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Abstract.

In this series of Lectures we will address some recent progresses in regularity theory of
elliptic PDEs and Free Boundary Problems, which were developed in the recent decades.
Such topics include:

(1) Harmonic Functions: A brief review.

Schauder theory via Maximum Principle for Laplacian operator.
Schauder theory via Compactness Method for Laplacian operator.
Schauder theory for operators with variable coefficients.

De Giorgi’s Theory for operators in divergent form.

Calder6n—Zygmund’s Theory: W?? estimates for Laplacian operator (1 < p < 00).
Obstacle type problems for Laplacian operator.

)

)

)

)

6) Krylov-Safonov’s Theory for operators in non-divergent form.

)

)

) Jets problems (for Laplacian operator) via singular perturbation methods.
)

Dead-core type problems (p—Laplacian operator (2 < p < 00)).

The insights behind the expositions consist of explaining their mathematical relevance,
intrinsic difficulties in being overcome and applications in other classes of problems (e.g.
existence/regularity for problems driven p—Laplacian type operators as p — oo, where
arises the infinity Laplace operator). In the end of the Lectures we will present new
directions and some mathematical expectations for the next years in such subjects of
research.

These Lectures are accessible for all students in the Master and Doctoral levels, Post-
doctoral Researches in Analysis/PDEs and also Geometry, as well as other interested
people with minimal knowledge about Functional Analysys, Measure Theory and Pois-
son’s equation.
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