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Exercise 4.1. The primal form of a linear program is:

min
Ax≥b

ctx

The dual problem is:

max
Aty=c, y≥0

bty

In this problem we illustrate the connection between primal and dual formulations. We
assume A has full rank.

a. Find necessary conditions for the solution of the primal problem. In particular,

Ax∗ ≥ b, Âx∗ = b̂

c = Âtλ∗

λ∗ ≥ 0

where x∗ is the solution, Â corresponds to active constraints at the solution and λ∗ are the
corresponding Lagrange multipliers.

b. We show that y∗ given by

y∗ =

(
λ∗

0

)
is the solution of the dual problem.

Assume A be can be partitioned as At = (ÂtĀt). Verify that y∗ is feasible.

Aty∗ = c

y∗ ≥ 0

The active constaints for the dual problem are all of the equality constraints plus the in-
equality constraints for which equality holds. We may express this as(

Ât Āt

0 I

)(
λ∗

0

)
=

(
c
0

)
.
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c. Noting that max bty = min−bty, verify that the Lagrange multipliers σ for the dual
problem satisfy (

Â 0
Ā I

)(
σ̂
σ̄

)
= −b = −

(
b̂
b̄

)
Thus verify

σ̂ = −x∗

σ̄ = Āx∗ − b̄ > 0

d. Summarize the necessary conditions for the solution of the dual problem, and show
that they are satisfied by y∗ and σ using parts b and c.


