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Abstract

One of the archetypes of quasilinear partial differential operators is the so
called p-Laplacian operator

Apu = div(|VulP "% Vu)

where 1 < p < co . Since the middle of the seventies many qualitative properties
for several stationary and parabolic problems involving this operator have been
obtained in the literature.

In this conference I will present several qualitative properties for some sta-
tionary and parabolic problems involving the quasilinear p-Laplacian operator
for the limit case p = 1 (for the other limit case, p = oo, see the abstract by
Mike Crandall).

In some sense, the class of problems I will consider can be understood as
“new” ones but, as it always happens, this is not strictly true: indeed, if the
studies of the, so called, total variation flow equation

ou . Du
i dw<Du|) (1)

are relatively recent (see, for instance, Kobayashi and Giga [10], Andreu, Ballester,
Caselles and Mazoén [2] and their references), a related stationary equation

—Au— dm(%) =f (2)

was already proposed by E. C. Bingham, in 1922, in the context of some non-
Newtonian fluids (Bingham [6]). Equation (2) also appears in Image Processing
(see, e.g. Chan et al. [7]).

In this lecture I will report some results (Cirmi and Diaz [8], Andreu,
Caselles, Diaz and Mazén [3]) on different qualitative properties of solutions
of (1) and (2). Mainly the finite extinction time property for the solutions of (1)
and some estimates on the plasticity region of solutions of (2) (giving a partial
answer to a question raised in Glowinski. Lions and Tremolieres [9]).

Three methods will be applied: the comparison principle, the comparison
of symmetric rearrangements and an energy method. Those methods can be
considered today as “classical”, although they need to be correctly proved for
each special case under consideration. Very relevant contributions on the de-
velopment of those (and others) methods are due to Philippe Benilan (see, for
instance, Benilan [4], Abourjaily and Benilan [1] and Benilan and Crandall [5]).



Bibliography

1]

2]

ABOURJAILY, CH. AND BENILAN, P., Symmetrization of quasilinear
parabolic problems, Revista Union Matemdtica Argentina, 41, 1, 1999.

ANDREU, F., BALLESTER, C., CASELLES, V. AND MAZON, J.M., The

Dirichlet Problem for the Total Variational Flow, To appear in J. Funct.
Anal.

ANDREU, F., CASELLES, V., Diaz, J.I. AND MAZON, J.M., Some quali-
tative properties for the total variational flow. In preparation.

BENILAN, P., An introduction to partial differential equations, in Semi-
groups, Theory and Applications, Vol.2, Pitman Res. Notes in Math., 152,
1986.

BENILAN, P. AND CRANDALL, M., The continuous dependence on ¢ of
solutions of uy — A¢(u) = 0, Indiana Univ. Math. J., 30, 1984, 161-177.

Bincuawm, E. C., Fluidity and Plasticity, McGraw-Hill, New York, 1922.

CHAN, T., GoLUB, G. AND MULET, P., A nonlinear primal-dual method
for total variation-based image restoration, SIAM Journal on Scientific
Computing, 20, 1999, 1964-1977.

CirMI, R. AND Diaz, J.I., Local and measure estimates on the plasticity
region for Bingham fluids. In preparation.

GLOWINSKI, R. LioNs, J.L. AND TREMOLIERES, R., Numerical Analysis
of Variational Inequalities, North-Holland, Amsterdam, 1981.

KoBavasHI, R. AND GIGA, Y., Equations with Singular Diffusivity, Journ.
Statistical Physics, 95, 1999, 1187-1220



