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Mallorca 2001

Florence 2025
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Claudio’s cloud 
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https://shiny.rcg.sfu.ca/u/rdmorin/scholar_googler/
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Our first collaboration: synchronization of chaotic 

lasers for secure communications
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95 WOS citations
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Almost 20 years later.



Time Time

Intensity emitted by a diode laser and simulated spikes

10-9 s 10-3 s

How neurons encode information? 



Thresholding detects the spike times  Point Process 

 analyze sequence of inter-spike-intervals (ISIs)

Ti =2

Ti+1=7
Ti+2 =5



A. Longtin et al. PRL (1991), IJBC (1993). A. Aragoneses et al. Opt Express (2014).
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Neuron inter-spike-intervals 

(ISI) distribution 
(spikes in the auditory nerve when a 

monkey hears a pure tone sound) 

Diode laser ISI distribution
(when the laser is sinusoidally modulated)

P(Ti)

Inter-spike-interval, Ti

Auditory nerve when a cat hears a 

pure tone sound:

Ti

Ti+1 Ti+1

Ti

2T0 4T0
Inter-spike-interval, Ti

P(Ti)

How to detect 

similar temporal 

order in the ISI 

sequences? 



{…xi, xi+1, xi+2, …}

Possible order relations among  three numbers (e.g., 2, 5, 7)

Analysis method: ordinal analysis

C. Bandt and B. Pompe, Phys. Rev. Lett. 88, 174102 (2002).

{…2, 5, 7…}

{…2, 7, 5…}

{…5, 2, 7…}

{…5, 7, 2…}

{…7, 2, 5 …}

{…7, 5, 2…}
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A B F C

Which is 

the code?



From a sequence of data points, by counting the different 

patterns we can estimate the “ordinal probabilities”

1. Permutation Entropy:
𝐻 = −

1

ln𝑁!
෍

𝑖=1

𝑁

𝑝𝑖 ln 𝑝𝑖

What 

to do 

next?

2. Analyze all the probabilities (features for machine learning 

algorithms)

pi = pj for all i, j  H=1

pi = 1, pj = 0 for all ji  H=0

Prob.

(Nonlinear 

dimensionality 

reduction)
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?



Comparing the spike timing of a neuron and a laser when 

they are modulated with a subthreshold sinusoidal signal

A. Aragoneses et al, Sci. Rep. 4, 4696 (2014)J. M. Aparicio-Reinoso et al PRE 94, 032218 (2016)

Diode laser with feedbackNeuron model
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Neuron 1 Neuron 2

Class I

electrical 

coupling.

Class I

chemical 

coupling.

Class II

chemical 

coupling.

 Depending on the 

signal frequency, 

specific combinations 

of neuron-class and 

coupling-type allow 

better encoding or 

better transmission of 

the signal.
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Ongoing work in our lab

InP PIC with two DFB lasers and a 

multimode interferometer (MMI) for 

quantum random number generation.

2. Synchronization of mutually coupled lasers 

1. “Self pulsating 

lasers” (studied by 

Claudio and co-

workers more than 

25 years ago).
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Happy birthday Claudio!!!!


