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Reservoir Computing #
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Reservoir Computing

Update the reservoir state r(t):
r(t + At) = tanh(Ar(t) + W;,x(t) + b)
Map r(t) onto the output y(t):

y(t) = Wy (t)
Optimize W ,,,; via Ridge regression. Minimize:

Yi=—1 1 Wouer () = yr(O) 124+ B 1l Wy 117

yr(t): known real output
f: regularization parameter

W, Is then obtained via:
Wour = yTr(rTr + B I)_l
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But what If you already have a
decent model of your system?




Hybrid Reservoir Computing A#y
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Combine Model-Based and RC-based Predictions
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Model
Model Based: u(t) > Klu(t)] >u(t+dt)
Input layer Outpﬁlayer
Normal RC: u(t) :u > Reservoir » ——u(t+dt)
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Adding Errors to our KBM ‘#7
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= True = Predicted

p is modified to p = 28(1 + ¢)
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Hybrid RC for the Lorenz System
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e=0.1, ryg,, = varied

*= mnput hybrid === output hybrid === full hybrid
= = reservoir-only *=* KBM-fitted ==+ KBM-only
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Ykbm-fitted (t) — kamK (ﬁ' (t )) + Wout
Ykbm-only (t) = K¢ (ﬁ' (t ) )



Hybrid RC for the Lorenz System ‘#7
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=== 1input hybrid === output hybrid === full hybrid
=e = reservoir-only *=* KBM-fitted  *** KBM-only ¢ = varied, rg,, = 500
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Hybrid RC for Multiple Chaotic Systems ‘#7
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L p———————
=e = reservoir-only ==+ KBM-fitted ==+ KBM-only | ’dim = 500
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Hybrid RC for Multiple Chaotic Systems ‘#7
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*=input hybrid === output hybrid === full hybrid ¢=0.1
=e = reservoir-only **=* KBM-fitted  **=* KBM-only | Fdim = 50
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But what If your knowledge
based model Is just really bad?




Using a Horrible KBM ‘#7
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*= input hybrid === output hybrid === full hybrid
=e = reservoir-only ==+ KBM-fitted Vgim = 500

Ksin(u(r)) = sin(u(r))

oD
UdSIOA[RH
€Q-ZUdIo
IO[SSOY
aspIpPNy | §
Sewoy |,
INANIM

JnaIID-eny)
[[OIOS-21qNno

Sebastian Baur, DLR KI-EXE, 2023-09-04




i DLR

Interpretability?




Interpretability
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Conclusion
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Conclusion ‘#7
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= [nput hybrid (IH), output hybrid (OH), and full hybrid (FH), all outperform non-hybrid RC for
sufficiently accurate models.

» For accurate models, OH and FH results are equivalent and significantly outperform the IH
results, especially for smaller reservoir sizes.

» For totally inaccurate models the predictive capabilities of IH and FH may decrease
drastically, while the OH architecture remains as accurate as the purely data-driven results.

= Qutput hybrid basically always better than input hybrid and about as good as full hybrid for
good, and preferable for bad knowledge based models.

= OH allows for the separation of the reservoir and the model contributions to the output
predictions.

= OH approach is the most favorable architecture for hybrid reservoir computing, when taking
accuracy, interpretability, robustness to model error, and simplicity into account.

= Qutlook: Hybrid-NG-RC, Hybrid-Minimal-RC, Real Data
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