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4.2.2. First, we make the substitutions x1 = x′
1 − 2, x2 = x′

2 − x′′
2 , x3 = x3 − x′′

3 , and ẑ = z + 2. Then, we add an excess
variable and a slack variable to get:
minimize ẑ = x′

1 − 5x′
2 + 5x′′

2 − 7x′
3 + 7x′′

3

subject to

5x′
1 − 2x′

2 + 2x′′
2 + 6x′

3 − 6x′′
3 − e1 = 15

3x′
1 + 4x′

2 − 4x′′
2 − 9x′

3 + 9x′′
3 = 9

7x′
1 + 3x′

2 − 3x′′
2 + 5x′

3 − 5x′′
3 + s1 = 23

x′
1, x

′
2, x

′′
2, x

′
3, x

′′
3, s1, e1 ≥ 0

.

4.3.4. (b) (0, 0), (0, 12), (6, 24)
(c) (1, 0) and (2, 3) are linearly independent directions of unboundedness.
(d) You can obtain the same results by using standard form.

4.4.3. We have x =
∑k

i=1 αiyi, where
∑

i αi = 1 and αi ≥ 0 for all i and yi =
∑ki

j=1 βijyij , where
∑

j βij = 1 and βij ≥ 0 for
all i, j. Then,

x =
k∑

i=1

αi

ki∑
j=1

βijyij =
∑
i,j

αiβijyij ,

where

∑
i,j

αiβij =
k∑

i=1

αi

 ki∑
j=1

βij

 =
k∑

i=1

αi = 1.

Thus, x is a convex combination of the vectors {yij}.

4.4.5. We have that

Ad = A

(
k∑

i=1

αidi

)
=

k∑
i=1

αi(Adi) = 0,

and we know that d is nonnegative since it is a nonnegative linear combination of nonnegative vectors. Hence, it follows that
d is a direction of unboundedness.
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