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Context of the research 

activity 

 

The so-called linear estimation problems are pervasive in many 
areas of physics, life sciences and engineering. In brief, these 
problems can be posed as finding solutions to an under-determined 
linear system of equations with some non-linear constraints. As 
examples, they include compressed sensing problems [1], 
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 the last years, several Statistical Physics computational 
techniques, including the Cavity Method in several of its variants, 
were shown to be applicable to similar problems with large 
success. In many cases, the problem can be mapped to a Bayesian 
inference problem with a Gaussian term plus several non-Gaussian 
ones. A technique that is potentially very efficient in this context is 
the so-called adaptive TAP (Thouless-Anderson-Palmer) equations 
or expectation consistency method. It was recently shown that this 
method in many cases outperforms Cavity Method based-ones, in 
particular for systems that have intrinsic structure, which are 
common in applications. The major practical drawback of the 
method resides in its high computational demand. Moreover, many 
aspects related to the existence of fixed points of the methods and 
how convergence properties relate to geometrical characteristics of 
the solution space are still largely theoretically unexplored. 
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. 

 
 



Objectives 
 
 

This Ph.d. position will be devoted to theoretical aspects of linear 
estimation problems, with special emphasis in the adaptive TAP 
method and in particular to explore practical applications, in 
particular the field of large scale water distribution system. 
Particularly relevant is  inference in metropolitan water distribution 
systems (WDS). They are huge spatial networks where the number 
of links ranges from thousands to hundreds of thousands and water 
describes complex spatiotemporal flow patterns. One of the most 
urgent problems is the accidental or malicious contaminant intrusion 
in WDNs [8,9]; in particular, possible intentional contaminations 
due to terrorism attacks would entail disastrous impacts. For this 
reason, municipalities now enforce strict regulations to monitor 
water quality within WDNs. In this framework, novel complex 
network-based inference methods can play a crucial role to identify 
contaminant sources, recover the release history, evaluate the 
impacted network nodes, decide the optimal sensor placement, and 
assess the network vulnerability. 
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Skills and competencies 
for the development of 
the activity 
  

The candidate is required to have a background in statistical physics 
and  optimization/  and  or  optimization  algorithm  on  discrete 
structures (e.g. random graphs), and good programming skills.  

 


