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ABSTRACT

A new methodology to compute guaranteed upper bounds for the energy norm of the error in

the context of linear finite element approximations of the reaction-diffusion equation introduced

in [2] is presented. The new approach revisits the ideas in [1] with the goal of substantially re-

ducing the computational cost of the flux-free (FF) method while retaining the good quality of

the bounds. The new methodology provides also a technique to compute equilibrated boundary

tractions improving the quality of standard equilibration strategies. The zeroth-order equilibra-

tion conditions are imposed using an alternative less restrictive form of the first-order equili-

bration conditions, along with a new efficient minimization criterion. This new equilibration

strategy provides much more accurate upper bounds for the energy and requires only doubling

the dimension of the local linear systems of equations to be solved.

The following figure shows the results obtained for the Poisson equation in the standard L-

shaped domain with a reentrant corner. The effectivity indices are shown both for existing

flux-free and equilibrated standard error estimates and for the new presented techniques.

10
2

10
3

10
4

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

E
ff

ec
ti

v
it

y
in

d
ex

Number of nodes (d.o.f.)

Standard guaranteed FF error estimate
}

New cheaper guaranteed FF error estimate

}

Standard guaranteed equilibrated error estimate

New cheaper guaranteed FF error estimate - adapted

REFERENCES

[1] N. Parés and P. and Dı́ez and A. Huerta, “Exact bounds for linear outputs of the advection-

diffusion-reaction equation using flux-free error estimates”, SIAM J. Sci. Comput., 31(4),

3064–3089 (2009), http://dx.doi.org/10.1137/080724356.

[2] N. Parés and P. and Dı́ez, “A new equilibrated residual method improving accuracy and

efficiency of flux-free error estimates”, Comput. Methods Appl. Mech. Engrg., (2016),

http://dx.doi.org/10.1016/j.cma.2016.10.010.


