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1. (a) Its standard form is

min
s.t.

5x1 + 3x2

x1 − 4x2 + x3 = 4
x1 + x4 = 8

xi ≥ 0 ∀i = 1, ..., 4.

−5 −3 0 0 0

1 −4 1 0 x3 = 4

1 0 0 1 x4 = 8

→

0 −23 5 0 20

1 −4 1 0 x3 = 4

0 4 −1 1 x4 = 4

→

0 0 − 4
3

23
4 43

1 0 0 1 x1 = 8

0 1 − 1
4

1
4 x2 = 1

Since there is no positive denominators in the ratio test, this LP is unbounded.

(b)

−5 −3 0 0 0

1 −4 1 0 x3 = 4

1 0 0 1 x4 = 8

Since there is no positive denominators in the ratio test, this LP is unbounded.

(c) The search routes of the two above solution processes is shown in Figure 1.

Figure 1: Search routes for Problem 1
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2. (a) Its standard form is

max
s.t.

5x1 + 3x2

x1 + x2 + x3 = 12
x1 + 4x2 + x4 = 20

x2 − x5 = 8

xi ≥ 0 ∀i = 1, ..., 5.

(b) Its Phase-I LP is

min
s.t.

x6

x1 + x2 + x3 = 12
x1 + 4x2 + x4 = 20

x2 − x5 + x6 = 8

xi ≥ 0 ∀i = 1, ..., 6.

(c)

0 0 0 0 0 −1 0

1 1 1 0 0 0 x3 = 12

1 4 0 1 0 0 x4 = 20

0 1 0 0 −1 1 x6 = 8

adjust︷︸︸︷→
0 1 0 0 −1 0 8

1 1 1 0 0 0 x3 = 12

1 4 0 1 0 0 x4 = 20

0 1 0 0 −1 1 x6 = 8

→

− 1
4 0 0 − 1

4 −1 0 3

3
4 0 1 − 1

4 0 0 x3 = 7
1
4 1 0 1

4 0 0 x2 = 8

− 1
4 0 0 − 1

4 −1 1 x6 = 3

In the Phase-I optimal solution (0, 8, 7, 0, 0, 3), the artificial variable x6 is still in the basis and
positive. Therefore, we conclude that the original LP is infeasible.

3. (a) Its Phase-I LP is

min
s.t.

x6 + x7

x1 + x2 + x3 = 12
x1 + 4x2 − x4 + x6 = 20

x2 − x5 + x7 = 8

xi ≥ 0 ∀i = 1, ..., 7.

0 0 0 0 0 −1 −1 0

1 1 1 0 0 0 0 x3 = 12

1 4 0 −1 0 1 0 x6 = 20

0 1 0 0 −1 0 1 x7 = 8

adjust︷︸︸︷→
1 5 0 −1 −1 0 0 28

1 1 1 0 0 0 0 x3 = 12

1 4 0 −1 0 1 0 x6 = 20

0 1 0 0 −1 0 1 x7 = 8

→

0 4 −1 −1 −1 0 0 16

1 1 1 0 0 0 0 x1 = 12

0 3 −1 −1 0 1 0 x6 = 8

0 1 0 0 −1 0 1 x7 = 8

→

0 0 1
3

1
3 −1 0 16

3

1 0 4
3

1
3 0 0 x1 = 28

3

0 1 − 1
3 − 1

3 0 0 x2 = 8
3

0 0 1
3

1
3 −1 1 x7 = 16

3

→

− 1
4 0 0 1

4 −1 0 3

3
4 0 1 1

4 0 0 x3 = 7
1
4 1 0 − 1

4 0 0 x2 = 5

− 1
4 0 0 1

4 −1 1 x7 = 3

→

0 0 0 0 0 0

1 0 1 0 1 x3 = 4

0 1 0 0 −1 x2 = 8

−1 0 0 1 −4 x4 = 12
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We found a feasible solution (0, 8, 4, 12, 0).

(b)

−5 −3 0 0 0 0

1 0 1 0 1 x3 = 4

0 1 0 0 −1 x2 = 8

−1 0 0 1 −4 x4 = 12

adjust︷︸︸︷→
−5 0 0 0 −3 24

1 0 1 0 1 x3 = 4

0 1 0 0 −1 x2 = 8

−1 0 0 1 −4 x4 = 12

→

0 0 5 0 2 44

1 0 1 0 1 x1 = 4

0 1 0 0 −1 x2 = 8

0 0 1 1 −3 x4 = 16

We found bfs x∗ = (4, 8, 0, 16, 0).
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