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“Randomization is computationally cheaper than optimization”

Rahimi A. and Recht B., NeurIPS (2007, 2008) 



Untrained dynamics of a (stable) dynamical system No backpropagation-through-time (BPTT)

Verstraeten D. et al., Neural networks (2007)

Jaeger H. et al., Neural networks (2007)

Reservoir Computing: efficient, untrained RNNs

trainable

fixed

Reservoir

Readout

𝐡𝐭

𝐲𝐭

𝐱𝐭

𝐡𝐭−1

𝐖𝐨

𝐖𝐢𝐧
𝐖𝐡

𝐡𝐭 = 𝑡𝑎𝑛ℎ 𝐖𝐡𝐡𝐭−𝟏 + 𝐖𝐢𝐧𝐱𝐭 + 𝐛𝐡

𝐲𝐭 = 𝐖𝐨𝐡𝐭 + 𝐛𝐨



Untrained dynamics… but stable High-dimensional random projection

Yildiz I. B. et al., Neural networks (2012)

Why does this work?

initialized under the Echo State Property (ESP)
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Revisiting the Reservoir Computing paradigm to enable:

(i) Parallel recurrence

(ii) Higher-dimensional reservoir



(parallelizable) Linear reservoir Complex-valued matrices

Orvieto A. et al., PMLR (2023)

Parallel Echo State Networks (ParalESN)
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Revisiting reservoir structure through structured operators
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• memory-efficient

• efficient computations in the parallel scan
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Scaling logarithmically w.r.t. sequence length Scaling linearly w.r.t. hidden size

ParalESN is faster and more scalable than traditional reservoirs

(sequential MNIST)



ParalESN consistently outperforms its traditional counterpart…

Results for benchmarks on time series

• (left) Trade-off between predictive performance and efficiency

• (right) Critical difference diagram



…while being more efficient by orders of magnitude



ParalESN is competitive with fully-trainable sequence models
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paper code

https://arxiv.org/abs/2601.22296
https://github.com/NennoMP/paralesn
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