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Nature processes Information 

•  Information is registered in the state of a system  

•  Information is stored, transferred and processed.  
 

•  Mapping out exactly how information percolates through the 
system could reveal new fundamental insights in how the 
parts orchestrate to produce the properties of the system.  

•  A theory of information processing would be capable of 
defining a set of universal properties of dynamical multilevel 
complex systems 
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Objectives 
1.  Develop mathematical and computational formalisms for information processing 

in multi-level complex systems, based on Information Theory. 

2.  Develop a theory of information processing in multilevel complex systems for 
study of criticality, emergence, and tipping points.  

3.  Develop a theory of self-organised information processing for multi-level 
systems that can emerge due to co-evolution of information processing and 
system topology.  

4.  Create an Computational Exploratory, an in-silico experimental facility that 
allows implementing our mathematical and computational framework of 
Information Processing in multi-level complex systems 

5.  Validate our theory using socio-economic datasets (tick-by-tick data from the 
Forex market, inter-bank interest rates, and social media). Study emergence of 
scales and tipping points in these datasets. 
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Our approach 
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•  Shannon Information 
•  Mutual Information 
•  Information Dissipation Length or 

– Time 
•  Delayed mutual information 
•  Information synergy 
•  Fisher Information 
•  Surprise and Liquidity 
•  MaxEnt methods 
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•  Elementary Cellular Automata 
•  Ising models on networks and 

networks of networks 
•  Reaction Diffusion models 
•  Voter models 
•  Markov models 
•  Agent based model for cash and 

goods 
•  Traffic CAs 
•  etc. 
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Data sets 
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Computational Exploratory 
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Bringing it all together 
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Information Geometry and Fisher 
Information – the Gray Scott model 
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Emergence of hierarchies 
(information slows down growth) 
•  Top-down and bottom up models 
•  For top down models, depending 

on information available to new 
nodes, 
•   the hierarchies grow steadily 
•  or growth slows down and stops 

•  For the bottom up models 
•  Average hierarchy level, maximal level, 

number of edges per node and ratio of 
nodes at ground level do not depend 
on system size (in stationary state), 
only maximal hierarchy depends on 
system size. 
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Logarithmic	  growth	  of	  the	  
number	  of	  hierarchy	  levels	  in	  
0me	  H(t)	  	  for	  m	  =	  1	  	  and	  
steplike	  growth	  for	  m	  >	  1.	  
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Applica0on	  to	  FX	  rates	  -‐	  2011	  Swiss	  
Na0onal	  Bank	  Interven0on 
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Workshop and special issue 
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Summary 
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