


 10 November 2011: 290,000 Euro from the found “FIRB-accordi di programma” , Title
of the project: Approcci nanotecnologici per la teragnostica dei tumori

 1 January 2012: 550,000 Euro from the found “A IRC 5 per mille”  , Title of the project:
Application of Advanced Nanotechnology in the Development of Innovative Cancer
Diagnostics Tools.

 June 2012-June 2013 110,000 Euro from the found “FOODCA ST,  Regione Lombardia”.

 2013-2015 55,000 Euro  from the foun “PRIN” as  local  coordinator  (PI:  Prof.  A mos
Maritan).  Title  of  the  project: Statistical  Physics  of  Active  Matter:  Disentangling
Complexity Patterns in Biological Systems

Supervising
I am currently supervising four PhD students. Twelve students have already obtained their PhD in
SISSA  under  my  supervision.  Four  of  them  have  already  obtained  permanent  positions  in
prestigious international institutions. 

Teaching
Since  2006 I  am holding  at  SISSA  the  course  Advanced sampling techniques for numerical
simulations, in which the most recent techniques for simulating rare events, exploring the phase
space and computing the free energy are summarized.

Current scientific interests
In  2014 we opened a research line in the field of data analysis. We developed a novel clustering
approach in which the number of clusters arises intuitively, the outliers are automatically spotted
and excluded from the analysis, and clusters are recognized regardless of their shape and of the
dimensionality of the space in which they are embedded. This new approach turned out to be
extremely powerful,  and the original  pubblication already received more than 2400 citations.
During  these  last  year  we  devoted   a  significant  effort  to  further  develop  and  improve  this
algorithm. 

In particular,  we  developed an approach for  computing the  free  energy and the probability
density in very high dimensional spaces.  The approach exploits the presence of  correlations
between the features. Due to these correlations, the data  points efficaciously lay on a manifold
that can be highly curved and twisted, but whose dimension is normally small. We estimate the
free  energies by finding, with a statistical test, the largest neighborhood in which the free energy
in the embedding manifold can be considered constant.  Importantly,  this procedure  does not
require  defining  explicitly  the  manifold  and  provides  an  estimate  of  the  error,  that  is
approximately unbiased up to large dimensions.  

We are  exploiting these techniques in several different fields. In particular, we are studyng the
cluster structure of the proteome, in an attempt of deriving “from first principles” its organization
in protein families. We are also working on the characterization of  the free energy landscape of a
folding process without defining any reaction coordinate. We are also applying our technique to
the analysis of functional magnetic resonance imaging data, to the analysis of clinical data, and to
the  analysis  of  single  molecule  force  spectroscopy  traces.  Finally,  we  are  applying  thiese
techniques to the characterization of the data representations in deep neural networks.   






