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7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,

/0 0,1,0 2,3,4, 2,5,4,

/1 6,0,0, 4,6,6,, 1,6,6

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>4?,->4?,.>6?

)-G501<!vKLFKAFKSFK4FKPw

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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,

/0 0,1,0 2,3,4, 2,5,4,

/1 6,0,0, 4,6,6,, 1,6,6

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>4?,->4?,.>6?,

)-G501<!vKLFKAFKSFK4FKPw

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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,

/0 0,1,0 2,3,4, 2,5,4,

/1 6,0,0, 4,6,6,, 1,6,6

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>3?,->4?,.>6?

)-G501<!vKLFKAFKSFK4FKPw

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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,

/0 0,1,0 2,3,4, 2,5,4,

/1 6,0,0, 4,6,6,, 1,6,6

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>2?,->5?,.>4?

)-G501<!vKLFKAFKSFK4FKPw

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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,

/0 0,1,0 2,3,4, 2,5,4,

/1 6,0,0, 4,6,6,, 1,6,6

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>2?,->5?,.>3?

)-G501<!vKLFKAFKSFK4FKPw



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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,

/0 0,1,0 2,3,4, 2,5,4,

/1 6,0,0, 4,6,6,, 1,6,6

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>10?,->5?,.>2?

)-G501<!vKLFKAFKSFK4FKPw

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

KL!0-E5*+*,$!"L!P!4(!l!$#-*,$0!15!2@1z

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,

/0 0,1,0 2,3,4, 2,5,4,

/1 6,0,0, 4,6,6,, 1,6,6

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>4?,->4?,.>6?

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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,,

/0 0,1,0 2,3,4, 2,5,4,,

/1 4,0,6, 4,6,6,, 0,6,0

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>6?,->4?,.>0?

)-G501<!vKLFKAFKSFKPFK4w

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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,,

/0 0,1,0 2,3,4, 2,5,4,,

/1 4,0,6, 4,6,6,, 0,6,0

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>3?,->4?,.>6?

)-G501<!vKLFKAFKSFKPFK4w

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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,,

/0 0,1,0 2,3,4, 2,5,4,,

/1 4,0,6, 4,6,6,, 0,6,0

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>2?,->5?,.>4?

)-G501<!vKLFKAFKSFKPFK4w

)*+,-.$+!/%-0$#*12$*+!3!"#$%&'() S4

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,,

/0 0,1,0 2,3,4, 2,5,4,,

/1 4,0,6, 4,6,6,, 0,6,0

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>2?,->5?,.>3?

)-G501<!vKLFKAFKSFKPFK4w



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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,,

/0 0,1,0 2,3,4, 2,5,4,,

/1 4,0,6, 4,6,6,, 0,6,0

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>2?,->3?,.>3?

)-G501<!vKLFKAFKSFKPFK4w

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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,,

/0 0,1,0 2,3,4, 2,5,4,,

/1 4,0,6, 4,6,6,, 0,6,0

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>6?,->4?,.>0?

)-G501<!vKLFKAFKSFKPFK4w

KP!0-E5*+*,$!"A!A!P(!l!$#-*,$0!15!2@1z

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

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,,

/0 0,1,0 2,3,4, 2,5,4,,

/1 4,0,6, 4,6,6,, 0,6,0

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>6?,->4?,.>0?

e@1!o6!0-#50+1+!+5J*#*-2,-+!%_!"A!A!P(

KP!0-E5*+*,$!"P!4!P(!l!$#-*,$0!15!2@1z
)*+,-.$+!/%-0$#*12$*+!3!"#$%&'() Sb

M:G10*,.1!91!B$2E5-*01<!-I-.%:1M:G10*,.1!91!B$2E5-*01<!-I-.%:1

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"LP(F!N"\(F!U"f(
!"#$% &'( )*$*+%

!,-,. !,-,.,!,-,.,,

/0 0,4,0 2,3,4, 2,6,4,,

/1 4,0,6, 4,6,6,, 0,6,0

/6 4,0,6, 7,0,6 8,0,0,

/4 6,1,1, 6,6,6 0,1,1

/5 0,0,6 5,4,4 5,4,1

9:+;#<%=,!>6?,->1?,.>0?

H+,$91!*2+-G501

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'()$"#$%&'()!!

7 K-0.*,$!$1!+*+,-.$!-2,0$0!-.!9-$9:1#V

7 Z.%:-.-2,-!5.!$:G10*,.1!9-!9-,-#?@1
= )-.-:o$2,-!$1+!9-!*.%-9*.-2,1

7 p-J*2$!5.!-+E5-.$!9-!0-#5%-0$?@1

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!*2+,a2#*$+!d2*#$+!0-#50+1+!,X.!*2+,a2#*$+!d2*#$+!

7 8$2,-0!5.!G0$J1!9-!-+%-0$!"t-+%-0-!%10u(
= 9-0*>$91!91!G0$J1!9-!$:1#$?@1

= >;0,*#-+<!$%-2$+!%01#-++1+

= K*!l!KD<!K*!+1:*#*,$!0-#50+1!9-,*91!%10!KD

7 p-$9:1#V<!#*#:1!21!G0$J1!"-+%-0$!#*0#5:$0(

7 K-0*19*#$.-2,-!-I-#5,$!$:G10*,.1!9-!B5+#$!9-!
#*#:1+!"/"2~((



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

812,$G-.!91!G0$J1!t-+%-0-Y%10u812,$G-.!91!G0$J1!t-+%-0-Y%10u

Grafo de alocação de recursos Grafo “espere-por” correspondente

!" !# !$

!%!&

!#

!%

!&!"

!'

!#

!%

!&!"

!'

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+

7 M:G10*,.1!+-.-:o$2,-!s!9-,-#?@1!9-!-+,$91!
+-G501!21!$:G10*,.1!91!B$2E5-*01<
= p*+%12[>-:|.}<!21&!9-!*2+,a2#*$+!9*+%12[>-*+

= M:1#$?@1|2}|.}<!+*,5$?@1!#100-2,-

= )1:*#*,$?@1|2}|.}<!E5$2,1!#$9$!%01#-++1!%-9-

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+

)-D$.!T0$B$:o1|.}!h!p*+%12[>-:F
!!T;0.*21|2}!h!i!+1.$"$:1#$?@1|2}|!}(!hh!P!k

P(M#o-!5.!*!"%01#-++1(!,$:!E5-
$(!T;0.*21|*}!hh!J$:+-

B(!)1:*#*,$?@1|*}!vh!T0$B$:o1

L(!T0$B$:o1!h!T0$B$:o1!x!M:1#$?@1|*}
!T;0.*21|*}!!h!,05-

!]-,102-!$1!%$++1!L

P(!p-$9:1#V!h!"!T;0.*21|*}!h!J$:+-!%$0$!$:G5.!*!(

/".!I!2~(

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"f(F!N"4(F!U"b(
!"#$% @#":$%

!,-,. !,-,.

/0 0,1,0 0,0,0

/1 6,0,0, 6,0,6

/6 4,0,4, 0,0,0

/4 6,1,1, 1,0,0

/5 0,0,6 0,0,6

9:+;#<%=,!>0?,->0?,.>0?

)-.!$"#$%&'(<!vKPFK4FKAFKLFKSw

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"f(F!N"4(F!U"b(
!"#$% @#":$%

!,-,. !,-,.

/0 0,1,0 0,0,0

/1 6,0,0, 6,0,6

/6 4,0,4, 0,0,0

/4 6,1,1, 1,0,0

/5 0,0,6 0,0,6

9:+;#<%=,!>0?,->0?,.>0?

)-.!$"#$%&'(<!vKPFK4FKAFKLFKSw

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"f(F!N"4(F!U"b(
!"#$% @#":$%

!,-,. !,-,.

/0 0,1,0 0,0,0

/1 6,0,0, 6,0,6

/6 4,0,4, 0,0,0

/4 6,1,1, 1,0,0

/5 0,0,6 0,0,6

9:+;#<%=,!>4?,->1?,.>4?

)-.!$"#$%&'(<!vKPFK4FKAFKLFKSw



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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"f(F!N"4(F!U"b(
!"#$% @#":$%

!,-,. !,-,.

/0 0,1,0 0,0,0

/1 6,0,0, 6,0,6

/6 4,0,4, 0,0,0

/4 6,1,1, 1,0,0

/5 0,0,6 0,0,6

9:+;#<%=,!>3?,->6?,.>5?

)-.!$"#$%&'(<!vKPFK4FKAFKLFKSw

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"f(F!N"4(F!U"b(
!"#$% @#":$%

!,-,. !,-,.

/0 0,1,0 0,0,0

/1 6,0,0, 6,0,6

/6 4,0,4, 0,0,0

/4 6,1,1, 1,0,0

/5 0,0,6 0,0,6

9:+;#<%=,!>2?,->6?,.>5?

)-.!$"#$%&'(<!vKPFK4FKAFKLFKSw

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"f(F!N"4(F!U"b(
!"#$% @#":$%

!,-,. !,-,.

/0 0,1,0 0,0,0

/1 6,0,0, 6,0,6

/6 4,0,4, 0,0,0

/4 6,1,1, 1,0,0

/5 0,0,6 0,0,6

9:+;#<%=,!>0?,->0?,.>0?

MG10$F!+5%12o$.1+!E5-!K4!+1:*#*,$!U"L(

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"f(F!N"4(F!U"b(
!"#$% @#":$%

!,-,. !,-,.

/0 0,1,0 0,0,0

/1 6,0,0, 6,0,6

/6 4,0,4, 0,0,1

/4 6,1,1, 1,0,0

/5 0,0,6 0,0,6

9:+;#<%=,!>0?,->0?,.>0?

!"#$%&'(1

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

p-,-#?@1!9-!p-,-#?@1!9-!$"#$%&'($"#$%&'(!E5$291!!E5$291!
0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+0-#50+1+!,X.!.d:,*%:$+!*2+,a2#*$+

7 K01#-++1+!KP!3!KSR!0-#50+1+!M!"f(F!N"4(F!U"b(
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