Exercise 2: Discrete & Continuous Optimization

1. Show that the following functions are convex or not convex on their do-
mains using the test of Hessian being positive semidefinite:
(a) flz,y) =2 +y° — 3wy on R?
(b) g(z,y) = z* + 2zy + y* on R?
(c) h(z,y,2) = 2% +y? + 2% — 22yz on R3
2. Let M be a convex set. Recall that a function f : M — R is said to be
convex over M if for all z1,22 € M and for all A € [0, 1] we have that
FOxy + (1= Nao) < Af(xq) + (1 — A)f(x2). Prove that f : M — R is

convex over M if and only if for any x1,...,xx € M and Aq,..., A\ >
0, Zle A; = 1 we have that
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3. Let P be a symmetric n X n matrix and let ¢,d € R™. Prove that f(z)
TPz 4 cTx + d is convex if and only if P is positive semidefinite.

4. Prove that f(z) = —> i, In(b; — aTx), is convex over {z|a]z < b;,i =
1,...,m}.



