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Inverse problems often arise in engineering, and they are very important
from the practical view point. However, it is very difficult to solve them
because they are usually ill-posed. Ill-posed problems are very sensitive
to numerical errors. This sensitivity causes the phenomenon of oscillation
and destroys the numerical solutions. To avoid oscillation, it was believed
that the application of regularization techniques was inevitable, but
choosing a suitable method is not easy. Moreover, regularization may lead
to incorrect information about the solutions. Thus, we proposed to apply
the method of Infinite—-Precision Numerical Simulation (IPNS) to inverse
problems. IPNS consists of arbitrary-order approximation methods and
multiple-precision arithmetic. It enables direct numerical computation of
inverse problems.

In the thesis paper we study an inverse problem of determining coefficient
in a one—-dimensional hyperbolic equation. It is one of the basic model
inverse problems used in acoustics and geophysics of layered media, flaw
detection, optics, etc. It is a nonlinear inverse problem, and so it is
not easy to solve it numerically. Moreover, the nonuniqueness of the
solution makes it even more difficult. This is because when nonuniqueness
holds, the matrix in the discretized problem may be rank deficit. Thus,
to check numerically rank deficit for matrices appearing in discretization
of an inverse problem we proposed one criterion.

Our criterion devoted to the performance of the numerical computation
of rank deficit of matrices in multiple precision. Singular value
decomposition (SVD) and Gaussian elimination with complete pivoting (GECP)
are compared. GECP with equilibration (GECPE) is also considered. These
methods are applied to some examples, including an example derived from
an inverse problem. Numerical results show that our criterion works well
and that although both SVD and GECP also work well, GECPE does not.

We believe this criterion will be useful for inverse problems for the
investigation of the nonuniqueness of a solution and the suitable choice
of regularization method.

Accurate data of the direct problem is a very important for solving the
inverse problem. Thus one-dimensional hyperbolic equation is solved
numerically. Besides solving it numerically, we would like to investigate
the smoothness of the solution. Especially, we are interested in the
numerical distinction between the smooth solution and the analytic. We
apply IPNS for investigating the smoothness of the solution of a
one—-dimensional hyperbolic equation. Examples which have solutions with
various smoothness are considered and solved numerically. Numerical
results are satisfactory. This means that the smoothness or analyticity
of the solution can be determined numerically.
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