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1 Apresentação:

O presente projeto visou dar continuidade à pesquisa cient́ıfica por mim desenvolvida (jun-
tamente com vários colaboradores) nas áreas de análise numérica e problemas inversos,
mais especificamente: métodos iterativos para identificação de parâmetros.

2 Objetivos propostos:

O foco das investigações cient́ıficas do projeto conclúıdo foi voltado a análise dos denomi-
nados problemas inversos e mal-postos, e teve como objetivos principais:

i) Investigação de questões teóricas (tais como existência, estabilidade, regularidade, . . . )
relacionadas a modelos matemáticos espećıficos (ver, e.g., [27, 30, 31, 33, 34, 35]);

ii) Análise de métodos numéricos estáveis para obtenção de soluções aproximadas para
problemas mal-postos (ver, e.g., [29, 28, 25, 26, 32].

3 Objetivos alcançados e bibliografia:

A seguir são listadas as publicações obtidas como conseqëncia das pesquisa realizada nesse
projeto.
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IMPA Mathematical Publications, Euclides Project, 2008
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Abstract

The derivation by Alan Hodgkin and Andrew Huxley of their famous neuronal conductance model relied on experimental

data gathered using the squid giant axon. However, the experimental determination of conductances of neurons is difficult,

in particular under the presence of spatial and temporal heterogeneities, and it is also reasonable to expect variations between

species or even between different types of neurons of the same species.

We tackle the inverse problem of determining, given voltage data, conductances with non-uniform distribution in the simpler

setting of a passive cable equation, both in a single or branched neurons. To do so, we consider the minimal error iteration,

a computational technique used to solve inverse problems. We provide several numerical results showing that the method is

able to provide reasonable approximations for the conductances, given enough information on the voltages, even for noisy

data.

Keywords Cable equation · Conductances determination · Inverse problems · Iterative regularization methods
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1 Introduction

The seminal model of Hodgkin and Huxley (Hodgkin and

Huxley 1952) of neuronal voltage conductance describes

how action potential occurs and propagates. It is a landmark

model and presents an outstanding combination of modeling

based on physical arguments and experimental data, needed

to determine the behavior of ion channels. As a part of

their work, they modeled the macroscopic behavior of the

conductances by designing several mathematical functions

(the α’s and β’s) that make the computed voltage to behave

as the data. In this paper, we propose a numerical procedure

to approximate the conductances of the ion channels, using

an iterative method to obtain the unknown parameters.

Finding the conductances is crucial if one wants to emu-

late the neuronal voltage propagation using computational

models, since the conductances are part of the data required

by the Hodgkin and Huxley model. Using simpler mod-

els might be an alternative, but it is always necessary to

find out what are the physiological parameters. What we

would like to offer is a computational way to determine the

conductances based on experimental data, and we consider

our method a step towards that final goal. The method can
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On the choice of Lagrangemultipliers in the iterated Tikhonov
method for linear ill-posed equations in Banach spaces
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ABSTRACT

This article is devoted to the study of nonstationary Iterated Tikhonov
(nIT) type methods (Hanke M, Groetsch CW. Nonstationary iterated
Tikhonov regularization. J Optim Theory Appl. 1998;98(1):37–53;
Engl HW, Hanke M, Neubauer A. Regularization of inverse prob-
lems. Vol. 375, Mathematics and its Applications. Dordrecht: Kluwer
Academic Publishers Group; 1996. MR 1408680) for obtaining sta-
ble approximations to linear ill-posed problems modelled by oper-
ators mapping between Banach spaces. Here we propose and
analyse an a posteriori strategy for choosing the sequence of reg-
ularization parameters for the nIT method, aiming to obtain a pre-
defined decay rate of the residual. Convergence analysis of the
proposed nIT type method is provided (convergence, stability and
semi-convergence results). Moreover, in order to test the method’s
efficiency, numerical experiments for three distinct applications are
conducted: (i) a 1D convolution problem (smooth Tikhonov func-
tional and Banach parameter-space); (ii) a 2D deblurring problem
(nonsmooth Tikhonov functional and Hilbert parameter-space); (iii)
a 2D elliptic inverse potential problem.
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1. Introduction

In this article we investigate nonstationary Iterated Tikhonov (nIT) type methods [1,2]

for obtaining stable approximations of linear ill-posed problems modelled by operators

mapping between Banach spaces. The novelty of our approach consists in the introduc-

tion of an a posteriori strategy for choosing the sequence of regularization parameters (or,

equivalently, the Lagrange multipliers) for the nIT iteration, which play a key role in the

convergence speed of the nIT iteration.

This new a posteriori strategy aims to enforce a pre-defined decay of the residual in each

iteration; it differs from the classical choice for the Lagrange multipliers (see, e.g. [2,3]),

which is based on an a priori strategy (typically geometrical) and leads to an unknown

decay rate of the residual.

The inverse problem we are interested in consists of determining an unknown quan-

tity x ∈ X from given data y ∈ Y , where X, Y are Banach spaces. We assume that data are

CONTACT A. Leitão fabiomarg@gmail.com Department of Mathematics, Federal University of St. Catarina, P.O.
Box 476, 88040-900 Florianópolis, Brazil

© 2019 Informa UK Limited, trading as Taylor & Francis Group
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On Nonstationary Iterated Tikhonov Methods 1

for Ill-Posed Equations in Banach Spaces 2

M. P. Machado, F. Margotti, and Antonio Leitão 3

Abstract In this article we propose a novel nonstationary iterated Tikhonov 4

(nIT) type method for obtaining stable approximate solutions to ill-posed operator 5

equations modeled by linear operators acting between Banach spaces. We propose 6

a novel a posteriori strategy for choosing the sequence of regularization parameters 7

(or, equivalently, the Lagrange multipliers) for the nIT iteration, aiming to obtain a 8

fast decay of the residual. 9

Numerical experiments are presented for a 1D convolution problem (smooth 10

Tikhonov functional and Banach parameter-space), and for a 2D deblurring problem 11

(nonsmooth Tikhonov functional and Hilbert parameter-space). 12

1 Introduction 13

In this article we propose and (numerically) investigate a new nonstationary Iterated 14

Tikhonov (nIT) type method [6, 9] for obtaining stable approximations of linear ill- 15

posed problems modeled by operators mapping between Banach spaces. 16

The novelty of our approach consists in adopting an a posteriori strategy for the 17

choice of the Lagrange multipliers, which aims to achieve a predefined decay of 18

the residual in each iteration. This strategy differs from the classical choice for the 19

Lagrange multipliers in [9, 10], which propose an a priori strategy, and leads to an 20

unknown decay rate of the residual. 21

The inverse problem we are interested in consists of determining an unknown 22

quantity x 2 X from the set of data y 2 Y, where X, Y are Banach spaces. In 23

practical situations, one does not know the data exactly; instead, only approximate 24

M. P. Machado

IMPA, Estrada Dona Castorina 110, 22460-320 Rio de Janeiro, Brazil

e-mail: majentcha@gmail.com

F. Margotti · A. Leitão (�)

Department of Mathematics, Federal University of St. Catarina, P.O. Box 476,

88040-900 Florianópolis, Brazil

e-mail: fabiomarg@gmail.com; acgleitao@gmail.com

© Springer International Publishing AG 2018

B. Hofmann et al. (eds.), New Trends in Parameter Identification for Mathematical

Models, Trends in Mathematics, https://doi.org/10.1007/978-3-319-70824-9_10



IMA Journal of Numerical Analysis (2018) 00, 1–22

doi:10.1093/imanum/dry066

Range-relaxed criteria for choosing the Lagrange multipliers in nonstationary

iterated Tikhonov method

R. Boiger

Materials Center Leoben Forschung Gmbh, Roseggerstrae 12, 8700 Leoben, Austria;

former: Insitut für Mathematik, Alpen-Adria Universität Klagenfurt, Universitätsstrasse 65-67,

9020 Klagenfurt, Austria

romana.boiger@mcl.at

A. Leitão∗

Department of Mathematics, Federal University of St. Catarina, P.O. Box 476,

88040-900 Florianópolis, Brazil
∗Corresponding author: acgleitao@gmail.com

and

B. F. Svaiter

IMPA, Estr. Dona Castorina 110, 22460-320 Rio de Janeiro, Brazil

benar@impa.br

[Received on 22 September 2016; revised on 4 June 2018]

In this article we propose a novel nonstationary iterated Tikhonov (NIT)-type method for obtaining

stable approximate solutions to ill-posed operator equations modeled by linear operators acting between

Hilbert spaces. Geometrical properties of the problem are used to derive a new strategy for choosing the

sequence of regularization parameters (Lagrange multipliers) for the NIT iteration. Convergence analysis

for this new method is provided. Numerical experiments are presented for two distinct applications:

(I) a two-dimensional elliptic parameter identification problem (inverse potential problem); and (II) an

image-deblurring problem. The results obtained validate the efficiency of our method compared with

standard implementations of the NIT method (where a geometrical choice is typically used for the

sequence of Lagrange multipliers).

Keywords: ill-posed problems; linear operators; iterated Tikhonov method; nonstationary methods;.

1. Introduction

In this article we propose a new nonstationary iterated Tikhonov (NIT)-type method (Brill & Schock,

1987, Section 1.2) for obtaining stable approximations of linear ill-posed problems. The Lagrange

multiplier is chosen so as to guarantee the residual of the next iterate to be in a range. Previous strategies

for choosing the Lagrange multiplier in each iteration of NIT-type methods either prescribe (a priori) a

geometrical increase of this multiplier (Hanke & Groetsch, 1998) or require (a posteriori) the residual

at the next iterate to assume a prescribed value which depends on the current residual.

In those NIT methods that prescribe a geometrical increase of the Lagrange multipliers, the use of

a too large geometric factor may lead to numerical instabilities and failure of convergence, whereas the

© The Author(s) 2018. Published by Oxford University Press on behalf of the Institute of Mathematics and its Applications. All rights reserved.
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On a Family of Gradient-Type Projection Methods for
Nonlinear Ill-Posed Problems

Antonio Leit~aoa and Benar F. Svaiterb

aDepartment of Mathematics, Federal University of Santa Catarina, Florian�opolis, Brazil; bNational
Institute for Pure and Applied Mathematics, Estrada Dona Castorina, Rio de Janeiro, Brazil

ABSTRACT

We propose and analyze a family of successive projection
methods whose step direction is the same as the Landweber
method for solving nonlinear ill-posed problems that satisfy
the Tangential Cone Condition (TCC). This family encompasses
the Landweber method, the minimal error method, and the
steepest descent method; thus, providing an unified frame-
work for the analysis of these methods. Moreover, we define
new methods in this family, which are convergent for the con-
stant of the TCC in a range twice as large as the one required
for the Landweber and other gradient type methods. The TCC
is widely used in the analysis of iterative methods for solving
nonlinear ill-posed problems. The key idea in this work is to
use the TCC in order to construct special convex sets possess-
ing a separation property, and to successively project onto
these sets. Numerical experiments are presented for a nonlin-
ear two-dimensional elliptic parameter identification problem,
validating the efficiency of our method.
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1. Introduction

In this article, we propose a family of successive orthogonal projection

methods for obtaining stable approximate solutions to nonlinear ill-posed

operator equations.

The inverse problems, we are interested in, consist of determining an

unknown quantity x 2 X from the data set y 2 Y, where X, Y are Hilbert

spaces. The problem data y are obtained by indirect measurements of the

parameter x, this process being described by the model F(x)¼ y, where F :

D � X ! Y is a non-linear ill-posed operator with domain D ¼ DðFÞ.
In practical situations, the exact data y is not known. Instead, what is

available is only approximately measured data yd 2 Y satisfying
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Abstract

We propose and analyse a regularization method for parameter identification 

problems modeled by ill-posed nonlinear operator equations, where the 

parameter to be identified is a piecewise constant function taking known 

values.

Following (De Cezaro et al 2013 Inverse Problems 29 015003), a piecewise 

constant level set approach is used to represent the unknown parameter, and 

a corresponding Tikhonov functional is defined on an appropriated space of 

level set functions. Additionally, a suitable constraint is enforced, resulting that 

minimizers of our Tikhonov functional belong to the set of piecewise constant 

level set functions. In other words, the original parameter identification 

problem is rewritten in the form of a constrained optimization problem, which 

is solved using an augmented Lagrangian method.

We prove the existence of zero duality gaps and the existence of generalized 

Lagrangian multipliers. Moreover, we extend the analysis in De Cezaro et al’s 

work (2013 Inverse Problems 29 015003), proving convergence and stability 

of the proposed parameter identification method.

A primal-dual algorithm is proposed to compute approximate solutions 

of the original inverse problem, and its convergence is proved. Numerical 

examples are presented: this algorithm is applied to a 2D diffuse optical 

tomography problem. The numerical results are compared with the ones in 
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