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Nonlinear eigenfunctions can be seen as extremal func-
tions of a generalized Rayleigh quotient (RQ)

R(u) =
pJ(u)

∥u∥p
≥ λ1 > 0

with p > 1 satisfying the generalized eigenvector con-
dition λΦ(u) ∩ ∂J(u) ̸= ∅ . Here, Φ is the duality
mapping given by the subdifferential of 1

p∥ · ∥
p, J is a

convex, proper, and lower semicontinuous functional,
λ = R(u), and λ1 is the ground state eigenvalue. Solu-
tions to nonlinear eigenproblems have a variety of ap-
plications, e.g., in image processing or clustering. The
most important eigenfunctions for regularizers J is the
ground state, the minimizer of the RQ, since its eigen-
value is interpreted as the main frequency. Numerical
approaches for the computation of nonlinear eigenfunc-
tions can be divided into flow based methods and power
methods.

Dual Flow. In [1], we analyzed an equivalent dual for-
mulation of the eigenproblem based on the Fenchel con-
jugate J∗ of J . The introduced dual RQ with Hölder
conjugate q = p

p−1 is given as the quotient

R∗(ζ) =
qJ∗(ζ)

∥ζ∥q∗
where ∥ · ∥∗ is the dual norm. The dual eigenvector
of the ground state maximizes the dual RQ. We pro-
pose a normalized dual flow, which monotonously in-
creases the dual Rayleigh quotient. Its explicit Euler
discretization yields the numerical scheme

ζ0 = η0

∥η0∥∗
,

ζk+
1
2 ∈ ζk + τΦ

(
uk

)
, uk ∈ ∂J∗(ζk)

ζk+1 = ζk+1
2

|ζk+1
2 |H∗

.

We characterize the steady states of the discrete flow
and discuss the conditions for convergence towards
nonlinear eigenvectors. We obtain the dual power
method analyzed in [1] from the dual flow approach
by letting τ → ∞, due to the succeeding normalization.

Case p = 1.The most important regularizer in vari-
ational image processing is the total variation semi-
norm. Extending the framework with J(u) = TV (u)
naturally to p = 1, we use dual norms instead of the
Fenchel conjugates.

Numerical experiments. In our experiments we use
the dual flow and dual power method to compute eigen-
functions of the p-Laplace operator and the total varia-
tion with homogeneous Dirichlet and Neumann bound-
ary conditions. The method is well suited for images
perturbed by heavy noise, due to the regularizing effect
of the subdifferential of the dual norm [2]. We observe
that it needs significantly less iterations than the ROF
regularization power method from [3].
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