
 

Numerical Methods. Design, Analysis, and Computer Implementation of Algorithms 

It is a very pleasant book, where the concepts involved are clearly explained. All chapters begin 
with motivating examples that give a precise idea of the methods developed. In addition, every 
chapter ends with an extensive collection of exercises, useful to understand the importance of the 
results. These are complemented by a series of exercises, designed to be performed with Matlab, 
useful to appreciate the behavior of the methods studied. The authors make a personal choice of 
the order in that the topics are presented, which does not have to be shared. 

As the authors are interested in historical aspects, they include small reviews with the main 
contributions of some of the most active mathematicians in the area. They correct many wrong 
attributions, traditionally associated to names of people who had nothing to do with the original 
results.  

The book also contains a good amount of extra information, curiosities, applications, collateral 
aspects such as Google bombs, Matlab logo, Animation, Origin of matrix methods, Buffon’s 
needle… 

All the topics that are usually considered in a book on Numerical Methods are developed in this 
work. The results are presented with the necessary mathematical rigor, which is adapted to the 
level of upper-division undergraduates in mathematics or computer sciences classes for which it 
is intended. Less common in this kind of texts are the Monte Carlo methods, here included to be 
applied in approximate multiple integration topics. It can also be found some modern techniques 
not always present in this type of texts (Backward Differentiation Formulae, recent results about 
interpolation with Chebychev,...) 

The book emphasizes the computational aspects of numerical schemes, especially in the 
analysis of the propagation of rounding errors, keeping in mind that “there is a lower bound on the 
discretization parameter based on allowable time for the computation and also perhaps on the 
machine precision, since below a certain point roundoff will begin to cause inaccuracy”. 

Without attempting an exhaustive index, we highlight some particular issues developed 
throughout the book. 

After a first chapter in which several interesting examples of mathematical modeling are collected, 
the second chapter contains a tutorial that seeks to guide students to use Matlab. The third 
chapter begins with an introduction to some concepts of statistics and is focused on the Monte 
Carlo methods, emphasizing, as mentioned, their application to the approximate calculation of 
integral multiple. 

Then, in the fourth chapter, the classic methods of resolution of nonlinear equations are 
developed, giving results of convergence that are presented under assumptions that, although 
they are not standard, are the determining ones. Here, the authors make a short and pleasant 
tour through the world of fractals.  

The following two chapters are devoted to present the IEEE Floating Point standard arithmetic 
(recalling some of the dramatic failures, as the bluff of the Pentium processor and the self-
destruction of the rocket Ariane 5) and to introduce the concepts of conditioning of a problem and 
the stability of an algorithm.  



The resolution of linear systems through Gaussian elimination is studied in Chapter 7, by 
introducing also the study of the conditioning of a linear system. The QR decomposition is 
presented as the main tool in problems of minimum squares, through the process of 
orthogonalization of Gram-Schmidt (Householder’s reflectors are not considered) 

The following chapter is devoted to the problem of the polynomial interpolation and piecewise 
polynomial interpolation. It is worth remarking the way used to define divided differences as the 
coefficients of the Newton Formula for polynomial interpolation. The recursive formula that is 
generally used in its definition is obtained here a posteriori. Edge effects are presented in the 
equally spaced interpolation of high order, and the use of Chebychev abscissas are emphasized, 
referring to the chebfun package. It is presented an application to CAD, that is not based on 
spline interpolation, but primarily in NURBS, that are not studied here.  

Chapter 9 deals with numerical differentiation. We highlight the close study of the relationship 
between the error of truncation and the error of rounding, and how that affects the error in the 
approximate value. In the following chapter, the closed formulae of Newton-Cotes, the formulae 
of Gauss and composed integration are presented. It is also noted the good properties of 
Clenshaw-Curtis formulae, based again on interpolation through abscissas of Chebychev. 

Methods of solving initial value problems are discussed in Chapter 11, after stating classic results 
of wellpossedness. It should be emphasized the section devoted to the stability of the methods, 
as well as the adaptation of the methods studied in Chapter 4 (Newton and fixed point) for use in 
the implicit methods. 

Turning back to Numerical Linear Algebra, in Chapter 12 algorithms to approximate eigenvalues 
and eigenvectors of a matrix are studied. After doing a theoretical introduction to the problem, the 
power method, the QR method and the inverse power method arise (all of them, with translation). 
Iterative methods are also addressed for solving linear problems. Concerning to them, it is 
original the way chosen to introduce classic methods (Jacobi, Gauss-Seidel, SOR) as the result 
of preconditioning the system through the diagonal or the lower triangular part of the matrix. The 
method of pre-conditioning conjugate gradient is brilliantly exposed.  

The last two chapters are devoted to the resolution of boundary value problems and partial 
differential equations. The methods of finite differences and finite elements for elliptic, parabolic, 
and hyperbolic Partial differential Equations are considered, as well as these methods in the 
context of Sturm-Liouville problems. Fast Fourier Transform and multigrid methods are also 
presented. 

 

 


