Open questions on delay optimization in Spiking Neural Networks
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While surrogate gradient learning (SGL) has enabled the training of deep and recurrent spiking
neural networks (SNNs) with performances approaching those of standard deep learning [1], the op-
timization of these networks remains largely focused on three aspects: synaptic weight optimization,
as in regular deep learning; spiking neuron model development and tuning; and structural or archi-
tectural exploration. Another form of optimization has gained traction in recent years, which directly
learns how neurons should transmit information in time. In SNNs, each connection is characterized
not only by a weight but also by a transmission delay, and both can be considered as coupled parame-
ters for optimization. Theoretical works have long suggested that trainable delays drastically enhance
expressivity [2], but practical methods for learning them have only emerged recently and remain
mostly limited to feedforward architectures [3-9]. We recently introduced DelRec [10], an SGL-
based method to jointly optimize axonal or synaptic delays along with synaptic weights in recurrent
SNNs (RSNNs) via backpropagation through time. DelRec uses a differentiable interpolation scheme
to handle non-integer delays during training, is neuron-model agnostic, and achieved state-of-the-art
results on challenging temporal benchmarks. The availability of recurrent delay learning immediately
raises new questions. What can be modeled with such delay-equipped recurrent networks that could
not be modeled before? Can we identify tasks where delay learning is not merely helpful but predom-
inantly necessary for good performance? More broadly, learning such a fundamental parameter, one
that directly shapes the temporal behavior of a network, opens research directions that are yet to be
explored, for both feedforward delays and recurrent delays. How do recurrent and feedforward delays
interact when both are learned? Is learning delays always the best trade-off compared to having fixed
delays, increasing network size or enriching neuron dynamics? To what degree can delay learning
lead to sparser, more parameter-efficient models? These remain open questions of direct relevance
to the neuromorphic community, where programmable delays are natively supported by event-driven
hardware and where efficiency is the central concern. We will present the DelRec framework along
with preliminary results on these directions.
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