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A FAST SOLVER FOR THE BOUNDARY ELEMENT METHOD USING

MULTIPOLE EXPANSION

Osamu WATANABE and Ken HAYAMI

There is a difficulty in applying the boundary element method to large scale and practical problems,
since with the number of boundary elements n, the amount of computation grows at an order of
O(n®) and the memory at O(n?) using the standard technique. In this paper, we apply an iterative
method (Bi-CGSTAB) to solve the linear systems of equations, and use the multipole expansion
method by Rokhlin and Greengard for the matrix-vector multiplication in each iteration.Thus, the
approximate matrix-vector multiplication is computed with O(n) operations, and the amount of
required memory is O(n) since the explicit full matrix expression is not required.

Numerical experiments on the two dimensional Laplace equation with mixed boundary condition
were performed on a work station. The direct method (LU decomposition), iterative method and
the multipole expansion method were compared. Results showed that the iterative method was
the fastest for ordinary size problem, whereas for ‘large scale problems’, the multipole expansion

method is the only choice.
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