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Statistical mechanics of pre-training and fine tuning in deep learning
Masayuki Ohzekit

!Graduate School of Informatics, Kyoto University

Abstract

Lack of analytical study on the architecture of deep learning hampers understand-
ing of its origin of the outstanding performance. A recent study has formulated a
theoretical basis for the relationship between the recursive manipulation of varia-
tional renormalization groups and the multi-layer neural network in deep learning
[2]. Indeed, it is confirmed that the renormalization group indeed can mitigate the
computational cost in the learning without any significant degradation [3]. The
statistical mechanical approach is a rare successful approach to pave a way to the
nature of the deep learning. We present a statistical-mechanical analysis on a part
of architecture in the deep learning. We first elucidate some of the essential com-
ponents of deep learning —pre-training by unsupervised learning and fine tuning
by supervised learning. We formulate the extraction of features from the training
data as a margin criterion in a high-dimensional feature-vector space. The self-
organized classifier is then supplied with small amounts of labelled data, as in deep
learning. For simplicity, we employ a simple single-layer perceptron model, rather
than directly analyzing a multi-layer neural network. The surprising performance of
the deep learning does not necessarily come from deep neural network, but rather
stem from the potential of the neural network itself. We find a nontrivial phase
transition that is dependent on the number of unlabelled data in the generalization
error of the resultant classifier. The resultant phenomena exhibits the efficacy of the
unsupervised learning in deep learning. Increasing the number of unlabelled data
again leads to an improvement in the generalization error. A gradual increase in the
number of labelled data allows us to escape from a metastable solution in multiple
solutions. In this sense, fine tuning by supervised learning is necessary to achieve
the lower-error state and mitigate the difficulties in reaching the desired solution.
We should emphasize that the emergence of the metastable state does not come
from the multi-layer neural networks, but from the combination of unsupervised
and supervised learning. The analysis is performed by the replica method, which is
a sophisticated tool in statistical mechanics. We validate our result in the manner
of deep learning, using a simple iterative algorithm to learn the weight vector on
the basis of belief propagation.
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