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 “Solution of Extremely Large Forward and Inverse Problems 

in Computational Electromagnetics: BIG DATA Aspects” 
Abstract: 
As we solve some of the largest problems in the interdisciplinary domain of computational electromagnetics, we have to 

deal with various aspects of big-data issues routinely. Most recently, we have achieved the solutions of larger than 

1,500,000,000x1,500,000,000 (1.5 billion!) dense matrix equations! This achievement is an outcome of a 

multidisciplinary effort involving physical understanding of electromagnetics problems, novel parallelization strategies 

(computer science), constructing parallel clusters (computer architecture), advanced mathematical methods for integral 

equations, fast solvers, iterative methods, preconditioners, linear algebra, and big data. Solving such large problems on a 

regular basis requires the generation, representation, storage, processing, analysis, transfer and communication, 

visualization and interpretation of extremely large data sets in the order of multiple terabytes. Accurate formulations of 

real-life electromagnetics problems with integral equations necessitate the solution of extremely large dense matrix 

equations. Solutions of such tremendously challenging problems cannot be achieved easily, even when using the most 

powerful computers with state-of-the-art petascale computing capabilities. Instead, we have been solving some of the 

world’s largest integral-equation problems in computational electromagnetics by employing fast algorithms 

implemented on parallel computers. To achieve optimal management of multiple large data sets, we design and 

implement the handling of data in various levels of cache, memory, and disk, leading to meticulously designed out-of-

core (OoC) schemes. That way, we enable the solution of unprecedentedly large problems with limited amounts of 

DRAM. In order to avoid decelerating the solution, we optimize communications among CPU cores, among processors, 

among nodes, from CPU to disk (and back), and in the case of heterogeneous architectures, we carefully control the data 

traffic to/from GPUs. Furthermore, we employ MPI and OpenMP simultaneously in a parallelization strategy designed 

to reduce data duplications among processes so that vast numbers of cores can be efficiently utilized without requiring 

extra memory. I will present fast and accurate solutions of large-scale electromagnetic forward and inverse problems 

involving three-dimensional geometries that are larger than 1000 wavelengths using the multilevel fast multipole 

algorithm (MLFMA) and parallel MLFMA. For more information: http://captains.of.computing.technology/. 
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