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Exercise 1 (4 Points). For the optimization challenge we introduced the huber
penalty hε : R→ R for ε > 0 defined as

hε(x) :=

{
x2

2ε
for |x| ≤ ε,

|x| − ε
2

otherwise.

Calculate the proximal operator of hε, i.e. find an explicit formulation for proxτhε ,
where τ > 0.

Exercise 2 (4 Points). Let E : Rn → R ∪ {∞} be proper, closed and convex, such
that the proximal operator proxE is well-defined. Show that Moreau’s identity holds,
i.e.

v = proxE(v) + proxE∗(v) .

This also implies that the convex conjugate E∗ of a simple function E is simple as
well.
Hint: Formulate the optimality condition for the proximal operator, use the equiv-
alence of p ∈ ∂E(u) and u ∈ ∂E∗(p), and interpret p as the solution of a different
optimization problem.

Exercise 3 (4 Points). Recall the energy function for the optimization challenge

E(u) :=
λ

2
‖m · (u− f)‖2 +

2N∑
i=1

hε((Du)i) + β‖u‖2.

Find the dual formulation of the original minimization problem using the decompo-
sition E(u) = G(u) + F (Du), where we choose

G (u) :=
λ

2
‖m · (u− f)‖2 + β‖u‖2, F (Du) :=

2N∑
i=1

hε((Du)i) .

Your result may contain h∗ε without an explicit formula.
Hint: Notice that G can be regarded as a separable sum w.r.t. the components of u.
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