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4."&*1'@!) 1* "!-@.4*- AbiB ! % 4!/%14% 4! $%4% -!0(.".CG* $*)(1% r : -!&-!"!1#%4% &!)%

)%-,(-% 4! 6%14% 4* $*1#!E4* c(r) -!0(.".#%4* &!)% -!0(.".CG* AdrB;

 !"#

$!%

R1 R2 · · · Rm &'()'*

S1
c1j(1) c1j(2) · · · c1j(m) b1

x1
1j(1)

x2
1j(2)

· · · xm
1j(4)

S2
c2j(1) c2j(2) · · · c2j(m) b2

x1
2j(1)

x2
2j(2)

· · · xm
2j(4)

 

 

 

· · · · · · · · · · · ·
 

 

 · · · · · · · · · · · ·

Sn
cn3j(1) cnj(2) · · · cnj(m) bn

x1
nj(1)

x2
nj(2)

· · · xm
nj(m)

&'()'*

d1 d2 · · · dm
+,(-!.),*

5%6!)% =;>K 5%6!)% 4! 5-%1"&*-#!



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

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

 !"#$%$ %$ &'(#$ )$*$+,#+ -./ 0'*' +(1$(#*'* 2!' ,$3245$ 6(616'3 7687+3 0'*' $ 96!03+:

%+ ;*'(,0$*#+ '0361'%$ +! <=& 2#636>'(%$ ' ;'?+3' %+ ;*'(,0$*#+ 0$%+ ,+* %676%6%$ +!

#*@, 0',,$,A

 !""# $%&'&!(&)!*+#, B'4' xr
ij(r) := )CD ∀i ∈ N + ∀r ∈M E

 !""# -, C%+(#6F1'* ' 1"323' %$ 1'(#$ ,20+*6$* +,G2+*%$ %' #'?+3' (i, r) + '#*6?26* $ 7'3$*

!8:6!$ 0$,,H7+3 ' 7'*687+3 xr
ij(r)Ix

r
ij(r) = min(bi, dr)JE

 !""# ., 9+K' b′iL $ 7'3$* %' ?'(%' %6,0$(H7+3 ($ ,+*76%$* i + d′rL $ 7'3$* %' ?'(%' %$

1$(#+M%$ %' *+G26,645$ r '6(%' (5$ '3$1'%'E C(616'3!+(#+ b′i = bi + d
′

r = drE 9+

• d′r > b′iL ' 3'*N2*' %+ ?'(%' %$ ,+*76%$* Si +,#8 +,N$#'%'L !', ' *+G26,645$ %$ 136+(#+

Rr (5$ " #$#'3!+(#+ '#+(%6%'L d
′

r = d′r − bi + b′i = 0E O$7+*L ,+ 0$,,H7+3L 0'*' '

,+N2(%' 36(P' Ii+ 1, rJ + '#*6?26* ' xr
i+1j(r) $ min(b′i+1, d

′

r)L *+%2>6(%$ ' #'?+3' 1$!

' +:132,5$ %$ ,+*76%$* SiE

• b′i > d′rL ' *+G26,645$ %$ 136+(#+ Rr " #$#'3!+(#+ ,'#6,Q+6#'L !', ' 3'*N2*' %+ ?'(%'

%$ ,+*76%$* Si (5$ " #$#'3!+(#+ 2#636>'%'L b
′

r = b′r−d′rE + d
′

r = 0E O$7+*L ,+ 0$,,H7+3L

0'*' ' 0*R:6!' 1$32(' Ii, r + 1J + '#*6?26* ' xr+1
ij(r+1) $ min(b′i, d

′

r+1)L *+%2>6(%$ '

#'?+3' 1$! ' +:132,5$ %' *+G26,645$ RrE

• d′r = b′iL ' 3'*N2*' %+ ?'(%' %$ ,+*76%$* Si +,#8 +,N$#'%' + ' *+G26,645$ %$ 136+(#+

Rr " #$#'3!+(#+ '#+(%6%'L d
′

r = b′i = 0E S #'?+3' " *+%2>6%'L +:1326(%$ $ ,+*76%$* Si

+ ' *+G26,645$ RrE &',$ '6(%' P'K' *+G26,64T+, + ,+*76%$*+, 0'*' 1$!0$* ' #'?+3'L

*+#$*(+ '$ 0',,$ .E &',$ 1$(#*8*6$L #+*!6('* $ '3N$*6#!$E

 !""# /, &',$ '6(%' P'K' *+G26,64T+, + ,+*76%$*+, 0'*' 1$!0$* ' #'?+3'L *+#$*(+ '$ 0',,$

UE &',$ 1$(#*8*6$L #+*!6('* $ '3N$*6#!$E

 !"#$%$ %$ &2,#$ OH(6!$ " ,6!63'* '$ %$ &'(#$ )$*$+,#+E V3+, %6Q+*+! (' +,1$3P'

%', 1"323',E  &'(#$ )$*$+,#+ +,1$3P+ ,+!0*+ ' 1"323' !'6, W +,G2+*%' ,20+*6$* + $ &2,#$

OH(6!$L ' 1"323' G2+ 0$,,26 $ !+($* 12,#$ %+ 1$!2(61'45$E



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

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

 !"#$%&' "(')' &* +,-)."/ &" 01'%!)*1(" 234 5*%!,!(" "- '%'.,!'1 ' !*.$67* '($'.8

9"1,:5'%&* !" "!(' )*&" !"1 -".;*1'&'< ='1' ,!(*8 > %"5"!!?1,* 5*%!(1$,1 ' !*.$67* &$'.

5*11"!)*%&"%("<

@'&' !"19,&*1 .,%;' i "!(? '!!*5,'&* ' $-' 9'1,?9". &$'. ui " 5'&' 1"A$,!,67* 5*.$%' r8

' $-' 9'1,?9". &$'. vr8 5*%B*1-" ' 0'C".' D<E<  !!,-8 ' 5*%!(1$67* &" $-' !*.$67* &$'.

,-).,5' %* 5?.5$.* &"!('! 9'1,?9",! &$',! 1"!)",('%&*8 )'1' 5'&' 9'1,?9". C?!,5' )"1("%5"%("

' !*.$67* '($'.8 ' 1"!(1,67* &$'. ui+vr = cij(r) !"# $#%&'$() *'+&,# - .(/0&.# ,1"1 2"#

$#%&'$() xr
ij(r) 32( 4(%5(0,( # +1)2671 #52#) .1 4%1*)("# 

81%5#0519 ,#.# $#%&'$() *'+&,# xr
ij(r) (+5' #++1,&#.# # 2"# %(+5%&671 .1 4%1*)("# .2#) 

:+51 ,10+5&52&9 (05719 2" +&+5("# .( (32#6;(+9 ,10<(,&.1 ,1"1 =&+5("# .(  !"#$%& >?@A

xr
ij(r) - *'+&,# −→ ui + vr = cij(r)

8#%# 32( 2"# $#%&'$() +( 51%0( *'+&,# - 4%(,&+1 (+B15#% # )#%B2%# .( *#0.# .1 ,105(C.1

.( 2"# %(32&+&671 12 # )#%B2%# .( *#0.# .( 2" +(%$&.1% D++&"9 1 8%1*)("# .( E%#0+41%5(

.($( (+B15#% # )#%B2%# .( *#0.# .( n +(%$&.1%(+ ( # )#%B2%# .( *#0.# .1+ ,105(C.1+ .(

m %(32&+&6;(+ :+51 +&B0&/,# 32( 51.# $(F 32( 2"# $#%&'$() +( 51%0# *'+&,# #5%#$-+ .1

"-51.1 .( 1*5(0671 .( 2"# +1)2671 &0&,&#) $&'$()9 2"# .#+ n 12 m *#0.#+ - (+B15#.#9

1 32( ,10+5&52&%&# n +m $#%&'$(&+ *'+&,#+ G1 (05#0519 015( 32( #1 (+B15#% # *#0.# .1

,105(C.1 .# C)5&"# %(32&+&6719 5#"*-" - (+B15#.1 # *#0.# .1 C)5&"1 +(%$&.1% =(0.1

#++&"9 1 8%1*)("# .( E%#0+41%5( ,10+5&52&9 #4(0#+9 n+m− 1 $#%&'$(&+ *'+&,#+ 

 !"#

$!%

R1 R2 · · · Rm

S1
c1j(1) c1j(2) · · · c1j(m)

u1
x1
1j(1)

x2
1j(2)

· · · xm
1j(4)

S2
c2j(1) c2j(2) · · · c2j(m)

u2
x1
2j(1)

x2
2j(2)

· · · xm
2j(4)

 

 

 

· · · · · · · · · · · ·
 

 

 · · · · · · · · · · · ·

Sn
cn3j(1) cnj(2) · · · cnj(m)

un
x1
nj(1)

x2
nj(2)

· · · xm
nj(m)

v1 v2 · · · vm &'()*

E#*()# H IA E#*()# .( E%#0+41%5( ,1" #+ $#%&'$(&+ .2#&+

81%5#0519 1 +&+5("# .( (32#6;(+ .# +1)2671 .2#) 41++2& n+m− 1 (32#6;(+ ( m+ n

$#%&'$(&+ .2#&+9 41&+ 4#%# ,#.# 2"# .#+ n+m− 1 $#%&'$(&+ *'+&,#+9 2"# %(+5%&671 .2#) -

+#5&+J(&5#9 ( 4#%# ,#.# 2" .1+ n +(%$&.1%(+ ( m %(32&+&6;(+9 2"# $#%&'$() .2#) - #++1,&#.# 

K1"1 (+5( +&+5("# 41++2& "#&+ $#%&'$(&+ .1 32( (32#6;(+9 # +1)2671 .(++( +&+5("# - 1*5&.#



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

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

u1 = 067 8+!*$0 %$00* 2 !*009-+. "+0*.-+" * "+0# :#+ %* 0$0#+, ; 3 .3'. :%*  0 %+, $0

- "$/-+$0 %' $0  ! "#$" %+0# 7

<#"$&'$:%* u1 = 0; !+"3*""+=0+  .$:>  #" -20 % 0 32.'. 0 3*""+0!*:%+:#+0 ?0 - "$/-+$0

&/0$3 0 % # &+. %+ #" :0!*"#+; ! " *&#+" *0 vr7 @, -+5 *&#$%*0 +0#+0; !+"3*""+=0+  

3*.': ! " *&#+" *0 ui7

A&#$%*0 *0 - .*"+0 % 0 - "$/-+$0 %' $0; 3 .3'. =0+ *0 3'0#*0 "+%'5$%*0 % 0 - "$/-+$0

:)*=&/0$3 0 1- "$/-+$0 B'+ :)* 4 5+, ! "#+ % 0*.'()*67

custoCreduzido = cij(r) − ui − vr

D+ #*%*0 *0 3'0#*0 "+%'5$%*0 4*"+, :)*=:+E #$-*0;  0*.'()* 2 F#$, 7 D+ +G$0#$"+,

3'0#*0 "+%'5$%*0 :+E #$-*0; $0#* 0$E:$H3 B'+  0*.'()* !*%+ 0+" ,+.>*" % 7 I " ,+.>*" "

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

&/0$3 2 +03*.>$% ! " %+$G "  0*.'()*7 < - "$/-+. B'+ +:#" : 0*.'()* 2  - "$/-+. 3'J*

3'0#* "+%'5$%* :+E #$-* #+, * , $*" - .*"  &0*.'#*7 < $:#"*%'()* %+ ', :*- - "$/-+.

: 0*.'()* *3 0$*: ', "+ ()* +, 3 %+$ ! " 3*,!+:0 "  0 "+0#"$(K+0 %+ .$:> 1. "E'" 

%+ & :% %* 0+"-$%*"6 + 3*.': 1. "E'" %+ & :% %* 3*:#+L%* % "+B'$0$()*67 A - .*"

% - "$/-+. B'+ +:#" %+-+ 0+" * , $*" - .*" !*009-+.; 0+, #*": " :+:>', - "$/-+. &/0$3 

:+E #$- 7 < - "$/-+. &/0$3 B'+ #$-+" 0+' - .*"  :'. %* +, 3*:0+B'M:3$ % - "$/-+. B'+

+:#" 0+"/  - "$/-+. B'+ 0 $ % 0*.'()*7

<00$,;  0+E':% +# ! %* D$,!.+G %+ N" :0!*"#+ !*%+ 0+" %$-$%$% +, B' #"* ! 00*0O

 !""# $% P"$#2"$* %+ A#$, .$% %+

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

Q7 <#"$&'$" ', - .*"  "&$#"/"$*  ', % 0 - "$/-+$07 P*,',+:#+ 2 '#$.$5 %*

us = 0; *:%+ s = 17

R7 I+"3*""+=0+ +0# .$:> %* 0+"-$%*" s7 I " 3 % "+B'$0$()* r B'+ xr
sj(r) 4 5 ! "#+

% 0*.'()*; 3 .3'. =0+ vr = csj(r) − us7

S7 I " 3 % vr 3 .3'. %*  :#+"$*",+:#+; !+"3*""+=0+  3*.': % "+B'$0$()* r;

3 .3'. :%* * - .*" ui = cij(r) − vr; 3 0* xr
ij(r) 4 ( ! "#+ % 0*.'()* 3*""+:#+7

T7 I " 3 % ui 3 .3'. %*; "+#*":+  * 0'&=! 00* 2 3*, s = i7



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

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

 ! "#$# %#&# '#$()'*+ xr
ij(r) ,-* ./0 1#2 3#$4* &# 50+-6/07 %#+%-+#85*

custo9reduzido = cij(r) − ui − vr!

:! ;* 40&05 05 %-5405 $*&-2(&05 5/0 ./08.*<#4('07 # 50+-6/0 = >4(?#! @(? &0

#+<0$(4?0!

,&--' ./ A$(4=$(0 &* B.4$#&#

 ! C '#$()'*+ ,-* *.4$# .# 50+-6/0 = # '#$()'*+ %-D0 %-540 $*&-2(&0 .*<#4('0 4*.E#

0 ?#(0$ '#+0$ #F50+-40G

max{ui + vr − cij(r) : ui + vr − cij(r) > 0}

,&--' 0/ A$(4=$(0 &* ;#H&#

1!*!%#'2&" ' %#%*' "!*&(#3' 4 3&"#53!* 67! !2("&

;*D# x
req

sj(req) # '#$()'*+ #550%(#&# #0 5*$'(&0$ s * # $*,-(5(6/0 req &0 %+(*.4* j(req)

,-* *.4$# .# 50+-6/0! I05 5-F83#5505 5*<-(.4*57 -? 3$0%*550 *? %#&*(# =

(.(%(#&0 3#$# <#$#.4($ ,-* #5 $*54$(6J*5 &* F#.&# &05 5*$'(&0$*5 * F#.&# &05

%0.4*K&05 &#5 $*,-(5(6J*5 %0.4(.-*? 5*.&0 5#4(51*(4#57 #4$(F-(.&0 03*$#6J*5

&* 5-F4$#6/0 L⊖M * #&(6/0 L⊕M7 #+4*$.#&#?*.4*7 N5 '#$()'*(5 ,-* 3*$4*.%*? #0

%(%+0 $*+#4('0 N '#$()'*+ ,-* *.4$#7 3#$# ,-* *54#5 '#$()'*(5 5*D#? #4-#+(2#&#5

&* -? '#+0$ θ L?*.0$ '#+0$ *.4$* #5 '#$()'*(5 &0 %(%+0M!

89 :2#%#&*#;&<='/ @#6# i := s7 r := req7 iant := IOP7 rant := IOP7 θ :=∞7 %=+-+# (a, b) :=

 !"#$%&%'()" * xb
aj(b) := 03*$#6/0 IOP ∀a ∈ N * ∀b ∈M !

.9 ,&--' >#2?&/ C 3#$4($ &# %=+-+# (i, r)7 %#?(.E#$ .# +(.E# &0 5*$'(&0$ i #4= # %=+-+#

(i, r′)7 4#+ ,-* xr′

ij(r′) = -?# '#$()'*+ F)5(%# * # %=+-+# (i, r′) ./0 10( '(5(4#&#!

• A#50 (i, r′) *Q(54#7 1#6#G

@ iant := iR

@ rant := rR

@ r := r′R



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

  !"#"$ (i, r′) := visitado%

 xr′

ij(r′) := &'()$*+& ⊖%

• ,$-&  &./)0)1&2

 xr
ij(r) := &'()$*+& 345%

 i := iant%

 r := rant%

 60 '$)$ & '$--&  !"#$% %

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

 !"#"$ (i′, r)9 /$" <#( xr
i′j(r) ! #:$ =$)10=(" >0-1 $ ( $  !"#"$ (i′, r) .+& ?&1 =1-1/$8$@

• ,$-& (i′, r) (A1-/$9 ?$*$2

 iant := i%

 rant := r%

 i := i′%

  !"#"$ (i′, r) := visitado%

 xr
i′j(r) := &'()$*+& ⊕%

• ,$-&  &./)0)1&2

 xr
ij(r) := &'()$*+& 345%

 i := iant%

 r := rant%

 60 '$)$ & '$--& "&$'% %

," -.%/. 01*$(+ ,$-& i = s ( r = req9 /():1.$ & ')& (--& 8( 18(./1B $*+& 8(  1 "&@ ,$-&

 &./)0)1&9 =0 '$)$ & '$--& "&$'%@

2.(.31&*$4 $ 5$4165.( 7). %$1 8$ %&()9:&

C@ D(E$ xr′

s′j(r′)9 $ =$)10=("9 <#( '&--#1 & :(.&) =$"&) 8(./)( /&8$- $- =$)10=(1- :$) $8$-

 &: $ &'()$*+& 8( -#>/)$*+& F⊖G .& ')& (--& (:  $8(1$ 8& '$--& $./()1&) ( (-/0

$--& 1$8$ $& -()=18&) s′ ( $ )(<#1-1*+& r′ <#( -$1 8$ -&"#*+&@



θ xr′

s′j(r′)

θ = {xr
ij(r) ∈

}

• θ

θ



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

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

 !"#$ "%&"!'()* $" +),-.!/01$1!" 1)" ,2#)1)" 3$4#)  )5)!"#! ! 3%"#) 6740,) "() $-5!8

"!4#$1$"9

3),) 1!"+50#) $4#!50)5,!4#!* ) :5)&.!,$ 1! ;5$4"-)5#! -)1! "!5 5!-5!"!4#$1) -)5

%,$ #$&!.$* +),) -)5 !/!,-.) $ ;$&!.$ <9=9 >""0,* $ +2.%.$ 1) +$4#) "%-!50)5 !"?%!51)

1$ #$&!.$ (i, r) 2 !"+).@01$ -$5$ 040+0$5 ) ,2#)1) 3$4#)  )5)!"#! -$5$ )&#!5 %,$ ").%'()

040+0$. -$5$ ) A0,-.!/ 1! ;5$4"-)5#!9 B C$.)5 ,D/0,) -)""7C!. 2 $#50&%71) $ C$50DC!.

xr
ij(r) Ex

r
ij(r) = min(bi, dr)F9 3), 0"")* $ .$5G%5$ 1! &$41$ 1) "!5C01)5 Si 2 !"G)#$1$ !H)%

$ 5!?%0"0'() 1) +.0!4#! Rr 2 #)#$.,!4#! "$#0"I!0#$9 B "!5C01)5 !"G)#$1) !H)% $ 5!?%0"0'()

$#!4101$ "() 1!"+)4"01!5$1)" ! $ #$&!.$ 2 5!1%J01$9 K,$ 4)C$ +2.%.$ 2 !"+).@01$ 4$ #$&!.$

5!1%J01$ ! ) $.G)50#,) +)4#04%$ $#2 ?%! $" .$5G%5$" 1! &$41$ 1! #)1)" )" "!5C01)5!" "()

!"G)#$1$" ! #)1$" $" 5!?%0"0'L!" "() "$#0"I!0#$"9

>) $#50&%05 %, C$.)5 ,D/0,) $ C$50DC!. xr
ij(r)* $ .$5G%5$ 1! &$41$ 1) "!5C01)5 Si

2 !"G)#$1$ !H)% $ 5!?%0"0'() 1) +.0!4#! Rr 2 #)#$.,!4#! "$#0"I!0#$* +)4I)5,! 1!"+50#)

$4#!50)5,!4#!9 M"#) -)1! "!5 10C0101) !, #5N" +$")"O (i) .$5G%5$ 1! &$41$ 1) "!5C01)5

2 !"G)#$1$ ! $ 5!?%0"0'() 1) +.0!4#! 4() 2 #)#$.,!4#! "$#0"I!0#$P (ii) .$5G%5$ 1! &$41$

1) "!5C01)5 4() 2 !"G)#$1$ ! $ 5!?%0"0'() 1) +.0!4#! 2 #)#$.,!4#! "$#0"I!0#$P (iii) .$5G%5$

1! &$41$ 1! %, "!5C01)5 2 !"G)#$1$ ! $" 5!?%0"0'L!" $#!4101$" -)5 !.! "() #)#$.,!4#!

"$#0"I!0#$"P

 ) +$") (i)* ?%$41) ) "!5C01)5 4() #!C! "%$ &$41$ !"G)#$1$* $ 4)C$ +2.%.$ !"+).@01$

"!5D 5!I!5!4#! $ !"#! "!5C01)5 ! $ -5Q/0,$ 5!?%0"0'() -)5 %, +)4#!R1)* ?%! ) "!5C01)5

-)""%0* 4() $#!4101$9 3),) $" 5!?%0"0'L!" "() -)5 +)4#!R1)" 10C!5")" ! )" "!5C01)5!" 4()

-)""%!, #)1)" )" +)4#!R1)"* -$5$ !4+)4#5$5 !"#$ -5Q/0,$ 5!?%0"0'() 2 4!+!""D50) -!5+)55!5*

4) -0)5 +$")* #)1$" $" m 5!?%0"0'L!" Em 2 4R,!5) 1! 5!?%0"0'L!"F -$5$ !4+)4#5D8.$9

S, (ii)* ?%$41) $ 5!?%0"0'() 4() 2 #)#$.,!4#! "$#0"I!0#$* $ 4)C$ +2.%.$ !"+).@01$ "!5D

5!I!5!4#! $ !"#$ 5!?%0"0'() ! $) -5Q/0,) "!5C01)5 ?%! -)""%0 ) +)4#!R1) 5!?%0"0#$1) !

?%! 4() #!C! "%$ &$41$ !"G)#$1$ $041$9 3),) 4!, #)1)" )" "!5C01)5!" -)""%!, #)1)"

)" +)4#!R1)"* -$5$ !4+)4#5$5 !"#! -5Q/0,) "!5C01)5 2 4!+!""D50) -!5+)55!5* 4) -0)5 +$")*

#)1)" )" n "!5C01)5!" -$5$ !4+)4#5D8.) En 2 ) 4R,!5) 1! "!5C01)5!"F9

3), !"#! 1)0" +$")"* )&"!5C$8"! ?%! -$5$ ,%1$5 1! .04@$ E"!5C01)5F 4$ #$&!.$* 4)

-0)5 +$")* 1!C!8"! -!5+)55!5 $" m 5!?%0"0'L!" -$5$ !4+)4#5$5 %,$ 5!?%0"0'() 4() $#!4101$

#)#$.,!4#! -)5 %, "!5C01)5 E+$") iF9 S4+)4#5$1$ !"#$ 5!?%0"0'()* 4) -0)5 +$")* )" n

"!5C01)5!" -)""%!, ) +)4#!R1) 5!?%0"0#$1) ! #)1)" !.!" "() -!5+)5501)" E+$") iiF9  !"#!"



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

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

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

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

%&=>,'# "*&7,)#& pServ 5(* -0# 4*7* "(! 6!-)! *"8#4!)! 5(* %#""(, #  #-4*3)# )* ('!

)!" &*5(,",9:*" !4*-),)!" %#& s1 ?#' ,""#$ %!&!  !)! &*5(,",90# !4*-),)! %#& s$ -# %,#&

 !"#$ #" n "*&7,)#&*" %#""(*' #  #-4*3)# )! &*5(,",90# * 4#)#" *+*" "0# %*& #&&,)#" %!&!

*- #-4&!& # "*&7,)#& pServ @O(maxr.n)$ #-)* maxr / # '!,#& -3'*&# )* &*5(,",9:*"

!4*-),)!" %#& (' "*&7,)#&A1

B"",'$ !  !)! *" #+.! )*  /+(+!$ ! +!&8(&! )* 6!-)! )* (' "*&7,)#& / *"8#4!)# *C#(

('! &*5(,",90# / "!4,";*,4! * %!&!  !)! '()!-9! )* +,-.! @"*&7,)#&A )! 4!6*+!$ %*& #&&*D"*

m+n @ !"#" i * iiA #( m+maxr.n @ !"# iiiA  /+(+!"1 ?#'# !" 6!-)!" )* 4#)#" #" "*&7,)#&*"

)*7*' "*& *"8#4!)!" * !  !)! 6!-)! *"8#4!)! O(m +maxr.n)  /+(+!" "0# %*& #&&,)!"$ !

 #'%+*>,)!)* )* 4*'%# )# '/4#)# ?!-4# E#&#*"4* / n.(m + maxr.n) ≈ O(n.m)$ #-)*

maxr << m1

F '/4#)# )# ?("4# GH-,'# / ",',+!& !# )# ?!-4# E#&#*"4*1 I+*" ),;*&*' -! *" #+.!

)!"  /+(+!"1 F '/4#)# )# ?("4# GH-,'# *" #+.* "*'%&* !  /+(+! 5(* %#""(, # '*-#&  ("4#

)*  #'(-, !90# %!&!  #-4,-(!& !  #-"4&(90# )! "#+(90# ,-, ,!+1 2#& *>*'%+#$ -#  !"# (i)$

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

)# ?("4# GH-,'# 4!'6/' %*& #&&*$ -# %,#&  !"#$ 4#)!" !" &*5(,",9:*"$ '!" *"4!" "0#

%*& #&&,)!" ! %!&4,& )!" &*5(,",9:*" )#" "*&7,)#&*" '!," %&=>,'# @ #' '*-#&*"  ("4#" )*

 #'(-, !90#A1 2!&! ,"4#$  !)! "*&7,)#& #&)*-! #" "*&7,)#&*" %#& '*-#&  ("4# *' &*+!90#

! *+* @O(n.logn)A1

B"",'$ -# %,#&  !"#$ 5(!-)# ;#& -* *""<&,# %*& #&&*& !" &*5(,",9:*" @ !"# (i)A$ %*& #&&*D

"* !" &*5(,",9:*" )#" "*&7,)#&*" '!," %&=>,'# !4/ !" &*5(,",9:*" )#" "*&7,)#&*" '!," ),"D

4!-4*$ 5(!-)# ;#& -* *""<&,# %*& #&&*& #" "*&7,)#&*" @ !"# (ii)A$ %*& #&&*D"* )# "*&7,)#&

'!," %&=>,'# !# '!," ),"4!-4* * 5(!-)# / -* *""<&,# %*& #&&*& #" "*&7,)#&*" * !" &*5(,D

",9:*" @ !"# (iii)A$ %*& #&&*D"* )# "*&7,)#& '!," %&=>,'# !# '!," ),"4!-4* * !" &*5(,",9:*"

)#" "*&7,)#&*" '!," %&=>,'#" !4/ !" &*5(,",9:*" )#" "*&7,)#&*" '!," ),"4!-4*1 ?#' ,""#$

!-4*" )* ,-, ,!& # '/4#)# )# ?("4# GH-,'# / -* *""<&,# 5(*  !)! "*&7,)#& #&)*-* #" "*&7,D

)#&*" %#& '*-#&  ("4#1 B #&)*-!90# %#& 4#)#" #" "*&7,)#&*" 4*'  #'%+*>,)!)* )* 4*'%#

O(n2.logn)1

2#&4!-4#$ !  #'%+*>,)!)* )* 4*'%# )# '/4#)# )# ?("4# GH-,'# / O(n2.logn) +

O(n.m) ≈ O(n.m)1



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

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

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

6'* $ "',7%&' '8#./$ +!,'" *4#'/'" 6$3#'  '2'!"#! '7 67"#' 9:3.*'( )$,)7,$;"! '"

<$,'2!" /$" <$2.=<!." /7$." /'" "!2<./'2!" >,.3?$ /$ 1$8!,$ @5AB ! 2!C7.".%D!" >)',73$ /$

1$8!,$ @5AB5 E$2$ ."#'( $ <$2.=<!, /7$, /! 7* "!2<./'2 s 4 .3.).$/$ )'* <$,'2 F!2'5 G

+$2#.2 /$ ,.3?$ /!"#! "!2<./'2 s( +!2)'22!;"! !"#$ ,.3?$( )$,)7,$3/' $" <$2.=<!." /7$." /$"

2!C7.".%D!" r( 3$ C7$, xr
sj(r) H$F +$2#! /$ "',7%&'5 E$2$ )$/$ 2!C7.".%&' r C7! ' <$,'2 /$

<$2.=<!, /7$, H'. )$,)7,$/$ $3#!2.'2*!3#!( +!2)'22!;"! $ )',73$ /$ 2!C7.".%&' r( )$,)7,$3/'

$" <$2.=<!." /7$." $.3/$ 3&' )$,)7,$/$" /'" "!2<./'2!" i( 3$" C7$." xr
ij(r) H$F +$2#! /$

"',7%&'5 I"#! +2')!""' /! +!2)'22!2 ,.3?$" ! )',73$" /$ #$8!,$ )$,)7,$3/' $" <$2.=<!."

/7$." 4 H!.#' $#4 C7! #'/$" $" <$2.=<!." /7$." "&' )$,)7,$/$"5 G"".*( $ )'*+,!-./$/! /!

#!*+' +$2$ ' )=,)7,' /$" <$2.=<!." /7$." 4 O(n+m)5

6'* $" <$2.=<!." /7$." )$,)7,$/$"( +$2$ )$/$ <$2.=<!, xr
ij(r) C7! 3&' H$F +$2#! /$ "',7%&'

!* C7! ' "!2<./'2 i +'""7. ' )'3#!J/' 2!C7.".#$/' /! r( ' )7"#' 2!/7F./' 4 )$,)7,$/'5

6'* .""'( +$2$ )$/$ 2!C7.".%&'( "!( 3' +.'2 )$"'( #'/'" '" "!2<./'2!" +'""7!* ' )'3#!J/'

2!C7.".#$/' ! $ 2!C7.".%&' 4 $#!3/./$ +'2 7* J3.)' "!2<./'2( n − 1 )7"#'" 2!/7F./'" "&'

)$,)7,$/'"5 E'2#$3#'( $ )'*+,!-./$/! /! #!*+' /' )=,)7,' /' )7"#' 2!/7F./' 4 O(n.m)5

6'* '" )7"#'" 2!/7F./'" )$,)7,$/'"( ' *!3'2 )7"#' 2!/7F./' 4 !3)'3#2$/' >O(n.m)B5

0! ' )7"#' 3&' 4 3!K$#.<'( $ "',7%&' L#.*$ H'. !3)'3#2$/$5 6$"' )'3#2=2.'( $ <$2.=<!,

x
req

sj(req) 2!"+'3"=<!, +'2 !"#! )7"#' !3#2$ 3$ "',7%&'5 G .3#2'/7%&' /!"#$ <$2.=<!, '2.K.3$

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

8$3/$ /' "!2<./'2 ! 8$3/$ /' )'3#!J/' /$ 2!C7.".%&'5 I"#$ 2!$%&' !* )$/!.$ )'3"."#!

!* +!2)'22!2 ' ).),' $#2.87.3/' '+!2$%D!" /! $/.%&' ! /! "78#2$%&'( $,#!23$/$*!3#!( M"

<$2.=<!." +!2#!3)!3#!" $' ).),'5

G +$2#.2 /$ <$2.=<!, x
req

sj(req) C7! !3#2$ 3$ "',7%&'( *'<!;"! 3$ ,.3?$ /' "!2<./'2 s

$#4 !3)'3#2$2 7*$ <$2.=<!, xr′

sj(r′) 8=".)$5 G +$2#.2 /!"#$ <$2.=<!,( *'<!;"! 3$ )',73$ /$

2!C7.".%&' r′ $#4 !3)'3#2$2 7*$ <$2.=<!, xr′

i′j(r′) 8=".)$5 N7$3/' 3&' 4 +'"":<!, !3)'3#2$2

7*$ <$2.=<!, 8=".)$ 3$ ,.3?$ /! 7* "!2<./'2( 2!#2')!/!;"! ! !3)'3#2$;"! '7#2' "!2<./'2(

' *!"*' 4 H!.#' C7$3/' 3&' 4 +'"":<!, !3)'3#2$2 7*$ <$2.=<!, 8=".)$ 3$ )',73$ /! 7*$

2!C7.".%&'( 2!#2')!/!;"! ! !")',?!;"! 7*$ '7#2$ 2!C7.".%&'5 I"#! +2')!""' 4 H!.#'( $#4 )?!K$2

3$ 2!C7.".%&' req 2!,$).'3$/$ $ <$2.=<!, C7! !3#2$5

07+'3?$ C7! ' ).),' 4 H'2*$/' +'2 #'/$" <$2.=<!." xr
ij(r) C7! +!2#!3)!* M "',7%&' >$"

n+m <$2.=<!." 8=".)$"( <!2 0!%&' @5OB5 G"".*( 3' +.'2 )$"'( +$2$ )$/$ "!2<./'2 +!2)'22!;"!



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

 ! m "#$%&!&'(#! ) " #*+,*-" " %. / "&0/#1 20!&+ # ) " + 3 "#$%&!&'4,5 )#"+,""#6!#

,! n !#"/&3,"#!7 8 +,.)1#9&3 3# 3# -#.), 3, )",+#!!, 3# "# '4, #. + 3#& : O(n.m)7

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

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

=O(n.m)>7 ?!-# .#*," / 1,"5 3#*,.&* 3, 3# θ5 : , / 1," +,. $%#  ! / "&0/#&! 3, +&+1,

!4,  -% 1&@ 3 !5 3#  +,"3, +,.  ! ,)#" '(#!  -"&2%<3 !  #1 !7 ; " &!-,5 )#"+,""#6!#  

- 2#1  -% 1&@ *3,  ! / "&0/#&! =O(n.m)>7 A,. &!!,5  / "&0/#1 $%# -&*B , / 1," &C% 1  

θ5 :  -% 1&@ 3 ) " @#", # ! & 3 !,1%'4,7 8!!&.5 %. *,/ !,1%'4, : ,2-&3 # "#+,.#' 

, +01+%1, 3 ! / "&0/#&! 3% &!  -: $%# *#*B%. +%!-, "#3%@&3, *#C -&/, !#D #*+,*-" 3,7

8 +,.)1#9&3 3# 3# -#.), 3# %. ) !! 3 3, E&.)1#9 3# F" *!),"-# !#$%#*+& 1

:  +,.)1#9&3 3# 3, +01+%1, 3, +%!-, "#3%@&3, =O(n.m)>5 3, )",+#!!, 3# "# '4, #.

+ 3#& =O(n.m)>5 3 3#!+,2#"- 3 / "&0/#1 $%# ! & =O(n.m)> #  -% 1&@ '4, 3 ! / "&0/#&!

=O(n.m)>7 G!-, !# "#!%.# #.H

O(n+m) +O(n.m) +O(n.m) +O(n.m) ≈ O(n.m) =I7J>

K,C,5  +,.)1#9&3 3# 3# -#.), 3, E&.)1#9 3# F" *!),"-# !#$%#*+& 1 : O(p.n.m)5

,*3# p : *L.#", 3# ) !!,! 3, E&.)1#9 3# F" *!),"-#7



 ! "#$%&'( ) 

 ! "#$%&'(

 !"#$ "!%&' ( $)*!"!+#$,' -. !/!.)0' ,! !/!1-%&' ,' $02'*3#.' "!4-!+13$0 )$*$ ' 53.)0!/

,! 6*$+")'*#! $,$)#$,' )$*$ ' )*'70!.$ ,' 89: ,!"1*3#' $+#!*3'*.!+#!;

<" ,$,'" ,! !+#*$,$ ,' !/!.)0' !"#&' 30-"#*$,'" +$ 6$7!0$ =;>; ?"#!" ,$,'" 1'+"3"#!.

,$ 0$*2-*$ ,! 7$+,$ ,! 3 "!*@3,'*!"A ,$ 0$*2-*$ ,! 7$+,$ ,'" 1'+#!B,'" ,! 7 *!4-3"3%C!"

! ,' 1-"#' ,! #*$+")'*#! $""'13$,' $ 1$,$ )$* "!*@3,'*D*!4-3"3%&';  '#! 4-! ' !/!.)0'

1'+"#3#-3 -. "3"#!.$ +&' !4-3037*$,' )'3" $ "'.$ ,$" 0$*2-*$" ,! 7$+,$ ,'" 1'+#!B,'"

,$" *!4-3"3%C!" E10+ 20+ 10+ 20+ 10+ 20+ 15 = 105F ( .!+'* 4-! $ "'.$ ,$" 0$*2-*$"

,! 7$+,$ ,'" "!*@3,'*!" E50 + 40 + 20 = 110F; 9""3.A -.$ *!4-3"3%&' $*#3G13$0 ( 1*3$,$

)$*$ -#303H$* $ 7$+,$ ,! "!*@3,'* 4-! !"#I "'7*$+,' E110 − 105 = 5F; J"#' !"#$ 30-"#*$,'

+$ 6$7!0$ =;=;

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7  !"#!$

S1
0 0 5 5 5 5 5

50

S2
5 5 0 0 10 10 10

40

S3
5 5 10 10 0 0 0

20

 !"#!$

10 20 10 20 10 20 15
%&"'()#&$

6$7!0$ =;>K ?/!.)0' )$*$ ' 53.)0!/ ,! 6*$+")'*#!

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA  !"#!$

S1
0 0 5 5 5 5 5 0

50

S2
5 5 0 0 10 10 10 0

40

S3
5 5 10 10 0 0 0 0

20

 !"#!$

10 20 10 20 10 20 15 5
%&"'()#&$

6$7!0$ =;=K L!4-3"3%&' 9*#3G13$0

M#303H$+,' ' .(#',' ,' :-"#' NO+3.'A $ #$7!0$ ( )!*1'**3,$ $ )$*#3* ,$" 1(0-0$" 1'.

'" .!+'*!" 1-"#'" ,! #*$+")'*#!; :'.' +' !/!.)0' !/3"#! @I*3$" 1(0-0$" 1'. ' .!+'*

1-"#'A 4-! ( H!*'A -.$ ,!"#$" ( !"1'0P3,$ )$*$ 3+313$*; 5!+,' $""3.A 1'+"3,!*! 4-! '

)*'1!""' ,! 1'+"#*-%&' ,$ "'0-%&' "! 3+313$ )!*1'**!+,' $ #$7!0$ $ )$*#3* ,$ 1(0-0$ (1, 1)A

1'+Q'*.! 30-"#*$,' +$ 6$7!0$ =;R; < @$0'* .I/3.' )'""O@!0 ( $#*37-O,' S @$*3I@!0 x1j(1)

Ex1
1j(1) := 10F ! $" 0$*2-*$" ,! 7$+,$ ,' "!*@3,'* 1 ! ,' 1'+#!B,' ,$ *!4-3"3%&' 1 "&'

$#-$03H$,$" Eb1 = 50 − 10 = 40 ! d1 = 10 − 10 = 0A *!")!1#3@$.!+#!F; T!)'3" ,3""'A



 ! "#$%&'( )*

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

/ ' ,-./.' 2' 5- 0# ,/%2! 6#(!7 8%%+ 3 %/&!19' 4/# %#  !"# &'(' ' ,-./.' (1, 2)7 :

"'.!(  ;*+ ! &!%%<"#. 2' 5- - '2(+5/<0! = "'(+;"#. x2
1j(2) >x

2
1j(2) := 20? # '% .'(@/('% 0#

5'10' 0! %#("+0!( 1 # 0! ,!12#A0! 0' (#4/+%+BC! 2 %C! '2/'.+6'0'% >b1 = 40 − 20 = 20

# d2 = 20 − 20 = 03 (#%&#,2+"' #12#?7 D%2# &(!,#%%! ,!12+1/' '2- 2!0'% '% .'(@/('% 0#

5'10' #%2'(# #%@!2'0'% >+7 #7 %C! +@/'+% ' 6#(!?7 E/'10! +%2! ',!12#,#3 / ' %!./BC!

+1+,+'. - !52+0'3 ,!1F!( # +./%2('0! 1' G'5#.' H7I7

J#&!+% 0# !52+0' ' %!./BC! +1+,+'.3 ' %!./BC! 0/'. ,!((#%&!10#12# 0#"# %#( 2' 5- 

#1,!12('0'7 K'(' +%2!3 ,!1F!( # 0#%,(+2! 1' L#BC! H7M3 / ' "'(+;"#. 0/'. - '%%!,+'0' '

,'0' %#("+0!( # ' ,'0' (#4/+%+BC! >G'5#.' H7N?7 O1+,+'. #12#3 ! "'.!( 6#(! - '2(+5/<0! =

"'(+;"#. 0/'. u17 8 &'(2+( 0#%2' '2(+5/+BC!3 &#(,!((#$%# ' .+19' 0! %#("+0!( 13 ,'.,/.'10!

'% "'(+;"#+% 0/'+% v 0# ,'0' (#4/+%+BC! r # 4/# ' "'(+;"#. xr
1j(r) F'6 &'(2# 0' %!./BC!

>+7 #7 x2
1j(2) 6= POQ?7 8%%+ 3 '% "'(+;"#+% 0/'+% v13 v23 v6 # v7 %C! ,'.,/.'0'% 1' G'5#.'

H7R7 K'(' ,'0' "'(+;"#. 0/'. v ,'.,/.'0'3 &#(,!((#$%# ' ,!./1' 0' (#4/+%+BC! r '%%!,+'0'3

,'.,/.'10! '% "'(+;"#+% 0/'+% u 0!% %#("+0!(#% i3 # 4/# xr
ij(r) F'6 &'(2# 0' %!./BC!7 K'('

'% (#4/+%+BS#% 1 # 23 4/# T; 2+"#(' %/'% "'(+;"#+% 0/'+% v ,'.,/.'0'%3 1#19/ ' "'(+;"#.

0/'. u - ,'.,/.'0'7 K'(' ' (#4/+%+BC! 63 ' "'(+;"#. 0/'. u 0! %#("+0!( 2 - ,'.,/.'0' >&!+%

x6
2j(6) &#(2#1,# ' %!./BC!?7 U! +%%! ' .+19' 0! %#("+0!( 2 - &#(,!((+0'3 ,'.,/.'10! '%

"'(+;"#+% 0/'+% v 0# ,'0' (#4/+%+BC! r # 4/# ' "'(+;"#. xr
2j(r) &#(2#1,# = %!./BC!7 8%%+ 3

'% "'(+;"#+% 0/'+% v3 # v4 %C! ,'.,/.'0'% 1' G'5#.' H7V7

K!( W 3 &'(' ' (#4/+%+BC! 73 4/# 2' 5- 2#"# %/' "'(+;"#. 0/'. v ,'.,/.'0'3 ' "'(+;"#.

0/'. u 0! %#("+0!( 3 - ,'.,/.'0' >&!+% x7
3j(7) &#(2#1,# ' %!./BC!?7 U! +%%! ' .+19' 0!

%#("+0!( 3 - &#(,!((+0'3 ,'.,/.'10! '% "'(+;"#+% 0/'+% v 0# ,'0' (#4/+%+BC! r # 4/# '

"'(+;"#. xr
3j(r) &#(2#1,# = %!./BC!7 8%%+ 3 '% "'(+;"#+% 0/'+% v5 # vA %C! ,'.,/.'0'% 1'

G'5#.' H7XY7 P#%2#  ! #12!3 ' %!./BC! 0/'. F!+3 2!2'. #12#3 ,!1%2(/<0'7

U! '% "'(+;"#+% 0/'+% ,'.,/.'0'%3 !% ,/%2!% (#0/6+0!% 0# ,'0' "'(+;"#. 4/# 1C! &#($

2#1,# ' %!./BC! %C! ,'.,/.'0!%7 P' G'5#.' H7XX3 !% ,/%2!% (#0/6+0!% F!(' ,'.,/.'0!% #

,!.!,'0!% '! .'0! 0!% ,/%2!% # ,'0' ,-./.'7 P!2# 4/# 0!+% ,/%2!% (#0/6+0!% 1#@'2+"!% %C!

#1,!12('0!% >0'% "'(+;"#+% xA
1j(A) # x

A
2j(A)?7 8 "'(+;"#. (#F#(#12# '! ,/%2! (#0/6+0! 1#@'2+"!

,!  '+!( "'.!( '5%!./2! - #%,!.9+0' &'(' #12('( 1' %!./BC!3 4/# - ' "'(+;"#. xA
2j(A)3 ,! 

,/%2! (#0/6+0! −107

L#.#,+!1'0' ' "'(+;"#. 4/# #12('3 0#"#$%#3 #12C!3 %#.#,+!1'( ! ,+,.! F!( '0! &#.' #1$

2('0' 0#%2' "'(+;"#.7 K'(' +%2!3 ' &'(2+( 0' ,-./.' (2, A)3 &#(,!((#$%# ' .+19' 0! %#("+0!( 2
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 !"#! $ %&'()*+% ,' -./0()*+% 1 )0(2/.3,) ) '-0) 4)(254'6 &)() 7.' '6) -'8) )0.)629),)

,' .: 4)6%( θ &%-0'(2%(:';0'! <'&%2- &'(=%(('>-' ) =%6.;) ,) ('7.2-2*+% 6 )01 ';=%;0()(

.:) 4)(254'6 /5-2=)? ;% =)-%? ) 4)(254'6 x6
1j(6)? )0(2/.2;,% ) %&'()*+% ,' ),2*+% ) '6)!

@'(=%(('>-'? )A%()? ) 62;B) ,% -'(42,%( 1? ';=%;0();,% ) 4)(254'6 /5-2=) x7
1j(7) ' )0(2/.2;,%

) %&'()*+% ,' -./0()*+% ) '6)! C-0' &(%='--% =%;02;.) )01 ';=%;0()( ) 4)(254'6 xA
2j(A) 7.'

';0() ;) -%6.*+%! D'-0' :%:';0%? % =2=6% ,) 4)(254'6 7.' ';0() E%2 -'6'=2%;),%!

F &(GH2:% &)--% 1 '-=%6B'( .:) 4)(254'6 /5-2=) &'(0';=';0' )% =2=6% -'6'=2%;),% &)()

,'2H)( ) -%6.*+%! $ :';%( 4)(254'6 /5-2=) :)(=),) =%: ) %&'()*+% -./0()*+% 1 ) '-=%6B2,)

&)() -)2(! D% =)-% ,% 'H':&6%? ) 4)(254'6 xA
3j(A) 1 ) '-=%6B2,) ' '-05 :)(=),) =%: ∗ ;)

I)/'6)  !"J ' % 4)6%( ,'-0) 4)(254'6 1 )0(2/.3,% ) θ!

K%: % 4)6%( ,' θ? )- 4)(254'2- 7.' E%(): :)(=),)- =%: )6A.:) %&'()*+%? ),2*+% %.

-./0()*+%? -+% )0.)629),)-? %/0';,% .:) ;%4) -%6.*+%? =%:) ) 26.-0(),) ;) I)/'6)  !" !

@)() 4'(2L=)( -' '-0) -%6.*+% 1 ) G02:)? ) -%6.*+% ,.)6 ,'-0) ;%4) -%6.*+% 1 =)6=.6),)

MI)/'6)  !"NO! $&G- 2--%? %- =.-0%- (',.92,%- -+% =)6=.6),%- MI)/'6)  !"PO! F/-'(4' 7.'

;';B.: =.-0% ;'A)024% 1 ';=%;0(),%? -';,% )--2:? '-0) -%6.*+% 1 ) G02:) ' % )6A%(20:%

0'(:2;)!

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA  !"#!$

S1
0 0 5 5 5 5 5 0

50 20
10 20

S2
5 5 0 0 10 10 10 0

40

S3
5 5 10 10 0 0 0 0

20

 !"#!$ 10 20
10 20 10 20 15 5

%&"'()#&$ 0 0

I)/'6)  !NQ R'6'=2%;);,% =16.6)- ,' :';%( =.-0%

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA  !"#!$

S1
0 0 5 5 5 5 5 0

50 0
10 20 10 10

S2
5 5 0 0 10 10 10 0

40 0
10 20 10

S3
5 5 10 10 0 0 0 0

20 0
10 5 5

 !"#!$ 10 20 10 20 10 20 15 5
%&"'()#&$ 0 0 0 0 0 0 0 0
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 ! "#$%&'( )*

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA

S1
0 0 5 5 5 5 5 0

u110 20 10 10

S2
5 5 0 0 10 10 10 0

u210 20 10

S3
5 5 10 10 0 0 0 0

u310 5 5

v1 v2 v3 v4 v5 v6 v7 vA  !"#$

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

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA

S1
0 0 5 5 5 5 5 0

u1 = 0
10 20 10 10

S2
5 5 0 0 10 10 10 0

u210 20 10

S3
5 5 10 10 0 0 0 0

u310 5 5

v1 = 0 v2 = 0 v3 v4 v5 v6 = 5 v7 = 5 vA  !"#$

 !"#$! %&5( )!$3/$!+2* !, 6!.786#7, 2/!7, 2! 4.79#7.! $7+:!

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA

S1
0 0 5 5 5 5 5 0

u1 = 0
10 20 10 10

S2
5 5 0 0 10 10 10 0

u2 = 5
10 20 10

S3
5 5 10 10 0 0 0 0

u310 5 5

v1 = 0 v2 = 0 v3 = −5 v4 = −5 v5 v6 = 5 v7 = 5 vA  !"#$

 !"#$! %&;( )!$3/$!+2* !, 6!.786#7, 2/!7, 2! ,#</+2! $7+:!

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA

S1
0 0 5 5 5 5 5 0

u1 = 0
10 20 10 10

S2
5 5 0 0 10 10 10 0

u2 = 5
10 20 10

S3
5 5 10 10 0 0 0 0

u3 = −5
10 5 5

v1 = 0 v2 = 0 v3 = −5 v4 = −5 v5 = 5 v6 = 5 v7 = 5 vA = 5  !"#$

 !"#$! %&=>( )!$3/$!+2* !, 6!.786#7, 2/!7, 2! -#.3#7.! $7+:!

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA

S1
0 0 10 5 10 5 0 5 5 5 −5 0

u1 = 0
10 20 10 10

S2
0 5 0 5 0 0 0 10 10 0 10 −10 0

u2 = 5
10 20 10

S3
10 5 10 5 20 10 20 10 0 0 0 0 0

u3 = −5
10 5 5

v1 = 0 v2 = 0 v3 = −5 v4 = −5 v5 = 5 v6 = 5 v7 = 5 vA = 5  !"#$

 !"#$! %&==( )!$3/$!+2* *, 3/,-*, .#2/?72*,



 ! "#$%&'( )*

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA

S1
0 0 10 5 10 5 0 5 5 5 −5 0

u1 = 0
10 20 10 +θ 10 −θ

S2
0 5 0 5 0 0 0 10 10 0 10 −10 0

u2 = 5
10 20 10 −θ +θ

S3
10 5 10 5 20 10 20 10 0 0 0 0 0

u3 = −5
10 5 +θ 5 −θ

v1 = 0 v2 = 0 v3 = −5 v4 = −5 v5 = 5 v6 = 5 v7 = 5 vA = 5  !"#$

 !"#$! %&'() *#$#+,-.!./- - +,+$- /! 0!1,20#$ 34# #.51! .! 6-$478-

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA

S1
0 0 10 5 10 5 0 5 5 5 −5 0

u1 = 0
10 20 10 +θ 10 −θ

S2
0 5 0 5 0 0 0 10 10 0 10 −10 0

u2 = 5
10 20 10 −θ +θ

S3
10 5 10 5 20 10 20 10 0 0 0 0 ∗ 0

u3 = −5
10 5 +θ 5 −θ

v1 = 0 v2 = 0 v3 = −5 v4 = −5 v5 = 5 v6 = 5 v7 = 5 vA = 5  !"#$

 !"#$! %&'9) *#$#+,-.!./- ! 0!1,20#$ 34# 6!, /! 6-$478-

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA

S1
0 0 5 5 5 5 5 0

u110 20 15 5

S2
5 5 0 0 10 10 10 0

u210 20 5 5

S3
5 5 10 10 0 0 0 0

u310 10

v1 v2 v3 v4 v5 v6 v7 vA  !"#$

 !"#$! %&'%) :"5#.78- /# 4;! .-0! 6-$478-

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA

S1
0 0 5 5 5 5 5 0

u1 = 0
10 20 15 5

S2
5 5 0 0 10 10 10 0

u2 = 5
10 20 5 5

S3
5 5 10 10 0 0 0 0

u3 = −5
10 10

v1 = 0 v2 = 0 v3 = −5 v4 = −5 v5 = 5 v6 = 5 v7 = 5 vA = −5  !"#$

 !"#$! %&'<) =!$+4$!./- !6 0!1,20#,6 /4!,6 .-0!;#.5#

 !"#

$!%

R1 R2 R3 R4 R5 R6 R7 RA

S1
0 0 10 5 10 5 0 5 5 5 5 0

u1 = 0
10 20 15 5

S2
0 5 0 5 0 0 0 10 10 0 10 0

u2 = 5
10 20 5 5

S3
10 5 10 5 20 10 20 10 0 0 0 0 10 0

u3 = −5
10 10

v1 = 0 v2 = 0 v3 = −5 v4 = −5 v5 = 5 v6 = 5 v7 = 5 vA = 5  !"#$

 !"#$! %&'>) ?#.@4; +465- 1#/4A,/- .#B!5,0- C #.+-.51!/-) *-$478- D5,;!



 !"#$%&' (

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

 !"#! $%&'#()*+ % ,!"$-./0* ,* %)1*-.#2* ,."#-.3(',* 3%"!%,* 4* 25#*,* ,* 6("#* 7'8

4.2* ! 9.2&)!: ,! ;-%4"&*-#! "0* -!%).<%,%"+ %"".2 $*2*+ % %4=)."! ,! $*2&)!:.,%,!" ,*

%)1*-.#2*>

 %" &-?:.2%" "!/@!" 5 A!.#% % ,!"$-./0* ,% B!(-'"#.$% ,."#-.3(',% 3%"!%,% 4* 25#*,*

,* 6("#* 7'4.2*+ C."#DE6+ ! ,* %)1*-.#2* ,."#-.3(',* ,* 9.2&)!: ,! ;-%4"&*-#!+ C."#9;>

D%-% ."#*+ %)1(2%" $*4".,!-%/@!" "0* A!.#%" ! %)1(2%" 4*#%/@!" "0* ("%,%">

6*2* 5 &-!A!-'F!) G(! (2 $).!4#! %$!""! % $?&.% ,! (2 $*4#!H,* %#-%F5" ,* "!-F.,*-

2%." &-?:.2*+ %" -!G(."./@!" ,*" $).!4#!" A*-%2+ !4#0*+ $*)*$%,%" 4!"#!" "!-F.,*-!"> 6*2

.""*+ % I1(-% ,* $).!4#! A*. -!#.-%,% ! #*,% % -!"&*4"%3.).,%,! ,% ,."#-.3(./0* ,! -!G(."./@!"

A*. ,%,% %*" "!-F.,*-!"+ * G(! ,! A%#* %$*4#!$! !2 (2% JC6> E"".2+ $%,% "!-F.,*- &*""(.

(2% )."#% ,! -!G(."./@!" ! %" .4A*-2%/@!" ,%" &*"./@!" ,%" -5&).$%" ,*" $*4#!H,*" !2 #*,*"

*" "!-F.,*-!" %#-%F5" ,! (2 "!-F./* ".2.)%- %* C 9> K" "!-F.,*-!" #%2352 $*4B!$!2 *"

$("#*" ,! $*2(4.$%/0* $*2 #*,*" *" *(#-*" "!-F.,*-!"> K $("#* ,! $*2(4.$%/0* &%-% (2

"!-F.,*- G(! 40* &*""(. (2 $*4#!H,* -!G(.".#%,* 5 .4I4.#*>

6*2* * D-*3)!2% ,! ;-%4"&*-#! $*4"#.#(. (2 "."#!2% !G(.).3-%,*+ % )%-1(-% ,! 3%4,%

#*#%) ,*" $*4#!H,*" -!G(.".#%,*" ,!F! "!- !G(.F%)!4#! % )%-1(-% ,! 3%4,% #*#%) ,."&*4'F!)

4*" "!-F.,*-!"> L4#-!#%4#*+ 4!2 "!2&-! !"#% !G(.F%)M4$.% *$*--!+ &*." % )%-1(-% ,! 3%4,%

#*#%) ,*" $*4#!H,*" -!G(.".#%,*" &*,! "(&!-%- % 3%4,% #*#%) ,."&*4'F!) 4*" "!-F.,*-!">

N(%4,* ."#* *$*--!+ * DE6 5 $*4".,!-%,* .4F.=F!)>  * !4#%4#*+ "! % )%-1(-% ,! 3%4,% #*#%)

,."&*4'F!) 4*" "!-F.,*-!" "(&!-% % )%-1(-% ,! 3%4,% #*#%) ,*" $*4#!H,*" -!G(.".#%,*"+ (2%

-!G(."./0* %-#.I$.%) 5 $-.%,% &%-% (#.).<%- %" 3%4,%" 40* %)*$%,%" ! &!-2.#.- * !G(.)'3-.* ,*

"."#!2%> E"".2+ (2 "!-F.,*- %-#.I$.%) 5 $-.%,* &%-% "!- * -!"&*4"=F!) &*- !"#% -!G(."./0*>

E)1(4" &"!(,*$?,.1*" ,! %)1*-.#2*" -!A!-!4$.%,*" 4%" &-?:.2%" "!/@!" O% &%-#.- ,*



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

 !"#$%&'# (() *+&,# -.$*+*/&-0#+ /#  .1/0%2*  3  + /#&-45*+ 0-+ 6-$%76*%+ 8&%!%9-0-+ .*:

!#+ -!"#$%&'#+ *+&,# 0%6%0%0-+ */&$* -+ 08-+ .$;<%'-+ +*45*+= #/0* #+ -!"#$%&'#+ >%+&? @

* >%+&AB +,# 0*+2$%&#+3

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

C -!"#$%&'# >%+&? @ 2#/+%+&* 0* 8' .$#2*0%'*/&# 0%+&$%D8E0# .-$- */2#/&$-$ 8'- +#!84,#

%/%2%-! .-$- # A%'.!*< 0* B$-/+.#$&* D-+*-0# /# 'F&#0# 0# @8+&# GE/%'#3  + 6-$%76*%+

8&%!%9-0-+ /*+&* -!"#$%&'# +,# 0*+2$%&-+ /- .$;<%'- +*4,#3

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

 + /#&-45*+ 0-+ 6-$%76*%+ 0* 2-0- +*$6%0#$ -++#2%-0-+ - *!*= -+ +8-+ $*H8%+%45*+ I$*H8%+%45*+

!#2-%+) * -#+ 2#/J8/&#+ 8&%!%9-0#+ .*!# >%+&? @ +,# -.$*+*/&-0-+ - +*"8%$K

I%)  !"#$%&"

meuId id 1,,&2(13& 1& ,4'5(3&'

idMenor ,4'5(3&' *1(, 6'78(*& 92&* *4:&' 2;,)& 34 2&*;:(21<=&>

servArtificial ,4'5(3&' 1')(?2(1$

banda $1'%;'1 34 @1:31 3(,6&:A54$ :& ,4'5(3&'

atendeuic B;1:)(3134 34 @1:31 1$&2131 64$& ,4'5(3&' meuId 345(3& 1&

643(3& 3& ,4'5(3&' i 64$& 2&:)4C3& c

I%%) '!()$*$+,&

reqr '4B;(,(<=& r 64')4:24:)4 1 lReq

contr (34:)(?21<=& 3& 2&:)4C3& 31 '4B;(,(<=& r

bandContr )1*1:D& 31 @1:31 48(%(31 64$& 2&:)4C3& 31 '4B;(,(<=& r

quantAlocadar B;1:)(3134 34 @1:31 1$&2131 61'1 '4B;(,(<=& r

atendimentori B;1:)(3134 34 @1:31 61'1 '4B;(,(<=& r 1)4:3(31 64$&

,4'5(3&' i

idReqArt id 31 '4B;(,(<=& 1')(?2(1$ 1)4:3(31 64$& ,4'5(3&' 1')(?2(1$

I%%%) -&./).0&*

S .&:E;:)& 34 F4'5(3&'4,

lCont G(,)1 34 )&3&, &, .&:)4C3&,

lReq G(,)1 34 H4B;(,(<I4,

nReq JC*4'& 34 H4B;(,(<I4,

lReqNalocadas $(,)1 34 '4B;(,(<I4, :=& 1$&2131, 3& ,4'5(3&'

lAcabou $(,)1 34 ,4'5(3&'4, B;4 ,;,64()1* B;4 121@1'1*



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

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

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

*23!#'.* )! !/1*/#&$& 0($ "*+045* '/'1'$+ %$&$ $ !6!1045* )* 7'(%+!6 )! 8&$/"%*&#!9

:$&$ '"#*- 1$)$ "!&.')*&- '/'1'$+(!/#!- #!/#$ $+*1$& 1$)$ 0($ )$" "0$" &!;0'"'4<!" +*1$'"9

7! /5* =*& %*"">.!+ $+*1$& 0($ &!;0'"'45* +*1$+- 0($ (!/"$,!( ALOCA ? !/.'$)$ $*

"!&.')*& )! (!/*& 10"#* @A+,*&'#(*" B ! CD9 E( "!&.')*& $* &!1!2!& $ (!/"$,!( ALOCA

@A+,*&'#(* FD- .!&'G1$ $ )'"%*/'2'+')$)! )! 2$/)$9 7! =*& %*"">.!+ $#!/)!& $ &!;0'"'45*-

0($ (!/"$,!( ACK ? !/.'$)$ $* "!&.')*& ;0! &!;0'"'#*0 * 1*/#!H)*- 1$"* 1*/#&I&'*-

0($ (!/"$,!( NACK ? !/.'$)$9

E( "!&.')*& $* &!1!2!& 0( ACK @A+,*&'#(*" J ! KD- )!"1*/#$ $ ;0$/#')$)! ;0! 3I =*'

$#!/)')$9 7! !"#$ ;0$/#')$)! /5* &!%&!"!/#$& $ 2$/)$ #*#$+ )* 1*/#!H)*- 0($ (!/"$,!(

ALOCA ? !/.'$)$ $ *0#&* "!&.')*& ;0! $'/)$ /5* =*' .!&'G1$)* @'9!9 * %&L6'(* "!&.')*&

1*( (!/*& 10"#*D9  * !/#$/#*- 0( "!&.')*& $* &!1!2!& 0( NACK @A+,*&'#(* MD- $%!/$"

!/.'$ ALOCA $ *0#&* "!&.')*& /5* .!&'G1$)*9

N"#$ %&'(!'&$ %$&#! )* $+,*&'#(*- ;0! 1*/"'"#! )$ *2#!/45* )$ "*+045* '/'1'$+- #!&('/$

;0$/)* #*)*" *" "!&.')*&!" 1*/"!,0'&!( $#&'20'& #*)$" $" "0$" &!;0'"'4<!" $ 0( "!&.')*&9

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

servInicial := 0*  ! meuId =  !"#$%&" '"($)*$'+ !"#$% 

idReqArt := +*!

&'(' r  ! 1 "#$ nReq )'*'"

 ! contr ∈ lCont !"#$%#

tentaAlocar(r, bandContr, contr)$

 !"$%%

idMenor− id ,) -./0",)/ 1$"- 2/34"1) $"!,$ !() 0./"5#$,)*&

!"+,' ALOCA(r, bandContr, contr) 2$/$ idMenor*'

verificaTermino()*(

:$&$ #!&('/$45* )!"#$ %$&#!- * "!&.')*& .!&'G1$ "! "0$ +'"#$ lReqNalocadas !"#I .$P'$

@+'/Q$ B )* A+,*&'#(* RD- /* (*(!/#* !( ;0! !+! &!1!2! $ 1*/G&($45* )! $+*1$45* @'9!9

&!1!2'(!/#* )$ (!/"$,!( ACKD9 7! !"#'.!&- 0($ (!/"$,!( FIMSSOL ? !/.'$)$ $

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

* $+,*&'#(* )! *2#!/45* )$ "*+045* '/'1'$+ @A+,*&'#(* RD9 A""'(- 0( "!&.')*&- $* &!1!2!&

FIMSSOL- $&($P!/$ * id )* "!&.')*& ;0! !/.'*0 $ (!/"$,!( /$ +'"#$ lAcabou ! .!&'G1$

"! $ +'"#$ lAcabou %*""0' #*)*" *" "!&.')*&!"- !61!#* )* "!&.')*& $&#'G1'$+9 7! %*""0'&- '"#*

'/)'1$ ;0! #*)*" *" "!&.')*&!" "0"%!'#$( ;0! #!&('/$&$(9  !"#! (*(!/#*- * "!&.')*&

.!&'G1$ "! !+! %*""0' 2$/)$ )'"%*/>.!+9 7! %*""0'&- 0($ (!/"$,!( REQARTIFICIAL

? !/.'$)$ $* "!&.')*& $&#'G1'$+ 1*( * .$+*& )$ 2$/)$ )'"%*/>.!+- '/)'1$/)* ;0! !"#! .$+*&



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

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

 ! banda > 0 !"#$% 

 ! tam <= banda !"#$%!

banda := banda− tam-"

atendeumeuIdc := tam-#

atendimentormeuId := tam-$

quantAlocadar := quantAlocadar + tam-%

 !"$%&

atendeumeuIdc := banda-'

atendimentormeuId := banda-(

quantAlocadar := quantAlocadar + banda- )

banda := 0-  

 !  quantAlocadar < bandContr! "  ∃ #"$%&'($ )*( %"$&+,-'( ./" 0(##/& c! !"#$% !

idMenor− id .& /!(01.&( +#1/ 2(341+& #1".# "5& 0!(16'#.& 78! 2&//81 c- "

!"&'( ALOCA(r, bandContr − quantAlocadar, c) 2#(# idMenor- #

 !"#$%&'# ) $& (!'!9!( 8+# +!"/#:!+ ALOCA(r, tam, c) .& /!(01.&( i

 ! banda > 0 !"#$% 

 ! tam <= banda !"#$%!

banda := banda− tam-"

atendeuic := tam-#

!"&'( ACK(r, tam, c) 2#(# /!(01.&( i-$

 !"$%%

atendeuic := banda-&

!"&'( ACK(r, banda, c) 2#(# /!(01.&( i-'

banda := 0-(

 !"$% )

!"01# NACK(r, tam, c) 2#(# /!(01.&( i-  

 !"#$%&'# * $& (!'!9!( 8+# +!"/#:!+ ACK(r, tam, c) .& /!(01.&( i

procedimentoAck(r, tam, c, i)- 

 !"#$%&'# + $& (!'!9!( 8+# +!"/#:!+ NACK(r, tam, c) .& /!(01.&( i

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

idMenor− id .& /!(01.&( +#1/ 2(341+& #1".# "5& 0!(16'#.& 78! 2&//81 c-!

!"&'( ALOCA(r, bandContr − quantAlocadar, c) 2#(# idMenor-"

 !"$%#

!"&'( ALOCA(r, bandContr − quantAlocadar, c) 2#(# servArtificial-$

verificaTermino()-%

 !"#$%&'# , 2(&'!.1+!" &$';)(*  #+* '* 1,

atendimentori := tam- 

quantAlocadar := quantAlocadar + tam-!

 ! quantAlocadar < bandContr !"#$%"

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

idMenor− id .& /!(01.&( +#1/ 2(341+& #1".# "5& 0!(16'#.& 6= i 78! 2&//81 c-$

!"&'( ALOCA(r, bandContr − quantAlocadar, c) 2#(# idMenor-%

 !"$%&

!"&'( ALOCA(r, bandContr − quantAlocadar, c) 2#(# servArtificial-'

verificaTermino()-(



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

 !"! #!$ %&'(')* + ,!(* $!-%'#'./+ *$&'01'*(2 34&$!&*4&+5 #! 4/+ ,+##%'$ 6*4 *  '#,+47"!(5

%8* 8!4#*9!8 ACABOU : !4"'* * *+ #!$"' +$ *$&'01'*( ;<(9+$'&8+ =>2

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

 ! lReqNalocadas == {} !"#$% 

!"&'( FIM-SOL() .&"& /*0*1 *1 1!" #0*"!12 !3%!/* .&"& * 1!" #0*" &"/#$%#&45!

 !"#$%&'# )? 6* "!%!7!" 8(& (!)1&9!( FIM-SOL() 0* 1!" #0*" i

:)1!"! i )& 4#1/& lAcabou5 

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

 ! banda > 0 !"#$%"

!"&'( REQARTIFICIAL(banda, c) .&"& servArtificial2 *)0! meuId .*118# c 5#

atendeuservArtificialc := banda5$

banda := 05%

 !"$%&

!"&'( ACABOU() .&"& servArtificial5'

@ #!$"' +$ *$&'01'*( *+ $!1!6!$ REQARTIFICIAL5 %&'(')* + "*(+$  * 6*4 *  '#,+47A

"!( 4+ #!$"' +$ -%! !4"'+% * 8!4#*9!8 ,*$* *&!4 !$ * $!-%'#'./+ *$&'01'*( ! *$8*)!4* + id

 + #!$"' +$ 4* ('#&* lAcabou ;<(9+$'&8+ B>2 C%*4 + + #!$"' +$ *$&'01'*( $!1!6! ACABOU 5

"!$'01* #! * ('#&* lAcabou ,+##%' &+ +# +# #!$"' +$!#5 #! ,+##%'$5 * 8!4#*9!8 ACABOU

: !4"'* * *+#  !8*'# #!$"' +$!#2 <##'85 -%*4 + %8 #!$"' +$ -%*(-%!$ $!1!6! ACABOU 5

"!$'01* #! * ('#&* lAcabou ,+##%' &+ +# +# #!$"' +$!#5 #! ,+##%'$5 '4 '1* -%! + #!$"' +$

*1*6+% * !&*,*  ! +6&!4./+  ! #+(%./+ '4'1'*( ! + D'8,(!E  ! F$*4#,+$&! ,+ ! #!$ '4'1'* *

;<(9+$'&8+ GH>2

 !"#$%&'# *? 6* "!%!7!" 8(& (!)1&9!( REQARTIFICIAL(tam, c) 0* 1!" #0*" i

atendimentoidReqArti := tam5 

idReqArt := idReqArt+ 15!

:)1!"! i )& 4#1/& lAcabou5"

I8* #+(%./+ : '(%#&$* * 4* J'9%$* K2G ;!E!8,(+  !#1$'&+ 4* D!./+ L2G>2 <# $!-%'#'.M!#

#/+ $!,$!#!4&* *# ,+$ 17$1%(+# 1+8 * ' !4&'01*./+  + #!$"' +$ +4 ! !#&/+ *(+1* *# !  +

1+4&!N + $!-%'#'&* +2 @# #!$"' +$!# !#&/+ '(%#&$* +# ,+$ $!&O49%(+# 1+8 *# ' !4&'01*.M!#

 +# 1+4&!N +#  '#,+47"!'# !5 *+ (* +5 %8 1'('4 $+ '4 '1* * (*$9%$*  ! 6*4 *  '#,+47"!(2 <#

*&$'6%'.M!# '4 '1*8 + P%E+ &$*4#,+$&* +  +# #!$"' +$!# -%! ,+##%!8 +# 1+4&!N +# ,*$*

+# #!$"' +$!# $!#,+4#Q"!'# ,!(*# $!-%'#'.M!# 1+8 %8 1%#&+  ! &$*4#,+$&! *##+1'* +2 R!#&*

#+(%./+5 : 4!1!##Q$'+ -%! %8* $!-%'#'./+ *$&'01'*( &!4S* #' + 1$'* *5 ,+'# + #!$"' +$ L ,+#A

#%' (*$9%$*  ! 6*4 * '9%*( * TH ! #+8!4&! UK !#&Q #!4 + %&'(')* +5 + -%! 4/+ 1+4#&'&%' %8

#'#&!8*  ! #+(%./+ !-%'('6$* +5 +4 ! &+ * $!-%'#'./+  !8*4 * * : *&!4 ' * ! &+ * 6*4 *

+V!$&* * ,!(+# #!$"' +$!# : %&'(')* *2 D!4 + *##'85 %8* 8!4#*9!8 REQARTIFICIAL



ACABOU() i

i lAcabou
lAcabou ids

meuId =
ACABOU()

passo := 1
idCicloServ := −1
servCicloInicado := {}

meuId = servInicial
dualU := 0
paiServDU := −1
reqServDU := −1
caminhoTam := 0
caminho := {}

s
c

atendeusc > 0
s! = meuId

V ARV (custos − dualU, c, atendeusc, caminho, caminhoTam,−1)
s

procedimentoAtendimento(s, c, atendeusc, caminho, caminhoTam,−1)



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

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

 !"#!$%& '&()$*+! ", -&./! 0123 ! -*%45&6 '& 7$,"(4!$+& )!"(*(+& &% ,",5*(,$ , (!58./!

&")!"+$,',3 9&$*:),"'! (& &(+, 4!'& (&$ %&5;!$,',1 <&(+, (&./!3 8% ,5=!$*+%! '*(+$*>8?'!

4,$, ! -*%45&6 '& 7$,"(4!$+&3 ! @*(+-73 A '&()$*+!3 B8& 8+*5*C, , (!58./! *"*)*,5 !>+*',

4&5! @*(+DE 1 E( 9,$*F9&*( 8+*5*C,',( 4!$ &((& ,5=!$*+%! &(+/! '&()$*+,( ", 4$G6*%, (&./!1

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

E( "!+,.H&( ',( 9,$*F9&*( '& ),', (&$9*'!$ ,((!)*,',( , &5&3 ,( (8,( $&B8*(*.H&( I$&B8*(*.H&(

5!),*(J & ,!( )!"K8"+!( 8+*5*C,'!( 4&5! @*(+-7 (/! ,4$&(&"+,',( , (&=8*$L

I*J  !"#$%&"

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

dualU %+,!$  + %+$&2%#,  (+, u

servPaiDU "#$%& !$ 3+&  + %+$&2%#,  (+, u

reqPaiDU $#'(&"&45! 3+&  + %+$&2%#,  (+, u

custois  &"67)*&+ #)6$# ! "#$%& !$ i # ! "#$%& !$ s

passo )80#$!  ! /+""!  ! 9&0/,#1  # :$+)"/!$6#

caminhoServ *+0&);! )+ 2$%!$#  # "!,(45! T  #" #  + $+&- sT +6< ! "#$%& !$

=*+ + /!"&45! *!$$#"/!) # + (0 "#$%& !$ {s} !( + (0+ 3− upla

<"#$%& !$> $#'(&"&45!> contrequisicao > ? {s, r, c}@

caminhoServTam 6+0+);!  ! *+0&);! )+ 2$%!$#  # "!,(45! T  #" #  + $+&- +6< !

"#$%& !$ sT

menorEscolhido "#$%& !$ *!0 0#)!$ id  # (0+ $#'(&"&45! +,*+)4+ + /#,+ *!)"6$(45!

 + 2$%!$#  # "!,(45! # #"*!,;& + /+$+ *!)6&)(+$ + *!)"6$(45!

reqEscolhida $#'(&"&45! #"*!,;& + /+$+ *!)6&)(+$ + *!)"6$(45!  + 2$%!$#

servRaiz A> /+$+ ! "#$%& !$ $+&-  + 2$%!$#  # /$!/+.+45!  +" %+$&2%#&"  (+&"

numCiclo )80#$!  # *&*,!"  #"*!B#$6!" #0 (0 /+""!

idCicloServ &  ! *&*,! '(# ! "#$%& !$ /#$6#)*#

cicloServ *+0&);!  ! *&*,! )+ '(+, ! "#$%& !$ /#$6#)*#

cicloServTam 6+0+);!  ! *&*,! )+ '(+, ! "#$%& !$ /#$6#)*#

posCicloServ /!"&45! '(# ! "#$%& !$ #"62 )! *&*,! '(# #,# /#$6#)*#

crServ *("6! $# (-& !  ! *&*,! '(# ! "#$%& !$ /#$6#)*#

funcServ(cp) C()45! '(# $#6!$)+ ! "#$%& !$  + /!"&45! p  ! *+0&);! =*&*,!@ c

teta %+,!$  ! θ  ! *&*,! '(# ! "#$%& !$ /#$6#)*#

recAtualizaUs A> "# ! "#$%& !$ $#*#B#( +6(+,&-+45!  + %+$&2%#,  (+, ( $#C#$#)6# +!

*&*,!  # s # D> *+"! *!)6$2$&!



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

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

dualVr 12$&' 32 12'(415$ 362$ v 2,,&7(23& 8 '596(,(:;& r

servPaiDVr ,5'1(3&' <2( 32 12'(415$ 362$ v 2,,&7(23& 8 '596(,(:;& r

participars => ,5 2 2)'(?6(:;& 32 '596(,(:;& r 2& ,5'1(3&' s <5')5@75 2 ,&$6:;&>

5 A> 72,& 7&@)'4'(&

caminhoReqr 72*(@B& @2 4'1&'5 35 ,&$6:;& T 32 '2(C sT 2)D 2 '596(,(:;& r

caminhoReqTamr )2*2@B& 3& 72*(@B& @2 4'1&'5 35 ,&$6:;& T 32 '2(C sT 2)D 2

'596(,(:;& r

ci <&,(:;& i 3& 72*(@B& c

idCicloReqr (3 3& E(7$& 965 2 '596(,(:;& r <5')5@75

cicloReqr 72*(@B& 3& 7(7$& @2 962$ 2 '596(,(:;& r <5')5@75

cicloReqTamr )2*2@B& 3& 7(7$& @2 962$ 2 '596(,(:;& r <5')5@75

posCicloReqr <&,(:;& 965 2 '596(,(:;& r 5,)4 @& 7(7$& 965 5$2 <5')5@75

crReqr 76,)& '536C(3& 3& 7(7$& 965 2 '596(,(:;& r <5')5@75

funcReq(cp) F6@:;& 965 '5)&'@2 2 '596(,(:;& 32 <&,(:;& p 3& 72*(@B& c> G,5 2

<&,(:;& 7&''5,<&@35' 2 35 6* ,5'1(3&'> & 12$&' −1 D '5)&'@23&H

funcCont(cp) F6@:;& 965 '5)&'@2 & 7&@)5I3& 32 '596(,(:;& 32 <&,(:;& p 3& 72J

*(@B& &6 7(7$& c G,5 2 <&,(:;& 7&''5,<&@35' 2 35 6* ,5'1(3&'> &

12$&' −1 D '5)&'@23&H

tetaReqr 12$&' 3& θ 3& 7(7$& 965 '596(,(:;& r <5')5@75

recAtualizaUReqrs => ,5 2 '596(,(:;& r '575?56 2)62$(C2:;& 32 12'(415$ 362$ u '5F5J

'5@)5 2& 7(7$& 35 s 5 A> 72,& 7&@)'4'(&

 !!!" )(*+#*,(%

servAtingidos 7&@K6@)& 3&, ,5'1(3&'5, 2)(@%(3&, <5$2, *5@,2%5@, 35 74$76$&

32, 12'(415(, 362(, 32 7&@,)'6:;& 32 4'1&'5 35 ,&$6:;&

servCicloIniciado 7&@K6@)& 3&, ,5'1(3&'5, 965 (@(7(2'2* & <'&75,,& 35 35,7&?5')2

35 7(7$&

varSainte 7&@K6@)& '5$27(&@23& 2 12'(415$ 965 ,2( 32 ,&$6:;&> {req,

servReq, serv, paiReq, ciclo, r, pos} 5* 965 req D 2 '596(,(:;&

'5$27(&@232 8 2)'(?6(:;& 965 ,2( 32 ,&$6:;&> servReq D & ,5'1(J

3&' @2 962$ req <5')5@75> serv D & ,5'1(3&' '5$27(&@23&

8 2)'(?6(:;& 965 ,2( 32 ,&$6:;&> paiServ D & @L <2( 35

reqT (req, serv) @2 4'1&'5 T > ciclo D & (3 3& 7(7$& 965 &'(%(@&6

2 ,2M32 32 12'(415$> r D 2 '596(,(:;& '5,<&@,415$ <&' ciclo 5

pos D 2 <&,(:;& 35 req @& ciclo

servV aru $(,)2 3&, ,5'1(3&'5, 965 5@1(2'2* & 12$&' 32 12'(415$ 362$ u

varus 7&@K6@)& 35 12$&'5, 362(, u 3&, ,5'1(3&'5,> &@35 varus D & 12$&' u 35 s



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

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

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

'+8(0")-.+ 1! (+,)-.+ 1)!, '+""$(2+81$80$: ; <%*2,$= 1$ >"!8(2+"0$ 7? $80.+? %8%'%!1+

2+" )* ($"#%1+": @(0$ ($"#%1+" %8%'%! + 2"+'$((+ 1$ '+8(0")-.+ 1! (+,)-.+ 1)!, '!,'),!81+

+( #!,+"$( 1)!%( 1+( ($"#%1+"$( $ 1!( "$A)%(%-B$( ! 2!"0%" 1!( #!"%9#$%( A)$ 2$"0$8'$* !

(+,)-.+ C%: $: !( !0"%/)%-B$( "$A)%(%-.+D($"#%1+" A)$ 2$"0$8'$* ! (+,)-.+E: 4((%*? + #!,+"

F$"+ 7 !0"%/)G1+ ! #!"%9#$, 1)!, u !((+'%!1! ! $(0$ ($"#%1+": 5+* $(0! !0"%/)%-.+? $,$

'!,'),! !( #!"%9#$%( 1)!%( v 1!( "$A)%(%-B$( !0$81%1!( 2+" $,$ $ $8#%! $(($( #!,+"$( !+(

($"#%1+"$( "$(2+8(9#$%( 2+" $(0!( "$A)%(%-B$(: 5!1! ($"#%1+" 1$(0!( "$A)%(%-B$(? 2+" ()!

#$F? '!,'),! ! #!"%9#$, 1)!, u 1+( +)0"+( ($"#%1+"$( A)$ 0!*/7* !( !0$81$* $ $8#%! 2!"!

$,$(: 5!1! ($"#%1+" !+ "$'$/$" + #!,+" 1! ()! #!"%9#$, 1)!, u? $8#%! $(0$ #!,+" !+( 1$*!%(

($"#%1+"$( 2!"! + '9,'),+ 1+( ')(0+( "$1)F%1+(: H)!81+ 0+1+( $(($( #!,+"$( 1)!%( 0%#$"$*

(%1+ '!,'),!1+(? ! 9"#+"$ 1! (+,)-.+ 1)!, T 7 +/0%1!:

 +"0!80+? '+* +( #!,+"$( 1!( #!"%9#$%( 1)!%( +/0%1+(? +( ')(0+( "$1)F%1+( 1!( #!"%9#$%(

C!0"%/)%-B$(E A)$ 8.+ 2$"0$8'$* ! (+,)-.+ (.+ '!,'),!1+(: 4+ %8#7( 1$ ($,$'%+8!" + ')(0+

"$1)F%1+ 8$I!0%#+ '+* *!%+" #!,+" !/(+,)0+ 1$80"$ 0+1+( +( ($"#%1+"$( $ "$A)%(%-B$(? '+*+

7 J$%0+ 8! #$"(.+ ($A)$8'%!,? '!1! ($"#%1+"? ($,$'%+8! ! #!"%9#$, 1$ ')(0+ "$1)F%1+ 8$I!0%#+

'+* *!%+" #!,+" !/(+,)0+ $80"$ ()!( "$A)%(%-B$( ,+'!%(: 5!1! ')(0+ "$1)F%1+ ($,$'%+8!1+

%81%'! ! %80"+1)-.+ 1! #!"%9#$, !((+'%!1! 8! (+,)-.+: 4+ %80"+1)F%" $(0! #!"%9#$,? )* '%',+

7 J+"*!1+ 8! 9"#+"$ 1! (+,)-.+ 1)!,: 4((%*? '!1! ($"#%1+"? A)$ ($,$'%+8+) )*! #!"%9#$,?

$8#%! )*! *$8(!I$* 2!"! + ($"#%1+" "$(2+8(9#$, 2$,+ ')(0+ "$1)F%1+ 1$(0! #!"%9#$,: @(0$

($"#%1+" %8%'%! + 2"+'$((+ 1$ ($,$-.+ 1$ '%',+? 2"+2!I!81+ ! %8J+"*!-.+ 1$ 2!"0%'%2!-.+

1$ '%',+ !+( 1$*!%( '+*2+8$80$( 1+ '%',+: 3)"!80$ $(0! 2"+2!I!-.+ )*! #!"%9#$, A)$

2$"0$8'$ !+ '%',+ 7 $('+,6%1! 2!"! (!%": K(0+ +'!(%+8! + "$'9,'),+ 1!( #!"%9#$%( 1)!%(:

L! #$"(.+ ($A)$8'%!, 1+ <%*2,$= 1$ >"!8(2+"0$ 1$('"%0! 8+ 5!2G0),+ M? A)!81+ )*!

#!"%9#$, A)$ 2$"0$8'$ ! (+,)-.+ 7 $('+,6%1! 2!"! (!%"? 0+1!( !( #!"%9#$%( 1)!%( (.+ "$D

'!,'),!1!(: L+ $80!80+? J+% +/($"#!1+ A)$ 8$* 0+1!( !( #!"%9#$%( 1)!%( 2"$'%(!* ($"

"$'!,'),!1!(? (+*$80$ !( #!"%9#$%( 1)!%( 1+( ($"#%1+"$( $ 1!( "$A)%(%-B$( 1! ()/9"#+"$

&,6! 1! !0"%/)%-.+ C#!"%9#$,E A)$ $80"+) 8! (+,)-.+: 4((%*? (+*$80$ 2!"0$ 1! 9"#+"$ 1$

(+,)-.+ 1)!, T 7 "$'+8(0")G1!:

5+*+ '!1! ($"#%1+" 2+1$ ($,$'%+8!" )*! #!"%9#$, 1$ ')(0+ "$1)F%1+ 8$I!0%#+? )*!

A)!80%1!1$ 1$ '%',+( %I)!, !+ 8N*$"+ 1$ ($"#%1+"$( 2+1$ ($" J+"*!1! '+* ! !1%-.+ 1$((!(

#!"%9#$%(: ; %80)%0+ 1$ ($,$'%+8!" *!%( 1$ )*! #!"%9#$, 1$ ')(0+ "$1)F%1+ 8$I!0%#+? J+"D

*!81+ *!%( 1$ )* '%',+? 7 A)$ $(0$( '%',+( ($O!* 2"+'$((!1+( $* 2!"!,$,+: @80"$0!80+?



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

 !"!  #$#  % &! '()*&+# ,# '( !,)+'*-.! $( #&/*"# 0#'+( $# 1'2!'( $( )!&*-.! T ( ()+#)

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

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

8*( 0#'+% %0# $( !*+'!  % &!4 !  % &!  !" "(,!'  *)+! '($*9%$! : () !&;%$! 0#'# 0'!))(/*%'

( !*+'! :  #, (&#$!6

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

0!$( )(' %,% %#$!6 A! %,% %#' *" ,!2! 0#))!4 : ,( ())1'%! 8*( #) 2#'%12(%) $*#%) $!) )('2%B

$!'() ( $#) '(8*%)%-3() $( 0#'+( $# 1'2!'( 8*( $(2( )(' '( !,)+'*C$# )(D#" '( #& *&#$#)6

E!" %))!4 # 2#'%12(& $*#& >&;# $# #+'%F*%-.! 8*( (,+'!* ,# )!&*-.! :  #& *&#$#4 0('"%+%,$!

8*( !*+'!) 2#&!'() $*#%) +#"F:" )(D#"  #& *&#$!) ( 8*( ()+() )(D#" (,2%#$!) #!) )('2%B

$!'() $()+#) 2#'%12(%) $*#%)6 E#$# )('2%$!' #! '( (F(' ! 2#&!' $# )*# 2#'%12(& $*#& u

'( #& *&#$#4 (,2%# ()+( 2#&!' #!) $("#%) )('2%$!'() 0#'# !  1& *&! $!)  *)+!) '($*9%$!)6

7!'+#,+!4 8*#,$! +!$!) !) 2#&!'() $*#%) $!) )('2%$!'() ( $#) '(8*%)%-3() ).! !F+%$!)4 !)

 *)+!) '($*9%$!) $#) 2#'%12(%) 8*( ,.! 0('+(, ( # )!&*-.! ).!  #& *&#$!)6 G))( 0'! ())!

 !,+%,*# #+: 8*( ,(,;*"  *)+! '($*9%$! ,(/#+%2! )(D# (, !,+'#$!6

H#) 0'I@%"#) )*F)(-3()4 ! #&/!'%+"! J%)+?K : $() '%+! $(+#&;#$#"(,+(6 7#'# %)+!4

# $() '%-.! : $%2%$%$# $( # !'$!  !"  #$# (+#0# 8*(  !,)+%+*% *" 0#))! $! ?%"0&(@ $(

K'#,)0!'+(L  !,)+'*-.! $# 1'2!'( $( )!&*-.! $*#& %,% %#&M  1& *&! $!)  *)+!) '($*9%$!)M

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

)!&*-.! $*#&6

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

E!"! =#&#$! #,+('%!'"(,+(4 ! ?%"0&(@ $( K'#,)0!'+( : %,% %#$! 0!' *" )('2%$!'4  ;#"#$!

$( servInicial6 G)+( )('2%$!' %,% %# ! 0'! ())! $(  !,)+'*-.! $# 1'2!'( T $# )!&*-.!

!F+%$# 0(&! #&/!'%+"! %,% %#&6 A 2#'%12(& $*#& u '(=('(,+( #! servInicial : %,% %#$#  !" !

2#&!' 9('! ( ! )(* 0#%  !" ! 2#&!' BN6 O)+! )%/,%> # 8*( ! servInicial : # '#%9 $# 1'2!'( $(

)!&*-.! T 6 E!" # 2#'%12(& $*#& u $! servInicial !F+%$#4 : 0!))C2(& $(+('"%,#' #) 2#'%12(%)

$*#%) v $(  #$# '(8*%)%-.! #+(,$%$# 0!' (&(6 A))%"4 0#'#  #$# )('2%$!' s #+(,$%$! 0!'

(&( '(=('(,+( # *"  !,+(P$! c4 *"# "(,)#/(" V ARV : (,2%#$#  !" ! 2#&!' $# 2#'%12(&

$*#& v '(&# %!,#$# # s ( c Q!* )(D#4 ! 2#&!' $!  *)+! $(  !"*,% #-.! 0#'# s "(,!) ! 2#&!'

$# 2#'%12(& $*#& u $! servInicialR4 #&:" $%))!4 !  #"%,;! (" T '()0!,)12(& 0(&! 2#&!' $#

2#'%12(& $*#& v +#"F:" : (,2%#$! ,# "(,)#/("6 H()+(  #)!4 !  #"%,;! )!"(,+(  !,+:" !

servInicial4 0!%) ()+(  #"%,;!  !,)%)+( $! +'#D(+! 0(' !''%$! $# '#%9 $( T #+: # '(8*%)%-.!

0#'# !  1& *&! $# 2#'%12(& $*#& v #))! %#$# # '(8*%)%-.!6
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u

V ARV V ARU
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V ARV

v
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v

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

 ! "#$%&'($ )( $#*#+#$ ) !#,")-#! V ARU ./0-($&1!( 2345 $#)0&6) )0-7!)" %#$&89

*):;#"< =# #0# ,>( $#*#+#7 ( "#7 %)0($ '7)0 u .?$&!#&$( ?)""( '( =&!?0#@45 (7 "# A7#!

#,%&(7 ) !#,")-#! B ( "#7 "#$%&'($ ?)& #! T .'#!)&" ?)""("45 #,1>( ( "#$%&'($ )1$&+7&

( %)0($ '7)0 ') "7) %)$&C%#0 u # ?$##,*D# ( *)!&,D( #! T ?)$) ( *C0*70( '#"") %)$&C%#0

.0&,D)" E ) F '( /0-($&1!( 2G4< H(! &""(5 ( "#$%&'($ #"1C )?1( ) *)0*70)$ )" %)$&C%#&" '7)&"

v ')" $#A7&"&:;#" A7# #0# )1#,'#7< I,1>(5 ?)$) *)') "#$%&'($ s )1#,'&'( ?($ #""# "#$%&'($

$#J#$#,1# ) 7! *(,1#K'( c5 7!) !#,")-#! V ARV B #,%&)') *(! ( %)0($ ') %)$&C%#0 '7)0

v $#0)*&(,)') ) s # c5 L7,1)!#,1# *(! ( *)!&,D( #! T $#"?(,"C%#0 ?#0( %)0($ ') %)$&C%#0

'7)0 v .0&,D)" M ) 2N '( /0-($&1!( 2G4< /""&!5 7!) !#,")-#! V ARNBU B #,%&)') )("

'#!)&" "#$%&'($#" .0&,D) 2F '( /0-($&1!( 2G4 *(! ( %)0($ '# "7) %)$&C%#0 '7)0 u ?)$)

A7# #"1# %)0($ "#L) 7")'( ,( *C0*70( '(" *7"1(" $#'76&'(" ')" %)$&C%#&" ,>( +C"&*)" .&< #<

%)$&C%#&" ')" )1$&+7&:;#" "#$%&'($9$#A7&"&:>( A7# ,>( ?#$1#,*#! ) "(07:>(4< O *C0*70( '("

*7"1(" $#'76&'(" "#$C #@?0&*)'( ?("1#$&($!#,1#< I,1$#1),1(5 "# "#7 %)0($ '7)0 u LC J(&

*)0*70)'( .# #"1C ?$&!#&$( ?)""( '( =&!?0#@45 7!) !#,")-#! URECUSADO B #,%&)')

)( "#$%&'($ A7# #,%&(7 ) !#,")-#! V ARU < P($ 8!5 ( "#$%&'($ %#$&8*) "# ?('# !79

')$ '# ?)""( ./0-($&1!( EF4 # "# $#*#+#7 ) !#,")-#! V ARNBU '# 1('(" (" "#$%&'($#"

./0-($&1!( 2N4<

/( $#*#+#$ ) !#,")-#! URECUSADO5 7! (71$( "#$%&'($ )&,') ,>( #"*(0D&'( B

"#0#*&(,)'( ?)$) #,%&)$ ) !#,")-#! V ARU ./0-($&1!( GQ4< R ,#*#""C$&( #,%&)$ V ARU

?)$) (71$( "#$%&'($ ?)$) A7# #"1# ?("") *(,1&,7)$ ) *(,"1$7:>( ') C$%($# '# "(07:>( T <

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

S( #,1),1(5 ?('# )*(,1#*#$ '# 1(')" )" $#A7&"&:;#" '( "#$%&'($ "#$#! )1#,'&')" *(!9

?0#1)!#,1# ?($ 7! K,&*( "#$%&'($ .&< #< 100% '( *(,1#K'( ') $#A7&"&:>( )1#,'&'( ?($ 7!

"#$%&'($4 # #"1# K,&*( "#$%&'($ "T )1#,'#$ #"1)" $#A7&"&:;#"5 (7 "#L)5 ) *(,"1$7:>( ') C$%($#

'# "(07:>( T ,>( ?('# *(,1&,7)$ # ( )0-($&1!( ?)$)< / U&-7$) N<3.)4 &07"1$) #"1# *)"(5

A7# B *D)!)'( '# '#-#,#$):>(< O "#$%&'($ 1 )1#,'# *(!?0#1)!#,1# )" $#A7&"&:;#" '#0#

# '( "#$%&'($ 2 ?#0(" *(,1#K'(" 1 # 2< /""&!5 ) *(,"1$7:>( ') C$%($# *(! ) !#,")-#!

V ARV ?)$)$&) ,)" $#A7&"&:;#" .U&-7$) N<3.+44<

P)$) "(07*&(,)$ &"1(5 B ,#*#""C$&( #"*(0D#$ 7! "#$%&'($ ?)$) *(,1&,7)$< S( #,1),1(5

#"1) #"*(0D) '#%# "#$ J#&1) '# !),#&$) &,1#0&-#,1#5 ?(&" ) #"*(0D) )0#)1T$&) '# 7! "#$%&9

'($ ?('# *)7")$ ) *(,"1$7:>( '# 7! C$%($# '# "(07:>( #$$)')< P($1),1(5 7! !#*)9

,&"!( '#  !"#$%&$ '() B $#)0&6)'( ) ?)$1&$ ')" $#A7&"&:;#" J(0D)" A7# LC ?#$1#,*#! ) T

?)$) 7! "#$%&'($ $)&6< H(! &""(5 #"1# "#$%&'($ 1#! ) &,J($!):>( '# A7)&" "#$%&'($#"

LC ?#$1#,*#! ) T # ?('# '#*&'&$5 *($$#1)!#,1#5 A7)0 $#A7&"&:>( J(0D) '# T '#%# *(,9
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 !" #$%&'()*& +(,)-.  /

 !"#$%&'# () procedimentoAtendimento(i, c, atendimentoServidor, caminho, caminhoTam,
idCiclo, variavel)

aux := 0 /∗!"#$%!&' "()$'$"#∗/ 

escolheuServidor := 0 /∗!"#$%!&' "()$'$"#∗/!

 !"#$!%& aux! = atendimentoServidor '$($"

*&'&+$,-& (." reqr /"' 0(& contr = c & 1& (passo = 12 servPaiDVr = {} &#

atendimentori > 0) ,( 1& (passo > 12 i = servPaiDVr & participari = 1)  

dualVr := variavel $

paiServDVr := i %

participari := 1 &

caminhoReqTamr := caminhoTam+ 1 '

caminhoReqr := caminho+ {i} (

) idCiclo! = −1  !%*& )

recAtualizaUReqridCiclo = 1   

+$,$  !"!  !"#$%&" s! = i '(!  ! (passo = 1) atendimentors > 0) &(  ! (passo > 1) !

participars = 1) '$($
escolheuServidor := 1  "

) s! = meuId  !%*& #

 !-.$ V ARU(custos − dualVr, r, caminhoReqr, caminhoReqTamr, idCiclo) 3"#" , $

1&#!$4,# s 
) !*& %

procV aru(meuId, custos − dualVr, r, c, caminhoReqr, caminhoReqTamr, idCiclo)  &

aux := aux+ atendimentori > 0  '

) passo = 1 ! escolheuServidor = 0  !%*& (

*&'&+$,-& (." reqr /"' 0(& contr = c & i = servPaiDVr !)

atingidos := /,4,1 ,1 1&#!$4,#&1 3&#/&-+&-/&1 " caminhoReqr ! 

) i! = meuId  !%*&!!

 !-.$ ATENDCOMPREQ(reqr,meuId, atingigos) 3"#" , 1&#!$4,# i !"

) !*&!#

procAtendeuCompletoReq(r, s, atingidos) !$

 !"#$%&'# (* 5, #&+&6&# (." .&-1"7&. V ARU(variavel, r, caminho, caminhoTam, idCiclo)
4, 1&#!$4,# i

procV aru(i, variavel, r, caminho, caminhoTam, idCiclo)  

!"#$"%&'($ )*+",' - ($ .*/$&+%0$ 123 #,'0'(' ($ 4&$#!(+0!"%$ encontraCiclo()56 70'

0!"8'/!0 CICLOINICIADO 9 !":+'($ 4'&' #'(' 8!&:+($& #$0 $ id ($ 8!&:+($& ;<!

!":+$< CREDUZIDO3 ;<! 9 $ id ($ #+#*$ !"#$"%&'($6 .88+03 %$($8 $8 8!&:+($&!8 %=0 $

#$"%&$*! (! ;<'"%$8 #+#*$8 >$&'0 +"+#+'($86 ?'&' +"+#+'& $ 4&$#!88$ (! (!8#$@!&%' (! #+#*$

! ':+8'& '$8 #$04$"!"%!8 ($ #+#*$ !"#$"%&'($ ;<! !*!8 4'&%+#+4'0 (! <0 #+#*$3 <0' 0!"A

8'/!0 PCICLO 9 !":+'(' '$ 4&+0!+&$ 8!&:+($& 4'&%+#+4'"%! ($ #+#*$6 B$0 ' 0!"8'/!0

%'0@90 9 !":+'($ <0 :'*$& +"C"+%$3 4'&' ;<! !8%! 8+&:' #$0 @'8! (! #$04'&'DE$ 4'&' '

8!*!DE$ ($ !"*'#! #$0 0!"$& F<G$ ;<! 4$(! 8'+& (' 8$*<DE$6

H 4&$#!(+0!"%$ encontraCiclo() ).*/$&+%0$ I15 #$"8+8%! !03 ('($8 $ #'0+",$ (!

<0' :'&+J:!* (<'* v (! <0' &!;<+8+DE$ req ! $ #'0+",$ (' :'&+J:!* (<'* u ($ 4&K4&+$

8!&:+($&3 &!%+&'& ' +"%!&8!#DE$ !"%&! $8 ($+8 #'0+",$8 4'&' !"#$"%&'& $ #'0+",$ !"%&! '

&!;<+8+DE$ req ! $ 4&K4&+$ 8!&:+($&6 L$ !G!04*$ ($ #+#*$ >$&0'($ "' M+/<&' N6O3 ' P"+#'



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

 !"#$%&'# () procV aru(i, variavel, r, caminho, caminhoTam, idCiclo)

 ! (passo = 1  paiServDU = {}) !" (passo > 1  meuId = paiServDU) !"#$% 

dualU := variavel !

paiServDU := i "

reqServDU := r #

caminhoServTam := caminhoTam+ 1 $

caminhoServ := caminho+ {i, r} %

 ! idCiclo! = −1 !"#$%&

recAtualizaUidCiclo := 1 '

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

&'('  !"! (!)* +'! c )'*' )

 ! atendeusc > 0 !"#$%  

 ! s! = i !"#$% !

!"+,' V ARV (custos − "

dualU, c, atendeusc, caminhoServ, caminhoServTam, idCiclo) !"#" $

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

procedimentoAtendimento(s, c, caminhoServ, caminhoServTam, idCiclo, $

custos − dualU) 
!"+,' V ARNBU(dualU, caminhoServ, caminhoServTam) !"#" *$)$% $% %&#'()$#&% s+ $,)& %

s! = meuId 

servV aru := servV aru+ {meuId}  &

varumeuId := dualU   '

 !"$% (

!"+,' URECUSADO(variavel, r) !"#" $ %&#'()$# i !)

verificaPasso() ! 

verificaRecV arnbu(valor, caminho, caminhoTam) !!

 !"#$%&'# (* -$ #&.&/&# 01" 1&,%"2&1 V ARNBU(valor, caminho, caminhoTam) )$

%&#'()$# i

servV aru := servV aru+ {i}  

varui := valor !

verificaRecV arnbu(valor, caminho, caminhoTam) "

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

*+,+,+- ./!/01# 2# 3%4!#

/ $#010 -0 &$2$()* -$ '!'2* '*"&!&#$ -* 1%*'$&&* !"!'!0-* "0 $#010 0"#$%!*% -$ 1%*103

40()* -0 !"5*%60()* -$ 10%#!'!10()* -$ '!'2* 0*& '*61*"$"#$& -$ 76 '!'2*. /&&!68 0

6$"&04$6 PCICLO + $",!0-0 0* '*61*"$"#$ -* '!'2* 1*&#$%!*% 0* &$%,!-*% %$&1*"&9,$2

1$2* '7&#* %$-7:!-* "$40#!,* ;7$ 5*%6*7 * '!'2*. <&#0 6$"&04$6 + 1%*1040-0 0*& -$60!&

'*61*"$"#$& 10%0 0,!&0% ;7$ $2$& 10%#!'!106 -* '!'2*.

=*%#0"#*8 0* %$'$>$% 0 6$"&04$6 PCICLO ?/24*%!#6* @A $ BC D8 * &$%,!-*% 60%'0

;7$ $2$ *7 ;7$ 0 %$;7!&!()* -$2$ 1$%#$"'$ 0* '!'2* -0 6$"&04$6. /* 60%'0% 760 %$;7!&!()*

-$2$8 * &$%,!-*% ,$%!E'0 &$ * F7G* $"#%$ $2$ $ * &$%,!-*% ;7$ $",!*7 PCICLO + 6$"*%

;7$ * ,02*% %$'$>!-* '*6 0 6$"&04$68 '0&* 1*&!#!,*8 0#702!:0 * ,02*% -$ θ. H 6$"*%



θ
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θ
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θ PCICLO

ATUALIZACICLO

PCICLO



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

 !"#$%&'# () verificaRecV arnbu(valor, caminho, caminhoTam)

 !  !"! #$%&'"(% !)!%$ $ numCiclo &$*$# $+ servV aru !"#$% 

servV aru := {} !

numCiclo := 0 "

custoReduzido := 0 /∗!"#$%!&' "()$'$"#∗/#

varnbMenor := 0 /∗!"#$%!&' "()$'$"#∗/$

varnbReq := −1 /∗!"#$%!&' "()$'$"#∗/%

varnbServ := −1 /∗!"#$%!&' "()$'$"#∗/&

 ! meuId! = servArtificial !"#$%'

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

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

 ! atendimentors = 0 $ paticipars = 1 $ s )(##-' contr !"#$%  

custoReduzido := custos − varus − dualVr  !

 ! custoReduzido < varnbMenor !"#$% "

varnbMenor := custoReduzido  #

varnbReq := i  $

varnbServ := j  %

 ! varnbMenor < 0 !"#$% &

 ! varnbServ! = meuId !"#$% '

!"+,' (

CREDUZIDO(varnbMenor, contvarnbReq, varnbReq, caminhoReqvarnbReq,
caminhoReqTamvarnbReq) *"#" + ,&#!$-+# varnbServ 

 !"$%!)

procReduzido(meuId, varnbMenor, contvarnbReq, varnbReq, caminhoReqvarnbReq,! 

caminhoReqTamvarnbReq) 

 !"#$%&'# (* .+ #&/&0&# (1" 1&2,"3&1 CREDUZIDO(cr, c, r, caminho, caminhoTam)
-+ ,&#!$-+# i

procReduzido(i, cr, c, r, caminho, caminhoTam)  

!"#$%& "' ()*+,%&* *)-).) # ')$(#/)' ATUALIZACICLO 012/&*,3'& 45 ) 6789

& ()*+,%&* +)*,:-# () ; )2) &" ; "'# *)<",(,=>& %)2) <") ?#*3,-,?# %& -,-2&9 #3"#2,@#$%&

& A"B& -&**)(?&$%)$3) %) θC D) ; )2) ?*E?*,& <") ?#*3,-,?#9 #3"#2,@# & A"B& %)2) ?#*# &

()*+,%&* <") )$+,&" # ')$(#/)' -&' +θ ) & A"B& %)2) ?#*# & ?*EB,'& -&'?&$)$3) %&

-,-2& -&' −θC F(3& (,/$,:-#9 <") & ()*+,%&* ?#((# # #3)$%)* -&' "'# <"#$3,%#%) '#,&*

& ()*+,%&* <") )$+,&" # ')$(#/)' ) ')$&* & ?*EB,'& -&'?&$)$3) %& -,-2&C G& )$3#$3&9

() H&* "'# *)<",(,=>& %)2) <") ?#*3,-,?# %& -,-2&9 & A"B& %# *)<",(,=>& ?#*# & ()*+,%&*

<") )$+,&" # ')$(#/)' ; #3"#2,@#%& -&' −θ ) %# *)<",(,=>& ?#*# & ?*EB,'& -&'?&$)$3)

%& -,-2& ; #3"#2,@#%& -&' +θC F(3& (,/$,:-#9 <") # *)<",(,=>& ()*I #3)$%,%# )' ')$&*

<"#$3,%#%) ?)2& ()*+,%&* <") )$+,&" # ')$(#/)' ) '#,&* ?)2& ?*EB,'& -&'?&$)$3) %&

-,-2&C 1((,'9 () & ()*+,%&* &" # *)<",(,=>& %)2) $>& H&* & J23,'& -&'?&$)$3) %& -,-2&9

# ')$(#/)' ATUALIZACICLO ; )$+,#%# ?#*# & ?*EB,'& -&'?&$)$3) %& -,-2&C 1

K,/"*# LCM0.8 ,2"(3*# # ?*&?#/#=>& %# ')$(#/)' ATUALIZACICLOC N$3*)3#$3&9 ()

H&* & J23,'&9 "'# ')$(#/)' CICLOTERMINADO ; )$+,#%& ?#*# 3&%&( &( ()*+,%&*)(

-&' & id %& -,-2&C O&' ,((&9 3&%&( &( ()*+,%&*)( 3P' & -&$3*&2) %) <"#,( -,-2&( H&*#'



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

 !"#$%&'# () procReduzido(i, cr, c, r, caminho, caminhoTam)

 ! idCicloServ = −1 !"#$% 

cicloServ := encontraCiclo(r, i, caminho, caminhoTam) !

idCicloServ := i "

pos := 0 /∗!"#$%!&' "()$'$"#∗/#

valor := *$+,+$-.* /∗!"#$%!&' "()$'$"#∗/$

!"&'( CICLOINICIADO(i) /"#" -.0.1 .1 1&#!$0.#&1 s2 .+0& s! = meuId %

 ! cicloServpos! = {meuId} !"#$%&

!"&'( PCICLO(cr, valor, pos, idCicloServ, cicloServ, cicloServTam) /"#" . 1&#!$0.# 0&'

cicloServpos 
 !"$%(

procCiclo(cr, valor,meuId, pos, idCicloServ, cicloServ, cicloServTam)  )

 !"#$%&'# (* 3. #&4&5&# (6" 6&+1"7&6 PCICLO(cr, valor, pos, idCiclo, ciclo, cicloTam)
0. 1&#!$0.# i

procCiclo(cr, valor, i, pos, idCiclo, ciclo, cicloTam)  

!"#$%&'()*+ ,)# -$. ) *"#/%()# /"#%-0' *" 1)(" $2('# (" 1'**) 3456)#%!$) 789+

 !"#$%&'# +, 3. #&4&5&# (6" 6&+1"7&6 ATUALIZACICLO(cr, achou, valor, pos, idCiclo, ciclo,
cicloTam, variavelSm) 0. 1&#!$0.# i

atualizaCiclo(cr, achou, valor, i, pos, idCiclo, ciclo, cicloTam, variavelS)  

-.+.+./ 01234!1'42&# 54 0%3!#

:*!' "!'1' ; &"0"**<#%' 1'#' 0'&0"5'# ) 0%05) (" $'%)# 02*!) #"(2=%() >2'&() 2$ *"#/%?

()# )2 2$' #">2%*%@A) (" 2$ *"#/%()#. >2" B< 1"#!"&0" ' 2$ 0%05). #"0"C" ' $"&*'6"$

PCICLO (" 2$ )2!#) 0%05)+ D"&() '**%$. ) 1#)0"**) (" 0'&0"5'$"&!) (" 2$ 0%05) 345?

6)#%!$) EE9 0)&*%*!" "$ ("*F'="# ' $'#0'@A) (" 0%05). F"%!' '&!"#%)#$"&!". '!#%C2G(' ' 2$

*"#/%()# )2 ' 2$' #">2%*%@A) (" 2$' 1)*%@A) pos () 0%05)+

H2'&() ) 1#)0"(%$"&!) (" 0'&0"5'$"&!) ; 0I'$'() 3&) 456)#%!$) E79. /"#%-0'?*"

>2'5 0%05) ("/" *"# 0'&0"5'(). *" ; ) 0%05) &' >2'5 ) *"#/%()# )2 ' #">2%*%@A) B< 1"#!"&0"

3cicloExistente9 )2 ; ) 0%05) (' $"&*'6"$ PCICLO >2" ("*"&0'(")2 ) 0'&0"5'$"&!)

3cicloMensagem9+ 4**%$. ) 0%05) 0)$ $'%)# 02*!) #"(2=%() ; "*0)5I%()+ D" ) 0%05) "*?

0)5I%() 1'#' *"# 0'&0"5'() ; ) cicloExistente. ; &"0"**<#%) '/%*'# ')* ("$'%* 0)$1)?

&"&!"* ("*!" 0%05) *)C#" ) 0'&0"5'$"&!). "&!A) 2$ 1#)0"**) (" 0'&0"5'$"&!) ; %&%0%'()

"$ (%#"@A) ')* 0)$1)&"&!"* '&!"0"**)#"* () componenteCancelado 3*"#/%()# )2 ' #"?

>2%*%@A) (' 1)*%@A) pos () cicloMensagem9 " )2!#) "$ (%#"@A) ')* *20"**)#"*+ ,'#'

%*!). ; 1#"0%*) *"5"0%)&'# ) 0%05) (' #">2%*%@A) )2 () *"#/%()# () componenteCancelado+

D" '562$ "&5'0" B< !%/"# *%() *"5"0%)&'() 1'#' *'%# ("*!" 0%05). "*!' *"5"@A) ; ("*F"%!'+

J$' $"&*'6"$ CICLOCANCELADO ; "&/%'(' ' !)()* )* *"#/%()#"* 0)$ ) id ()



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

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

(/" $+ -,+ ,)%)(% '$-%''," !, componenteCancelado ), -/-&, 5pos + 167 ,  ",-%'', .%

-!)-%&!+%)(, .,' -,+ ,)%)(%' '$-%'',"%' 8 /)/-/!., -,+ , -,+ ,)%)(% /+%./!(!+%)(%

'$-%''," !, componenteCancelado 5 ",-%./+%)(, cancelaFrente()61 9 :' %'(%  ",-%4

./+%)(,7 ,  ",-%'',  !"! -!)-%&!" ,' -,+ ,)%)(%' !)(%-%'',"%' 8 "%!&/;!., !  !"(/" .,

componenteCan− celado 5 ",-%./+%)(, cancelaAtras()61 <,+ /'',7 , cicloMensagem

#$% .%'%)-!.%,$ , -!)-%&!+%)(, .% -/-&,  ,.%7 !=,"!7 -,)(/)$!" '$!  ", !=!>?, 5 ",-%4

./+%)(, procCiclo()61

@, %)(!)(,7 '% , -/-&, %'-,&*/., .% +%)," -$'(, "%.$;/., )?, 0,/ , -/-&, ), #$!& ,

'%"A/.," ,$ ! "%#$/'/>?, BC  %"(%)-/!7 % '/+ , -/-&, "%0%"%)(% ! +%)'!=%+ PCICLO "%'4

 ,)'CA%&  %&, -!)-%&!+%)(,7 , cicloMensagem7 $+! +%)'!=%+ CICLOCANCELADO

8 %)A/!.! ! (,.,' ,' '%"A/.,"%' -,+ , id ., cicloMensagem  !"! #$% %&%' (%)*!+ , -,)4

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

.%'(% -/-&,7 %'(! '%&%>?, (!+D8+ 8 .%'0%/(!1 <,+, !  ", !=!>?, ., cicloMensagem !/).!

%'(!A! '%)., "%!&/;!.!7 )%)*$+ -,+ ,)%)(% '$-%''," !, componenteCancelado (/)*! '/.,

!(/)=/.,  ," %'(!  ", !=!>?,1 9''/+7 ',+%)(% ,  ",-%'', .% -!)-%&!+%)(, .,' -,+ ,4

)%)(%' !)(%-%'',"%' !, componenteCancelado 8 "%!&/;!., 5 ",-%./+%)(, cancelaAtras()61

E," F+7 , '%"A/.," A%"/F-! '%  ,.% +$.!" .%  !'', 5 ",-%./+%)(, verificaPasso()61

G  ",-%./+%)(, cancelaFrente() 59&=,"/(+, HI6 -,)'/'(% %+ .%'+!"-!" (,.,' ,' -,+4

 ,)%)(%' '$-%'',"%' .% $+ '%"A/.," ,$ .% $+! "%#$/'/>?, 5componenteCancelado6 %+ $+

-/-&,1 9' /)0,"+!>J%' .!  ,'/>?, ., -,+ ,)%)(% #$% .%A% '%" -!)-%&!., 5pos67 ., id .,

-/-&, 5idCiclo6 % ., -/-&, '?,  !''!.!' #$!)., %'(%  ",-%./+%)(, 8 -*!+!.,1 9''/+7 ,

-,+ ,)%)(% .!  ,'/>?, pos 8 A%"/F-!.,7 '% %'(% 0," ./0%"%)(% ., meuId ., '%"A/.,"7 $+!

+%)'!=%+ CANCELACICLOF 8 %)A/!.! !, '%"A/.," ., -,+ ,)%)(% .!  ,'/>?, pos1

<!', -,)("C"/,7 , -!)-%&!+%)(, .% -/-&, ., -,+ ,)%)(% .!  ,'/>?, pos 8 "%!&/;!., 5 ",4

-%./+%)(, procCancelaCicloFrente61 @,  ",-%./+%)(, procCancelaCicloFrente 59&4

=,"/(+, HK67 ! "%#$/'/>?, req ., -,+ ,)%)(% .!  ,'/>?, pos ., -/-&, 8 A%"/F-!.,1 2%

%3/'(% "%#$/'/>?, 5req! = −16 % %&!7 "%!&+%)(%7  %"(%)-% !, -/-&, idCiclo7 %)(?, %'(! 8

.%'+!"-!.! % )?,  %"(%)-% +!/' !, -/-&,7 % '%7 (!+D8+ , A!&," θ ., -/-&, (/A%" '/.,

%)-,)("!., 5tetaReq! = −167 ! !($!&/;!>?, .,' L$3,' 0%/(!  %&!  ", !=!>?, .! +%)4

'!=%+ ATUALIZACICLO 8 .%'0%/(!1 @, %)(!)(,7 -!', )?, %3/'(! "%#$/'/>?, 5req = −17

, -,+ ,)%)(% 8 ,  ": "/, '%"A/.,"6 % , '%"A/.,"  %"(%)-% !, -/-&, idCiclo7 %)(?, %&% 8

.%'+!"-!., % )?,  %"(%)-% +!/' !, -/-&,7 % '%7 (!+D8+ , A!&," θ ., -/-&, (/A%" '/.,

%)-,)("!., 5teta! = −167 ! !($!&/;!>?, .,' L$3,' 0%/(!  %&!  ", !=!>?, .! +%)'!=%+

ATUALIZACICLO 8 .%'0%/(!1 2%7 .% ,/' .% (%" -!)-%&!., , -,+ ,)%)(%7 !/).!  ,''$%+



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

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

 1,",-!  !" , #!'*23! pos+ 14

5 #)! %-*"%$&! cancelaAtras() 67+8!)*&"! 9:;  !$'*'&% %" -%'",) ,) &!-!' !'  !"<

#!$%$&%' ,$&% %''!)%' -% (" '%)0*-!) !( -% (", )%=(*'*23! 6componenteCancelado; %"

("  * +!4 >'&% #)! %-*"%$&! / '*"*+,) ,! cancelaFrente. %+%' -*?%)%" =(,$&! ,!' %$+, %'

=(% &@" '%(' A(B!' ,&(,+*C,-!'4 D!" *''!. ,' *$?!)",2E%' -, #!'*23! -! componenteCan−

celado 6pos;. -! id -!  * +! 6idCiclo; % -!  * +! '3! #,'',-,' =(,$-! %'&% #)! %-*"%$&! /

 1,",-!4 7''*". , )%=(*'*23! -, #!'*23! pos / 0%)*F ,-,. '% %B*'&% )%=(*'*23! 6req! = −1;

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

&,"G/" ! 0,+!) θ -!  * +! &*0%) '*-! %$ !$&),-! 6tetaReq! = −1;. , ,&(,+*C,23! -!' A(B!'

?%*&, #%+, #)!#,8,23! -, "%$',8%" ATUALIZACICLO / -%'?%*&,4 H! %$&,$&!.  ,'! $3!

%B*'&, )%=(*'*23! 6req = −1. !  !"#!$%$&% / ! #)I#)*! '%)0*-!); % ! '%)0*-!) #%)&%$ % ,!

 * +! idCiclo. %$&3! %+% / -%'",) ,-! % $3! #%)&%$ % ",*' ,!  * +!. % '%. &,"G/" ! 0,+!) θ

-!  * +! &*0%) '*-! %$ !$&),-! 6teta! = −1;. , ,&(,+*C,23! -!' A(B!' ?%*&, #%+, #)!#,8,23!

-, "%$',8%" ATUALIZACICLO / -%'?%*&,4 J%. -%#!*' -% &%)  ,$ %+,-! !  !"#!$%$&%.

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

CANCELACICLO  !" pos − 1 / %$0*,-, ,! ,$&% %''!) -% componenteCancelado. '%

%'&% $3! / meuId.  ,'!  !$&)K)*!. ! cancelaAtras() / $!0,"%$&%  1,",-!  !" , #!'*23!

pos− 14

L,), *+('&),) ("  ,$ %+,"%$&! -%  * +!.  !$'*-%)% =(% ! '%)0*-!) 1 %$0*, CREDUZI−

DO #,), ! '%)0*-!) 4 6M*8(), N4O6,;;. =(% *$* *, , #)!#,8,23! -, "%$',8%" PCICLO

)%?%)%$&% ,!  * +! -! '%)0*-!) 14 D!$'*-%)% &,"G/". =(% ! '%)0*-!) 3 %$0*, CREDUZIDO

#,), ! '%)0*-!) 1. =(% *$* *, , #)!#,8,23! -, "%$',8%" PCICLO )%?%)%$&% ,!  * +! -!

'%)0*-!) 3 6M*8(), N4O6G;;4 J(#!$1, =(% , "%$',8%" PCICLO -!  * +! 1 ,+ ,$ % !

'%)0*-!) 2 #)*"%*)! =(% , -!  * +! 34 7''*". =(,$-! , "%$',8%" PCICLO -!  * +! 3

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

",*!)  ('&! )%-(C*-!4 J%Q, !  * +! 3. ! -% "%$!)  ('&! )%-(C*-!. %$&3! / $% %''K)*!  ,$ %+,)

!  * +! 14 R", "%$',8%" CANCELACICLO / %$0*,-, ,! ,$&% %''!) -! '%)0*-!) 2 $!

 * +! 1 % (", "%$',8%" CANCELACICLOF / %$0*,-, ,! '( %''!) 6M*8(), N4O6 ;;4

S%#!*' -*''!. !  * +! 3 #!-%  !$&*$(,) , #)!#,8,23! -, "%$',8%" PCICLO 6M*8(),

N4O6-;;4

7! )% %G%) , "%$',8%" CANCELACICLOF 67+8!)*&"! TU;. ! '%)0*-!) )%,+*C,

! #)! %-*"%$&! procCancelaCicloFrente -%' )*&! ,$&%)*!)"%$&%.  !" , #!'*23! pos -!

 !"#!$%$&% -!  * +! idCiclo #)!0%$*%$&% -, "%$',8%"4 > ,! )% %G%) , "%$',8%" CAN−



CELACICLO cancelaAtras()

pos idCiclo

CANCELACICLOF (pos, idCiclo, ciclo, cicloTam)
i

procCancelaCicloFrente(pos, idCiclo, ciclo, cicloTam)

CICLOINICIADO

id servCicloIniciado

CICLOCANCELADO CICLOTER−



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

 !"#$%&'# ((  ! "#$#%#" &'( '#)*(+#' CANCELACICLO(pos, idCiclo, ciclo, cicloTam)
,! *#"-.,!" i

cancelaAtras(pos, idCiclo, ciclo, cicloTam)/ 

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

4%6786(% 2- *-&3'2%&-* servCicloIniciado 98- '6'4'1&1) % :&%4-**% 2- 2-*4%5-&(1 2% 4'4#%

- &-1#';1 1 3-&'<41=>% 2- )8216=1 2- :1**% !"#$%&'()% +?/@

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

servCicloIniciado := servCicloIniciado+ {id}/ 

verificaPasso()/!

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

servCicloIniciado := servCicloIniciado− {id}/ 

verificaPasso()/!

+,(,(,+ -./0120 /3 4055#

A*(1 -(1:1 B :1&1 3-&'<41& *- 8) *-&3'2%& :%2- )821& 2- :1**%@ C) *-&3'2%& -*(D 1:(%

1 )821& 2- :1**% *- -#- :%**8' 1 '6E%&)1=>% 2- 98- (%2%* %* 4'4#%* 2-*4%5-&(%* '6'4'12%*

7D (-&)'61&1) %8 E%&1) 4164-#12%*@

"**')0 % :&%4-2')-6(% verificaPasso() !"#$%&'()% +?/0 4F1)12% -) %8(&%* :&%4-G

2')-6(%*0 4%6*'*(- 2% *-&3'2%& 3-&'<41& *- % 4%6786(% servCicloIniciado -*(D 31;'%@ H-

-*('3-& 31;'%0 '*(% '62'41 98- (%2%* %* *-&3'2%&-* 98- '6'4'1&1) % :&%4-**% 2- 2-*4%5-&(1 2-

4'4#% 7D (-&)'61&1) -0 -6(>%0 % *-&3'2%& :%2- )821& 2- :1**%@ "**')0 3-&'<41G*- (1)5B)0

% 4%6786(% varSainte &-#14'%612% 1 31&'D3-# 98- *1' 21 *%#8=>%@ H- % 4%6786(% varSainte

6>% -*('3-& 31;'%0 '62'41 98- 8) :&%4-**% 2- 2-*4%5-&(1 2- 4'4#% &-E-&-6(- 1 8)1 &-98'*'=>%

2% :&I:&'% *-&3'2%& 4%6*-$8'8 (-&)'61&0 *-62% 1**')0 B 6-4-**D&'% 98- 1 :1&(- 21 D&3%&-

2- *%#8=>% T &-#14'%6121 1% 4'4#% *-71 1(81#';121@ J1&1 '*(%0 % :&%4-**% 2- 1(81#';1=>%

2%* :1'* 2%* 4%):%6-6(-* 2% 4'4#% B '6'4'12% !#'6F1 , 2% "#$%&'()% +?0 4F1)121 2% :&%G

4-2')-6(% procAtualizaPai()/@ H-$8'62% % -K-):#% 21 L'$8&1 .@M!5/0 % *-&3'2%& 3 '6'4'1

% :&%4-**% 2- 1(81#';1=>% 2%* :1'* 2%* 4%):%6-6(-* 2% 4'4#% !L'$8&1 .@N/@

+,(,(,6 738#15&$.29# /0 :$;#$3 /3 5#!.29#

" &-4%6*(&8=>% 21 D&3%&- 2- *%#8=>% *- '6'4'1 1% )821& 2- :1**%0 4%)-=162% 4%) 1

1(81#';1=>% 2%* :1'* 2%* *-&3'2%&-* -O%8 &-98'*'=P-* 98- E%&1) )%2'<412%* 4%) 1 12'=>%



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

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

servCicloIniciado := servCicloIniciado− {id}/ 

verificaPasso()/!

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

 ! servCicloIniciado = {} !"#$% 

passo := passo+ 1/!

 ! varSainte! = {} !"#$%"

procAtualizaPai(varSainte)/#

varSainte := {}/$

!"# $"%&'$(&# !( )*#+,# %(!*-&!,# .(/"+&$,# 0*( 1,%2"%"2 ,# )&)3,# 0*( +(%2&."%"24 567#

(#+" "+*"3&-"89,: 6,!(;#( %()"3)*3"% ,# $"3,%(# !*"&# !,# #(%$&!,%(# ( !"# %(0*&#&8<(# !"#

6"%+(# !" '%$,%( !( #,3*89, T 0*( !($(2 #(% %(),.#+%*=!"#4

>(.!, "##&2: , 6%,)(!&2(.+, procAtualizaPai() ?53/,%&+2, @AB: )C"2"!, ." 2*;

!".8" !( 6"##,: ),.#&#+( (2 !(+(%2&."% , #(.+&!, ., 0*"3 " "+*"3&-"89, !,# 6"&# !,

),26,.(.+( !, )&)3, +(%2&."!, #(%' 1(&+" ( &.&)&';3"4 D #(%$&!,%: (.+9,: $(%&E)" (2 #(*

),.F*.+, varSainte: #( , (3(2(.+, serv G &/*"3 ", (3(2(.+, paiServ: #( 1,% &/*"3: &.;

!&)" 0*( " "+*"3&-"89, !,# 6"&# G %("3&-"!" " 6"%+&% !, #(%$&!,% %(1(%(.+( ", (3(2(.+,

servReq !( varSainte "+G " H3+&2" 6,#&89, !, )&)3, ?#(.+&!, 1B4 5##&2: #( servReq .9,

1,% , 6%76%&, #(%$&!,%: *2" 2(.#"/(2 ATUALIZAPAI G (.$&"!" " servReq ),2 #*"

6,#&89, ., )&)3,: ( #( (3( 1,%: , 6%,)(!&2(.+, atualizaPai() G %("3&-"!, ?3&.C" I " A !,

53/,%&+2, @AB4 5 J&/*%" K4L?"B &3*#+%" (#+( )"#,: (2 0*( , #(%$&!,% 3 (.$&" " 2(.#"/(2

ATUALIZAPAI ", #(%$&!,% 2 !" %(0*&#&89, 6(%+(.)(.+( " "+%&M*&89, 0*( #"&* " #,3*89,

?,.!( serv !( varSainte G , #(%$&!,% 1: paiServ G +"2MG2 , #(%$&!,% 1 ( servReq G ,

#(%$&!,% 2B4 N, (.+".+,: #( , (3(2(.+, serv G !&1(%(.+( !, (3(2(.+, paiServ: " "+*"3&-"89,

!,# 6"&# G 1(&+" " 6"%+&% !, #(%$&!,% serv "+G " 6%&2(&%" 6,#&89, !, )&)3, ?#(.+&!, 2B ( *2"

2(.#"/(2 ATUALIZAPAI G (.$&"!" ", #(%$&!,% serv ),2 #*" 6,#&89, ., )&)3,: #( (#+(

.9, 1,% , 6%76%&, #(%$&!,%: ( #( serv 1,% , 6%76%&, #(%$&!,%: , 6%,)(!&2(.+, atualizaPai()

G %("3&-"!, ?3&.C" O " IP !, 53/,%&+2, @AB4

5, %()(M(% " 2(.#"/(2 ATUALIZAPAI ?53/,%&+2, @OB: , #(%$&!,% %("3&-" , 6%,)(;

!&2(.+, atualizaPai() ?53/,%&+2, KQB4 N(#+( 6%,)(!&2(.+,: , #(%$&!,% $(%&E)" , ),26,;

.(.+( !" 6,#&89, pos ?%(3"+&$" " 2(.#"/(2 ATUALIZAPAI %()(M&!"B4 >( , ),26,.(.+(

.9, 1,% , 6%&2(&%, .(2 , H3+&2, !, )&)3, %(1(%(.+( " 2(.#"/(2 ATUALIZAPAI: " %(0*&;

#&89, req !(#+( ),26,.(.+( G $(%&E)"!"4 >( " %(0*&#&89, (R&#+( ?req! = −1B ( , #(.+&!, !(

"+*"3&-"89, !,# 6"&# G 2: , #(%$&!,% 6"& !( req G "+*"3&-"!, ( 6"##" #(% , #(%$&!,% !, ),2;

6,.(.+( !" 6,#&89, pos− 1 ( " 2(.#"/(2 ATUALIZAPAI G (.$&"!" ", "+*"3 #(%$&!,%



procAtualizaPai(req)

varSainte.serv = varSainte.paiReq
pos := funcServCiclo(CicloReqreq, varSainte.servReq, req)
sentido := 1 /∗ ∗/

varSainte.servReq! = meuId
ATUALIZAPAI(pos, idCicloReqreq, cicloReqreq, cicloReqTamreq, sentido)

varSainte.servReq

atualizaPai(pos, idCicloReqreq, cicloReqreq, cicloReqTamreq,meuId, sentido)

pos := funcServCiclo(CicloReqreq, varSainte.serv,−1)
sentido := 2 /∗ ∗/

varSainte.serv! = meuId
ATUALIZAPAI(pos, idCicloReqreq, cicloReqreq, cicloReqTamreq, sentido)

varSainte.serv

atualizaPai(pos, idCicloReqreq, cicloReqreq, cicloReqTamreq,meuId, sentido)

req req! = −1

1 req

pos + 1 ATUALIZAPAI req

req = −1

2

pos− 1 ATUALIZAPAI

req = −1

1

pos+1 ATUALIZAPAI



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

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

(-4!-5)% 61$ % %"1%3-7%./& ,&( +%-( "$#*-!&1 $ 61$ #$)&!("#1./& ,% (189#:&#$ %3"$#%,% +&#

$("% %"1%3-7%./& +&,$ ($# -!-)-%,%; <& $!"%!"&' % #$)&!("#1./& !/& = -!-)-%,% -*$,-%"%>

*$!"$' +&-( ($ $?-("-# &1"#%( #$)&!("#1.@$( ,$)&##$!"$( ,$ &1"#&( )-)3&(' $("%( ,$:$* ($#

-!-)-%,%( %+A( %( %"1%3-7%.@$( ,$ +%-( ,$ "&,&( &( )-)3&( $("$B%* )&!)31C,%(; D((-*' 1*%

*$!(%4$* ACABOUATUALIZA = $!:-%,% % "&,&( &( ($#:-,&#$(; E$ & )&*+&!$!"$ ,%

+&(-./& pos 0&# & +#-*$-#&' %"1%3-7%>($ % #$61-(-./& +%- ,& ($#:-,&#' )%(& & )&*+&!$!"$ ,%

+&(-./& pos 0&# & 23"-*&' %"1%3-7%>($ & ($#:-,&# +%- ,% #$61-(-./& req; F$+&-( = 0$-"% 1*%

:$#-5)%./& +%#% (%8$# ($ "&,%( %( %"1%3-7%.@$( ,&( +%-( 0&#%* )&!)31C,%( GD34&#-"*& HIJ;

E$ B9 0&#%* )&!)31C,%( $ & )&*+&!$!"$ pos = & +#-*$-#&' 1*% *$!(%4$* RECONSTROI

= $!:-%,% %& ($#:-,&# ,% #$61-(-./& +%- ,& ($#:-,&# ,& )&*+&!$!"$ pos; K9 ($ & )&*+&!$!"$

pos = & 23"-*&' 1*% *$!(%4$* RECONSTROI = $!:-%,% %& ($#:-,&# +%- ,% #$61-(-./&

,& )&*+&!$!"$ pos; <% L-41#% M;NG%J' )&!(-,$#$ 61$ % *$!(%4$* ACABOUATUALIZA

B9 0&- $!:-%,% % "&,&( &( ($#:-,&#$(' )&!)31-!,& % %"1%3-7%./& ,&( +%-(; O&* -((&' & ($#:->

,&# 3 $!:-% % *$!(%4$* RECONSTROI %& ($#:-,&# 1 61$ = & ($#:-,&# +%- ,% #$61-(-./&

,& )&*+&!$!"$ pos' 23"-*% +&(-./&' ,& )-)3&;

 !"#$%&'# ()P  ! "#$#%#" &'( '#)*(+#' ATUALIZAPAI(pos, idCiclo, ciclo, cicloTam, sentido)
,! *#"-.,!" i

atualizaPai(pos, idCiclo, ciclo, cicloTam, sentido)/ 

D& #$)$8$# % *$!(%4$* ACABOUATUALIZA GD34&#-"*& QNJ' & !2*$#& ,$ %"1%3->

7%.@$( ,$ +%-( )&!)31C,%( GnAtualizaJ = -!)#$*$!"%,% $ % +&(-./& ,& 23"-*& )&*+&!$!"$

#$0$#$!"$ %& )-)3& +#&:$!-$!"$ ,% *$!(%4$* = %#*%7$!%,&;  ("% -!0&#*%./& = !$)$((9#-%

+%#% (%8$# +&# &!,$ ($ ,$:$ -!-)-%# % #$)&!("#1./& GD34&#-"*& RSJ; F$+&-( = 0$-"% 1*%

:$#-5)%./& +%#% (%8$# ($ "&,%( %( %"1%3-7%.@$( ,&( +%-( 0&#%* )&!)31C,%( GD34&#-"*& HIJ;

 ("$ +#&)$,-*$!"& 0&- ,$()#-"& %!"$#-&#*$!"$;

 !"#$%&'# (*P  ! "#$#%#" &'( '#)*(+#' ACABOUATUALIZA(id, pos) ,! *#"-.,!" i

procAcabouAtualiza(id, pos)/ 

verificaAcabouAtualiza()/!

D& #$)$8$# % *$!(%4$* RECONSTROI GD34&#-"*& HTJ' & ($#:-,&# #$%3-7% & +#&>

)$,-*$!"& reconstroi() GD34&#-"*& RNJ; E$ !$!U1*% #$61-(-./& req = #$)$8-,% )&* %

*$!(%4$* Greq = −1J' -("& (-4!-5)% 61$ % #$)&!("#1./& = 0$-"% !%( (189#:&#$( 53U%( ,&

+#A+#-& ($#:-,&# $* T ; D((-*' 1*% *$!(%4$* ATUALIZAU = $!:-%,% %& ($#:-,&# ,%

#$61-(-./& +%- ,& ($#:-,&# 61$ #$)$8$1 RECONSTROIG)&* % -!0&#*%./& ,$ )&!"$2,&

= −1J ' +%#% -!0&#*%# 61$ % #$61-(-./& !/& ($#9 #$)&!("#1C,% G-; $; % (1% :%#-9:$3 ,1%3 v



RECONSTROI

u

r RECONSTROI V ARV

r V ARNBU

req

req! = −1

req T ATUALIZAU

req = −2

RECONSTROI

s req

req s T V ARU s

V ARNBU

1

RECONSTROI

ATUALIZAU

V ARV

RECONSTROI

2

ATUALIZAU



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

 ! "#$%&'($ )( $#*#+#$ ) !#,")-#! ATUALIZAU ./0-($&1!( 234 $#)0&5) ( 6$(*#7

'&!#,1( procAtualizaU() ./0-($&1!( 894: ;(! ) !#,")-#!< = $#*#+&') )" &,>($!)?@#"

'# *(,1#A'(< ') $#BC&"&?D( req # '( id '( *&*0( .idCiclo4 BC# $#"C01(C ,( #,%&( ') !#,7

")-#! ATUALIZAU : E# ,D( F(C%#$ &,>($!)?D( '# *(,1#A'( .*(,1#A'( = −1 (C = −24<

&"1( &,'&*) BC# "# ( "#$%&'($ )&,') ,D( $#*#+#C ATUALIZAU $#>#$#,1# )( *&*0( idCiclo

.6)$) ( *(,1#A'( = −24< ) !#,")-#! V ARNBU = #,%&)') )(" '#!)&" "#$%&'($#" *(! (

%)0($ '# "C) %)$&G%#0 'C)0 # 6)$) *)') $#BC&"&?D( r )1#,'&') 6#0( "#$%&'($< ) !#,")-#!

ATUALIZAU = #,%&)') )( "#$%&'($ ') $#BC&"&?D( r *(! ( *(,1#A'( contr: HG "# ( *(,7

1#A'( = &-C)0 ) −1 # ) $#BC&"&?D( req )&,') ,D( $#*#+#C ATUALIZAU $#>#$#,1# )( *&*0(

idCiclo< 6)$) *)') "#$%&'($ s BC# )1#,'#C req< ) !#,")-#! ATUALIZAU = #,%&)') )

s *(! *(,1#A'( &-C)0 ) −2: I( #,1),1(< "# F(C%#$ &,>($!)?D( '# *(,1#A'( .*(,1#A'(

'&>#$#,1# '# −1 # −24 # ( "#$%&'($ )&,') ,D( $#*#+#C ATUALIZAU $#>#$#,1# )( *&*0(

idCiclo< #,1D( 6)$) *)') $#BC&"&?D( r! = req )1#,'&') 6#0( "#$%&'($ #! BC# ( contr =

&-C)0 )( *(,1#A'(< ) !#,")-#! ATUALIZAU = #,%&)') )( "#$%&'($ ') $#BC&"&?D( req

*(! *(,1#A'( &-C)0 ) −2 # $#BC&"&?D( r:

I( J,)0 '#"1) #1)6)< (" "#$%&'($#" '#%#! 1#$ $#*#+&'( (" %)0($#" 'C)&" u !('&J*)'("

# (" BC# ,D( >($)! )01#$)'(" 1)!+=! 6)$) &,&*&)$ ) #1)6) '( *G0*C0( '(" *C"1(" $#'C5&'(":

E# ,#,FC! *C"1( $#'C5&'( ,#-)1&%( >($ #,*(,1$)'( ( )0-($&1!( 1#$!&,)< *)"( *(,1$G$&(<

6$(""#-C# ( )0-($&1!( *(! ) "#0#?D( '# *&*0(":

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

 ! nAtualiza = numCiclos !"#$% 

nAtualiza = −1 !

 ! varSainte.req! = −1 !"#$%"

req := varSainte.r #

ciclo := cicloReqreq $

cicloTam := cicloReqTamreq %

pos := varSainte.pos &

idCiclo := varSainte.ciclo '

 ! pos = cicloTam− 1 !"#$%(

s := servPaiDVreq  )

 ! s! = meuId !"#$%  

!"&'( RECONSTROI(contreq,−1, idCiclo) !"#" s  !

 !"$% "

reconstroi(contreq,−1, idCiclo,meuId)  #

 !"$% $

 ! pos = 0 !"#$% %

s := servPaiDU   &

 ! s! = meuId !"#$% '

!"&'( RECONSTROI(contreq, reqPaiDU), idCiclo) !"#" s  (

 !"$%!)

reconstroi(contreq, reqPaiDU), idCiclo,meuId) ! 
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 !"#$%&'# ()  ! "#$#%#" &'( '#)*(+#' RECONSTROI(c, req, idCiclo) ,! *#"-.,!" i

reconstroi(c, req, idCiclo, i)/ 

 !"#$%&'# (*  ! "#$#%#" &'( '#)*(+#' ATUALIZAU(pos, idCiclo, ciclo, cicloTam) ,!
*#"-.,!" i

procAtualizaU(pos, idCiclo, ciclo, cicloTam)/ 

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

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

.%/% ,",5/+% #'( %./"#"0$%2(#6

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

7%/% (8$"/ -,% #(*-&'( +0+4+%* 9+:9"* .%/% ( ;+,.*"< 2" =/%0#.(/$" %$/%9># 2% ?"-/@#A

$+4% B+#$7CD) 4%2% #"/9+2(/ $"0$% %*(4%/ 4%2% /"E-+#+&'( #-% *(4%*,"0$"6 D%#( 0'( #"F%

.(##@9"* %*(4%/ *(4%*,"0$") 0( .+(/ 4%#() -,% ,"0#%3", 2" $"0$%$+9% 2" %*(4%&'( > "09+A

%2% % $(2(# (# (-$/(# #"/9+2(/"#6 7%/% "#$" 4%#() n ,"0#%3"0# #'( "09+%2%#) (02" n > (

01,"/( 2" #"/9+2(/"#6 ;" 0'( G(/ .(##@9"* %*(4%/ % /"E-+#+&'() -,% ,"0#%3", > "09+%2%

% -, #"/9+2(/ %/$+H4+%*) +02+4%02( E-" ( 4(0$"12( /"E-+#+$%2( #"/: %$"02+2( ."*( #"/9+2(/

(/+3", 2( 4(0$"12(6 I(3() .%/% ( %$"02+,"0$( 2" $(2%# %# /"E-+#+&J"#) ( 01,"/( $($%*

2" ,"0#%3"0# "09+%2%# > 2% (/2", 2" n.m) (02" m > ( 01,"/( 2" /"E-+#+&J"#6

C 4(,.*"<+2%2" 2" $",.( 3*(8%* ", ,(2"*(# 2+#$/+8-@2(# %##@04/(0(# %##-," E-"

%# 4(,.-$%&J"# *(4%+# 0'( 3%#$%, $",.() " E-" ( $",.( .%/% "09+%/ -,% ,"0#%3",

.%/% -, 05 9+K+0?( > O(1)6 C 4(,.*"<+2%2" 2" $",.( 3*(8%* > "0$'( 2"H0+2% 4(,( (

01,"/( 2" ,"0#%3"0# 0% ,%+(/ 4%2"+% 4%-#%* 2( $+.( L/"4"8"- -,% ,"0#%3", " "09+(-

-,% ,"0#%3", 4(,( 4(0#"E-M04+%N (4(//+2% 2-/%0$" % "<"4-&'( 2( %*3(/+$,( OPQ6 C(

$"0$%/ %*(4%/ -,% /"E-+#+&'() #-.(0?% E-" #"F% 0"4"##:/+( "09+%/ ,"0#%3"0# 2" $"0$%$+9%

2" %*(4%&'( % $(2(# (# #"/9+2(/"#) /"#-*$%02( 0( "09+( 2") 0( .+(/ 4%#() O(n) ,"0#%3"0#6

R0$'() -,% /"E-+#+&'() 0( .+(/ 4%#() > %$"02+2% ."*( 1*$+,( #"/9+2(/ (- > %$"02+2% ."*(

#"/9+2(/ %/$+H4+%*) /"#-*$%02( ", -,% 4%2"+% 2" ,"0#%3"0# 2" 4(,./+,"0$( O(n)6

C 4(,.*"<+2%2" 2" $",.( *(4%* /"G"/"A#" %( $",.( 2" /"%*+K%/ 4(,.-$%&J"# *(4%+#

", -, 05 "0$/" ( /"4"8+,"0$( 2" 2-%# ,"0#%3"0# 4(0#"4-$+9%#6 C##+,) ( $",.( *(4%*

3%#$( .(/ 4%2% 05 i S#"/9+2(/ iT > O(ri)) (02" ri > 01,"/( 2" /"E-+#+&J"# 2( #"/9+2(/ i

S/"E-+#+&J"# 2(# 4*+"0$"# ,%+# ./5<+,(# %( #"/9+2(/T6

C 4(,.*"<+2%2" 2" ,",5/+% /"G"/"A#" %( "#.%&( 2" ,",5/+% .%/% %/,%K"0%/ %# +0G(/A



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

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

&$'$%%()*!% !) !-$&!2!% +.) '!2! %$)1*2.) %6. !% )$7/*%*"#$% 2.% ',*$&0$%  !*% +)89* .%:

,.;.: O(ri)3

4 <$/)=%0*'! >*%0?4@ 0$ : &. +*.) '!%.: '. +,$9*2!2$% 2$ O(n.m)  $&%!;$&%: 2$

O(n) 0$ +. ;,.A!,: 2$ O(ri) 0$ +. ,.'!, $ 2$ O(ri) 2$  $ 8)*!3

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

4 +!)0*) 2! %.,/"6. .A0*2! +$,. >*%0?4@: / B&*'. %$)1*2.) *&*'*! ! '.&%0)/"6. 2! ()1.)$

T 2$%0! %.,/"6. +!)! . '(,'/,. 2!% 1!)*(1$*% 2/!*% u 2.% %$)1*2.)$% CsT D $ v 2$ 0.2!% !%

)$7/*%*"#$% CreqT D3 E%0! '.&%0)/"6. !0*&;$: $&06.: 0.2.% .% &8% %$)1*2.)$% $ 0.2.% &8% )$F

7/*%*"#$%: )$%/,0!&2. &. $&1*. 2$ n.m  $&%!;$&%3 G. $&0!&0.: +!)! $1*0!) 7/$ . !,;.)*0 .

+!)$ &. '!%. 2$ / ! 2$;$&$)!"6.: 0.2! 1$- 7/$ / &8 )$7/*%*"6. reqT (ri) &6. '.&0*&/! !

'.&%0)/"6. 2! ()1.)$ &. +)* $*). +!%%. 2. H* +,$9:  $&%!;$&% $  !"#$%&$ '() %6. $&1*F

!2!% !. &8 %$)1*2.) )!*- $ 7/$%06.: )$%/,0!&2. &. $&1*. 2$  !*% n+m  $&%!;$&%3 @. .

$%0$  !"#$%&$ '() %8 I )$!,*-!2. $ / ! +!%%!2! 2. H* +,$9: $%0$ &B $). 2$  $&%!;$&%

&6. I '.&%*2$)!2. &! '. +,$9*2!2$3 J/!&2. $%0! '.&%0)/"6. !0*&;$ / &8 %$)1*2.) sT (i):

$%0$ +).+!;! . 1!,.) 2$ %/! 1!)*(1$, 2/!, u +!)! 0.2.% .% %$)1*2.)$%: . 7/$ )$%/,0! &. $&F

1*. O(n2)  $&%!;$&%3 @!2! %$)1*2.) sT (i) !. )$'$A$) . 1!,.) 2!% 1!)*(1$*% 2/!*% u 2.%

./0).% %$)1*2.)$%: $&'.&0)! ,.'!, $&0$ / ! !0)*A/*"6. )$7/*%*"6.F%$)1*2.) aT (sT, reqT )

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

%.,/"6.: .)*;*&!&2. / '*',.3 E%0$ '*',.: &. +*.) '!%.: '.&0$)( .% n &8% %$)1*2.)$% sT $:

'.&%$7/$&0$ $&0$: n &8% )$7/*%*"#$% reqT 3 K '*',. I *2$&0*L'!2. +$,. id 2. %$)1*2.) sTi

7/$ . .)*;*&./3

4. $&'.&0)!) / '*',.: . %$)1*2.) sT (i) +).+!;! ! *&5.) !"6. 2$ '*',. $&0)$ .% '. +.F

&$&0$% 2. '*',. $ $&'.&0)! ! !0)*A/*"6. )$7/*%*"6.F%$)1*2.) 7/$ %!*)( 2! %.,/"6.: )$%/,0!&2.

&. $&1*. 2$ 2.n  $&%!;$&%3 4. 0$) *&!) $%0! +).+!;!"6.: / ! +).+!;!"6. +!)! !0/!,*F

-!"6. 2.% M/9.% 2!% !0)*A/*"#$% +$)0$&'$&0$% !. '*',. I *&*'*!2!: )$%/,0!&2. &. $&1*. 2$

 !*% 2.n  $&%!;$&%3 E&0)$0!&0.: 2/!% ./  !*% +).+!;!"#$% 2$ '*',. +.2$ %$ $&'.&0)!)3

J/!&2. *%0. !'.&0$'$: !% +).+!;!"#$% )$,!'*.&!2!% !.% '*',.% '.  !*.)$% '/%0.% )$2/-*F

2.% C$ '!%. 2$ $ +!0$: .% '.  !*.)$% *2N%D %6. '!&'$,!2!%3 ?!)! '!&'$,!) / '*',.:

/ ! +).+!;!"6. 2$ '!&'$,! $&0. 2$ '*',. I *&*'*!2!: . 7/$ )$%/,0!: &. +*.) '!%.: &. $&1*.

2$ 2.n  $&%!;$&%3 K% '*',.% &6. '!&'$,!2.%: '<! !2.% 2$ '*',.% 0$) *&!2.%: *&*'*! !

)$'.&%0)/"6. 2! ()1.)$ 2$ %.,/"6. T '. ! !0/!,*-!"6. 2.% +!*% 2.% %$)1*2.)$% CpaisT D $

)$7/*%*"#$% CpaireqT D +$)0$&'$&0$% ! %/A()1.)$ t 2$ %.,/"6. $&)!*-!2! +$,! ! !0)*A/*"6.
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 !"#$%$&'()%! *$+( ,aT (sT, reqT ) !"# #$%&'" $( )'*"+,' (%- ( (%&./".+,' !"# )(." 0(

)'*"+,'1 2 (%"(*.3(+,' 0') 4(.) &#)"*%(5 $' 4.'& 6()'5 2.n 7#$)(8#$) #$9.(0()1 :'7' $'

7;<.7' n 6.6*') ),' 0#)6'/#&%') ="7 4'& )#&9.0'& 5 $' 4.'& 6()'5 O(n2) 7#$)(8#$) ),'

#$9.(0() 4(&( 4&'4(8(+,' 0( .$>'&7(+,' 0# 6.6*'5 O(n2) 7#$)(8#$) 4(&( (%"(*.3(+,' 0#

?"<') 0# 6.6*'5 O(n2) 7#$)(8#$) 4(&( 6($6#*(7#$%' 0# 6.6*' # O(k.n) 7#$)(8#$) 4(&(

(%"(*.3(+,' 0# 4(.)5 '$0# k - ' $@7#&' 0# 6.6*') %#&7.$(0') # k < n1

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

$( ;&9'&# T .$.6.(5 '" )#C(5 ' 6;*6"*' 0() 9(&.;9#.) 0"(.) 0') )#&9.0'&#) sT # &#!".).+D#)

reqT !"# %.9#&(7 )#") 4(.) (%"(*.3(0') $( ;&9'&# T - .$.6.(0'1 E $B =)#&9.0'& sT (i) '"

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

0# (9.)' (') $B) )#&9.0'&#) sT !"# #)%,' (6.7( 0#*# $( ;&9'&# T 4(&( $'%.F6(& !"# ')

9(*'&#) 0"(.) 0#)%#) $B) )#&9.0'&#) $,' >'&(7 7'0.F6(0') # !"# #)%#) 4'0#7 4&'4(8(& '

9(*'& 0# )"() 9(&.;9#.) 0"(.) 4(&( ') 0#7(.) )#&9.0'&#) =.1 #1 #))#) $B) $,' 4&#6.)(&(7

)#& &#6'$)%&"G0') 1 H)%( 4&'4(8(+,' 0# (9.)' # ' 6;*6"*' 0() 9(&.;9#.) 0"(.) 7'0.F6(0()

&#)"*%(75 $' 4.'& 6()'5 $' #$9.' 0# 2.n # n.m 7#$)(8#$)5 &#)4#6%.9(7#$%#1 :(0( )#&9.0'&

sT (i) (' &#6#/#& ' 9(*'& 0# %'0() () 9(&.;9#.) 0"(.) u 0') '"%&') )#&9.0'&#) &#>#&#$%# (

6(0( 6.6*' 9;*.0'5 .$.6.( ' 4&'6#))' 0# 0#)6'/#&%( 0# 6.6*'5 6'$%.$"($0' ' 7-%'0' I.74*#<

0# J&($)4'&%# (%- !"# $#$K"7 )#&9.0'& #$6'$%&# 7(.) "7 6.6*'1

2 6'74*#<.0(0# 0# 7#$)(8#$) 0' I.74*#< 0# J&($)4'&%# 0.)%&./"G0'5 L.)%IJ5 - '

$@7#&' 0# 7#$)(8#$) #$9.(0() #7 6(0( 4())(0( 0' I.74*#< 0# J&($)4'&%# 4(&( ( 6'$M

)%&"+,' 0( ;&9'&# )'*"+,' T 5 ( 4&'4(8(+,' 0' 9(*'& 0( 9(&.;9#* u5 ( 4&'4(8(+,' 0# .$M

>'&7(+,' 0# 6.6*'5 ( (%"(*.3(+,' 0') ?"<')5 ' 6($6#*(7#$%' 0# 6.6*'5 ( (%"(*.3(+,' 0')

4(.) # 4&'4(8(+,' 0# $'%.F6(+,' 0# 9(&.;9#* 0"(* $,' 7'0.F6(0(1 N(&( 6(0( .%#&(+,' 0'

I.74*#< 0# J&($)4'&%#5 ( 6'74*#<.0(0# )# &#)"7# #7O

O(n.m) +O(n2) +O(n2) +O(n2) +O(n2) +O(k.n) +O(k.n) =P1Q 

R'8'5 ( 6'74*#<.0(0# 0# 7#$)(8#$) - O(p.n.m)5 '$0# p - $@7#&' 0# .%#&(+D#) 0'

I.74*#< 0# J&($)4'&%#1

2 6'$)%&"+,' 0( ;&9'&# 0# )'*"+,' T 4(&( ' 6;*6"*' 0() 9(&.;9#.) 0"(.) &#)"*%( #7

"7( ;&9'&# 6'7 (*%"&( 0# 6'74&.7#$%' 2.n5 $' 4.'& 6()'1 N'.) 6'7' ( 6'$)%&"+,' (%.$8#

%'0') ') $B) )#&9.0'&#) # %'0') ') $B) &#!".).+D#)5 ' 6(7.$K' 0#)0# ' $B )#&9.0'& sT (i)

!"# .$.6.'" ( 6'$)%&"+,' (%- ( &#!".).+,' >'*K( reqT (ri) 0# 7(.'& 4&'>"$0.0(0# 4'0#

4#&6'&&#& %'0') ') )#&9.0'&#) sT # 4(&( 4#&6'&&#& 6(0( )#&9.0'& sT (i)5 $#6#))(&.(7#$%#5

"7( &#!".).+,' reqT (ri) %(7/-7 - 4#&6'&&.0( # #))() &#!".).+D#) ),' 0.>#&#$%#)1 2)).75
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 ! "#$ % &'" &' !'() *'()  +, # +,$!"(# & %#()+$-./# & 0$1#$' T 2 (# 3"#$ % )#2 +'$0

%#!3$"!'(+# 2.n4

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

T 2 # 1 7#$ & )- 1 $"01'7 u , 3$#3 * &# 3 $ #) &'! ") )'$1"&#$') sT 4 8- (&# -!

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

)'$ '(%#(+$ &# ' -! 3$#3 * ./# &' "(:#$! ./# &' %"%7# 3#&' )'$ "("%" & 4 ;-3#(< 6-'

-! %"%7# , '(%#(+$ &# ' 6-' ')+' )'= &# )'$1"&#$ $ "> sR ? $'6-")"./# :#7< reqT (ri) &'

! "#$ 3$#:-(&"& &'2 3'$%#$$'(&# +#&#) #) )'$1"&#$') sT 2 #- )'= 2 # %"%7# +'! %#!3$"!'(+#

2.n4 @))"!2  3$#3 * ./# &' "(:#$! ./# &' %"%7# $')-7+ '! -! % &'" &' !'() *'()

&' %#!3$"!'(+# 2.n4 8- (&# ')+ 3$#3 * ./# +'$!"( 2   +- 7"> ./# &#) A-B#) & )

 +$"9-".C') aT 3'$+'(%'(+')  # %"%7# "("%" D)'2 $')-7+ (&# (#1 !'(+' '! -! % &'" &'

2.n !'() *'()4 ;'  3$#3 * ./# &' "(:#$! ./# &' %"%7# #-   +- 7"> ./# &#) A-B#)

'(%#(+$ $'! %#! #-+$# %"%7# &' %-)+# $'&->"&# !'(#$2 # % (%'7 !'(+# &' -! %"%7# ,

:'"+# ' $')-7+ 2 (# 3"#$ % )#2 '! -! % &'" &' 2.n !'() *'()4 E %"%7# 6-' (/# :#"

% (%'7 &# "("%"   +- 7"> ./# &#) 3 ") &#) )'$1"&#$') sT ' & ) $'6-")".C') reqT 6-' +'$/#

)- ) 1 $"01'") &- ") !#&"F% & )2 $')-7+ (&#2 (# 3"#$ % )#2 -! % &'" &' !'() *'() &'

%#!3$"!'(+# 2.n4 @# +'$!"( $   +- 7"> ./# &#) 3 ")2  3$#3 * ./# &' (#+"F% ./# & )

1 $"01'") &- ") (/# !#&"F% & ) G% &'" &' !'() *'() &' %#!3$"!'(+# 2.n2 (# 3"#$ % )#H

'  $'%#()+$-./# & 0$1#$' T )/# "("%" & )4

@ %#!37'B"& &' &' +'!3# *7#9 7 &# I")+;J $'7 +"1  -! 3 )) & &# ;"!37'B ,  

)#! &# %#!3$"!'(+# & % &'" &' !'() *'() *'$ &  %#()+$-./# & 0$1#$' )#7-./# T

G2.nH2  3$#3 * ./# &# 1 7#$ & 1 $"01'7 u G1H2  3$#3 * ./# &' "(:#$! ./# &' %"%7# G2.nH2

  +- 7"> ./# &#) A-B#) G2.nH2   +- 7"> ./# &#) 3 ") G2.nH ' 3$#3 * ./# &' (#+"F% ./# &'

1 $"01'7 &- 7 (/# !#&"F% & G2.nH4 K)+# $')-!'D)' '!L

2.n+ 1 + 2.n+ 2.n+ 2.n+ 2.n = 11.n+ 1 ≈ O(n) GM4NH

O#*#2  %#!37'B"& &' &' +'!3# *7#9 7 , O(p.n)4

I-$ (+'  %#()+$-./# & 0$1#$' &' )#7-./# T 2 # +'!3# * )+# &' %#!3-+ ./# '(+$' #

$'%'9"!'(+# ' # '(1"# &' -! !'() *'! , # +'!3# 3 $  $! >'( $ # 1 7#$ & 1 $"01'7 &- 7

GO(1)H ' )'7'%"#( $ -! )'$1"&#$ sT (i) GO(n)H #- -! $'6-")"./# reqT (ri) GO(ratendidasi)H2

#(&' ratendidasi , # (P!'$# &' $'6-")".C')  +'(&"& ) 3'7# )'$1"&#$ iH 3 $ %#(+"(- $  

%#()+$-./#4

Q & )'$1"&#$ sT (i)  # $'%'9'$ #) 1 7#$') & ) 1 $"01'") &- ") &' +#&#) #) #-+$#) )'$1"D
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 !"#$ "#%&'(% ! )"!*# '+#,-!  # #,*!,-"%" *'*&!. /%"% '$-!0 1 ,#*#$$2"'! )#"*!""#" ! *%+'3

,4!  %$ 5%"'25#'$  6%'$  ! $#"5' !" sT (i) #  % "#76'$'89! reqT (ri) "#$)!,$25#'$ )#&! *'*&!

: % "%'(  % 2"5!"# sR %-1 ! $#"5' !" sT (i) # % "#76'$'89! reqT (ri);. <!+! #$-# *%+',4!

-#+0 ,! )'!" *%$!0 *!+)"'+#,-! 2.n0 ! -#+)! )%"% "#%&'(%" #$-# )"!*# '+#,-! 1 O(n).

=% )"!)%>%89!  # ',?!"+%89!  # *'*&!0 ! -#+)! >%$-!  # *!+)6-%89! #,-"# ! "#*#@'3

+#,-! # ! #,5'!  # 6+% +#,$%>#+ 1 ! -#+)! )%"% %"+%(#,%" ! *%+',4!  ! *'*&! :O(n);.

A6"%,-# % %-6%&'(%89!  !$ B6C!$0 % %-6%&'(%89!  !$ )%'$ # )"!)%>%89!  # ,!-'D*%89!

 # 5%"'25#&  6%& ,9! +! 'D*% %0 ! -#+)! >%$-!  # *!+)6-%89! #,-"# ! "#*#@'+#,-! # !

#,5'!  # 6+% +#,$%>#+ 1 ! -#+)!  # %"+%(#,%" ',?!"+%8E#$ ,#*#$$2"'%$ # *!,-',6%" %

)"!)%>%89! :O(1);.

F *!+)&#C' % #  # -#+)! &!*%&  ! A'$-GH $# "#$6+# #+I

O(ratendidasi) +O(n) +O(n) +O(1) ≈ O(ratendidasi) :J.K;

L!>!0 % *!+)&#C' % #  # -#+)! &!*%& 1 O(ratendidasi) > O(n).

/%"% "#%&'(%" %$ *!+)6-%8E#$ &!*%'$  6"%,-# ! A'$-GH 1 ,#*#$$2"'! 76# *% % )"!*#$$!

$#"5' !" i %"+%(#,# %$ $#>6',-#$ ',?!"+%8E#$I %$ "#76'$'8E#$  !$ *&'#,-#$ +%'$ )"MC'+!$

:ri;0 %$ "#76'$'8E#$ %-#, ' %$:ratendidasi;0 ! *%+',4!  ! *'*&!  # *% % "#76'$'89!  !$ *&'#,-#$

+%'$ )"MC'+!$ :ri.n; # % 76%,-' % # %-#, ' %  # *% % $#"5' !" )%"% *% % *!,-#N ! :n.c;0

!, # c 1 ! ,N+#"!  # *!,-#N !$  '$)!,O5#'$ &!*%&+#,-#;. F$$'+0 %  #+%, %  # +#+M"'%

 # *% % $#"5' !" )%"% G'+)&#C  # H"%,$)!"-#  '$-"'@6O ! 1 ri + ratendidasi + ri.n+ n.c.

P %&>!"'-+! A'$-GH -#+0 ,! )'!" *%$!0 *!+)&#C' % #$  # O(p.n.m) +#,$%>#,$0  #

O(p.n) -#+)! >&!@%&0  # O(ratendidasi) -#+)! &!*%& #  #+%, %  # +#+M"'% = ri+ratendidasi+

ri.n+ n.c.

Q+% %&-#",%-'5% )%"% "#$!&5#" ! G'+)&#C  # H"%,$)!"-# $#"'% % #&#'89!  # 6+ ,M &O #"

)%"% "#$!&5#" &!*%&+#,-# ! )"!@&#+% #  #)!'$ )"!)%>%" % ',?!"+%89!. F )"!)%>%89!  #

',?!"+%89! ,#$-# *%$! )!$$6' *!+)&#C' % #  # +#,$%>#,$  # O(n2) :*!+ -%+%,4! *!""#$3

)!, #,-# %$ &'$-%$  # "#76'$'8E#$; # O(n)  # -#+)! >&!@%&. F&1+  '$$!0 % *!+)&#C' % #

 # -#+)!  ! %&>!"'-+! $#76#,*'%&  ! G'+)&#C  # H"%,$)!"-# 1 O(p.n.m) . <!,$' #"%, !

#$$%$ *!+)&#C' % #$ # %  #+%, %  # +#+M"'%  ! ,M &O #"0 76# 1 '>6%& %  #+%, %  #

+#+M"'%  !$ n $#"5' !"#$0 % %@!" %>#+  '$-"'@6O % )"!)!$-% 1 6+% %&-#",%-'5% %-"%#,-#

)%"% ! )"!@&#+%.
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0!/' $!#"3& "!<.!(+%'/  & K%80/!J ! 0!/& F%")K4: & (B8!#&  ! 0'""&"  & !J!+.)' &" 0!/&

K%80/!J "!<.!(+%'/ ! 0!/& F%")K4, L8' &.)#' )'1!/' )'81;8 ; .)%/%N' ' 0'#' !J0&# &"
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)#&+' '" (' "%8./'23&  '" %(")*(+%'",
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)' &" !(+&()#' &"  .#'()! ' "%8./'23&  & F%")G@D: &. "!Q': ' "&/.23& %(%+%'/ &1)% ' 0&#

!/!, 7 ' "!M.( ' 0'#)!  !"+#!$! &" #!"./)' &" &1)% &"  .#'()! ' !J!+.23&  & F%")K4: &.

"!Q': ' !)'0'  & K%80/!J  ! 4#'("0&#)!  %")#%1.? &,

 !" #$%&'()

@" "&/.2A!" %(%+%'%" &1)% '" 0!/& 8;)& &  & D.")& E?(%8& "!<.!(+%'/ ! 0!/' R!.#?")%+'

F%")G@D 1'"!' ' (!")! 8;)& & "3& '0#!"!()' '" (' 4'1!/' 5,6,

H'" %(")*(+%'" +&("% !#' '" =>+!%": &1"!#$'P"! & $'/&#  ! "&/.23& %M.'/ ' N!#&, S")&

&+&##!  !$% & T !J%")U(+%'  ! #;0/%+'"  ! )& &" &" +&()!B &" !8 )& &" &" "!#$% &#!": & <.!

0!#8%)! <.! 0'#' !")'" %(")*(+%'": %( !0!( !( &  & (B8!#&  ! "!#$% &#!": &" '/M&#%)8&"

 & 8;)& &  ! D.")& E?(%8& "!<.!(+%'/ !  & F%")G@D !(+&()#!8 "!80#! & $'/&# C)%8&,

@ 0'#)%#  '" %(")*(+%'" %()!#8! %>#%'": ; 0&""?$!/ &1"!#$'# $'/&#!" '/)&" 0'#' '" "&/.2A!"
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 !"#$! %&'( )*$+,-* ./010!$( )#2+#/10!$ 3 405670"+89*
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(

 

)*

+#&,-

.-/012-  !&%&'/ .-/012-  !&%&'/ 3*"4&-

5*60&"&17*" .*60*!%&'/ 3&"#8&90:)' ;')82- <%=

>?@> A>B ?C? ?C? ?C? ?C?

>?@D EBF ?C? ?C? ?C? ?C?

>?@B EBA ?C? ?C? ?C? ?C?

>?@F EGH ?C? ?C? ?C? ?C?

>?@I ABF ?C? ?C? ?C? ?C?

>?@A ADE FE>EABCD FE>EABCD FE>EABCD ?C?

>?@E AEI B?ADDACE >D?IIDH?CE B?ADDACE ?C?

>?@H AF> BEHDB?CH BH?EFDCG BEGF>ACF ?C?

>?@G AIG FA>>A>CD BA?>BFB>FCG AAFGFDGDC> IECI

>?@>? AFG I?>?H>CG I>AI?ICH I>AIBHCF >C>

>?@>> ADE FE>EABCD FE>EABCD FE>EABCD ?C?

>?@>D AEI B>A?AIC? >?FD?FIBFCF GBHFFGGICB ECA

>?@>B AF> BEHDB?CH BH?EFDCG BEGF>ACF ?C?

>?@>F AIG FA>>A>CD BA?>BFB>FCG >?FABIFGHCB IFCB

>?@>I AFG I?>?H>CG I>AI?ICH I>GFEDCE ?CH

D?@> >G>I ?C? ?C? ?C? ?C?

D?@D >HB? ?C? ?C? ?C? ?C?

D?@B D>?? ?C? ?C? ?C? ?C?

D?@F >AA? ?C? ?C? ?C? ?C?

D?@I >AGI ?C? ?C? ?C? ?C?

D?@A >DHG >FBFIAGCH DGHADDBGBCI AGFDDH?EC? >?ACI

D?@E >BIA G>AB?ICH GEFDBDC? GI?HAHCD ?CA

D?@H >B>F >>IHBEBCB DIDEHEAAGCG >HAEFD>HDCB BFCA

D?@G >BID >>A?GG?CG H>FAHEADFCF IFDBIBAIHCI >HCH

D?@>? >BAE HIBDIACD HAFG?>CG HAFDFFCG ?C>

D?@>> >DHG >FBFIAGCH DGHADDBGBCI G?IA?HHGCF H?CF

D?@>D >BIA G>AB?ICH GEFDBDC? GI>DAACE ?CE

D?@>B >B>F >>IHBEBCB DIDEHEAAGCG >H>FHH?F>CB >GCE

D?@>F >BID >>A?GG?CG H>FAHEADFCF FH>I?IEGBCD DDCA

D?@>I >BAE HBG?EICA HFIIA?CA HFII?DCA ?CD

B?@> DEAI ?C? ?C? ?C? ?C?

B?@D DDGA ?C? ?C? ?C? ?C?

B?@B DFI? B>GDCF B>GDCF B>GDCF ?C?

B?@F DFDD ?C? ?C? ?C? ?C?

B?@I DGA> ?C? ?C? ?C? ?C?

B?@A D??E >FFBHHACH >FIDH?ICF >FE>BBACH ?CB

B?@E >GAB >DH?GAECF >DGGFFECB >B>>BA>CF ?CD

B?@H D?D> >>BDB?HCG >>HE?EICE >>AHDFACF >CA

B?@G >GG> >>AG?BFCE >D>GDBIC> >DDAFGFCG ?CF

B?@>? >GGH >>I?GE?CE >>>?AADFBCI HEHEFHD>CG I?CE

B?@>> D??E >FIHEE?CA >FAEAHGCD >FHEBI?C> ?CD

B?@>D >GAB >DH?GAECF >DGGFFECB >B?HFDFCB ?CF

B?@>B D?D> >>BDB?HCG >>HE?EICE >>AH??DC? >CI

B?@>F >GG> >>HDADFCI >DBDEIEC? >DF>F?GC> ?CB

B?@>I >GGH >>I?GE?CE >>>?AADFBCI AH?FFEEBCI >>BC?

I?@> FIBA ?C? ?C? ?C? ?C?

I?@D FAD? DB>ADCF DB>ADCF DB>ADCF ?C?

I?@B FH?? BFHEECG BFHEECG BFHEECG ?C?

I?@F BAFA ?C? ?C? ?C? ?C?

I?@I FHHF FGI>>CB FGI>>CB FGI>>CB ?C?

I?@A BBG> DDDBI>>CA DBDGG>FBECB DBDAAFIC? ?CG

I?@E BBDG >AIID>>CH >AEFDIBCB >AE?FAACA ?CD

I?@H BD>F B?AI>DAC> H>FFFD>GCA >??BGEDBFCH AHC?

I?@G BB?B B?DGG??CG B>>>DHBCF B>>EAAFCI ?CF

I?@>? BDGI D>GAFE>CB DDI?FDACE DDDEDHBCG ?CI

I?@>> BBG> DDDBI>>CA DBDGG>FBECB DBBBEEFCA ?CE

I?@>D BBDG >AIID>>CH >AEFDIBCB >AAHFHGCI ?CD

I?@>B BB>F B?AI>DAC> H>FFFD>GCA >AD>DDGAECE BICB

I?@>F BB?B B?>>FIGCI >ABD?H?EFC> >FD>GEBECG >DACF

I?@>I BDGI D>GAF?BC? DDDBDFDCA DD>EI?BC? ?CD

JK)&' D?>H HAHDI>C> EAHFIBEBC? BH?F?BDDCH >BCI
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1)
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ABCA B=B B=BB A B=BB A B=B B=B B=BB A B=BB A

ABCD B=B B=BB A B=BB A B=B B=B B=BB A B=BB A

ABCE B=B B=BB A B=BB A B=B B=B B=BB A B=BB A

ABCF B=B B=BB A B=BB A B=B B=B B=BB A B=BB A

ABCG B=B B=BB A B=BB A B=B B=B B=BB A B=BB A

ABCH FIAIHE=D B=BB A B=BB A FIAIHE=D B=B B=BB A B=BB A

ABCI EBHEBD=J B=BB D B=BB E EBHDDH=I B=B B=BB A B=BB A

ABCK EKBIFD=J B=BB A B=BB G EIJFAH=F B=B B=BB A B=BB D

ABCJ FHJGEE=B B=BB AJ B=BA DF FIEHIJ=G D=D B=BB E B=BK DA

ABCAB GAHGBG=K B=BB A B=BB AA GAHGEK=F A=A B=BB A B=BH AK

ABCAA FIAIHE=D B=BB A B=BB A FIAIHE=D B=B B=BB A B=BB A

ABCAD EAHFFE=B B=BB H B=BB I EAHBHG=B B=B B=BB E B=BA F

ABCAE EKBIFD=J B=BB A B=BB G EIJFAH=F B=B B=BB A B=BB D

ABCAF FHJGEE=B B=BB AJ B=BA DF FIGAJB=D D=F B=BB G B=BJ DE

ABCAG GAHGBG=K B=BB A B=BB AA GAJFID=I B=K B=BB A B=BI DD

DBCA B=B B=BB A B=BB A B=B B=B B=BB A B=BB A

DBCD B=B B=BB A B=BB A B=B B=B B=AB A B=AB A

DBCE B=B B=BB A B=BB A B=B B=B B=BB A B=BB A

DBCF B=B B=BB A B=BB A B=B B=B B=BB A B=BB A

DBCG B=B B=BB A B=BB A B=B B=B B=BB A B=BB A

DBCH AFHGGGG=G B=BE AK B=BJ GE AFKBIEA=J B=H B=BB H B=ED FI

DBCI JIFDED=B B=BB A B=AG KI JGBKHK=D B=H B=BB A B=GG IK

DBCK AAHGHKF=K B=BD AE B=BG DI AAHKJBD=F B=D B=BA AE B=DD EE

DBCJ AAHDDEB=G B=AB GK B=AE IG AAIEAEG=D B=I B=DJ FF B=GG KI

DBCAB KHFJBA=J B=BB A B=BE AK KHFDFF=J B=A B=BB A B=AD DD

DBCAA AFHGGGG=G B=BE AK B=BJ GE AFIIFHD=A B=F B=BB I B=EA FH

DBCAD JIFDED=B B=BB A B=AH KI JGADHH=I B=I B=BB A B=GF KB

DBCAE AAHGHKF=K B=BD AE B=BG DI AAIJIIH=G D=K B=AF AD B=DF EH

DBCAF AAHDDEB=G B=AB GK B=AE IG AAIEKGA=I B=I B=EB FF B=GD KD

DBCAG KFGGHB=H B=BA A B=BE AE KFGGBD=H B=D B=BB A B=BI AE

EBCA B=B B=BA A B=BA A B=B B=B B=BA A B=BA A

EBCD B=B B=BA A B=BA A B=B B=B B=BA A B=BA A

EBCE EAJD=F B=BA A B=BA A EAJD=F B=B B=BA A B=BA A

EBCF B=B B=BA A B=BA A B=B B=B B=BA A B=BA A

EBCG B=B B=BD A B=BD A B=B B=B B=BA A B=BA A

EBCH AFGDKBG=F B=BA A B=AK EF AFIAEEH=K B=E B=BB A B=FE FE

EBCI ADJJFFI=E B=BB A B=AK EI AEAAEHA=F B=D B=BA A B=FJ GB

EBCK AAKIBIG=I B=BB A B=EE HF AAHKDFH=F A=H B=BA A B=GI HA

EBCJ ADAJDEG=A B=BB A B=EJ IJ ADDHFJF=J B=F B=BA A B=JI JG

EBCAB AAIKIHK=D B=BG AB B=DF FI AAIHEFI=K B=I B=AH I B=HB GF

EBCAA AFHIHKJ=D B=BA A B=AI EF AFKIEGB=A B=D B=BB A B=FF FE

EBCAD ADJJFFI=E B=BA A B=AK EI AEBKFDF=E B=F B=BA A B=FK FK

EBCAE AAKIBIG=I B=BA A B=EE HF AAHKBBD=B A=G B=BA A B=GI HA

EBCAF ADEDIGI=B B=BB A B=EK II ADFAFBJ=A B=E B=BA A B=JD JI

EBCAG AAIKIHK=D B=BF AB B=DE FI AAIHIFB=E A=B B=AG J B=GF GB

GBCA B=B B=BF A B=BF A B=B B=B B=BD A B=BD A

GBCD DEAHD=F B=BG A B=BG A DEAHD=F B=B B=BJ A B=AJ E

GBCE EFKII=J B=BF A B=BF A EFKII=J B=B B=BD A B=BD A

GBCF B=B B=BE A B=BE A B=B B=B B=BD A B=BD A

GBCG FJGAA=E B=BG A B=BG A FJGAA=E B=B B=BD A B=BD A

GBCH DEGAFAF=H B=HE DH F=DH AIA DEDHHFG=B B=J B=BD A E=EI AGB

GBCI AHIFDGE=E B=BF A B=KB EE AHIBFHH=H B=D B=BD A B=GG EB

GBCK EAFJKFI=B B=AK K D=KG ADD EAHAIHH=G D=A B=GB AE E=KE AFF

GBCJ EAAADKE=F B=BE A D=HA ABJ EAAIHHF=G B=F B=BD A D=FB ABF

GBCAB DDGBFDH=I B=BF A A=FG HA DDDIDKE=J B=G B=BD A A=BI FI

GBCAA DEGAFAF=H B=HF DH F=DK AIA DEEEIIF=H B=I B=BD A E=EJ AGB

GBCAD AHIFDGE=E B=BE A B=KB EE AHHKFKJ=G B=D B=BD A B=GB DK

GBCAE EAFJKFI=B B=AI K D=KG ADD EEAAIDE=B K=I B=HJ AF E=IK AGG

GBCAF EBIKEKK=G B=DI AD D=JJ ADG EBJBEFJ=I B=E B=BD D E=AI AAB

GBCAG DDDEDFD=H B=BE A B=JD EJ DDAIGBE=B B=D B=BD A B=KG FA

LM1&' KKJGHF=K B=BG H B=FH EH KJDFGH=H B=H B=BG D B=GG EI
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4564 744 84 9564 4:94 97

4569 744 8; 9569 4:94 ;4

4568 744 89 9568 4:94 8<

456; 744 87 956; 4:94 89

4567 744 9= 9567 4:94 ;4

456< =78 88 956< ::57= 4=;<

456> :5= 84 956> 49=<5; ;<<8

456: 4897 :> 956: 7<:74 4:5;

456= 45<=< >;7 956= 4;;8;< 87;4

45645 =5<4 7<; 95645 8;>7= :5<

45644 =78 89 95644 :<87= 4=4;

45649 99=5 48> 95649 49==:< ;:5>

45648 489< :> 95648 <55=> 4:>:

4564; 448== :;; 9564; 48>>;5 88;;

45647 45<;7 <<7 95647 94<5< ;9:

8564 8=84 75 7564 45774 <>

8569 8=84 78 7569 9<=;> 44<

8568 8==8 ;5 7568 4499> <;

856; 8=84 79 756; 45774 <=

8567 8=84 78 7567 44794 >;

856< 47>9>> 957> 756< 48;=4=< >;75

856> 4>89=7 9<<7 756> 975:>5 45<4

856: 4=>=48 9><: 756: 48979;9 :487

856= 897947 ;<78 756= =75=49 ;:<7

85645 4:>=59 89<= 75645 ;4;999 4==4

85644 47=>>< 95:8 75644 487579= >;<4

85649 4<7:45 9759 75649 98<94; =<;

85648 4==;=< 9>8: 75648 4;4;4=> :;;=

8564; 89>=;; ;<58 7564; 454:;8< 7><;

85647 4>;747 9:=9 75647 87:=7< 4<:4
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 !"#$%&'  (( !)*+,-./,01-)

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

/ ,!)#/1 7.! 8."*$ 9$)" (!#$,:!" "/81! /" %1/*!()9!'#/"; <,!" !"#6/ ()=)()(/" (! $*/1(/

*/9 *$($ !#$%$ (/ %$""/ (/ >)9%,!? (! @1$'"%/1#!;

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

A" %1/*!()9!'#/" (!"#$ "!B6/ 1!%1!"!'#$9 / 9!*$')"9/ (! !"*/,:$ (! .9 "!1=)(/1 %$1$

*/'#)'.$1 $ */'"#1.B6/ ($ C1=/1! (! "/,.B6/ )')*)$, 7.$'(/ $*/'#!*! / *$"/ (! (!-!'!1$B6/

'$ "/,.B6/;

 !"#$%&'# ((D  ! "#$#%#" &'( '#)*(+#' ATENDCOMPREQ(r, s, atingidos) ,! *#"-.,!"
i

procAtendeuCompletoReq(r, s, atingidos)/ 

 !"#$%&'# ()D procAtendeuCompletoReq(r, s, atingidos)

servAtingidos := servAtingidos ∪ atingidos/ 

 ! s < menorEscolhido !"#$%!

menorEscolhido := s/"

reqEscolhido := r/#

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

 ! servRaiz = 1 !"#$%%

servRaiz := 0/&

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

 ! menorEscolhido! = meuId !"#$%(

!"&'( CONTINUA(reqEscolhido, servAtingidos) 0("( ! *#"-.,!" )

menorEscolhido/
 !"$%  

procContinua(reqEscolhido, servAtingidos)/ !

 !"$% "

 ! paiServDU ! = meuId !"#$% #

!"&'( ATENDCOMPLETO(reqEscolhido,menorEscolhido, servAtingidos) 0("( $

! *#"-.,!" paiServDU /
 !"$% %

procAtendeuCompleto(reqEscolhido,menorEscolhido, servAtingidos)/ &
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 !"#$%&'# ()  ! "#$#%#" &'( '#)*(+#' ATENDCOMPLETO(r, s, atingidos) ,! *#"-.,!"
i

procAtendeuCompleto(r, s, atingidos)/ 

 !"#$%&'# (* procAtendeuCompleto(r, s, atingidos)

servAtingidos := servAtingidos ∪ atingidos/  ! s < menorEscolhido !"#$% 

menorEscolhido := s/!

reqEscolhido := r/"

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

 ! servPaiDVr! = meuId !"#$%$

!"&'( ATENDCOMPLETO(reqEscolhido,menorEscolhido, servAtingidos) 0("( !%

*#"-.,!" servPaiDVr/

 !"$%&

procAtendeuCompleto(reqEscolhido,menorEscolhido, servAtingidos)/'

 !"#$%&'# (+  ! "#$#%#" &'( '#)*(+#' CONTINUA(r, atingidos) ,! *#"-.,!" i

procContinua(r, atingidos)/ 

 !"#$%&'# (, procContinua(r, atingidos)

servAtingidos := servAtingidos ∪ atingidos/ 1#2#$.!)# &' *#"-.,!" s 3&# )4! 0#"5#)6( ( 

serAtingidos/
participars := 1/!

 ! s! = meuId !"#$%"

!"&'( DEGENERACAO(custos − dualVr, r, contr, caminho, caminhoTam) 0("( ! *#"-.,!"#

s/
servRaiz := 1/$

procV aru(s, custos − dualVr, r, contr, caminhoReqr, caminhoReqTamr, 1)/%

 !"#$%&'# (-  ! "#$#%#" &'( '#)*(+#' DEGENERACAO(variavel, r, caminho, caminhoTam)
,! *#"-.,!" i

servRaiz := 1/ 

procV aru(i, variavel, r, caminho, caminhoTam, idCiclo)/!

 !"#$%&'# ./  ! "#$#%#" &'( '#)*(+#' URECUSADO(variavel, r, idCiclo) ,! *#"-.,!" i

participari := 0/ 

1#2#$.!)# &' *#"-.,!" s′ )4! #*$!27.,! 3&# atendimentors′ > 0 /!

 ! s′! = meuId !"#$%"

!"&'( V ARU(variavel, r, caminhoReqr, caminhoReqTamr, idCiclo) 0("( ! *#"-.,!" s′/#

 !"$%$

procV aru(s′, custos′ − dualVr, r, caminhoReqr, caminhoReqTamr, idCiclo)/%
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 !" #$%$&'( )$ *+,%(

 ! "#$%&'()%! *+!(" !+,-% .%/!'!(+) *% 0&%.+*')+/(% 12+ +/.%/(&" 2) .'.#% /" 3&4%&+ *+

!%#2,-% *"*% *%'! .")'/5%!6 *% )+."/'!)% *+ *+!.%7+&(" *+ .'.#% "(&"48! *" 0&%0"$",-%

*" )+/!"$+) PCICLO + *" "(2"#'9",-% *%! :2;%! *+ 2) .'.#%<

 !"#$%&'# ()= encontraCiclo(r, s, caminho, caminhoTam)

 ! caminhoServTam > 0 !"#$% 

aux1 := 0 /∗!"#$%!&' "()$'$"#∗/!

aux2 := 0 /∗!"#$%!&' "()$'$"#∗/"

!"&'("#% aux1 < caminhoTam  aux2 < caminhoServTam )(*(#

 ! caminhoaux1 = caminhoServaux2 !"#$%$

aux1 := aux1 + 1 %

aux2 := aux2 + 1 &

 !"$%'

!+,# (

cicloTam := (caminhoTam− aux1)− (caminhoServTam− aux2) + 3  )

 ! caminhoServaux2 = {s, r} !"#$%  

cicloTam := (caminhoTam− aux1)− (caminhoServTam− aux2) + 1  !

 !"$% "

 ! caminhoaux1 = {meuId} !"#$% #

cicloTam := (caminhoTam− aux1)− (caminhoServTam− aux2) + 1  $

aux2 := aux2 + 1  %

ciclo0 := {meuId}  &

-(.( k = 1  !" caminhoServTam− 1 )(*( '

ciclok := caminhoServcaminhoServTam−k  (

 ! ciclok−1! = {s, r} !"#$%!)

 ! aux1 = axu2 !"#$%! 

ciclok := caminhoServcaminhoServTam−k !!

aux1 := aux1− 1 !"

-(.( k = caminhoServTam− aux1 + 1  !" cicloTam− 1 )(*(!#

ciclok := caminhoServaux2 !$

aux2 := aux2 + 1 !%

ciclocicloTam−1 := {s, r} !&

 !"$%!'

cicloTam := caminhoTam+ 1 -(.( k = 0  !" caminhoTam− 1 )(*(!(

ciclok := caminhoServcaminhoServTam−k ")

ciclocicloTam−1 := {s, r} " 

.!#%."( ciclo "!
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 !"#$%&'# () procCiclo(cr, valor, i, pos, idCiclo, ciclo, cicloTam)

req := funcReq(ciclopos)  

 ! ((req! = −1)  (idCicloReqreq = −1)) !" ((req = −1)  (idCicloServ = −1))  !"#$ 

% (req! = −1)  (idCicloReqreq = −1)  !"#$!

idCicloReq := idCiclo "

cicloReqreq := ciclo #

cicloReqTamreq := cicloTam $

posCicloReqreq := pos %

crReqreq := cr &

% atendimentori < valor  !"#$'

valor := atendimentori ()

% !#$((

% (req = −1)  (idCiclo = −1)  !"#$( 

idCicloServ := idCiclo (!

cicloServ := ciclo ("

cicloServ := cicloTam (#

posCicloServ := pos ($

crServ := cr (%

% pos < cicloTam− 1  !"#$(&

% funcServ(ciclopos+1! = meuId)  !"#$('

 !&'( PCICLO(cr, valor, pos+ 1, idCiclo, ciclo, cicloTam) !"#" $ %&#'()$# )& )

funcServ(ciclopos+1) 
% !#$ (

procCiclo(cr, valor,meuId, pos+ 1, idCiclo, ciclo, cicloTam)   

% !#$ !

% req! = −1  !"#$ "

pos := 0  #

achouV arSainte := 0 /∗'"#(*'&+ ",-(+("#∗/ $

varSainte := {}  %

% funcServ(ciclopos! = meuId)  !"#$ &

 !&'( '

ATUALIZACICLO(cr, achouV arSainte, valor, pos, idCiclo, ciclo, cicloTam,
varSainte) !"#" $ %&#'()$# )& funcServ(ciclopos) 

% !#$!)

atualizaCiclo(cr, achouV arSainte, valor,meuId, pos, idCiclo, ciclo, cicloTam,!(

varSainte) 
% !#$! 

cancelamento(cr, req, pos, valor, i, pos, idCiclo, ciclo, cicloTam) !!



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

 !"#$%&'# () atualizaCiclo(achou, valor, i, pos, idCiclo, ciclo, cicloTam, variavelS)

req := funcReq(ciclopos)  

 ! ((req! = −1)  (idCicloReqreq = idCiclo)) !" ((req = −1)  (idCicloServ = idCiclo)) !"#$%!

 ! req = −1 !"#$%"

 ! pos = 0 !"#$%#

conteudoA := funcCont(ciclocicloTam−1) $

 !"$%%

conteudoA := funcCont(ciclopos−1) &

 ! pos = cicloTam− 1 !"#$%'

conteudoD := funcCont(ciclo0) (

prox := funcServ(ciclo0)  )

 !"$%  

conteudoD := funcCont(pos+ 1)  !

prox := funcServ(ciclopos+1)  "

 ! atendeuiconteudoA > 0 !"#$% #

atendeuiconteudoA := atendeuiconteudoA + valor  $

 !"$% %

atendeuiconteudoA := valor  &

θ := valor  '

atendeuproxconteudoD := atendeuproxconteudoD − valor  (

 ! (achou = 0) (atendeuproxconteudoD = 0) !"#$%!)

atendeuproxconteudoD := −1 ! 

 !"$%!!

 ! req! = 1 !"#$%!"

atendimentoreqi := atendimentoreqi − valor !#

 ! pos = cicloTam− 1 !"#$%!$

prox := funcServ(ciclo0) !%

tetaReqreq := valor !&

 ! (achou = 0) atendimentori = 0 !"#$%!'

participareqi := 0 !(

achou := 1 ")

variavelS := {req,meuId, i, paiReqr, idCiclo, r,−1} " 

atendimentorprox := atendimentoprox + valor "!

 ! pos < cicloTam− 1 !"#$%""

 ! funcServ(ciclopos+1! = meuId) !"#$%"#

!"&'("$

ATUALIZACICLO(achou, valor, pos+ 1, idCiclo, ciclo, cicloTam, variavelS) !"#"

$ %&#'()$# )& funcServ(ciclopos+1 

 !"$%"%

atualizaCiclo(achou, valor,meuId, pos+ 1, idCiclo, ciclo, cicloTam, variavelS) "&

 !"$%"'

!"&'( CICLOTERMINADO(idCiclo) !"#" *$)$% $% %&#'()$#&% s+ $,)& s! = meuId "(

servCicloIniciado := servCicloIniciado− {i} #)

prox := funcServ(ciclo0) # 

participareqprox := 1 #!

varSainte := variavelS #"

verificaPasso() ##



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

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

 !"#$%&'# ((2 cancelamento(cr, req, valor, i, pos, idCiclo, ciclo, cicloTam)

 ! ((req! = −1)  (idCicloReqreq! = −1)) !" ((req = −1)  (idCicloServ! = −1)) !"#$% 

 ! ((req! = −1)  (idCicloReqreq! = −1)  ((cr < crReqreq) !" ((cr = crReqreq)  !

(idCiclo < idCicloReqreq)))) !" ((req = −1)  (idCicloServ! = −1)  ((cr < crServ) !"

((cr = crServ) (idCiclo < idCicloServ)))) !"#$%

 ! (req! = −1)  (idCicloReqreq! = −1) !"#$%"

antPos := posCicloReqreq #

 ! antPos < cicloReqTamreq − 1 !"#$%$

proxPos := pos+ 1 %

 !"$%&

proxPos := −1 '

cicloAux := cicloReqreq (

cicloAuxTam := cicloReqTamreq  )

 !"$%  

 ! (req = −1)  (idCicloServ! = −1) !"#$% !

antPos := posCicloServ  "

 ! antPos < cicloServTam− 1 !"#$% #

proxPos := pos+ 1  $

 !"$% %

proxPos := −1  &

cicloAux := cicloServ  '

cicloAuxTam := cicloServTam  (

 ! varSainte! = {}  varSainte.ciclo = idCiclo !"#$%!)

varSainte := {} ! 

!"&'( CICLOCANCELADO(idCiclo) !"#" $%&%' %' '(#)*&%#(' s+ %,&( s! = meuId !!

servCicloIniciado := servCicloIniciado− {i} !"

 ! proxPos! = −1 !"#$%!#

cancelaFrente(proxPos, cicloAux, cicloAuxTam) !$

cancelaAtras(antPos, cicloAux, cicloAuxTam) !%

procCiclo(cr, valor, i, pos, idCiclo, ciclo, cicloTam) !&

 !"$%!'

 ! ((req! = −1)  (idCicloReqreq! = −1)  ((cr > crReqreq) !" ((cr = crReqreq)  !(

(idCiclo > idCicloReqreq)))) !" ((req = −1)  (idCicloServ! = −1)  ((cr > crServ) !"

((cr = crServ) (idCiclo > idCicloServ)))) !"#$%

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

s! = meuId 

servCicloIniciado := servCicloIniciado− {i} " 

 ! varSainte! = {}  varSainte.ciclo = idCiclo !"#$%"!

varSainte := {} ""

cancelaAtras(pos, ciclo, cicloTam) "#

verificaPasso() "$
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 !"#$%&'# () cancelaFrente(pos, idCiclo, ciclo, cicloTam)

 ! funcServ(ciclopos)! = meuId !"#$% 

!"&'( CANCELACICLOF (pos, idCiclo, ciclo, cicloTam)  !"! funcServ(ciclopos)#!

 !"$%"

procCancelaCicloFrente(pos, idCiclo, ciclo, cicloTam)#

 !"#$%&'# (* procCancelaCicloFrente(pos, idCiclo, ciclo, cicloTam)

entrei := )(* %# 

req := funcReq(ciclopos)#!

 ! (req! = −1)  (idCicloReqreq = idCiclo) !"#$%"

idCicloReqreq := −1##

cicloReqreq := {}#$

entrei := &!+,(,!#%

 ! tetaReqreq! = −1 !"#$%&

 ! pos = cicloTam− 1 !"#$%'

prox := funcServ(ciclo0)#(

 !"$% )

prox := funcServ(ciclopos+1)#  

valor := tetaReqreq# !

tetaReqreq := −1# "

participareqmeuId := 1# #

atendimentoreqmeuId := atendimentoreqmeuId + valor# $

atendimentoreqprox := atendimentoreqprox − valor# %

 !"$% &

 ! (req = −1)  (idCicloServ = idCiclo) !"#$% '

idCicloServ := −1# (

cicloServ := {}#!)

entrei := &!+,(,!#! 

 ! teta! = −1 !"#$%!!

valor := teta#!"

teta := −1#!#

 ! pos = 0 !"#$%!$

conteudoA := funcCont(ciclocicloTam−1)#!%

 !"$%!&

conteudoA := funcCont(ciclopos−1)#!'

 ! pos = cicloTam− 1 !"#$%!(

conteudoD := funcCont(ciclo0)#")

prox := funcServ(ciclo0)#" 

 !"$%"!

conteudoD := funcCont(pos+ 1)#""

prox := funcServ(ciclopos+1)#"#

atendeumeuIdconteudoA := atendeumeuIdconteudoA − valor#"$

atendeuproxconteudoD := atendeuproxconteudoD + valor#"%

 ! pos < cicloTam− 1  entrei =  !"#$#! !"#$%"&

cancelaFrente(pos+ 1, idCiclo, ciclo, cicloTam)"'



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

 !"#$%&'# () cancelaAtras(pos, idCiclo, ciclo, cicloTam)

req = funcReq(ciclopos)  

 ! (req! = −1)  (idCicloReqreq = idCiclo) !"#$%!

idCicloReqreq := −1 "

cicloReqreq := {} #

entrei := &!'()(! $

 ! tetaReqreq! = −1 !"#$%%

 ! pos = cicloTam− 1 !"#$%&

prox := funcServ(ciclo0) '

participareqprox := 0 (

 !"$% )

prox := funcServ(ciclopos+1)   

 ! pos = 0 !"#$% !

ant := funcServ(ciclocicloTam−1)  "

 !"$% #

ant := funcServ(ciclopos−1)  $

valor := tetaReqreq  %

tetaReqreq := −1  &

atendimentoreqprox := atendimentoreqprox − valor  '

atendimentoreqant := atendimentoreqant + valor  (

 !"$%!)

 ! (req = −1)  (idCicloServ = idCiclo) !"#$%! 

idCicloServ := −1 !!

cicloServ := {} !"

entrei := &!'()(! !#

 ! teta! = −1 !"#$%!$

valor := teta !%

teta := −1 !&

 ! pos = cicloTam− 1 !"#$%!'

conteudoA := funcCont(ciclo0) !(

ant := funcServ(ciclo0) ")

 !"$%" 

conteudoA := funcCont(pos+ 1) "!

ant := funcServ(ciclopos+1) ""

 ! pos = 0 !"#$%"#

conteudoD := funcCont(ciclocicloTam−1) "$

prox := funcServ(ciclocicloTam−1) "%

 !"$%"&

conteudoD := funcCont(ciclopos−1) "'

prox := funcServ(ciclopos−1) "(

atendeuantconteudoA := atendeuantconteudoA + valor #)

atendeuproxconteudoD := atendeuproxconteudoD − valor # 

 ! (pos > 0)  (entrei =  !"#$#!) !"#$%#!

 ! funcServ(ciclopos−1)! = meuId !"#$%#"

!"&*) CANCELACICLO(pos− 1, idCiclo, ciclo, cicloTam) !"#" funcServ(ciclopos−1) ##

 !"$%#$

cancelaAtras(pos− 1, idCiclo, ciclo, cicloTam) #%
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 !" #$%&'()*+,-& ./ 0*1&*$ .$ (&2+,-&

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

2$ 5-5,! ' 1* "'5!&()"2./! 1* 6"7!"' 1' (!,2./! *,)'"*1* 4!" 4"!4*0*.8'( 1' 5-5,!( (/!

*4"'('&)*1!(9

 !"#$%&'# (): procAcabouAtualiza(id, pos)

 ! nAtualiza = −1 !"#$% 

nAtualiza := 1 !

 !"$%"

nAtualiza := nAtualiza+ 1 #

 ! id = meuId !"#$%$

varSainte.pos := pos %

 !"#$%&'# (*: reconstroi(c, req, idCiclo, i)

 ! req = −1 !"#$% 

 ! (paiServ.serv! = meuId)  (paiServ.serv! = −1) !"#$%!

!"&'( ATUALIZAU(−1, paiServ.req, idCiclo) !"#" paiServ.serv "

 !"$%#

procAtualizaU(−1, paiServ.req, idCiclo,meuId) $

recAtualizaUidCiclo := 1 %

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

)(*(  !"! '&() *%& c +(,('

 ! atendeusc > 0 !"#$%(

 ! s! = meuId !"#$% )

!"&'(  

V ARV (dualU, c, atendeusc, caminhoServ, caminhoServTam, idCiclo) !"#"

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

procedimentoAtendimento(s, c, caminhoServ, caminhoServTam, idCiclo)  "

!"&'( V ARNBU(dualU, caminhoServ, caminhoServTam) !"#" *$)$% $% %&#'()$#&% s+ $,)& #

s! = meuId 

servV aru := servV aru+ {meuId} varumeuId := dualU   $

 !"$% %

 ! req! = −1 !"#$% &

 ! paiReqreq! = meuId !"#$% '

!"&'( ATUALIZAU(−2, req, idCiclo) !"#" paiReqreq  (

 !"$%!)

procAtualizaU(−2, req, idCiclo,meuId) ! 

)(*(  !"! ! "#$%&" s! = i +, ! passo = 1- atendimentoreqs > 0 &, ! passo > 1-!!

participareqs = 1 +(,(

recAtualizaUReqreqidCiclo := 1 !"

 ! s! = meuId !"#$%!#

!"&'( V ARU(custos − dualVr, r, idCiclo) !"#" $ %&#'()$# s !$

 !"$%!%

procV aru(i, variavel, r, caminho, caminhoTam, idCiclo)!&

verificaRecV arnbu(valor, caminho, caminhoTam) !'
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 !"#$%&'# () atualizaPai(pos, idCiclo, ciclo, cicloTam, sentido)

req = funcReq(ciclopos)  

 ! (pos > 0)  (pos < cicloTam− 1) !"#$%!

 ! req! = −1 !"#$%"

 ! sentido = 2 !"#$%#

servPaiDVreq := funcServ(ciclopos−1) $

 ! pos > 0 !"#$%%

 ! servPaiDVreq! = meuId !"#$%&

!"&'( ATUALIZAPAI(pos− 1, idCiclo, ciclo, cicloTam, sentido) !"#"'

servPaiDVreq 

 !"$%(

atualizaPai(pos− 1, idCiclo, ciclo, cicloTam, sentido)  )

 !"$%  

 ! (sentido = 1) !"#$% !

servPaiDVreq := funcServ(ciclopos+1)  "

 ! pos < cicloTam− 1 !"#$% #

 ! servPaiDVreq! = meuId !"#$% $

!"&'( ATUALIZAPAI(pos+ 1, idCiclo, ciclo, cicloTam, sentido) !"#" %

servPaiDVreq 

 !"$% &

atualizaPai(pos+ 1, idCiclo, ciclo, cicloTam, sentido)  '

 !"$% (

 ! req = −1 !"#$%!)

 ! (sentido = 2) !"#$%! 

servPaiDU := funcServ(ciclopos−1) !!

reqPaiDU := funcReq(ciclopos−1) !"

 ! pos > 0 !"#$%!#

 ! servPaiDU ! = meuId !"#$%!$

!"&'( ATUALIZAPAI(pos− 1, idCiclo, ciclo, cicloTam, sentido) !"#"!%

servPaiDU  

 !"$%!&

atualizaPai(pos− 1, idCiclo, ciclo, cicloTam, sentido) !'

 !"$%!(

 ! (sentido = 1) !"#$%")

servPaiDU := funcServ(ciclopos+1) " 

reqPaiDU := funcReq(ciclopos+1) "!

 ! pos > 0 !"#$%""

 ! servPaiDU ! = meuId !"#$%"#

!"&'( ATUALIZAPAI(pos+ 1, idCiclo, ciclo, cicloTam, sentido)"$

!"#" servPaiDU  

 !"$%"%

atualizaPai(pos+ 1, idCiclo, ciclo, cicloTam, sentido) "&

 !"$%"'

!"&'( ACABOUATUALIZA(idCiclo, pos) !"#" $%&%' %' '(#)*&%#(' s+ %,&( s! = meuId "(

procAcabouAtualiza(idCiclo, pos) #)

 ! pos = cicloTam− 1 !"#$%# 

s := funcServ(ciclo0) #!

servPaiDVreq := s #"

participareqs := 1 ##

 !"$%#$

 ! pos = 0 !"#$%#%

s := funcServ(ciclocicloTam−1) #&

servPaiDU := s #'

reqPaiDU := funcReq(ciclocicloTam−1) #(

verificaAcabouAtualiza() $)
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 !"#$%&'# () procAtualizaU(conteudo, req, idCiclo, i)

 ! conteudo = −2 !"#$% 

 ! recAtualizaUidCiclo = 0 !"#$%!

recAtualizaUidCiclo := 1 "

!"&'( V ARNBU(dualU, caminhoServ, caminhoServTam) !"#" $%&%' %' '(#)*&%#(' s+#

%,&( s! = meuId 

servV aru := servV aru+ {meuId} $

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

)(*(  !"! '&()!*%& c +(,(&

 ! atendeusc > 0 !"#$%'

 ! s! = i !"#$%(

req = −5  )

 ! s! = meuId !"#$%  

!"&'( ATUALIZAU(c, req, idCiclo) !"#" s  !

 !"$% "

procAtualizaU(c, req, idCiclo,meuId)  #

 !"$% $

 ! conteudo = −1 !"#$% %

 ! recAtualizaUReqreqidCiclo = 0 !"#$% &

recAtualizaUReqreqidCiclo := 1  '

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

 ! (s! = i) ! (participareqs = 1) !"#$%!)

 ! s! = meuId !"#$%! 

!"&'( ATUALIZAU(−2, req, idCiclo) !"#" s !!

 !"$%!"

procAtualizaU(−2, req, idCiclo,meuId) !#

 !"$%!$

 ! conteudo! = −2 !"#$%!%

)(*(  !"! "!+,$ $-.& reqr +(,(!&

 ! (reqr! = req) ! (contr = conteudo) ! (participareqri = 1) !"#$%!'

 ! recAtualizaUReqreqridCiclo = 0 !"#$%!(

recAtualizaUReqreqridCiclo = 0 ")

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

 ! (s! = i) ! (participareqrs = 1) !"#$%"!

 ! s! = meuId !"#$%""

!"&'( ATUALIZAU(−2, reqr, idCiclo) !"#" s "#

 !"$%"$

procAtualizaU(−2, reqr, idCiclo,meuId) "%


