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ABSTRACT 

We seek to learn a function by deep neural networks. An abstract optimal control problem with 
measure-valued controls provides an interesting mathematical framework to analyse the 
expressivity and optimization of such networks from a continuous point of view. This control 
problem can be seen as an infinite deep neural network where the last layer is of a special form. 
We exploit the ideas of Barron spaces as continuous interpretation of infinite wide shallow 
networks and neural ODEs as infinite deep residual network architectures. 
 
We show the existence of minimizers to the optimal control problem by using Prokhorov's 
theorem on tight measures and some regularity assumptions on the activation function. 
 
Secondly, we analyse corresponding gradient flows in the space of probability measures 
endowed with the Wasserstein metric. 
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