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Problem setting and challenges

Challenges :

❌ Non-linear sequential dynamics
❌ Unreliable for long-term forecasts
❌ Computationally challenging

Problem setting
Sequence-to-sequence modelling seeks to 
capture sequential dynamics.
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Model

WARP

e.g., initial value problem, classification, forecasting Example: Lorenz chaotic behaviour



Desiderata for next-generation deep sequence modelling

o Non-linearities for expressiveness
o Linearity for efficiency and interpretability
o Gradient-free online adaptation
o Physics-informed machine learning
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Softmax-Attention Mamba Neural Controlled Diff. Eq.

Vaswani et al, “Attention Is All You Need”, NeurIPS 2017
Gu and Dao., “Mamba: Linear-Time Sequence Modeling with Selective State Spaces”, COLM 2024
Kidger et al. “Neural Controlled Differential Equations for Irregular Time Series”, NeurIPS 2020
Beck et al. 2025, “xLSTM: Extended Long Short-Term Memory”, NeurIPS 2024



Weight-Space Learning (WSL) offers a path forward !

WSL views the weights and biases of a neural network (NN) as data 
points for another learning system.

(e.g., INRs, hypernetworks, optimisers, etc.)
 

Why can WSL help?
• NNs are universal approximators
• Linearly updating NN weights can result in expressive non-linear functions in 
the observation space
• NN weights can be adapted in-context, approximating GD
• We can choose the model family based on physics priors
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Weight-space linear RNNs for sequence-to-sequence 
modelling (WARP)

WARP blends linear recurrence with non-linear decoding.
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Nzoyem et al., “Weight-Space Linear Recurrent Neural Networks”, ICLR 2026

Model

WARP

𝜏 is positional encoding:
• Normalised time 𝑡
• Pixel coordinates
• Sine/Cosine waves



SoTA classification on time series benchmarks
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Nzoyem et al., “Weight-Space Linear Recurrent Neural Networks”, ICLR 2026
Bagnall et al. “The UEA multivariate time series classification archive, 2018”, 2018

Results on UEA classification



Image completion as sequence modelling

MNIST with (300 initial context steps)

Nzoyem et al., “Weight-Space Linear Recurrent Neural Networks”, ICLR 2026



In-context learning for linear regression

Each input sequence:
o is a matrix of shape (𝐷𝐱 + 1,𝑁 + 1)
o keys randomly sampled 𝐱"~𝒰 −1, 1 , ∀𝑖 = 1,… ,𝑁
o scalar values via linear mapping 𝑦" = 𝑤#𝐱"
o defined by one vector 𝑤~	𝒰 −1, 1  

Nzoyem et al., “Weight-Space Linear Recurrent Neural Networks”, ICLR 2026



𝜏

Physics-informed ML: leveraging continuous dynamics
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Mass-Spring-Damper (100 initial steps)Useful for:
o improved (generalisation) accuracy
o better sample efficiency



• Weight-Space Linear RNNs meet requirements:
–  Trains like a linear model, performs like a non-linear 

one 
–  Driven by an innovative input difference 
–  Capable of in-context learning
–  Capable of physics-informed machine learning

• Future Work:
–  Addressing theory and neuron equivariance
–  Eigen-decomposition and parameter efficiency

Paper: https://arxiv.org/abs/2506.01153
Code: https://github.com/ddrous/warp

Reach out:
–rd.nzoyemngueguin@bristol.ac.uk
–enrique.crespofernandez@bristol.ac.uk

Summary & Future Work
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