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Outline

● Cross-validation in time series
– How, why, and when 

you should use it

● Efficient implementation in ESNs
– And other RC methods

● Empirical results
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ESN training classics

● Generate ESN

● Learn

– One-shot

– Data / time / memory – efficient

● Hyper-parameters are important

● Standard (static) validation:
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Cross-validating time series?

● Standard in static tasks
● Less in temporal

– Breaks continuity – bad for backprop
– Very expensive
– Peeking into the future?

● Reservoir computing is well-suited
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Cross-validation schemes
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Producing the final model

We have the best hyper-params, 
to get the final model we can:

● Retrain on all the folds
● Average over the splits
● Take the best split
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Complexity of ESN training

● foreach n  (1,…∈ ,T):
– update

– collect

● Train Time:                 >

Space:
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Efficient k-fold x-val. algorithm

● Collect global 
● foreach k fold:

– Collect         for val. fold, 
subtract from global

– Train 
– Validate on val. fold

● Time complexity
– Time:
– Dominated by                  when 

Naive time:

Space:
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Datasets used

● Generative prediction

● Time series classification
– Japanese wovels
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Results: generative prediction
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Results: Japanese wovels
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How it works
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When Cross-validating time 
series makes sense

● When data are scarse, use it efficiently
● Averaging models is a form of aditional 

regularization
● It’s about (non-)stationarity of the process

– stationary: V scheme doesn’t matter much

~ „wanders“ around – CV

/ „drifts“ in one direction – AV, FV, SV

(! strongly non-stationary – hard to learn at all)
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Conclusions

● The speedup applies to other Reservoir Computers too
– No need to run the reservoir k times

● Cross-validation in RC
– Is easy, efficient
– Predicts testing performance better
– Exploits RC strengths

● Extensions?
– Weighting splits
– Ensembling
– ...
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Questions?

Contacts: 
https://mantas.info/  

https://mantas.info/

