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Where does irregularity in empirical time series come from?




Chaos and noise are often difficult to distinguish due to their similar behavior.
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Nonlinear prediction test
[Barahona et al., Nature (1996)]
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Noise titration
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Short-term Deterministic

predictability dynamical flo

Nonlinear forecasting Text for determinism
[Suglihara and May, Nature (1990)] [Kaplan and Glass, Phys. Rev. Lett. (1992)]
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If only a scalar time series is available, we need to reconstruct an embedding space.
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Past Future
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Strong temporal correlation in noise can arise a spurious predictability.
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A\ Necessity of embedding parameters A\ Correlation induced predictability
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Reservoir computing Cross prediction
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A\ Necessity of embedding parameters A\ Correlation induced predictability



Reservoir computing

> {

Update rule Ty = (1 _ aleak)rt + Qjeak tanh(wresrt + Winut)

L-1

Loss function L = Z(utﬂ —1pq)?, U1 = WoutTe+1
t=0

Preprocessing Xx; — Xy — (xt) Xe V> X¢/ mélx{lxtl}



Cross prediction

— 0= AX 1 = V(X¢yq)

—————

Short-term predictability Determinism test

Xt = Xt+1 v(x) = Ax;

Predict next value Infer deterministic flow




cross-prediction scheme
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y=x(p—2)—-y
z=xy—pfz

Stochastic noise
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Results
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for simulated synthetic dynamics

coefficient of determination R?

LogMap - logistic map

SkTent - skew tent map

Chua - Chua's circuit

Lorenz - Lorenz system
Rossler - Rossler system
TwoAge - two-age-class model
NFKB - NF-kB model (d = 6)

Gauss - white Gaussian noise
Uniform - white uniform noise
Flicker - flicker noise

Cauchy - Cauchy noise

fBm - fractional Brownian motion
fGn - fractional Gaussan noise



Results for simulated synthetic dynamics
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Results for simulated synthetic dynamics
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Results for empirical data
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VOICE - voice recoding

LaserP - laser intensity pulsing

SGAMP - squid giant axon
membrane potential

ChuaExp - Chua's circuit

experiment

ParkTr - Parkinsonian tremor

NAOidx - mean North Atlantic
Oscillation index

Sunspot - sunspot number

RR-interval data from...
RRnorm - healthy subjects
RRchf - congestive heart failure
RRaf - atrial fibrillation



Results for empirical data
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Results for empirical data
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summary

Pure data-driven method to distinguish chaos and noise
using cross-prediction with reservoir computing
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Appendix 1 - Results for synthetic data
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Appendix 2 - Results for empirical data
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Appendix 3 - Noise mixing
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Appendix 4 - Data length
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Appendix 5 - Prediction horizon
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Appendix 6 - Conventional schemes



Testing on synthetic dynamics
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