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Book review:

NUMERICAL SOLUTIONS OF PARTIAL

DIFFERENTIAL EQUATIONS

by

Silvia Bertoluzza, Silvia Falletta, Giovanni Ruso and Chi-Wang Shu

The book contains an expanded version of lecture notes delivered by the
authors at the Advanced School on Numerical Solutions of Partial Differential

Equations: New Trends and Applications. The School was held in Barcelona in
November 2007. The book consists of three parts.

The first part of the book, written by Silvia Bertoluzza and Silvia Falletta,
is devoted to new wavelets based approaches in the numerical solution of partial
differential equations (PDEs). The notion of a wavelet and its fundamental
properties are recalled. One of these properties is good simultaneous space
and frequency localization. The norm equivalence theorems for Sobolev spaces
Hs(Ω) and their duals in Lipschitz domains Ω ⊂ Rn, n ≥ 1, and s taking
negative or positive fractional values within the bounded segment, and for Besov
spaces Bs,p

q
(Ω), 0 < p, q < +∞ in terms of l2 and lp norms of the sequence

of wavelets coefficients, respectively, are provided. Wavelet preconditioning,
nonlinear wavelet methods for the solution of PDEs and wavelet stabilization
of unstable boundary value problems such as Stokes problem are presented and
discussed.

The second part, written by Giovanni Ruso, provides an overview of the
finite-volume and/or finite-difference shock-capturing schemes for hyperbolic
systems of conservation and balance laws. First, basic numerical schemes for
hyperbolic systems of conservation laws including three point schemes, second
order methods and upwind schemes, are recalled. Moreover, the entropy in-
equality, ensuring the uniqueness of weak solutions to PDEs, stability condi-
tions and the selection of numerical flux function in the numerical schemes are
discussed. Higher order finite-volume schemes with essentially non-oscillatory
(ENO) or weighted ENO (WENO) reconstruction approach and central scheme
based methods are also presented. Finally, different numerical schemes in-
cluding finite-difference method with implicit-explicit Runge-Kutta schemes are
presented and analyzed. Numerical examples illustrating the behavior of this
method, including the solution of PDEs governing gas dynamics (Boltzmann
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