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Optimizing hyperparameters of a novel bio-inspired
neural network via interpretable meta-modeling
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Artificial neural networks are currently at their prime, mainly due to the bloom of deep learning. Despite
their inspiration from brain processes, learning in such systems, based on error backpropagation (BP), is only
loosely inspired by the actual neural mechanisms. Learning in the brain is local and makes use of the bidi-
rectional flow of information. Our Universal Bidirectional Activation-based Learning (UBAL) model extends
the existing work on bio-inspired alternatives to BP based on the so-called contrastive Hebbian-anti-Hebbian
learning principle. Introducing more brain-related properties, it implements two mutually dependent yet sep-
arate weight matrices for different activation-propagation directions and a so-called echo component that al-
lows the network to learn from its own internal representations. At its core, UBAL performs heteroassociative
learning via a novel learning rule with special hyperparameters that enable our model to master qualitatively
different tasks, such as auto-encoding, denoising, and classification, all with a single learning rule. In a good
hyperparameter setup, UBAL achieves performance comparable to a standard multi-layer perceptron as well
as to related biologically motivated state-of-the-art models. Due to its heteroassociative nature, it is able to
generate images of the learned classes as an emergent phenomenon, without being explicitly trained to do
so, and this is also dependent on the setup of the special new hyperparameters. As it is vital yet difficult to
find an optimal setup of the beta and gamma hyperparameters, we have focused on well-interpretable and
effective methods for finding these values. Here, we present our chosen analytical method that reveals the
individual effects of given hyperparameters on the performance of our model as a form of meta-modeling
the model’s performance as a function of the hyperparameter configuration. Namely, we utilize a multi-layer
perceptron, which learns to predict the model’s performance as a function of a hyperparameter setup and
the SHAP method to reveal the feature importance of the novel hyperparameters of the UBAL model. Our
proposed method helps us to further explore their function and relative importance in a particular machine
learning task.
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