
Exercise 1: Discrete & Continuous Optimization

1. (a) Show that (−1,−1) is not a local minimum of f(x, y) = x2 + y2 −
4x− 2y + 1

(b) Show that (0, 0) is not a local minimum of g(x, y) = x3 − 3xy + y3

(c) Show that (1, 1) is not a local minimum of h(x, y) = e−x2−y2

(x2+y2)

2. Find the local extrema of the following functions using the second deriva-
tive test.

(a) f(x, y) = x2 + y2 − 4x− 2y + 1

(b) g(x, y) = x3 − 3xy + y3

3. Show that the following sets are convex:

(a) S = {(x, y) ∈ R2 : x2 + y2 ≤ 1}
(b) T = {(x, y) ∈ R2 : x ≥ 0, y ≥ 0}

4. Show that the following functions are convex or not convex on their do-
mains:

(a) f(x) = x4 − 2x2 + 3 on R
(b) g(x, y) = x2 + y2 on R2

(c) h(x, y) = xy on T = {(x, y) ∈ R2 : x ≥ 0, y ≥ 0}
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