0!' !' C-:!"&/$!' IA * IB2

"#$%&'()* +, J'/%0!'@#,*''!"*'7Recursos+ Atividades;

 ! K%"&L1*- :-!5%- Estados← ∅+ &.&,&%-$*./* '*$ *-*$*./!'2 @#,*''!"*' 8#* '*"9! ,"&%6

0!' ,!.'&0*"%.0! !' "*,#"'!' Recursos * %/&1&0%0*' Atividades2
"! n← 8#%./&0%0* 0* %/&1&0%0*' *$ Atividades
#! -%& i← 1, ..., n .%

$! Si ← 0
%! /0. -%&

&!  !"#"$%&'()*&!$)+A1, S, Recursos, Atividades-
'! &/(1&0 Estados

3 C-:!"&/$! IA+  !"#$%!&'()!!%*)!+Recursos, Atividades- ! "#$%&'$()#* %&" +'$,

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

6#'-& /&""#$%&'1# .& #$/.*&'.6#'-& 1.$ .27#$ %"#$#'-#$ #6 Atividades /&'$+1#".'1& &

/&'80'-& 1# "#/0"$&$ Recursos4 5 %"+6#+"& %."96#-"& "#%"#$#'-. &$ "#/0"$&$ 1+$%&':)#+$4

5 $#;0'1& /&'$+$-# '.$ .-+)+1.1#$ <0# %&1#6 $#" #$/.*&'.1.$ $#'1& <0# /.1. .-+)+1.1# !

.$$&/+.1. . 06. &0 6.+$ .27#$ 1& 6#$6& -+%&4 =&" #>#6%*& . .-+)+1.1# ? 1. @+;0". A4B

%&$$0+ C .27#$ 1& -+%&  !""# $%&!"'4 D& $#"#6 /"+.1&$ &$ #$-.1&$ /"+.1&$ $3& .1+/+&'.1&$

. )."+()#* ;*&E.* Estados +'+/+.*6#'-# $#6 #*#6#'-&$4 D )."+()#* S /&""#$%&'1# F$ .27#$

<0# #$-3& $#'1& #$/.*&'.1.$ #6 06 1.1& 6&6#'-&4 G'+/+.*6#'-# '3& %&$$0+ '#'H06.

.23& # /&'-#6 . 6#$6. <0.'-+1.1# 1# .-+)+1.1#$ <0# Atividades4

5 D*;&"+-6& .$/(/%0#* !"#$%!+Aj, S, Recursos, Atividades- ! "#$%&'$()#* %&" /"+."

&$ #$-.1&$ # &$ .1+/+&'." . )."+()#* Estados4 5 %"+6#+"& %."96#-"& #$%#/+I/. . .-+)+1.1#

+'+/+.* 1& #$/.*&'.6#'-&4 D$ .-+)+1.1#$ %"#$#'-#$ #6 Atividades #$-3& &";.'+J.1.$ $#,

<K#'/+.*6#'-# # 8.6.+$ .*-#".6 $0. &"1#64 L$$.$ .-+)+1.1#$ $3& +1#'-+I/.1.$ %&" :'1+/#$ 

$#'1& . %"+6#+". +;0.* . B . $#;0'1. +;0.* . C # .$$+6 %"&;"#$$+).6#'-# .-! . M*-+6.

.-+)+1.1#4 5 %."96#-"& S .%"#$#'-. . 'M6#"& 1# .27#$ <0# N&".6 #$/.*&'.1.$ #6 06

#$-.1& %"!)+& $#'1& "#*./+&'.1.$ . /.1. .-+)+1.1# 10".'-# . #>#/023& 1& 6!-&1&4 5$

"#/0"$&$ 1+$%&':)#+$ #6 Recursos $3& .<0#*#$ /&'$+1#".1&$ %.". . #>#/023& 1.$ .27#$ &0

$#8. 06. .23& %&1# N.J#" %."-# 1# 06 #$/.*&'.6#'-& ;#".'1& 06 '&)& #$-.1& .%#'.$

$# #$-#$ "#/0"$&$ $.-+$IJ#"#6 .$ %"!,/&'1+27#$ 1. .23&4



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

"#$%&'()* +,  !"#"$%&'()*&!$)+Aj, S, Recursos, Atividades,

 ! -%& ./0)  *"-"!&!. Ai ∈ Atividades/ *&0 12. i ≥ j 1%

"! β ← &34$ &))$#"&!& & &*"-"!&!. Ai

#! si ← 12&%*"!&!. !. &35.) !& &*"-"!&!. Ai 67 .)#&0$%&!&) .8 S
$! ai ← 12&%*"!&!. !. &35.) !& &*"-"!&!. Ai .8 Atividades
%! '- ++si 9 ai, /21 +β :$!. ).' .;.#2*&!& #$8 $) '.#2')$) !. Recursos,, ().2
&! S ′ ← %$-$ .)*&!$ #$8 &) &*"-"!&!.) . &35.) !. S 8&") $ "%#'.8.%*$ !. < &34$

!& &*"-"!&!. Ai

'! Estados.adiciona(S ′)
(!  !"#"$%&'()*&!$)+Ai, S ′

, '-#.')$) &$ -/-#.*&' β -0 Recursos,
Atividades1

)! .21 '-

 *! .21 -%&

=8 %$-$ .)*&!$ > #'"&!$ &:.%&) ). & 12&%*"!&!. *$*&0 !. &35.) 67 .)#&0$%&!&) ?$'

"%?.'"$' @ 12&%*"!&!. !"):$%A-.0 . ). $) '.#2')$) )&*")?&B.8 &) :'>C#$%!"35.) !& &34$D E

"8:$'*&%*. )&0".%*&' 12. &) &35.) )4$ &-&0"&!&) .%*'. &) &*"-"!&!.) #$8 8.)8$ A%!"#.D

F. ?$' :$))A-.0 '.&0"B&' $ .)#&0$%&8.%*$/ 28 %$-$ .)*&!$ S ′
> #'"&!$ #$8 $ &#'>)#"8$

!. 28& &34$ :&'& & '.):.#*"-& &*"-"!&!.D  ).G2"'/ S ′
> &!"#"$%&!$ & 0")*& Estados . $

8>*$!$ > #H&8&!$ %$-&8.%*. :&'& *.%*&' #'"&' %$-$) .)#&0$%&8.%*$) I&).&!$ .8 S ′
.

%$) '.#2')$) !"):$%A-.")D J 8>*$!$ "1'0'%2/&34(/1%4 > .;.#2*&!$ ).1K.%#"&08.%*. &

:&'*"' !&) &*"-"!&!.) #$8 A%!"#. j &*> $ L0*"8$ .0.8.%*$D

M&'& *$'%&' #0&'$ .)*.) &0G$'"*8$)/ ).'7 !.)#'"*$ 28 .;.8:0$ #$%)"!.'&%!$ $) :&'N8.*C

'$) Recursos = O !"#$%&''/ ( )*&+&$!/ ( +,))'-/ .// 0"'1P . Atividades = O 2,3'14

)*&+&$!/  5"''*5!40"'1/ 6 5"''*5!40"'1/ ( 5"''*5!4#""1PD Q& :'"8."'& #H&8&!& !$ &0G$C

'"*8$ "1'0'%2/&34(/1%4/ &0>8 !$) -&0$'.) "%"#"&") .8 Recursos . Atividades/ *.8$)

12. Aj = 1 . S :$))2" R &*"-"!&!.) ).8 &35.)D J :'$#.!"8.%*$ "%"#"& :.0& &*"-"!&!. !.

A%!"#. < #$8 & &34$ 2,3'14)*&+&$!D S&0 &34$ :$!. ).' .)#&0$%&!&/ 67 12. .;")*.8 '.#2')$)

!"):$%A-.") :&'& )&*")?&B.' )2&) :'>C#$%!"35.) + !"#$%&''/ 7// 0"'1/  +,))'-,D F.%!$

&))"8/ 28 .)*&!$ #$%*.%!$ 28& &34$ !& :'"8."'& &*"-"!&!. > &!"#"$%&!$ & 0")*& EstadosD

M$)*.'"$'8.%*./ 28& %$-& #H&8&!& > '.&0"B&!& :&'& $ 8>*$!$ "1'0'%2/&34(/1%4/

#$%)"!.'&%!$ & &*"-"!&!. </ $ .)*&!$ #'"&!$ . $) '.#2')$) &:T) .;.#2*&' 2,3'14)*&+&$! +/

!"#$%&''/ ( 8*&+&$!/  +,))'-/ 6// 0"'1 ,D (%*'.*&%*$/ :&'& .))& &*"-"!&!. %4$ > :$))A-.0

.)#&0$%&' %.%H28& &34$/ 67 12. & L%"#& &34$ !.)*& &*"-"!&!. 67 ?$" .)#&0$%&!& &%*.'"C

$'8.%*.D J :'$#.))$ #$%*"%2& #$8 & &*"-"!&!. U :&'& & &34$ 5"''*5!40"'1D J) '.#2')$)

:.'8"*.8 12. *&0 &34$ ).6& .)#&0$%&!&/ #'"&%!$ 8&") 28 .)*&!$ . #H&8&%!$ %$-&8.%*.

"1'0'%2/&34(/1%4D ()*. :'$#.))$ #$%*"%2& &*> 12. *$!&) &) :$))"I"0"!&!.) ).6&8 .%#$%C

*'&!&)D J '.)20*&!$ V%&0 > &:'.).%*&!$ %& W"G2'& XDUD

Q& W"G2'& XDU/ *.8$) & 0.G.%!& %& 7'.& )2:.'"$' .)12.'!&D JI).'-&8$) 12. %& :&'*.

)2:.'"$' !"'."*& )4$ !.)#'"*$) $) :&'N8.*'$) "%"#"&") +Aj, S, Recursos, Atividades,D M&'&

#&!& .)*&!$/ .8 #&!& 0"%H&/ *.8$) & 12&%*"!&!. !. &35.) 12. .)*4$ ).%!$ .)#&0$%&!&)

. .%*'. #$0#H.*.) $ A%!"#. !& &*"-"!&!. #$''.):$%!.%*.D Q& :&'*. )2:.'"$' !$) .)*&!$) >
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 !"#$% &'() *+,-./0 1, ,23%102 4#, 250 6$!%102 ,- #- .%220 10 ,26%/07%-,730'

%.$,2,73%10 #- 78-,$0 4#, $,.$,2,73% 0 ,26%/07%-,730' *23, 9%/0$ : 6$,26,73, % .%$3!$

1, ; , 60$$,2.071, < 0$1,- 4#, 02 ,23%102 250 6$!%102 , %1!6!07%102 % /!23% Estados' =0$

,+,-./0> 0 ,23%10 ? $,.$,2,73% 0 ,26%/07%-,730 1, #-% %@50  !"#$%&'()(*+ 1% %3!9!1%1,

; , 1#%2 %@A,2 ,-##',+%.-#$ 1% %3!9!1%1, B'

*+!23,- 1,3%/C,2 !-.0$3%73,2 4#, 250 6072!1,$%102 %0 #3!/!D%$ 0 EFG

∗
7% 3%$,H% 1,

,26%/07%-,730' G2 %@A,2 .022#,- 1!H,$,73,2 3,-.02 1, 1#$%@50> 2,710 %22!-> #- ,23%10

: 6$!%10 .%$% 6%1% 1!H,$,73, 3,-.0 1, 3:$-!70 1%2 %@A,2' I0-0 %.$,2,73%10 7% E,@50

('('B> 02 ,23%102 250 60-.02302 .0$ 3$J2 "$#.02 1, %3!9!1%1,2) ,-/&#'+-> '/ &0-.0'))-

, *1- '),(#-*($()' K ./%70 1, 0$1,- .%$6!%/> 1, -010 2!-!/%$ %0 .$0L,30 1, %3!9!1%1,

1%  !"#$% (';M> : 60-.0230 .0$ #-% %3!9!1%1, !7!6!%/ , N7%/> 60- 1#$%@A,2 !"#%/ % D,$0'

G 2,"#!$> 7% E,@50 &';'; : 1,26$!30 #- ,+,-./0 1, %./!6%@50 10 %/"0$!3-0 EFG

∗
20O$, 0

./%70 1%  !"#$% &';> 6072!1,$%710 30102 ,23,2 6076,!302 LP %.$,2,73%102'

 !"!" #$%&'()

G .%$3!$ 102 6076,!302 %.$,2,73%102 : %./!6%10 0 %/"0$!3-0 EFG

∗
20O$, 0 ./%70 1,

0$1,- .%$6!%/ 1%  !"#$% &';' G $,.$,2,73%@50 1, #- ,23%10 : 60-.023% .0$ 3$J2 607L#7302>

,-/&#'+-> '/ &0-.0'))- , *1- '),(#-*($()' Q,23,2 ,23%102 02 607L#7302 60- %2 %3!9!1%1,2

250 %.$,2,73%102 ,73$, 1, .%$J73,2,2> 0# 2,L%) R,-/&#'+-> '/ &0-.0'))-> *1- '),(#-*($()S'

*73$,3%730> 60-0 %2 %3!9!1%1,2 10 ./%70 .01,- 2,$ 60-.023%2 .0$ -%!2 1, #-% %@50>

6%1% ,23%10 1,26$,9, %/:- 1%2 %3!9!1%1,2> 0 78-,$0 1, %@A,2 $,/%6!07%102 % 3%/ %3!9!1%1,

.%$% 6%1% ,23%10' *22% 4#%73!1%1, 1, %@A,2 : %.$,2,73%1% % H$,73, 1%2 %3!9!1%1,2> 2,710

2,.%$%102 .0$ #- CTH,7 RUS' K V*23%10 W7!6!%/X , % VY,3%X 750 250 %2206!%102 60- %@A,2>

$,.$,2,73%710 %.,7%2 $,6#$202'



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

 !"#"$%&'!(' ) $*"#"+!$*$ $ $(","*$*' - $ ./0#$1 200$ $(","*$*' 3$4 5$6(' *+ #+!7/!(+

*' '0($*+0  !"#$%&!8 79 :/' !;+ !'#'00"($ *' ('&5+ *' */6$<;+ ' #+!0"0(' !+0 6'#/60+0

$(/$"08 0'!*+ $00"&8 ('&+0 =-8 8 >?> >?@ @?A @?B >?C DE1 F ,$%+6 *' G'/6H0("#$ *'0(' '0($*+ )

'I56'00+ 5'%+ ,$%+6 &9I"&+ *$0 56JI"&$0 $<K'0 :/' 5+*'& 0'6 '0#$%+!$*$08 *'0(' &+*+ $

G'/6H0("#$ ) max(225, 735, 510, 1570) = 15701 L%)& *"00+8 ) "&5+6($!(' %'&.6$6 :/' '0('

'0($*+ ) #$6$#('6"4$*+ #+&+ 0'!*+ $ 6$"48 +/ 0'7$8 + 56"&'"6+ '0#$%+!$&'!(+ :/' 6'56'0'!($

+ '0($*+ "!"#"$% ' 7$&$"0 ) 6'("6$*+ *$ PILHA *+ MNL

∗
1 O$6$ '0(' '0($*+ + '0#$%+!$&'!(+

) #+&5+0(+ 5+6 (+*$0 $0 #+&."!$<K'0 *$0 $<K'0 :/' 5+*'& 0'6 '0#$%+!$*$08 +/ 0'7$8 $0

$<K'0 *$0 $(","*$*'0 >8 A8 B ' C1 M'!*+ $00"&8 0;+ #6"$*+0 >- !+,+0 '0($*+08 $56'0'!($*+0

$ 0'P/"6Q

• 20($*+ =-8 >?>8 >?@ @?A @?B >?C DE

R/6$<;+ *' @@C ' G'/6H0("#$ "P/$% $ 225 + max(735, 510, 1570) = 17951

• 20($*+ =-8 >?> >?A8 >?@ >?A @?B >?C DE

R/6$<;+ *' @@C ' G'/6H0("#$ "P/$% $ 225 + max(735, 510, 1570) = 17951

• 20($*+ =-8 >?> >?A8 >?@ >?A @?B >?C DE

R/6$<;+ *' C>- ' G'/6H0("#$ "P/$% $ 510 + max(735, 510, 1570) = 20801

• 20($*+ =-8 >?> >?B8 >?@ @?A >?B >?C DE

R/6$<;+ *' @@C ' G'/6H0("#$ "P/$% $ 225 + max(735, 510, 1570) = 17951

• 20($*+ =-8 >?> >?B8 >?@ @?A >?B >?C DE

R/6$<;+ *' C>- ' G'/6H0("#$ "P/$% $ 510 + max(735, 510, 1570) = 20801

• 20($*+ =-8 >?> >?C8 >?@ @?A @?B DE

R/6$<;+ *' @@C ' G'/6H0("#$ "P/$% $ 225 + max(735, 510, 1345) = 15701

• 20($*+ =-8 >?> >?C8 >?@ @?A @?B DE

R/6$<;+ *' >CS- ' G'/6H0("#$ "P/$% $ 1570 + max(735, 510) = 23051

• 20($*+ =-8 >?A8 >?> >?@ >?A @?B >?C DE

R/6$<;+ *' C>- ' G'/6H0("#$ "P/$% $ 510 + max(225, 735, 510, 1570) = 20801

• 20($*+ =-8 >?B8 >?> >?@ @?A >?B >?C DE

R/6$<;+ *' C>- ' G'/6H0("#$ "P/$% $ 510 + max(225, 735, 510, 1570) = 20801

• 20($*+ =-8 >?C8 >?> >?@ @?A @?B DE

R/6$<;+ *' >CS- ' G'/6H0("#$ "P/$% $ 510 + max(225, 735, 510) = 23051

L T"P/6$ C1A 'I".' '0(' '0#$%+!$&'!(+1 L 0'P/"68 + '0($*+ #+& + &'!+6 ,$%+6 *'

G'/6H0("#$8 =-8 >?> >?C8 >?@ @?A @?B DE8 ) $*"#"+!$*+ $ ./0#$1 U "!('6'00$!(' +.0'6,$6 :/' $

G'/6H0("#$ *'0(' '0($*+ ) #$%#/%$*$ 5'%$ */6$<;+ 6'0($!(' *$ $(","*$*' C1 F0 6'#/60+0 *'0('

'0($*+ 0;+Q > '!()*+$$8 > ,%+-+)&8 - .+//+ 0-8 > 12##$38 - 4!!&"+)8 @-- 5!$68 - 7!!6 '

> ,%+-+) .!//!(1 F #%+-+)& 8!//!( '0(9 0'!*+ /0$*+ 5'%$ $(","*$*' C8 *'0(' &+*+ '00'
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 !"# $% & '()! *+% *,!-*$ *% .& /(-% +!$.* *01%2 3  !"#"$% 4#! !$.5 +($,%-67!' -!$.!

!$.*+% "%  !$,%-+! *% !8!(.% +* *.(7(+*+! 92

:(;# * <2=> ? (/!( % ,*$$% +* )#$"* +% @AB

∗
,* * % ,'*-% +* :(;# * <292

C !D!"#.*+% #/ -%7% !$"*'%-*/!-.% ,* * % !$.*+% *.#*' EFG 9H9 9H<G 9HI IH= IHJ KL2

?* * !$$* )#$"* %$ !$.*+%$ " (*+%$ $1% EF 9H9G 9H= 9H<G 9HI 9H= IHJ KL "%/ +# *01% +! <9FG EF

9H9G 9H= 9H<G 9HI 9H= IHJ KL "%/ +# *01% +! 9=J<G EF 9H9G 9HJ 9H<G 9HI IH= 9HJ KL "%/ +# *01%

+! <9F ! EF 9H9G 9HJ 9H<G 9HI IH= 9HJ KL "%/ +# *01% +! 9=J<2 3$ 7*'% !$ .%.*($ +! M!# 6$.("*

$1%  !$,!".(7*/!-.!> 225+510+max(735, 510, 835) = 1570G 225+1345+max(735, 510) =

2305G 225 + 510 + max(735, 510, 835) = 1570 ! 225 + 1345 + max(735, 510) = 23052 3

 !$#'.*+% & !D()(+% -* :(;# * <2J2

3 !$.*+% EF 9H9G 9H= 9H<G 9HI 9H= IHJ KL "%/ M!# 6$.("* (;#*' * 9<NF & *+("(%-*+% *

)#$"*2 B $!;#( &  !*'(O*+% % !$"*'%-*/!-.% +*$ , PD(/*$ *0Q!$G %).!-+% %$ !$.*+%$ EF

9H9 9H=G 9H= 9H<G 9HI IHJ KL "%/ +# *01% (;#*' * <9FG EF 9H9 9H=G 9H= 9H<G 9HI IHJ KL "%/

+# *01% (;#*' * R=<G EF 9H9 9H=G 9HJ 9H<G 9HI 9H= 9HJ KL "%/ +# *01% (;#*' * <9F ! EF 9H9 9H=G

9HJ 9H<G 9HI 9H= 9HJ KL "%/ +# *01% (;#*' * R=<2 ?* * "*+* !$.*+% & "*'"#'*+% % 7*'% .%.*'

+! M!# 6$.("*G $!-+% (;#*' *G  !$,!".(7*/!-.!> 225+510+510+max(225, 510, 325) = 1755G
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h(y(m)) 9"+",! : +",(# 45$ " !(+" *(! .5!8(! *( $!8"*( y(m) "8: " +$8"1 ;"#" <".,%,8"#

" #$)#$!$38"&'( *" ,3$45"&'( 01= 8"+>:+ : 5!"*" 5+" !(+" )"#" ( .5!8( *( ."+,36(

*$ P 1

k{x(m− 1), y(m)}+ h{y(m)} <

n
∑

i=m

k{x(i− 1), x(i)}
?012@

A(+( ,3*,."*( 3( )"!!( B *( "%C(#,8+( DEF

∗
G " !$C5,38$ $45"&'( 01H : !$+)#$ I$#J

*"*$,#" )"#" 5+ $!8"*( r1

h{x(r)} ≥ k{x(r), x(r + 1)}+ h{x(r + 1)} ⇔

h{x(r)} − h{x(r + 1)} ≥ k{x(r), x(r + 1)}
?01H@

F8#"I:! *" !(+" *" ,3$45"&'( 01H )"#" ( ."+,36( P *$ x(m) "8: " +$8" x(n) : (>8,*"

" !$C5,38$ ,3$45"&'(K

h{x(m)} − h{x(n)} ≥ k{x(m), x(m + 1)}+ ... + k{x(n− 1), x(n)} ⇔

h{x(m)} − h{x(n)} ≥
n−1
∑

i=m

k{x(i), x(i + 1)}
?01L@

A(+( " 6$5#7!8,." *( $!8"*( ,3,.,"% : MG (5 !$9"G h{x(n)} = 0G 8$+(! " !$C5,38$

$/)#$!!'(K

h{x(m)} ≥
n−1
∑

i=m

k{x(i), x(i + 1)} ?01N@

D$9" ( $!8"*( x(m−1) $ (! !5.$!!(#$! x(m) $ y(m)G )$%( )"!!( O *( DEF∗
G .(3!,*$#"+(!

45$ ( $!8"*( x(m) : $!.(%6,*(1 F )"#8,# *$!8"! .(3!,*$#"&P$!G )(*$+(! <(#+5%"# " !$C5,38$

$/)#$!!'(K

k{x(m− 1), y(m)}+ h{y(m)} ≥ k{x(m− 1), m(m)}+ h{x(m)} ?01Q@

F)%,."3*( " !5>!8,85,&'( *( 8$#+( h{x(m)} *" ,3$45"&'( 01N $+ 01QG $3.(38#"+(! "

$/)#$!!'(K

k{x(m− 1), y(m)}+ h{y(m)} ≥ k{x(m− 1), m(m)}+
n−1
∑

i=m

k{x(i), x(i + 1)} ⇔

k{x(m− 1), y(m)}+ h{y(m)} ≥
n
∑

i=m

k{x(i− 1), x(i)}

?01O@
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