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The talk aims to present the results of our recent preprint arXiv:2601.19070. In this work, we rigorously

study the thermodynamic limit of deep neural networks (DNNS) and recurrent neural networks (RNNs),

assuming that the activation functions are sigmoids. A thermodynamic limit is a continuous neural net-

work, where the neurons form a continuous space with infinitely many points. We show that such a

network admits a unique state in a certain region of the parameter space, which depends continuously

on the parameters. This state breaks into an infinite number of states outside the mentioned region of

parameter space. Then, the critical organization is a bifurcation in the parameter space, where a network

transitions from a unique state to infinitely many states. We use p-adic integers to codify hierarchical

structures. Indeed, we present an algorithm that recasts the hierarchical topologies used in DNNs and

RNNs as p-adic tree-like structures. In this framework, the hierarchical and the critical organizations are

connected. We study rigorously the critical organization of a toy model, a hierarchical edge detector for

grayscale images based on p-adic cellular neural networks. The critical organization of such a network

can be described as a strange attractor. In the second part, we study random versions of DNNs and

RNNs. In this case, the network parameters are generalized Gaussian random variables in a space of

quadratic integrable functions. We compute the probability distribution of the output given the input,

in the infinite-width case. We show that it admits a power-type expansion, where the constant term is a

Gaussian distribution.


