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Description of the subject:
Estimation of the covariance matrix of multivariate Gaussian variables has been studied quite
actively in recent years. Actually, the inverse covariance matrix (precision matrix) provides a practical
tool for unsupervised learning. In order to understand statistical relations of variables in complex data
one can visualize their interactions in the form of a simple undirected graph. The goal is to unravel
meaningful interactions of genes, illness factors etc. This is the object of the statistical theory of
Graphical Models ([7, 6]).
SLOPE ([3]) is a substantial improvement of popular Lasso methods. Very recently, the Graphical Lasso methods of graphical model selection ([4, 10, 12]) have been essentially extended and strengthened by the methods of Graphical SLOPE ([2, 11]). Graphical SLOPE proves to have much higher
power at the cost of treating few zero entries in precision matrix as non-zeros, i.e. introducing small
number of false discoveries. The false discovery rate is controlled by Graphical SLOPE in various
scenarios.
In order to make Graphical Gaussian Models a viable modeling tool in the modern Big Data
Science, i.e. when the number of variables outgrows the number of observations, Højsgaard and
Lauritzen([8]) introduced in 2008 model classes which set equality restrictions on certain entries of covariance matrix or precision matrix. Such models can be represented by coloured graphs. This started
the statistical theory of Coloured Graphical Models. The estimation theory for Coloured
Graphical Models is well established ([8]), whereas the Model Selection within the Coloured Graphical
Models class is still not satisfactory ([5, 9]).
In particular, no Lasso-type methods exist for Coloured Graphical Models, since Lasso generates
a great level of sparsity (many zero entries in the precision matrix). Graphical SLOPE, instead, has a
strong tendency to average similar elements of the precision matrix and in this way Coloured Graphical
Models are very natural in such context.

The main objectives of this PhD Project are:
1. to establish statistical guarantees for the Graphical SLOPE,
2. to develop Graphical SLOPE methods for Coloured Graphical models, taking
into account the specifics of genetics and medicine data,
3. to apply Graphical SLOPE methods for Coloured Graphical models for model
selection in genetical and medical data.
The applications in genetics and medicine will be done within the SIRIC ILIAD (INCa-DGOSInserm 12558) programme, with scientific advice of Valérie Seegers (Institut de Cancérologie Ouest,
Angers-Nantes), researcher-physician in genetics/medicine of this programme. The first application
will be done to TCGA (The Cancer Genome Atlas) data analysed by other methods in [1].
Prerequisites. Master in Mathematics, Applied Mathematics or Data Sciences.
Teaching duty. None.
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