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How to solve matrix-eigenvalue problems by optimizations of
various functional inequalities?
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The determination of the eigenvectors and eigenvalues of large real and complex
matrices is of considerable importance in various fields of science and technology. Gen-
erally the methods are devised either for determining all eigenvectors of the matrix
simultaneously or only one-by-one succesively. These two types of algorithms are natu-
rally related to small-scale and large-scale problems bearing a practical significance in
relation to the size of necessary operating core memory. In spite of the ever-growing
capabilities of the computers, an important class of problems in science and technology
provides matrices the sizes of which are much beyond the possibilities of direct and
simultaneous determination of all eigenvectors and eigenvalues. Furthermare also the
nature of the problem often requires only a part of the eigenvectors and eigenvelues
(generally the lowest ones).

The proposed novel algorithm belongs to the iterative class providing the eigenvec-
tors one-by-one. The determination of the eigenpairs of real (and complex) matrices is
ascribed to a local optimization problem yielding primarily the eigenvectors of the ma-
trix. Non-negative, homogeneous functions have been established with coinciding local
and global optima, which are located exactly at the eigenvectors of the underlying ma-
trix. The homogeneous object functions are constructed from known metric inequalities,
as the Cauchy-Schwartz-Bunyakovkij, Holder, Milne or Minkowski inequality. Therefore
the eigenvectors of the matrix can be found by well behaving optimization algorithms,
as the minima of the associated ’eigenvector-function’. The optimization algorithm can
be conducted to converge to the nearest eigenvector, which can be approached along a
continuously decreasing curve emanating from the starting trialvector or to an eigen-
vector, which is associated with an eigenvalue in the vicinity of a preset parameter. This
property of the algorithm is unique among the jterative methods, where the approach
of an eigenvector is guided by the magnitude of the associated eigenvalue. Throughout
the paper a family of eigenvector-functions are considered, which are all equivalent in
the sense that the eigenvectors of the underlying matrix minimize them. However, not
all of these functions are of the same practical utility. Some of them are devoted for
establishing boundary conditions, while a special one is superior in convergence speed.
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