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 One of the classic problems in complex systems is the existence 
and ubiquity of critically, characterized by scale-invariance in 
frequency space and a balance between emergence (randomness) 
and self-organization (order). Another universal characteristic of 
complex systems is their Antigrafility or the capacity of taking 
advantage from environmental randomness. Inhere we propose a 
primer hypothesis that both concepts are related and may be 
understood under an Information Theory framework using Fisher 
Information as unifying concept. We present also novel brain health 
formulation in this Criticality/Antifragility terms..

why is a living system fitter when it is critical? 

Living systems need to perceive, respond to environmental 
perturbations, and interact with other similar entities. Biological systems 
constantly try to encapsulate the essential features of the huge variety 
of detailed information from their surrounding complex and changing 
environment into manageable internal representations, and they use 
these as a basis for their actions and responses.  The basic data to 
decision process implies

Acquire data -> perform computations over the data acquired-> make 
inferences -> construct models -> make decisions. 

So basically we have to 
evolutionary 
competition, one for 
better sensors

And the second on brains to 
achieve the best 
computational, inferential 
and modelling capabilities. 

It is known that RBN exhibits critical 
point in the edge of chaos region  and 
it is also know that complexity (defined 
as the product of self-organization and 
emergence) is maximized in there. 
What is less known is that Fisher 
information is also maximum there.

Organisms at criticality, where Fisher 
Information is maximum, are fitter

Organisms at criticality, where 
complexity is maximum, are fitterMaximum inference 

capabilities

Maximum computational
capabilities

Organism at 
criticality, has the 
maximum 
modelling 
capabilities, and 
hence, may take 
better decisions to 
respond to 
environmental 
perturbations and 
interactions. 

Basic characteristics of systems 
in terms of antifragility, which is 
the property of a system to 
respond in a convex way to 
perturbations or variability. (A–C) 
are examples of fragile, 
robust/resilient and antifragile 
systems respectively; (D–F) are 
examples of profile responses to 
perturbations; (J–L) are examples of 
typical probability distributions; and 
(M–O) are the characteristic values 
obtained with the metric based on 
complexity change

Living systems can and 
must do much more than 
merely react to the 
environment’s variability 
through random mutations 
followed by selection; they 
most certainly have built-in 
characteristics that enable 
them to discover 
surrounding variations and 
cope with adversity, 
variability and uncertainty. 
Antifragility is one, maybe 
the core one of these 
characteristics

Pineda and co-workers (Pineda, Kim & Gershenson, 2018) proposed a straightforward 

implementation of antifragility by defining as payoff function the complexity of the system, 

which makes a lot of sense because complexity is maximum at criticality, and as we have 

said organisms are fitter at criticality. Hence any depart from criticañity (diminish in 

complexity) should be detrimental for the organism and so, complexity may be interpreted 

as a universal payoff function for systems under eco-evolutionary processes. 

The authors defined fragility as  ∮=−ΔC|Δx|, where ΔC is the change in system 

complexity due to a perturbation of degree  |Δx| . As complexity can always be normalized 

to, then positive values of ∮ define fragile systems; when ∮ is zero the system is 

robust/resilient; and for negative values of ∮ the system is Antifragile.

Putting all the pieces of the puzzle together the main 
contribution of this work is to formulate the following 
mathematical proposition:

Let X be a random variable that defines the state of a system S, and 
let ϕ (x) be its continuous distribution with support [a, b], that 
belongs to a location scale family distribution ϕ (x/σ, )with σ > 0. Let 
also f(x) be a two times differentiable payoff function of S and Eσ 
[f(x)] the payoff’s expectation. We propose that the Antifragility 
condition Eσ2 [f(x)] − Eσ1 [f(x)] ≥ 0; ∨σ2 > σ1  is satisfied and is 
maximized if ϕ(x) is the continuous distribution with maximal Fisher 
Information among all possible distributions accessible to the system 
under σ2.

In the seminal paper by Bak and co-workers, they proposes that any dynamical 
system with spatial degrees of freedom evolve to a critical regime. This may be 
interpreted as a form of spatial context dependence. Later on 2015,  Kuzovlev 
proved that a universal source of critically in many particle systems is the 
dependence of the time behavior, which could also be interpreted as some sort of 
temporal context dependence. Both point to what Lopez-Corona and co-workers 
conjectured about the ubiquity of critically  is  the result of the ubiquity of statistical 
contextual systems. Statistical contextually was developed mainly  by Khrennikov 
as a modification of classical Kolmogorovian probability theory introducing an 
interference term that works as a formal framework for systems that are so 
context dependent that they should no longer be represented separated from its 
context and then a new basic unit of analysis should be the indivisible pair 
(system,context). This perspective has recently been used to propose a new 
ontology for evolutionary processes, the ecobiont, which considers a 
co-evolutionary process of individuals taken  together with all their symbionts 
(holobiont), coupled with a niche construction process. So the ecobiont is  a 
contextual statistical construct (holobiont, environment) that co-evolve by means 
of natural selection and niche construction. 

So from this perspective, brain health arises from 
thermodynamic mechanisms (most probably maximum 
entropy and maximum entropy production) that operate 
through human anatomy and physiology in its exchange of 
matter, energy and information with surroundings, until 
reaching a operational scale invariant configuration in 
which there is an optimal balance, called Criticality, 
between order/robustness (self-organization) and 
random/flexibility (emergence) processes that confer the 
organism with the best capacities to response and adapt to 
environment (maximum computational, inferential and 
modelling capabilities), in what is called antifragility. 

Full paper: https://researchers.one/articles/19.01.00001
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Also maximum 
entropy and/or 
maximum 
entropy 
production?
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