Lecture 10 - Convex Analysis
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Farkas Lemma: preview

Lemma 4. Let A € R™" and b € IR™. Then the linear system Ax < b has
at least one solution x if and only if
yTb > 0 for every y € R™ satisfying y' A= O andy > O.



Equality constraints and free variables

Consider:

Imax CTLE

Ax@b

r > 0

Rewrite equality constraints as pairs of inequalities:

max ¢ x
Ax < b
—Ax < —=b
x > 0



Put into block-matrix form:

Dual is:

min
—b
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Which is equivalent to:

min b’ (y* —y")
Al (y* —y7)
vy

AVARAV,

Finally, letting y = y™ — y~, we get

min b’y
Aly > ¢
Y free.

Moral:

e Equality constraints = free variables in dual.

e Inequality constraints = nonnegative variables in dual.
Corollary:

e Free variables =—> equality constraints in dual.

e Nonnegative variables =—> inequality constraints in dual.



Free dual variables
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