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Exercise 1 (4 points). The Huber penalty hε : R→ R is given as

hε(x) =

{
x2

2ε
if |x| ≤ ε,

|x| − ε
2

otherwise.

Show that the huber penalty can be expressed as the so-called in�mal convolution

of the functions f : R→ R with f(x) := x2

2ε
and g : R→ R with g(x) := |x|:

hε(x) = min
y
f(x− y) + g(y)

Exercise 2 (2 points). Let an energy E be the in�mal convolution of two other
energies, i.e.,

E(x) = inf
x1,x2,x=x1+x2

E1(x1) + E2(x2).

Show that
E∗(p) = E∗

1(p) + E∗
2(p).

Exercise 3 (4 points). Compute the convex conjugate F ∗ of the function F : R2N →
R de�ned as

F (x) :=
2N∑
i=1

hε(xi).

What is the proximity operator of F ∗?

Programming: Huber-TV denoising

Exercise 4 (6 Points). Implement a solution of

min
u

1

2
‖u− f‖22 + α

2N∑
i=1

hε((Du)i)

using the PDHG method, with �xed step sizes τ and σ (PDHG), with adaptive
step sizes for one function being strongly convex (PDHG2), and for functions with
a strongly convex and an L-smooth part (PDHG3). In the above, D is a �nite
di�erence approximation of the gradient of an image.

1


