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We consider the setting of performing spectral clustering in a Hilbert space.
We show how spectral clustering, coupled with some preliminary change of
representation in a reproducing kernel Hilbert space, can bring down the
representation of classes to a low-dimensional space and we propose a new
algorithm for spectral clustering that automatically estimates the number
of classes.
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Autoregressive identification of time series embeds a spectral frequency in-
terpretation whose peaks are the analytical residua of each pole of the identi-
fied transfer function from white noise to the analysed signal. Such a simple
approach thus helps to understand many apparently complex phoenomena,
like sympatovagal balance of the autonomous nervous system under stress
(Circulation 1991), brain circuits synchronisation during evoked potentials
(Medical & Biological Engineering & Computing 1991), pre-Alzheimer’s
local early desynchronisation (Electroencephalography and Clinica Neuro-
physiology 1998), muscle fatigue (Journal of Biomechanics 1996). Exoge-
nous inputs allow to take into account priors, like in event-related EEG and
fMRI analysis (NeuroImaging 2007), or in rain attenuation of telecommuni-
cations (ASMS/SPSC 2016). A piecewise affine ARX identification (Auto-
matica 2003) has been proposed, able to simultanously identify hyperplanes
and commutations among them both in non linear inverse problems with
histeresis and in quite big multivariable data mining in several fields (An-
nals of biomedical engineering 2009, Nonlinear Analysis: Hybrid Systems
2008 & 2009).
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In the context of assessing the generalization abilities of a randomized
model or learning algorithm, PAC-Bayes and Differential Privacy (DP) the-
ories are the state-of-the-art tools. For this reason, in this talk, I will show
how to develop tight DP-based generalization bounds, which improve over
the current state-of-the-art ones both in terms of constants and rate of con-
vergence. Moreover, I will also prove that a randomized algorithm, based on
the data generating dependent prior and data dependent posterior Boltz-
mann distributions of Catoni (2007), is Differentially Private and shows
better generalization properties than the randomized model associated to
the same distributions. Preliminary results on a series of algorithms and
real world problems show the practical validity of the achieved theoretical
results. Finally, I will discuss the advantages of using the Thresholdout
procedure, one of the main results generated by the DP theory, for Model
Selection and Error Estimation purposes, and I will derive a new result
which exploits the newly derived DP-based generalization bounds.
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In this talk we present a fundamental lower bound on the sparsity of con-
nectivity that is necessary to guarantee uniform approximation rates for
arbitrary function classes in L2(Rd). In other words, we establish a connec-
tion between the complexity of a function class and the necessary complexity
of a neural network that is to approximate functions from this class up to
a certain accuracy.

Additionally, we study achievability of this lower bound. Therefore, we
demonstrate for a given function class that optimal approximation rates pro-
vided by a general class of representation systems—so-called affine systems—
can be transferred to yield existence of a neural network with optimal sparse
connectivity.

As a specific example, we include an analysis of the approximation prop-
erties by deep neural networks for the class of α-cartoon-like functions,
which is optimally approximated by the affine system of α-shearlets.

Finally, we present numerical experiments, which show that for neural
networks with limited connectivity already the standard stochastic gradient
descent algorithm generates a deep neural network which provides close to
optimal approximation rates in terms of sparsity of connectivity. This is
joint work with Helmut Blcskei, Philipp Grohs, and Gitta Kutyniok.



Inhomogeneous Shearlet coorbit Spaces

Lukas Sawatzki

Faculty of Mathematics and Computer Science
Philipps-University Marburg

We establish inhomogeneous coorbit spaces related to the continuous shear-
let transform and weighted Lebesgue spaces Lp,v. For the wavelet setting,
inhomogeneous coorbit spaces have been obtained by Fornasier, Rauhut
and Ulrich. Our construction is based on a generalisation of this approach
to the shearlet case. A major difficulty in our work is the integrability of
the corresponding kernel function
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Abstract (2017) 

Resting state fMRI data analysis is a challenging topic in computational neuroimaging. Many studies 
proved the existence of several resting networks. One of these is the so-called Default Mode Network 
(DMN) which is composed of regions with a specific topology, i.e. functional hubs are precuneus, posterior 
cingulate cortex (PCC), medial prefrontal cortex (mPFC) and angular gyrus. Moreover, salient topics in 
neuroscience are the reproducibility of results and the replicability of experimental procedures. Keeping 
in mind this premises, we investigated the brain resting functionality using data from repository shared 
by the scientific community (1000 Functional Connectome Project - NITRC). Selecting the Oxford dataset 
[N=22; 12M/10F; ages:20-35; TR=2, slices=34; timepoints:175; magnet: 3T), we explored gender 
differences and similarities using atlas based data reduction techniques (Harvard-Oxford cortical labels 
with 2mm of resolution), statistical methods (one-way ANOVA and Kruskall-Wallis test), correlation 
coefficients (CC) and algebraic measures (Euclidean and Manhattan distances). We found the following 
results: a) there are significant differences in the mean and in the variance of BOLD signal among males 
and females, b) the distance within males is greater than in the females, c) precuneus has positive and 
negative correlation with all other ROIs and specially the higher correlations (CC > 0.80) are with its 
controlateral part and with the posterior division of cingulate gyrus. The analysis conducted confirms the 
salience of these regions in the resting functionality and highlights dissimilarities within and between 
gender. We intend to extend the results obtained by conducting a cluster analysis, using Self-Organizing-
Map (SOM) and fuzzy c-means, to find group of regions with same dynamics and/or group of exams with 
same activation patterns. 

 


