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Abstract

Tensor Train (TT) decomposition allowing for O(logN) storage of the Method of Moments (MoM) impedance matrix
under fixed discretization of Volume Integral Equation (VIE) and performing its matrix-vector product (MVP) with a vector in
O(N logN) operations requires that the matrix has Toeplitz structure. In this work we shown how MoM discretization of VIE
can be formulated to produce such Toeplitz matrix structure in both the case of the arbitrary geometry voxelized on a regular grid
and the case of the arbitrary geometries discretized with unstructured meshes.

I. INTRODUCTION

MoM discretization of VIE [1] governing solution of the full-wave scattering problems with N basis functions produced dense
N × N matrix equation requiring O(N2) memory storage and O(N2) CPU time when solved iteratively. Such complexity
scaling requires prohibitive computational resources when the problem size N becomes large. The Fast Multipole Method
(FMM) [2], [3], FFT-based fast algorithms such as CG-FFT [4] and P-FFT [5], and methods based on Hierarchical matrices
(H-matrices) [6] have been widely used to reduce this complexity of storage and CPU time to O(N logN). Recently, an
alternative approach based on the TT decomposition [7], [8] of the Toeplitz matrix has been also developed which has a
capability to further reduce both the memory use and CPU time. The requirement of the MoM impedance matrix to have the
Toeplitz structure however prevents its direct TT decomposition in the cases when the scatterer has an arbitrary shape and/or
discretized with unstructured mesh. In this work we demonstrate two approaches which allow to factor the MoM impedance
matrix into the Toeplitz matrix pre- and post-multiplied with sparse basis conversion matrices requiring O(N) memory to
store and O(N) CPU time to perform their multiplication with a vector. The proposed methods are termed CG-TT and P-TT
algorithms by analogy with the well-known FFT-based GC-FFT and P-FFT methods for the reason that the pertinent Toeplitz
matrices are handled in them via TT decomposition rather than FFT while the remaining operations and sparse matrices remain
same.
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[3] O. Ergül and L. Gürel, The Multilevel Fast Multipole Algorithm (MLFMA) for Solving Large-Scale Computational Electromagnetics Problems, Wiley-

IEEE Press, 2014.
[4] N.N. Bojarski, “K-space formulation of the electromagnetic scattering problems,” Air Force Avionic Lab. Wright-Patterson Air Force Base, OH, Tech.

Rep. AFAL-TR-71-75, Mar. 1971.
[5] J. R. Phillips and J. White, “A precorrected-fft method for capacitance extraction of complicated 3-D structures,” IEEE/ACM International Conference

on Computer-Aided Design. pp. 268 - 271, 1994.
[6] W. Hackbusch, “A sparse matrix arithmetic based on H-matrices. Part I. Introduction to H-matrices,” Computing, vol. 62, no. 2, pp. 89–108, 1999.
[7] I. V. Oseledets and E. Tyrtyshnikov, “TT-cross approximation for multidimensional arrays,” in Linear Algebra and its Applications 432.1 (2010), pp.

70-88.
[8] I. V. Oseledets, TT-Toolbox 2.2. 2012.


