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Where am I?



Institut national de recherche en 
sciences et technologies du 

numérique
National Institute for Research in 
Digital Science and Technology 

Where am I?



UC Davis 2015 - 2021 



My POCI Project



Complex Systems Topics Overview

Hierarchical 
structures?

How to quantify? 
Build models?

Complexity

Emergence of 
“something new”

Thermodynamics of 
information 
processing?

In natural 
systems? 

Claude Shannon

Information

Spontaneous 
pattern 

formation?

How to detect and 
define? 

Structure

Alan Turing



Historical Comparison

The Industrial Age  Thermodynamics ⟺



Industrial Revolution

1803: Trevithick’s London Steam Carriage

1769: Cugnot’s machine à 
feu pour le transport de 

wagons et surtout de 
l'artillerie1712: Thomas Newcomen’s 

steam engine. 



1807: Thomas Young coins 
“energy”

Dawn of Modern Physics

1803: Trevithick’s London Steam Carriage

1769: Cugnot’s machine à 
feu pour le transport de 

wagons et surtout de 
l'artillerie1712: Thomas Newcomen’s 

steam engine. 



1803: Trevithick’s London Steam Carriage

1769: Cugnot’s machine à 
feu pour le transport de 

wagons et surtout de 
l'artillerie1712: Thomas Newcomen’s 

steam engine. 

1824: Carnot proposes the 
2nd law  

1807: Thomas Young coins 
“energy”

Development of Thermodynamics



1824: Carnot proposes the 
2nd law  

1807: Thomas Young coins 
“energy”

Then:

Thomson

Kelvin 

Clausius


Maxwell

Boltzmann


Gibbs


so forth…

Development of Thermodynamics

1803: Trevithick’s London Steam Carriage

1769: Cugnot’s machine à 
feu pour le transport de 

wagons et surtout de 
l'artillerie1712: Thomas Newcomen’s 

steam engine. 



Contemporary Situation

The Information Age  ? ⟺



Information Revolution

1952: Switchboard operators

1945: ENIAC



Mathematical Formalization

1952: Switchboard operators

1945: ENIAC



Physical Instantiation ? 

Kissner, Michael & Del Bino, Leonardo & Päsler, Felix & Caruana, Peter & Ghalanos, George. (2024). An All-Optical General-Purpose CPU and Optical Computer Architecture. 
Journal of Lightwave Technology. PP. 1-15. 10.1109/JLT.2024.3458459. 



Emergence of Patterns ?

Natural information “storage”

 



Emergence of Behaviors 



How to do science?

Reductionist-constructionist 
paradigm 


 

Inference paradigm?

 



Complex Systems: Then and Now

1972

Anderson, P.W. More Is Different. 

Science 177, 393. 

2022

Strogatz, S., Walker, S., Yeomans, 

J.M. et al. Fifty years of ‘More is 
different’. Nat Rev Phys 4, 508–510.



Complex Systems Topics Overview

Hierarchical 
structures?

How to quantify? 
Build models?

Complexity

Emergence of 
“something new”

Thermodynamics of 
information 
processing?

In natural 
systems? 

Claude Shannon

Information

Spontaneous 
pattern 

formation?

How to detect and 
define? 

Structure

Alan Turing



Dissertation: Divergent Complexity 22

Alexandra M. Jurgens, James P. Crutchfield. 
Phys. Rev. E, 104 (2021)

Alexandra M. Jurgens, James P. Crutchfield. J. 
Stat. Phys., 183 (2), 1-18, 2020. 
Alexandra M. Jurgens, James P. Crutchfield. 
Chaos 31, 083114, 2021. 

Characterizing the 
complexity of optimal 

models 



My Research: Structure Discovery 23

Nicolas Brodu, Alexandra M. Jurgens, and James P. Crutchfield. Predictive state variables for complex processes: Applying kernel epsilon- 
machine. In Preparation, 2024. 



Questions ? 


