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ABSTRACT. We prove that the regularizing Levenberg-
Marquardt scheme, introduced for nonlinear ill-posed prob-
lems, achieves order optimal accuracy under standard assump-
tions on the nonlinearity of the underlying operator equation.

1. Introduction. The Levenberg-Marquardt method is a Newton-
type method for nonlinear least-squares problems that is treated in
many numerical optimization textbooks, cf., e.g., Kelley [14]. In each
iteration of the Levenberg-Marquardt method the nonlinear operator is
linearized around the current approximation, and the original problem
is turned into a linear least squares problem with a quadratic inequality
constraint. This constraint is derived on the grounds that one can only
trust in the linearization within a certain neighborhood of the present
approximation (trust region). Eventually, this leads to the same linear
equation to be solved as in Tikhonov regularization, the corresponding
regularization parameter being coupled with the Lagrange parameter
associated with the constrained problem.

The Levenberg-Marquardt method is often used as a black box
method for parameter identification problems, regardless of whether
these are well-posed or not. Its convergence analysis, however, relies
on the assumption that the derivative of the nonlinear operator is con-
tinuously invertible near the exact solution, cf. [14], which irrevoca-
bly fails to hold for ill-posed problems. To adjust the method to ill-
posed problems we therefore proposed a modification of the Levenberg-
Marquardt approach back in 1997 [6], to be called the regularizing
Levenberg-Marquardt scheme below, which uses a different quadratic
constraint that assesses the reliability of the right-hand side of the lin-
earized problem rather than the trust region of the linearization. With
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