
CO 367 Fall 2018: Numerical exercises

Note: If you feel that some numerical exampes can help you build intuition about convex functions and their

relationship to positive semidefinite matrices, feel free to try these exercises. Midterm questions will be

theoretical and will not be similar to the exercises given here in any way.

Question 1 Consider the quadratic function q : R3 → R given by

q(x) = x21 + 2x22 + 3x23 + 6x1x2 − 2x1x3 − 4x2x3

(a) Determine a matrix Q such that q(x) = xTQx.

(b) Determine a1, a2, a3 ∈ R and a transformation matrix G ∈ R3×3 such that q(x) = f(Gx) and f(x) = a1x
2
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(c) Show that neither Q nor −Q is positive semidefinite. In particular, find y, z ∈ R3 such that yTQy > 0 and

zTQz > 0.

(d) Let f : R→ R be given by f(λ) = q(λy). Show that f is convex.

(e) Let g : R→ R be given by g(σ) = q(σ(y + z)). Show that g is not convex.

Question 2 Let

Q =

 5 3 2
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and let f : R2 → R be given by f(x) = xTQx.

(a) Find an expression for ∇f : R3 → R3 as a function of x1, x2, x3.

(b) Find an expression for ∇2f : R3 → R3×3 as a function of x1, x2, x3.

(c) Find a symmetric matrix A such that xTQx = xTAx for all x ∈ R3.

(d) Compute the eigenvalues and eigenvectors v1, v2, v3 of A.

(e) Let gi : R→ R be given by gi(t) = q(t · vi). Give an expression for gi as a function of t, for all i.

(f) Determine whether or not f is convex over R3.
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