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Abstract
In many engineering problems the data available do not create well-posed boundary value problems that allow for mathematical solutions. These ill-posed problems can be the classical Cauchy problem in which two boundary conditions are prescribed on one part of the boundary, and none on the remaining. In this case the solution could exist and could be unique, although the process of finding the approximate solution can be unstable. In other occasions, a single boundary condition is available on a part of the boundary, and no boundary condition is known on the remaining. But on a set of interior points the solution is known. The existence and uniqueness of these problems is not guaranteed. For engineering purposes, however, a solution of some sense, typically by minimizing certain deviations, needs to be sought. In other applications, one may know the boundary conditions, but a part of the boundary location is not known. 

 These and other ill-posed problems have been solved by the inverse or optimization techniques. Typically, these problems are tackled by turning them into well-posed ones by ignoring certain known data and assuming certain missing data as needed. A direct method is employed for the solution. The solution is then checked against the data that are not used in the definition of the well-posed problem. The deviation is used to guide a search process for the correct values of the assumed boundary conditions or boundary locations. This process is obviously tedious and convergence of the search is not guaranteed. 


In this talk we propose a method of solution based on collocation. The solution is approximated as a summation of globally or compactly supported basis functions that can take many forms, such as orthogonal polynomials, Fourier series, radial basis functions, and fundamental solutions. The error is minimized based on either point-wise collocation or some integral norms. The coefficients of the series are sought from a linear system. We shall demonstrate that for a number of ill-posed problems, the approximate solutions can be found as a single step direction solution without iteration. When this is accomplished, the efficiency of the solution technique as compared to other methods is without doubt.
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