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Abstract

Self-supervised learning (SSL) is recognised as an essential tool for building foundation models for Artificial Intelligence
applications. The advances in self-supervised learning have been made thanks to vigorous arguments about the principles of self-
supervised learning and through extensive empirical research. The aim of this paper is to contribute to the development of the
underpinning theory of self-supervised learning, focusing on the deep clustering approach. We formulate the learning problem as K-
L divergence optimisation, which leads to self-distillation, with updates for the student and the teacher network grounded in
principled mathematical arguments. This leads to a novel method of teacher distribution normalisation using inverse cluster priors.
We show that using Jensen inequality this normalisation simplifies to the popular batch centering procedure. We also derive the
conditions for stable learning, which can be satisfied either using differential temperature for the student and teacher, or with the
help of judicious data augmentation strategies. These are common practices in SSL, but our theoretical underpinning explains them
within a single framework. The theoretical model developed not only supports existing successful SSL methods, but also suggests
directions for future investigations which would further enhance the understanding of the SSL process, as well as beneficially
Impacting on its outcome.
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Research Fellow at the University of Southampton (1975-77), Royal Society European Research Fellow, Ecole Nationale
Superieure des Telecommuninations, Paris (1977--78), IBM Research Fellow, Balliol College, Oxford (1978--80), Principal
Research Associate, SERC Rutherford Appleton Laboratory (1980--84) and Principal Scientific Officer, SERC Rutherford Appleton
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