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1. The dual LP is

min
s.t.

10y1 + 16y2 + 14y3
2y1 + y3 ≥ 4
y1 + y2 + 3y3 ≤ −2

y2 − 3y3 = 1

y1 ≥ 0, y2 ≤ 0, y3 urs.

2. (a) Its standard form is

min
s.t.

3x1 + 5x2

x1 + x2 + x3 = 8
x1 + 2x2 + x4 = 12

xi ≥ 0 ∀i = 1, ..., 4.

−3 −5 0 0 0

1 1 1 0 x3 = 8

1 2 0 1 x4 = 12

→

0 −2 3 0 24

1 1 1 0 x1 = 8

0 1 −1 1 x4 = 4

→

0 0 1 2 32

1 0 2 −1 x1 = 4

0 1 −1 1 x2 = 4

The optimal solution is x̄ = (4, 4) with an objective value 32.

(b) The dual LP is

min
s.t.

8y1 + 12y2
y1 + y2 ≥ 3
y1 + 2y2 ≥ 5

yi ≥ 0 ∀i = 1, 2.

(c) In Phase-I we get

min
s.t.

y5 + y6
y1 + y2 − y3 + y5 = 3
y1 + 2y2 − y4 + y6 = 5

yi ≥ 0 ∀i = 1, ..., 6.

0 0 0 0 −1 −1 0

1 1 −1 0 1 0 y5 = 3

1 2 0 −1 0 1 y6 = 5

adjust︷︸︸︷→
2 3 −1 −1 0 0 8

1 1 −1 0 1 0 y5 = 3

1 2 0 −1 0 1 y6 = 5

→

0 1 1 −1 2

1 1 −1 0 y1 = 3

0 1 1 1 y6 = 2

→

0 0 0 0 0

1 0 −2 1 y1 = 1

0 1 1 −1 y2 = 2
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In Phase-II we get
−8 −12 0 0 32

1 0 −2 1 y1 = 1

0 1 1 −1 y2 = 2

The optimal solution is ȳ = (1, 2) with an objective value 32.

cT x̄ =
[

3 5
] [ 4

4

]
= 32 =

[
1 2

] [ 8
12

]
= ȳT b.

3. (a) Its standard form is

max
s.t.

5x1 + 3x2

x1 + x2 + x3 = 12
x1 + 2x2 + x4 = 16

xi ≥ 0 ∀i = 1, ..., 4.

−5 −3 0 0 0

1 1 1 0 x3 = 12

1 2 0 1 x4 = 16

→

0 2 5 0 60

1 1 1 0 x1 = 12

0 1 −1 1 x4 = 4

The optimal solution is x̄ = (12, 0) with an objective value 60.

(b) The dual LP is

min
s.t.

12y1 + 16y2
y1 + y2 ≥ 5
y1 + 2y2 ≥ 3

yi ≥ 0 ∀i = 1, 2.

(c) In Phase-I we get

min
s.t.

y5 + y6
y1 + y2 − y3 + y5 = 5
y1 + 2y2 − y4 + y6 = 3

yi ≥ 0 ∀i = 1, ..., 6.

0 0 0 0 −1 −1 0

1 1 −1 0 1 0 y5 = 5

1 2 0 −1 0 1 y6 = 3

adjust︷︸︸︷→
2 3 −1 −1 0 0 8

1 1 −1 0 1 0 y5 = 5

1 2 0 −1 0 1 y6 = 3

→

0 −1 −1 1 2

0 −1 −1 1 y5 = 2

1 2 0 −1 y1 = 3

→

0 0 0 0 0

0 −1 −1 1 y4 = 2

1 1 −1 0 y1 = 5

In Phase-II we get
−12 −16 0 0 60

0 −1 −1 1 y4 = 2

1 1 −1 0 y1 = 5

The optimal solution is ȳ = (5, 0) with an objective value 60.

cT x̄ =
[

5 3
] [ 12

0

]
= 60 =

[
5 0

] [ 12
16

]
= ȳT b.
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(d)

cTBA
−1
B =

[
5 0

] [ 1 0
−1 1

]
=
[

5 0
]

= ȳT .

(e) By proposition 8, for any LP, shadow prices equal the values of dual variables in the dual
optimal solution. Therefore, the shadow price for the first and the second primal constraints
are 5 and 0, respectively.
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