Research Group Prof. Dr. Laurenz Wiskott

The following Master project proposals are from year 2023. They can give you an impression
which kind of projects are possible in the department of Theory of Neural Systems.

Master Project: Is predictive coding enough to Llearn sufficiently rich
representations?

Description:

According to the predictive coding theory in neuroscience, the brain continuously predicts
incoming sensory stimuli [2]. It accomplishes learning and inference by minimizing the
discrepancy between predicted and actual stimuli. A fundamental assumption in the predictive
coding theory is that an unsupervised learning signal, such as a prediction error, is enough to
learn sufficiently rich representations of sensory stimuli which are helpful for various tasks,e.g.,
the classification of visual stimuli.

Transferred to artificial neural networks and phrasing the prediction task as a reconstruction of
input stimuli, the network'’s layers must simultaneously carry classification- and reconstruction-
driven information. Our group has demonstrated in a non-predictive coding deep learning context
that merging these information types into shared layers presents a trade-off effect. Additionally,
we observed that class information is not necessarily available in reconstruction-driven
representations. Given that computational predictive coding models face challenges performing
reconstruction and classification simultaneously, similar effects may also occur in these models.

This project seeks to explore these effects within predictive coding models. The candidate will
implement and train a predictive coding model following [1], analyzing learned representations.
Furthermore, predictive coding literature proposes solutions for models struggling with
simultaneous classification and reconstruction [3, 4] and we aim to assess how these affect the
balance between classification and reconstruction information.

Required skill:
- Interest in machine learning and computational neuroscience

- Programming experience with Python and preferably a deep learning framework, e.g., PyTorch

Supervision:
Jan Rathjens and Prof. Dr. Laurenz Wiskott
Contact:

jan.rathjens@ini.rub.de
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