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1. Show the convexity of the following functions:

• the quad-over-lin function

𝑓 (𝑥1, 𝑥2) =
𝑥21
𝑥2

defined over ℝ ×ℝ++ = {(𝑥1, 𝑥2) : 𝑥2 > 0}.

• the generalized quad-over-lin function

𝑔(x) = ∥Ax + b∥2
c⊤x + 𝑑

(
A ∈ ℝ𝑚×𝑛, b ∈ ℝ𝑚, c ∈ ℝ𝑛, 𝑑 ∈ ℝ

)
is convex over 𝐷 = {x ∈ ℝ𝑛 : c⊤x + 𝑑 > 0}.

• 𝑓 (𝑥1, 𝑥2) = − log (𝑥1𝑥2), over ℝ2
++.

• ℎ(x) = 𝑒 ∥x∥
2 .

2. Show that
√︁
1 + x⊤𝑄x is convex for 𝑄 positive definite.

3. Find the optimal solution of

max
x∈ℝ3

2𝑥21 + 𝑥22 + 𝑥23 + 2𝑥1 − 3𝑥2 + 4𝑥3

subject to 𝑥1 + 𝑥2 + 𝑥3 = 1
𝑥1, 𝑥2, 𝑥3 ≥ 0
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