
Math 407 Linear Optimization

Checking Optimality Via Geometric Duality

We consider LPs in standard form:

P : maximize cT x
subject to Ax ≤ b, 0 ≤ x

In the problems below, check optimality by trying to write the objective normal as a non-
negative linear combination of the active constraint normals.

1. Does the vector x = [1, 1, 1, 1, 1, 1]T solve P , where

A =



1 1 1 1 1 1
1 0 0 0 0 −1
−1 0 1 0 0 0
0 0 0 −1 0 1
0 1 −1 0 0 0
0 0 0 0 1 −1


, c =



2
2
1
0
4
−2


, b =



10
0
1
0
1
0


.

2. Does the vector x = [1.6, 3.6, 2.6, 0, 1.6, 0.6]T solve P , where

A =



1 1 1 1 1 1
1 0 0 0 0 −1
−1 0 1 0 0 0
0 0 0 −1 0 1
0 1 −1 0 0 0
0 0 0 0 1 −1


, c =



2
2
1
0
4
−2


, b =



10
1
1
1
1
1


.

3. Does the vector x = [0, 0, 0, 0, 0, 5, 0]T solve P , where

A =


1 −2 4 6 2 1 0
−2 −2 1 1 1 1 1
4 6 8 10 0 0 0
1 1 1 1 2 2 2

 , c =



1
2
−1
0
8
8
−1


, b =


10
10
20
10

 .

4. Does the vector x = [0, 0, 0, 0, 0, 10]T solve P , where

A =


1 1 1 1 1 1
−4 −6 −10 10 16 −20
2 4 6 8 10 0
0 10 8 6 4 2
10 −2 10 −2 10 −2

 , c =



2
4
1
0
6
8


, b =


10
10
20
20
10

 .

1



5. Does x = (3, 1, 0)T solve P , where

A =

 −1 3 −2
1 −4 2
1 2 3

 , c =

 1
7
3

 , b =

 0
0
5

 .

6. Does x = (1, 2, 1, 0)T solve P , where

A =


3 1 4 2
−3 2 2 1

1 −2 3 0
−3 2 −1 4

 , c =


−2

0
5
2

 , b =


9
3
0
1

 .

7. Does x = (0, 1, 1, 1)T solve P , where

A =



−1 1 2 3
2 2 −4 1
−2 −3 0 1

0 1 5 1
−4 2 1 1
−1 4 5 6


, c =


3
3
2
6

 , b =



7
−1
−1

7
5

16


.

Answers: 1. No, y does not exist. 2. Yes, y = 1
5
(7, 4, 1, 0, 3, 13)T . 3. Yes, y =

(0, 0, 0, 4)T . 4. Yes (but tricky! Multiple dual solutions), y2 = y3 = y5 = 0 and y1 +2y4 =
8 with 2 ≤ y1 ≤ 8. 5. Yes. 6. No. 7. No, y does not exist.
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