A Study of Optimization Methods for TTFES
based Spiking Neural Networks

Topic Background

In recent years, optimization methods for artificial neural net-
works (ANNs) have seen substantial progress, with adaptive and
preconditioned optimizers such as Adam, AdamW, Shampoo,
and Muon significantly improving training stability and perfor-
mance. At the same time, spiking neural networks (SNNs), and
in particular, time-to-first-spike (TTFS) models, have emerged
as promising architectures for temporal and event-based data.
TTFS models introduce additional parameters such as trainable
delays and thresholds which makes the training difficult. How-
ever, most TTFS based SNNs are still trained using optimizers
originally designed for ANNs, without accounting for additional
complexities coming from the SNN intrinsic structure.

This raises the question of whether TTFS model require spe-
cialized optimization strategies and and how ideas from modern
ANN optimizers can be adapted to this setting.

Description of the Project

The project focuses on analyzing existing optimizers, identifying
their limitations in the TTFS setting, and implementing modified
or new optimization strategies that better capture the structure
of TTFS models. The final expected outcomes are:

1. a systematic comparison of standard ANN optimizers (e.g.,
SGD, Adam, AdamW, Muon, Shampoo, etc.) when applied
to TTFS based SNN model

2. insights into adapting step sizes using gradient information
from both weights and temporal delay parameters

3. an empirical analysis of inductive biases introduced by dif-
ferent optimization strategies

Tasks

The specific steps of the project are as follows:

1. conduct a literature review on optimization methods for
ANNSs and SNNs, with emphasis on adaptive and precondi-
tioned optimizers
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2. implement baseline TTFS SNN model and train them using
standard optimizers such as SGD, Adam, and AdamW, etc.

3. identify limitations of existing optimizers in the TTFS set-
ting, such as slow delay updates and/or unstable conver-
gence

4. design and implement simple TTFS-specific optimization
modifications, such as separate learning rates or adaptive
scaling for delay parameters

5. evaluate and compare the proposed optimization strate-
gies on real and synthetic temporal tasks and event-based
datasets

6. depending on time and project progress, additional tasks
may include theoretical investigations such as the role of
initialization strategies and/or convergence of the optimiza-
tion algorithm

7. depending on the student’s background and interests, the
project can be oriented more towards theory, with less em-
phasis on the experimental component

Additional note The project combines theoretical understand-
ing and empirical analysis providing the student with hands-on
experience in modern optimization methods and spiking neural
network models. A working implementation is already available
and will serve as the starting point.
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