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Radar signature analysis
The radar signature of an aircraft, or how well an aircraft can be detected by radar, is a key parameter for it's survivability. This radar signature can be determined experimentally, or using very advanced computational methods that are based on discretisation of  Maxwell's equations. 

At the National Aerospace Laboratory NLR such methods are under constant development to meet the ever increasing demand for analyzing larger and more intricate platforms.
Maxwell's equations in boundary integral equation formulation
A computational method based on a discretisation of a boundary integral formulation of Maxwell's equations offers a very efficient and accurate way of modeling electromagnetic scattering by large highly conductive structures:

· the problem dimension scales with the second power of the dimensionless wavelength,

· only a discretisation of the surface of the scattering object is required, and

· dispersion errors are nearly completely eliminated.

The Multi-Level Fast Multipole Method
One drawback of discretised boundary integral equation methods is that they require solution of linear systems with fully populated matrices. Both storage of the coefficient matrices, and the computational work involved in the solution of the linear systems would make analysis of large structures impossible, but for the introduction of the MLFMA in the late nineties of the last century.

In this algorithm, the original matrix is approximated by a sparsely populated matrix using an expansion of the Green's function of the integral operator. The resulting sparse matrix is not directly available, but only the matrix-vector product necessary for inverting the linear system using preconditioned Krylov methods.

Parallel GPU platforms
Even with the advent of the MLFMA, radar signature computations remain computationally very intensive. Therefore, new technological and algorithmic developments that can help improve the turn-around time of a large signature analysis are constantly sought for. One of these is the use of computational platforms built around a cluster of Graphical Processor Units or GPU's.

Like in many complicated algorithms, certain parts of the MLFMA are better suited for this platform than other parts. Furthermore, an approach that is ideally suited for a CPU cluster can require a radically different formulation to be efficient on a GPU cluster.

Problem Outline
As a first step it is important to get insight into the expected gains in efficiency when the MLFMA is transferred to a GPU cluster. 

Student tasks
An AM MSc project consists of two phases:

· A  literature survey, concluded with a precise research question and a literature report

· The actual research to answer the research question, concluded with a full report.

In the first phase the student should address the following:

· Get acquainted with the MLFMA 

· Get acquainted with the intricacies of GPU computing

· Survey existing literature on the application of MLFMA on GPU clusters.

· Identify possible bottlenecks for the application of MLFMA on GPU clusters.

In the second phase the student will complete a mathematical design for the MLFMA on GPU clusters, addressing the bottlenecks identified in the first phase.
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