Optimizacao

Aula 11 — Aula Pratica (PL)

Prof Dr, Eng® Jorge Nhambiu



w Faculdade de Engenharia — Investigacao Operacional

NN Aula 10. Aula Pratica (PL)

* Exercicios de aplicagao da Técnica das Variaveis
Artificiais

* M¢étodo das Duas Fases e Big M

* 4 problemas, cada um resolvido do enunciado a
solucao optima

Prof Dr, Eng® Jorge Nhambiu
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Problema 1

Resolver pelo método das Duas Fases

Maximizar 7 = 3x: + 5x:
s.d.

X1 < 4

2X2 < 12

3x1 +2x2=18

com

x12>20, x2>0
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Problema 1 Reduzir a forma padrao

Maximizar 7 = 3x: + 5x2

S.A.
Xx1t+tx3=4
2X2+x4=12
3x1 +2x2=18
com

x1>0, x2>0, x3=>0, x4>0
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Problema 1 Construir o Problema Auxiliar

A 3? restricao nao contém uma variavel basica evidente: introduz-se a
variavel artificial xs.

Minimizar z'= xs

S.d.

Xx1+tx3=4

2X2+x4=12

3x1+2x2+ x5 =18

com
X1>0,x2>20,x3>20,x4>0,x5>0

Prof Dr, Eng® Jorge Nhambiu
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12 Tabela Simplex (12 fase)

j
Cs Xg X4 X5 X3 X4 Xs b
0 x; 1 0 1 0 0 4
0 X 0 2 0 1 0 12
1 X5 3 2 0 0 1 18
z; 3 2 0 0 1 18
z~c;| 3 2 0 0 0

A SBA X°= (0, 0, 4, 12, 18)

Prof Dr, Eng® Jorge Nhambiu
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2? Tabela Simplex (12 fase)

j
Cs Xxg X1 Xy X3 X4 Xs b
0 X1 1 0 1 0 0 4
0 Xy 0 2 0 1 0 12
1 X5 0 2 -3 0 1 6
Z; 0 2 -3 0 1 6
z-c; O 2 -3 0 0

ASBAX!'=(4,0,0,12, 6)

Prof Dr, Eng® Jorge Nhambiu



w Faculdade de Engenharia — Investigacao Operacional

32 Tabela Simplex (12 fase) Fim

C; 0 0 0 0 1
Cs Xg X1 X X3 X4 Xs
0 X1 1 0 1 0 0
0 X4 0 0 3 1 -1
0 X2 0 1 -1,5 0 0,5
Z; 0 0 0 0 0
Zi-C; 0 0 0 0 -1

ASBA X*=(4,3,0,6,0); z' =0 — fim da 1° fase

Prof Dr, Eng® Jorge Nhambiu
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12 Tabela Simplex (22 fase)

j
Cs Xxg X1 X5 X3 X4 b
3 X1 1 0 1 0 4 4
0 X4 0 0 3 1 6 2
5 X2 0 1 -1,5 0 3 -
z; 3 5 -4,5 0 27
Ci-Z; 0 0 4,5 0

ASBAX?=(4,3,0,6); Z=27

Prof Dr, Eng® Jorge Nhambiu
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2° Tabela Simplex (22 fase) Fim

C; 3 3 0 0
Cs Xg X1 X5 X3 X4 b
3 X1 1 0 0 -0,33 2
0 X3 0 0 1 0,33 2
5 X 0 1 0 0,5 6
z; 3 3 0 1,5 36
Ci-Z; 0 0 0 -1,5

A SBA X*=(2, 6,2, 0) é optima; Z =36

Prof Dr, Eng® Jorge Nhambiu
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Problema1 Meétodo do Big-M

Em alternativa as Duas Fases, resolve-se 0 mesmo problema
penalizando a variavel artificial na propria fungdo objectivo, com um
parametro M positivo arbitrariamente grande.

Maximizar Z = 3x: + 5x2 + Oxs + Oxs - Mxs
S.d.

x1+tx3=4

2X2+x4=12

3x1+2x2+ x5 =18

com

Xx1>0,x2>0,x3>0,x4>0,x5>0

Prof Dr, Eng® Jorge Nhambiu
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12 Tabela Simplex (Big-M)

C; 3 5 0 0 -M
Cs Xxpg X1 X2 X3 X4 Xs b
0 X3 1 0 1 0 0 4 /4
0 X4 0 2 0 1 0 12 -
-M Xs 3 2 0 0 1 18 6
z; | -3M | -2M 0 0 -M  -18M
c-z; | 3+t3M [ 5+2M O 0 0

ASBA X°= (0, 0, 4, 12, 18)
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2° Tabela Simplex (Big-M)

C; 3 5 0 0 -M
Cs Xxg X1 X2 X3 X4 Xs b
3 X1 1 0 1 0 0 4 -
0 X4 0 2 0 1 0 12 6
-M Xs 0 2 -3 0 1 6 3
z; 3 -2M | 3+3M 0 -M 12-6M
Ci-Z; 0 5+2M | -3-3M 0 0

ASBAX'=(4,0,0, 12, 6)
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32 Tabela Simplex (Big-M)

cc 3 5 0 0 M
Cs Xg X1 X X3 X4 Xs b
3 X1 1 0 1 0 0 4 4
0 X4 0 0 3 1 -1 6 2
3) X 0 1 -1,5 0 0,5 3 -
z 3 5 |-45| 0 25 27
¢zz 0O 0 | 45 | 0 -M25

ASBAX?=(4,3,0,6,0); Z=27
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4° Tabela Simplex (Big-M) Fim

C; 3 3) 0 0 -M
Cs Xxg X1 X5 X3 X4 X b
3 X1 1 0 0 -0,33 0,33 2
0 X3 0 0 1 0,33 -0,33 2
3 X 0 1 0 0,5 0 6
Z; 3 3) 0 1,5 1 36
Ci-Z; 0 0 0 -1,5  -M-1

A SBA X*=(2,6,2,0,0) éoptima; Z =36 (igual ao das Duas
Fases)
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Problema 2

Resolver pelo método das Duas Fases

Minimizar z =x1 + 2x:
S.A.

X1 +XxX2>3

2X1 + X2 < 8

X1 - X2 = -1

com

x12>20, x2>0
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Problema 2 Reduzir a forma padrao

Minimizar z =x1 + 2x:

s.a.

X1+X2-X3=3

2X1 T X2+ Xa=28

-x1+x2=1 (multiplicou-se a 3* restricdao por -1)
com

x1>0, x2>0, x3=>0, x4>0

Prof Dr, Eng® Jorge Nhambiu
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Problema 2 Construir o Problema Auxiliar

As restricoes 1% e 3? ndo tém variavel basica evidente: introduzem-se
as variaveis artificiais Xs € Xe.

Minimizar z'= x5+ Xxs

S.d.

X1 +tX2-X3+Xs=3

2X1+ X2+ X4=8

X1t X2+ x6=1

com
Xx120,Xx2>20,%x320,X4>0,%x5>0,x6>0

Prof Dr, Eng® Jorge Nhambiu
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12 Tabela Simplex (12 fase)

C; 0 0 0 0 1 1
Cs Xxpg X1 Xy X3 X4 Xz X b
1 Xs 1 1 -1 0 1 0 3 3
0 X4 2 1 0 1 0 0 8 8
1 Xe -1 1 0 0 0 1 1 1
z; 0 2 -1 0 1 1 4
z-c; O 2 -1 0 0 0

ASBAX°=(0,0,0,8,3, 1)
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2? Tabela Simplex (12 fase)

C; 0 0 0 0 1 1
Cs Xxg X4 X5 X3 X4 X Xg b
1 Xs 2 0 -1 0 1 -1 2 1
0 X4 3 0 0 1 0 -1 /7 2,33
0 X -1 1 0 0 0 1 1 :
Z; 2 0 -1 0 1 -1 2
Zi-C; 2 0 -1 0 0 -2

ASBAX'=(0,1,0,7,2,0)
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32 Tabela Simplex (12 fase) Fim

C; 0 0 0 0 1 1
Cs Xg X1 X5 X3 X4 Xs X b
0 X1 1 0 -0,5 0 0,5 -0,5 1
0 X4 0 0 1,5 1 -1,5 0,5 4
0 X 0 1 -0,5 0 0,5 0,5 2
z; 0 0 0 0 0 0 0

Zi~C; 0 0 0 0 -1 -1

ASBAX*=(1,2,0,4,0,0); z' =0 — fim da 1* fase
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12 Tabela Simplex (22 fase) Fim

C; 1 2 0 0
Cs Xg X1 X5 X3 X4 b
1 X1 1 0 -0,5 0 1
0 X4 0 0 1,5 1 4
2 X2 0 1 -0,5 0 2
Z; 1 2 -1,5 0 3

Zi-C; 0 0 -1,5 0

ASBA X*=(1,2,0,4) é éptima; Z =5

Prof Dr, Eng® Jorge Nhambiu 22
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Problema 2 Meétodo do Big-M

Penaliza-se cada variavel artificial com +M na fungdo objectivo de
minimizacao.

Minimizar z = x: + 2x2 + Oxs + Ox+ + Mxs + Mxs
S.d.

X1 +tX2-X3+Xs=3

2X1+ X2+ X4=8

X1t X2+t xXe=1

com

Xx120,x2>20,%x320,X4>0,%x5>0,x6>0

Prof Dr, Eng® Jorge Nhambiu
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12 Tabela Simplex (Big-M)

C; 1 2 0 0 M M
Cs Xg X1 X5 X3 X4 Xs Xg b
M Xs 1 1 -1 0 1 0 3 3
0 X 2 1 0 1 0 0 8 8
M Xx¢ -1 1 0 0 0 1 1 1
z; 0 2M | -M 0 M M 4M
z-c; -1 |2M-2| -M 0 0 0

ASBAX°=(0,0,0,8,3, 1)
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2° Tabela Simplex (Big-M)

C; 1 2 0 0 M M
Cs Xg X4 X5 X3 X4 Xs Xg b
M Xs 2 0 -1 0 1 -1 2 1
0 X4 3 0 0 1 0 -1 7 2,33
2 X -1 1 0 0 0 1 1 :
z; | 2M-2 2 -M 0 M -M+2 2
z-c; | 2M-3 0 -M 0 0 -2M+2

ASBAX'=(0,1,0,7,2,0)
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32 Tabela Simplex (Big-M) Fim

C; 1 2 0 0 M M
Cs Xxg X1 X5 X3 X4 Xs X b
1 X1 1 0 -0,5 0 05 -05 1
0 X4 0 0 1,5 1 -1,5 0,5 4
2 X2 0 1 -0,5 0 0,5 0,5 2
Z; 1 2 -1,5 0 1,5 0,5 3
Zi-C; 0 0 -1,5 0 1,5-M 0,5-M

ASBA X*=(1,2,0,4,0,0) éoptima; Z =15 (igual ao das
Duas Fases)
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Problema 3

Resolver pelo método das Duas Fases

Maximizar z = 2x1 + x:
s.d.

X1 +tx2<6

X1 t+3xX2>6

x1-xX2=0

com

x12>20, x2>0

Prof Dr, Eng® Jorge Nhambiu
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Problema 3 Reduzir a Forma Padrao

Maximizar z = 2x: + x2
S.A.

X1TX2+X3=6
X1+3X2-X4=06

X1-X2=0

com

x1>0, x2>0, x3=>0, x4>0

Prof Dr, Eng® Jorge Nhambiu 28
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Problema 3 Construir o Problema Auxiliar

As restricoes 2% e 3% ndo tém variavel basica evidente: introduzem-se
as variaveis artificiais Xe € Xs.

Minimizar z'= x5+ Xxs

S.d.

XitX2+X3=6

X1+3X2-X4+X6=06

Xi-X2t+Xx5=0

com
Xx120,x2>20,%x320,X4>0,%x5>0,x6>0

Prof Dr, Eng® Jorge Nhambiu
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12 Tabela Simplex (12 fase)

Cs Xxpg X4 X5 X3 X4 Xs Xg b
0 Xz 1 1 1 0 0 0 6
1 Xe 1 3 0 -1 0 1 6
1 X5 1 -1 0 0 1 0 0

Z; 2 2 0 -1 1 1 6
Z~c;| 2 2 0 -1 0 0

ASBA X°= (0, 0, 6, 0, 0, 6)

Prof Dr, Eng® Jorge Nhambiu
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2? Tabela Simplex (12 fase)

C; 0 0 0 0 1 1
Cs Xg X1 X3 X3 X4 Xs Xe b
0 X3 0 2 1 0 -1 0 6
1 Xs 0 4 0 -1 -1 1 6
0 X1 1 -1 0 0 1 0 0
Z; 0 4 0 -1 -1 1 6

z-c; O 4 0 -1 -1 0

ASBA X' = (0, 0, 6, 0, 0, 6)

Prof Dr, Eng® Jorge Nhambiu

1,5

31



w Faculdade de Engenharia — Investigacao Operacional

32 Tabela Simplex (12 fase) Fim

j
Cs Xg X1 X5 X3 X4 Xz Xg b
0 X3 0 0 1 05 -0,5 -0,5 3
0 X2 0 1 o -0,25 -0,25 0,25 1,5
0 X1 1 0 o -025 0,75 0,25 1,5
z; 0 0 0 0 0 0 0
z-c; O 0 0 0 -1 -1

A SBA X?=(1,5;1,5; 3; 0); z' =0 — fim da 1° fase
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12 Tabela Simplex (22 fase)

C; 2 1 0 0
Cs Xg X1 X5 X3 ) b
0 X3 0 0 1 0,5 3 6
1 X2 0 1 0 -0,25 | 1,5 -
2 X1 1 0 0 -0,25 | 1,5 -
Z; 2 1 0 -0,75 | 4,5
Ci-Z; 0 0 0 0,75

ASBA X2 =(1,5; 1,5; 3; 0); Z=4,5
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2° Tabela Simplex (22 fase) Fim

C; 2 1 0 0
Cs Xg X1 X5 X3 X4 b
0 X4 0 0 2 1 6
1 X2 0 1 0,5 0 3
2 X1 1 0 0,5 0 3
z; 2 1 1,5 0 9

Ci-Z; 0 0 -1,5 0

ASBA X*=(3,3,0,6) é optima; Z=9
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Problema 4

Resolver pelo método das Duas Fases

Minimizar z = 3x1 + 2x2

S.A.
X1t+X2=5
2X1+X2>6
com

X120, x2>0
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Problema 4 Reduzir a Forma Padrao

Minimizar z = 3x1 + 2x2

S.A.

X1tX2=95
2X1tX2-X3=6
com

x1>0, x2>0, x3>0
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NN

Problema 4 Construir o Problema Auxiliar

Nenhuma das duas restricoes tem uma variavel basica evidente:

introduzem-se as variaveis artificiais X4 € Xs.

Minimizar z'= x4+ xs

S.d.

X1+X2t+Xa=5

2X1 T X2-X3+X5=06

com
X1>0,x2>20,x3>20,x4>0,x5>0

Prof Dr, Eng® Jorge Nhambiu
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12 Tabela Simplex (12 fase)

C; 0 0 0 1 1
Cs Xg X4 Xz X3 X4 Xs b
1 X4 1 1 0 1 0 5 9)
1 X5 2 1 -1 0 1 6 3
z; 3 2 -1 1 1 11
z~c; | 3 2 -1 0 0

ASBA X°= (0, 0, 0, 5, 6)

Prof Dr, Eng® Jorge Nhambiu
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2? Tabela Simplex (12 fase)

X1 X2 X3 X4 Xs b

0 0,5 | 05 1 -0,5 2 4
1 0,5 | -0,5 0 0,5 3 6
0 0,5 | 05 1 -0,5 2

0 0,5 | 05 0 -1,5

ASBAX!'=(3,0,0,2,0)
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32 Tabela Simplex (12 fase) Fim

C; 0 0 0 1 1
Cs X X1 X5 X3 X4 X b
0 X2 0 1 1 2 -1 4
0 X1 1 0 -1 -1 1 1
z; 0 0 0 0 0 0

Zi-C; 0 0 0 -1 -1

ASBAX?*=(1,4,0,0,0); z' =0 — fim da 1° fase

Prof Dr, Eng® Jorge Nhambiu 40
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12 Tabela Simplex (22 fase) Fim

C; 3 2 0
Xg X1 X5 X3 b
X 0 1 1 4
X1 1 0 -1 1
z; 3 2 -1 11
Z-C; 0 0 -1

ASBA X* =(1, 4, 0) é éptima; Z =11

Prof Dr, Eng® Jorge Nhambiu 41
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