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Abstract. This work provide a contribution on the development and implementation of methods and algorithms for the 
numerical solution of the eddy current problem for Nondestructive Testing applications via computer clusters based on 
multi core CPU/GPU. The related hardware configuration is, nowadays, increasingly popular in the framework of 
High Performance Computing (HPC) for realizing both low cost clusters and high-end clusters. Numerical methods, 
algorithms and codes previously developed for single core CPU (serial computing) should be almost completely to 
think over to exploit in full the computational power provided from these new environments. This work represents a 
contribution in this line with reference to the modeling of the Eddy Current Testing (ECT) problem via an integral 
formulation. 

1 Introduction 

 Eddy Current Testing (ECT) is a Nondestructive Testing (NDT) method for the imaging of 
conducting materials with many applications such as, for instance, the inspection of long oil/gas 
pipelines, heat exchanger tubes in nuclear power plants, aircraft fuselage, aircraft structural 
components, metal thinning, thickness and corrosion, etc. [1]. In the framework of quantitative 
methods for ECT [2], complex geometries or complex constitutive relationships (anisotropic 
materials, ferromagnetic materials, etc.) call for sophisticated numerical methods to treat 
discretized models with a prohibitively large number of unknowns where High Performance 
Computing (HPC) is mandatory. 
 The current trend for HPC relies on sophisticated hardware systems made by clusters of nodes 
where each node has one or several multi-core CPUs (Central Processing Unit) and one or several 
GPUs (Graphical Processing Unit). The nodes are typically connected by a fast network interface. 
Interestingly, the same architecture can be realized with a budget (single/few low-end nodes) or an 
expensive system (thousands or even more high-end nodes) and even supercomputers. This makes 
attractive the development of numerical methods, algorithms and codes for such architectures that 
are becoming very common. 
 In the recent years a breakthrough in HPC has been the introduction of GPU for scientific 
computation. The design philosophy of the GPUs is tailored on the inherently parallel nature of 
graphics rendering, in a picture each pixel is an entry of a large matrices and all the graphic 
operations are implemented as mathematical operations on matrices. For these reasons GPUs are 
ideally suited to data-parallel computations with high arithmetic intensity and can be used for 
scientific application [3-5]. For comparison, the CPU need to be more general possible, hence, a 
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large part of the chip area is dedicated to a sophisticated control logic and to a large cache memory 
in order to easily fit the requirement of all the possible applications. 
 From the scientific point of view, numerical methods, algorithms and codes previously developed 
for single core CPU (serial computing) should be almost completely to think over to exploit in full 
the computational power provided from these new environments. The original contribution of this 
work is in terms of reformulating/revisiting a fast iterative solver for eddy current problems [6]. 

2 Numerical Model 

Here we consider linear materials that can be conductive, magnetic or both, and time-
harmonic operations. The numerical model specifically tailored for ECT can be found in [2] 
and references therein. The formulation is based on an integral equation of the ECT problem 
where the unknown is the eddy currents J in the conductive regions: 

 ( ) 0VILjωR =+ . (1) 

The computational cost for solving (1) is due to L that is a fully populated matrix (R is sparse). 
L accounts for the inductive coupling between degrees of freedom (DoF). When the number of 
unknowns n increases, it is only possible to solve (1) by an iterative solver. For doing this, a 
method to reduce the memory occupation of the stiffness matrix otherwise increasing as O(n2) 
and a method for evaluating the matrix-by-vector product with a computational cost smaller 
than O(n2) are needed. The fast method we consider, the recursive MGS-QR factorization, has 
been developed within the nuclear fusion framework [5] and applied to Eddy Current Testing 
[6]. The idea behind the sparsification through the QR factorization methods is that the field 
produced by a set of sources grouped in a given region VS, when evaluated in a different region 
VE, it can be described through a low-rank matrix (the rank decreases as the separation between 
the region increases). Therefore an off-diagonal block B (q×p) of the stiffness matrix can be 
described as B=Q R where Q is an q×r matrix, R is an r×p and r, the rank of B, is much smaller 
than q and p. Consequently, the cost for the matrix-by-vector product decreases from q×p to 
(q+p)×r. The computational efficiency can be further improved by using the modified Gram-
Schmidt (MGS) combined with a recursive strategy adapted from the adaptive Fast Multipole 
Method yielding an almost O(n) computational cost. In the full paper we will describe an 
extension of this method that is suitable for HPC architecture based on mixed CPU/GPU nodes 
communicating via MPI (Message Passing Interface). 
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