PhD in Physics

Research Title: Reconstruction problems and tomography

Interdepartmental Centre for SmartData
(SmartData@PoliTo)
Politecnico di Torino

Alfredo Braunstein — alfredo.braunstein@polito.it
Andrea Pagnani — andrea.pagnani@polito.it
Enrico — enrico.magli@polito.it

http://bigdata.polito.it

Linear estimation problems are ubiquitous in computer science,
life science, and physics. In brief, these problems can be posed as
finding solutions to an under-determined linear system of
equations for which infinitely many solutions exist. Important
examples are compressed sensing problems [1], and tomographic
reconstruction [2], the inference of brain activity from EEG and
fMRI recordings [3], problems related to the inference in flow
networks, including those arising on the modelling of cell
metabolism [4-6] and some neural network learning problems [7].
In a Bayesian framework, the space of solutions is weighted by a
prior distribution, and the problem consists in finding a maximum
a posteriori point or some other statistical observables. Prior
distributions of interest in applications are typically highly non-
linear, and depend on a specific datasets of sub-problems,
rendering the exact relevant computations intractable. Classical
approaches employ linear or quadratic terms as a proxy for non-
linearities (see e.g. basis pursuit methods [8], Loretta priors [9], |;-
norm [10]). In the last years, several Statistical Physics
computational techniques, including advanced mean-field
methods (e.g. GAMP, adaptive TAP), that were originally devised
to approximate complex probability distribution arising in models
of many interacting bodies or agents, were shown to be applicable
to non-linear problems of this type with large success. The
methods lead naturally to algorithmic solutions that are typically
very simple and iterative, qualities that render them extremely
interesting in applications.

The research activity fits in the SmartData@PoliTo

interdepartmental center, that brings together competences from
different fields, ranging from modeling to computer programming,
from communications to statistics. The candidate will join this
interdisciplinary team of experts and collaborate with them.
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This Ph.d. position will be devoted to theoretical aspects of
reconstruction problems, with special emphasis in the adaptive TAP
method for the analysis of Bayesian problems with non-linear prior
information coming from real datasets. This will involve successfully
modelling distributions of real data in some subdomain (e.g.
natural and tomographic images), and the development of
methods to solve approximately the resulting Bayesian problem.




