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1. Derive the orthogonal projection formula for a closed ball centered at x0 ∈ ℝ𝑛 ,
𝐵 [x0, 𝑟 ].

2. Show that the stationarity condition over the unit ball in ℝ𝑛 , that is,

min{𝑓 (x) : ∥x∥ ≤ 1}

is given by ∇𝑓 (x∗) = 0, or ∥x∗∥ = 1 and there exists 𝜆 ≤ 0 such that ∇𝑓 (x∗) = 𝜆x∗.

3. Consider the minimization problem

min 2𝑥21 + 3𝑥22 + 4𝑥23 + 2𝑥1𝑥2 − 2𝑥1𝑥3 − 8𝑥1 − 4𝑥2 − 2𝑥3
subject to 𝑥1, 𝑥2, 𝑥3 ≥ 0 .

• Show that the vector ( 177 , 0,
6
7 )

⊤ is an optimal solution.

• Implement a projected gradient method with constant stepsize 1
𝐿
, where 𝐿 is

the Lipschitz constant of the gradient of the function.
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