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1. (30) Solve the LP problem

max cTx = 2x1 + 4x2 + 6x3 + 2x4 subject to x ≥ 0,
x1 − x2 + 2x3 + x4 ≤ 1

−2x1 + x2 + + x4 ≤ 2
x1 + x2 + x3 + x4 ≤ 1

Solution.
| x1 x2 x3 x4 x5 x6 x7 |

x5 | 1 −1 2 1 1 0 0 | 1
x6 | −2 1 0 1 0 1 0 | 2
x7 | 1 1 1 1 0 0 1 | 1

| −2 −4 −6 −2 0 0 0 | 0
x3 | 1/2 −1/2 1 1/2 1/2 0 0 | 1/2
x6 | −2 1 0 1 0 1 0 | 2
x7 | 1/2 3/2 0 1/2 −1/2 0 1 | 1/2

| 1 −7 0 1 3 0 0 | 3
x3 | 2/3 0 1 2/3 1/3 0 1/3 | 2/3
x6 | −7/2 0 0 2/3 1/3 1 −2/3 | 5/3
x2 | 1/3 1 0 1/3 −1/3 0 2/3 | 1/3

| 10/3 0 0 10/3 2/3 0 14/3 | 16/3

The optimal solution is: x1 = 0, x2 =
1
3
, x3 =

2
3
, x4 = 0.

2. (20) State the dual LP, and provide its solution.

Solution.

min y1 + 2y2 + y3 subject to y ≥ 0,

y1 − 2y2 + y3 ≥ 2
−y1 + y2 + y3 ≥ 4
2y1 + + y3 ≥ 6
y1 + y2 + y3 ≥ 2

The optimal solution is: y1 =
2
3
, y2 = 0, y3 =

14
3

3. (20) Add an additional constraint x1 + 2x2 + 2x3 + x4 ≤ 2 to LP problem above, and solve it.

Solution. Note that
(

0,
1
3
,
2
3
, 0

)
satisfies the new constraint.



4. (30) Find the values c
′
1 for the cost functional c

′
1x1 + 4x2 + 6x3 + 2x4 so that the LP problem in

question 1 above has the same optimal solution with c = (2, 4, 6, 2) and c
′
= (c

′
1, 4, 6, 2).

Solution. While solving the LP problem we work with the cost −2x1 − 4x2 − 6x3 − 2x4. Since

x1 is not a basic variable in the final tableau any change in −c1 = −2 would generate the exact

same change in c∗1 =
10
3

. Hence adding λ to −2 would add λ to
10
3

, and we need
10
3

+ λ ≥ 0, i.e.

λ ≥ −10
3

. Hence −c1 + λ ≥ −2− 10
3

, and

c′1 = c1 − λ ≤ 16
3

.


