Adaptive Newton Methods For Semilinear

Problems With Singular Perturbations
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Semilinear Elliptic Problems
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Example
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Problem Formulation
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Newton Linearization
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Well-Posedness
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Linear FEM Discretization
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Notation /Robustness
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A Posteriori Analysis/Upper Bound
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TeThar = min(1,5*1/2h7) Of = min(1,5*1/2h5), and define
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Theorem
There holds the upper a posteriori error bound:
At,h)
[, < o+ X i (2)
TETh
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An Adaptive Algorithm

b
UNIVERSITAT
BERN

Algorithm
Given a parameter § > 0, a (coarse) starting mesh Ty, in Q, and an initial
guess u(’)' € Voh. Set n:= 0.
1. Determine a Newton step size parameter At, based on u,’: by an
adaptive procedures.
2. Compute the FEM solution ugﬂ with step size At, on the mesh Tp,
and evaluate the error indicators Nt ,, T € Tp, dpq.
3. If

53,9 < 0 Z n%’,nv (3)
TET,

refine the mesh T € Ty, using the indicators n, 7, T € Ty, repeat
step (2) with the new mesh Ty, Otherwise; set n < n+ 1, and
perform another adaptive Newton step by going back to (1).
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Remark

Whenever the mesh will be refined, u" is interpolated on the refined
mesh and defines the new initial guess.

The linear systems resulting from the finite element discretization
are solved by means of a direct solver; in this way, this approach
differs from inexact Newton methods.

See also [Ern, Viohralik, 2013].
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Linear Singular Perturbed Problem
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Linear Singular Perturbed Problem
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Fisher's Equation
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Fisher's Equation
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Fisher's Equation
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Ginzburg/Landau Equation

Figure: Numerical solutions with e = 0.00025.
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Ginzburg/Landau Equation
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Summary

Combine an adaptive Newton step size method with an
automatic mesh refinement linear FEM procedure.

Furthermore, the sequence of linear problems is treated by means of
a robust error analysis (with respect to the singular perturbations),

to robustly resolve the singular perturbations at an optimal rate.
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