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1. [16 marks] Let A be an (m× n) matrix with rank(A) = m ≤ n. Consider
the LPS: Minimize (cT x) subject to Ax = b, x ≥ 0. (Here c ∈ IRn, b ∈ IRm.).
Suppose x̃ ∈ IRn is a feasible solution. Show that there is a feasible solution
ỹ having the same value (that is, cT ỹ = cT x̃) and having at most (m + 1)
strictly positive components.

2. [20 + 10 marks] Consider the LPS: Minimize (x1 − x2) subject to
x1 + x3 = 1, 2x2 + x3 = 2, xj ≥ 0, j = 1, 2, 3.

(i) Solve the problem using the simplex algorithm, starting from a basic
feasible solution obtained from the first phase of the two-phase method.

(ii) Find all the extreme points, if any. What can you say about the feasible
domain?

3. [15 + 10 marks] (i) Show that the system Ax = b has a nonnegative
solution if and only if there is no vector y satisfying AT y ≤ 0, bT y > 0.

(ii) Show that the following problem is infeasible : Minimize (c1x1 + c2x2 +
c3x3) subject to

x1 + 3x2 − 5x3 = 2, x1 − 4x2 − 7x3 = 3, xj ≥ 0, j = 1, 2, 3.

4. [12 marks] Suppose a primal LP problem and its dual are both feasible.
Show that both the problems have optimal solutions. What can you say
about the optimal values of the two problems?
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