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Abstract 

The aim of this workshop is to discuss the question to what extent and how methods from 

information theory and (non-equilibrium) statistical physics can boost the understanding of complex 

dynamical multilevel systems. We want to fathom the limits of usefulness of thermodynamics for 

complex systems, and discuss if there are fundamental limits to a statistical theory of complex 

systems. 

 

In particular we would like to focus in two questions:  

(1) What is the use of entropies for complex, driven and out-of-equilibrium systems and networks? 

What must a thermodynamics of complex systems be able to do? 

(2) How can we use information geometry in complex systems? Is information theory in the context 

of complex systems more than just a framework? Can we compute things that we could not do 

otherwise? Can we use information geometry for a classification of complex and out-of-equilibrium 

systems? What is the aim of such a classification? 

 

Workshop Organizers 

Jan Korbel, Complexity Science Hub Vienna, Medical University of Vienna 

Petr Jizba, Czech Technical University in Prague 

Stefan Thurner, Complexity Science Hub Vienna, Medical University of Vienna  

 

Invited Participants 

Nihat Ay, Max Planck Institute for Mathematics in the Sciences, Leipzig 

Christian Beck, Queen Mary, University of London 

Tamas Biro, MTA Wigner Research Centre for Physics 

Dorje Brody, University of Surrey 

Diego Garlaschelli, Leiden University 

Velimir Ilić, Serbian Academy of Sciences and Arts 

Henrik Jensen, Imperial College London 

Jan Naudts, University of Antwerp 

Milan Paluš, Institute of Informatics in Prague 

Martin Prokš, Czech Technical University in Prague 

Hiroki Suyari, Chiba University 

Piergiulio Tempesta, Universidad Complutense de Madrid (via Skype) 

Constantino Tsallis, Centro Brasileiro de Pesquisas Físicas 

Grzegorz Wilk, National Centre for Nuclear Research, Warsaw  

David Wolpert, Santa Fe Institute 

 

ABOUT THE COMPLEXITY SCIENCE HUB VIENNA 

The objective of CSH is to host, educate, and inspire complex systems scientists who are dedicated 

to collect, handle, aggregate, and make sense of big data in ways that are directly valuable for 

science and society. Focus areas include smart cities, innovation dynamics, medical, social, 

ecological, and economic systems. CSH is a joint initiative of AIT Austrian Institute of Technology, 

IIASA International Institute for Applied Systems Analysis, Medical University of Vienna, Vienna 

University of Technology, Graz University of Technology, and Vienna University of Economics and 

Business. 
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AGENDA 

 

April 29, 2019 

 9:00- 9:25   Registration and Coffee 

 

 9:25-9:30   Welcome and Introduction 

           

            9:30 – Jan Korbel: Why information theory in complex systems?  

          10:10 – Constantino Tsallis: Utility of nonadditive entropies in physics and elsewhere 

          10:50 – Coffee 

          11:10 – David Wolpert: The stochastic thermodynamics of information processing 

          11:50 – Nihat Ay: Information geometry & complexity science 

           

12:30-14:00   Lunch 

 

14:00-16:00   Session 2 

14:00 – Piergiulio Tempesta: Classical and quantum group entropies and information  

     theory (Skype talk) 

14:40 – Henrik J. Jensen: Measures of emergent collective behavior: integrated  

  information, O-information and a group entropy measure 

          15:20 – Stefan Thurner: Sample space reducing processes – and its “entropies” 

          16:00 – Coffee 

 

16:15-17:00   Discussion table 1 

            Classification of entropies for complex systems 

 

17:00-18:30   Welcome wine & cheese 
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April 30, 2019 

09:30-12:30   Session 3 

          09:30 – Tamás Biró: Entropy and entropic divergence from stochastic dynamics 

10:10 – Velimir Ilić: New entropy for super-exponential phase space growth rate  

   models 

          10:50 – Coffee 

          11:10 – Hiroki Suyari: α-geometry and q-statistics, straightly derived from  the  

  fundamental nonlinear differential equation dy/dx=yq 

          11:50 – Christian Beck: Generalized statistical mechanics methods:  

                       Recent applications for cosmic rays and power grids 

12:30-14:00   Lunch 

 

14:00-16:00   Session 4 

           

          14:00 – Jan Naudts: Quantum information geometry: a new approach 

          14:40 – Martin Prokš:  Revisiting transitions between superstatistics 

          15:20 – Grzegorz Wilk: Unreasonable effectiveness of (quasi)-power law approaches  

  to complex systems 

 

          16:00   Coffee 

16:15-17:00   Discussion table 2 

            Applications of information geometry in complex systems 

 

May 1, 2019 

10:00-12:30  Session 5 

            9:30 – Petr Jizba: Maximum entropy principle in statistical inference: case for  

            non-Shannonian entropies 

          10:10 – Milan Paluš: Causality and information transfer in complex systems 

          10:50 – Coffee 

          11:10 – Dorje C. Brody: Information-based model for election dynamics and the  

  impact of disinformation 
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          11:50 – Diego Garlascheli: Ensemble nonequivalence in systems with local   

constraints 

12:30-14:00  Lunch 

14:00-15:00  Round table 

           summary of the main questions and answers of the workshop 

           discussion about possible outputs 

 

15:00-16:00  Concluding remarks and farewell coffee 
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Abstracts 
 
Jan Korbel: “Why information theory in complex systems?” 
In the talk we focus on the main questions of the workshop. We also make a brief overview 
of main topics of interest, including classification of statistical complex systems, notion of 
entropy in complex systems, its role in thermodynamics and information geometry. We 
demonstrate the aforementioned concepts on examples of complex systems, including 
systems with emergent structures, correlated systems, dissipative and driven non-
equilibrium systems.   
 
Constantino Tsallis: “Utility of nonadditive entropies in physics and elsewhere” 
First we briefly review the foundations of nonadditive entropies and nonextensive statistical 
mechanics, in terms of nonadditvity, trace-form, composability and discriminating power. 
Then we illustrate the usefulness of this generalisation of the Boltzmann-Gibbs theory in 
physics and elsewhere, with emphasis in q-triplets and related Moebius-transform 
structures. Bibliography is available at http://tsallis.cat.cbpf.br/biblio.htm 

 
David Wolpert: “The stochastic thermodynamics of information processing” 
The last two decades have witnessed a revolution in non-equilibrium statistical physics. By 
expanding the time derivative of the Shannon entropy of a system, we can now analyze the 
thermodynamic behavior of arbitrarily small systems, arbitrarily far from equilibrium.I will 
illustrate the power of this new framework by reviewing recent results on the stochastic 
thermodynamics of computational systems. These range from the dependence of the 
thermodynamic cost of a circuit on its  topology, to a "correction" of Kolmogorov complexity 
that arises when calculating the thermodynamic costs of Turing machines. This raises the 
question of what analogous results might arise from analyzing the time derivative of non-
Shannon entropies. 
 
Nihat Ay: “Information Geometry & Complexity Science” 
I will introduce information-geometric structures and highlight the important role of canonical 
divergences for complexity science. The core idea is based on the general understanding 
that the complexity of a system can be quantified as the extent to which it is more than the 
sum of its parts. I  
will motivate this approach and review related work.  

 
Piergiulio Tempesta: “Classical and Quantum Group Entropies and Information 
Theory” 
We present a construction of generalized entropies based on group theory, called group 
entropies. They arise as natural entropic functions which satisfy the first three Shannon-
Khinchin axioms, are extensive (each of them in a specific regime corresponding to a given 
phase space growth rate), and composable in the whole space of probability distributions. 
The associated composition rule over two statistically independent systems is a group law. 
Besides, group entropies satisfy the Shore-Johnson axioms. We shall also discuss the role 
of group entropies in quantum information geometry as a new class of entanglement 
detectors. 
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Henrik Jeldtoft Jensen: “Measures of Emergent Collective Behaviour: Integrated 
Information, O-information and a Group Entropy Measure” 
When analyzing emergent dynamics, it is important to be able to quantify how much the 
whole differs from the sum of the parts. Tononi’s integration information [1] was suggested 
as measure able to capture consciousness. Recently it was suggested that the so-called O-
information [2], which focus on synergy, but still based on Shannon’s entropy, may be a 
better implementation of Tononi’s idea – that was the originally suggested measure. Going 
beyond the traditional Shannon based information theory, the Group Entropies by virtue of 
they composability axiom offer an entirely different way of quantifying systemic 
interconnectedness[3] . 
 
References: 
[1] D. Balduzzi and G. Tononi, “Integrated information in discrete dynamical systems: 
motivation and theoretical framework,” PLoS computational biology, vol. 4, no. 6, p. 
e1000091, 2008. 
[2] F. Rosas, P.A.M. Mediano, M. Gastpar and H.J. Jensen, “Quantifying high-order 
interdependencies via multivariate extensions of the mutual information“, arXiv:1902.11239. 
[3] H.J. Jensen  and P. Tempesta, “Group Entropies: From Phase Space Geometry to 
Entropy Functionals via Group Theory”, Entropy 2018, 20, 804; doi:10.3390/e20100804. 
 
Tamas Biro: “Entropy and Entropic Divergence from Stochastic Dynamics” 
Stochastic models with stationary distributions as attractors in the dynamics offer a natural 
way of constructing entropic divergence as a globally shrinking quantity. In models linear in 
the occupation probability this becomes the Kullback-Leibler divergence, however for more 
general dependencies other formulas emerge. In particular a fractional power dependence 
leads to an entropic divergence proportional to the Tsallis q-entropy difference. 

 
Velimir Ilić: “New entropy for super-exponential phase space growth rate models” 
We present a new class of strongly pseudo-additive entropies that can be represented as 
an increasing continuous transformation of Boltzmann-Gibbs entropy, and we analyze its 
information theoretic and thermostatistical structure. Proposed entropy satisfies generalized 
Shannon-Khinchin axioms and results in Boltzman-Gibbs distribution as the maximum 
entropy one, being particularly suitable for mean field and random energy models. 
Proposed entropy is applied to thermostatistical characterization of traveling salesman 
problem which corresponds to a super-exponential phase space growth rate system, and 
this framework represents thermodynamically consistent alternative to Kac rescaling that is 
usually used in this context. Possible applications to other super-exponential phase space 
growth rate models and black hole thermodynamics are also considered. 

References: 
[1] V. M. Ilic, Generalized entropies for random graph models - thermostatistics and 
extensivity, Disordered serendipity: a glassy path to discovery, A workshop in honor of 
Giorgio Parisi's 70th birthday Sapienza Università di Roma, September 19-22, 2018. 
 
Poster Title: On a duality between SPA and Renyi thermostatistics 
We develop a generalized entropy duality principle by which the thermostatistics formalism 
of Renyi entropy is transformed in the thermostatistics formalism of strongly pseudo-
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additive (SPA) entropies (also known as Z-entropies) and we provide the transformation 
formulas for general type of internal energy constraints.  Using the framework, we rederived 
previous results for Sharma-Mittal, Tsallis and Gaussian entropies, as special cases. In 
addition, we derive new relationships for the thermostatistics based on supra-extensive and 
super-exponential entropies. Open questions and research directions that go beyond SPA 
entropies, and are related to more general group entropies, are also discussed. 
 
References: 
[1] V. Ilic, A. M. Scarfone, T. Wada, On the generalized thermostatistics of strongly pseudo-
additive entropies (in preparation) 

 
Hiroki Suyari: “α-geometry and q-statistics, straightly derived from the fundamental 
nonlinear differential equation dy/dx=yq” 
It is shown that both α-geometry, the important class in information geometry [1], and q-
statistics (i.e., Tsallis statistics) [2] are direct consequences from the fundamental nonlinear 
differential equation dy/dx=yq . The α-geometry is derived from the α-divergence which is 
naturally appeared as the rate function in LDP (Large Deviation Principle) in q-statistics 
with q = (1- α)/2. Tsallis entropy is also appeared as the unique entropy corresponding to 
the 
nonlinear differential equation  dy/dx=yq  [3]. 
 
References: 
[1] S. Amari, Information Geometry and Its Applications, Springer (2016). 
[2] C. Tsallis, Introduction to Nonextensive Statistical Mechanics, Springer (2010). 
[3] H. Suyari, Mathematical structure derived from the q-multinomial coefficient in Tsallis 
statistics, Physica A 368, pp.63-82 (2006) 
 
Christian Beck: “Generalized statistical mechanics methods: Recent applications for 
cosmic rays and power grids” 
After a brief introduction to statistical mechanics methods based on more general entropy 
measures and the connection with superstatistical methods, I will concentrate onto two 
recent applications in two very different areas: The measured momentum spectrum of e+e- 
cosmic rays as measured by the alpha spectrometer on the international space station 
seems to contain two different versions of q-generalized statistical mechanics, as described 
by escort and non-escort distributions [1]. Moreover, the changing consumer and trading 
patterns in electricity markets, as measured by tiny frequency deviations from 50 Hz in the 
various European power grids, appears to be to be well-described by superstatistical 
models taking into account the growing fraction of renewable energy generation [2]. 
 
References: 
[1] G.C. Yalcin and C. Beck,  Scientific Reports 8, 1764 (2018) 
[2] B. Schaefer, C. Beck, K. Aihara, D. Witthaut, and M. Timme,  Nature Energy 3, 119 
(2018) 
 
 
 



 

 

 

 

Complexity Science Hub Vienna CSH – Verein zur Förderung wissenschaftlicher Forschung im Bereich komplexer Systeme  
Josefstaedter Strasse 39, A 1080 Vienna, +43 1 59991 600, office@csh.ac.at, www.csh.ac.at, ZVR 709748150, UID ATU73235448, IBAN AT94 2011 1827 7437 8500 

 

 

 

Jan Naudts: “Quantum information geometry: A new approach” 
Quantum information geometry studies families of quantum states by means of differential 
geometry. A new approach is followed. The emphasis is shifted from a manifold of strictly 
positive density matrices to a manifold of quantum states on a von Neumann algebra of 
operators working on a Hilbert space. The formalism is explained for the case of n-times-n 
matrices. Each matrix A has two representations as n^2-times-n^2 matrices and these two 
representations commute with each other. Given a fixed state, any other state can be 
labeled with a positive matrix of the commuting representation. This produces a chart for 
the manifold. The inner product of Bogoliubov induces a metric. Any pair of points of the 
manifold is connected by a geodesic along which the chart is affine.  A link with the modular 
automorphism group and its cocycles is worked out. 
 
References: 
Naudts, J.: Quantum Statistical Manifolds. Entropy 20, 472 (2018), 
https://doi.org/10.3390/e20060472; correction 20, 796 (2018) 
Naudts, J.: Quantum statistical manifolds: The linear growth case. 
To appear in Rep. Math. Phys.; arXiv:1801.07642v2 (2019) 
 
Martin Prokš: “Revisiting Transitions between Superstatistics” 
This work aims to provide an accurate method for a detection of a  transition between 
superstatistics. A slight improvement over the  currently published method is achieved. 
Superstatistics framework is  briefly recalled and a rather new concept of transition of  
superstatistics, introduced by Beck and Xu in [1] is re-examined. In addition, an original 
synthetic model for superstatistical transition suggested by Beck is discussed. It is shown 
that its modified version which takes into account a stochastic nature of the transition better 
reflects empirically  observed transitions. 
 
References: 
[1] D. Xu, C. Beck, Transition from lognormal to chi-square superstatistics for financial time 
series, Physica A 453 (2016) 173. 
 
Grzegorz Wilk: “Unreasonable effectiveness of (quasi)-power law approaches to 
complex systems” 
We review the ubiquitous effectiveness of quasi-power law approaches from the 
perspective of multiparticle production processes. We argue that the main feature of the 
quasi-power distributions is dependence of their scale parameter on the variable under 
investigation. This feature, observed for example in random networks, leads directly to 
Tsallis distribution. A number of possible sources of such distributions will be presented. We 
show that Tsallis distributions can be obtained directly from Shannon information entropy 
provided some special constraints are imposed connected with the type of dynamical 
processes under consideration (additive or multiplicative). We argue also that some data 
(showing log-oscillations) require Tsallis distribution with complex non-extensivity 
parameter. The possible information conveyed by such an approach (like the occurrence of 
complex heat capacity, the notion of complex probability or complex multiplicative noise) will 
also be discussed. 
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Petr Jizba: “Maximum Entropy Principle in Statistical Inference: Case for Non-
Shannonian Entropies” 
We show that the Shore-Johnson axioms for the maximum entropy principle in statistical 
estimation theory account for a considerably wider class of entropic functional than 
previously thought. Apart from a formal side of the proof where a one-parameter class of 
admissible entropies is identified, we substantiate our point by analyzing the effect of weak 
correlations and by discussing two pertinent examples: two-qubit quantum system and 
transverse-momentum behavior of hadrons in high-energy proton-proton collisions. 
 
Milan Paluš: “Causality and information transfer in complex systems” 
Information-theoretic generalization of Granger causality in the form of conditional mutual 
information, also known as transfer entropy is widely used in various areas of science, 
including the study of complex systems. Complex systems typically evolve on multiple time 
scales and can be characterized by fat-tailed distributions. We will describe how to analyse 
dynamics on different scales and demonstrate information transfer across time scales in 
climate dynamics. Then we will discuss some issues related to estimation of conditional 
mutual information based on Renyi entropies. 
 
References: 
Paluš, M., Multiscale atmospheric dynamics: Cross-frequency phase-amplitude coupling in 
the air temperature. Phys. Rev. Lett. 112 (2014) 078702. 
Jajcay, N., Hlinka, J., Kravtsov, S., Tsonis, A.A., Paluš, M., Time-scales of the European 
surface air temperature variability: The role of the 7–8 year cycle. Geophys. Res. Lett. 
43(2) (2016) 902–909. 
Jajcay, N., Kravtsov, S., Sugihara, G., Tsonis,  A.A., Paluš, M., Synchronization and 
causality across time scales in El Niño Southern Oscillation. Nature Partner Journal 
Climate and Atmospheric Science 1(1) (2018) 33. 

Dorje C. Brody: “Information-based model for election dynamics and the impact of 
disinformation” 
Complex dynamical systems driven by the unravelling of information can be modelled 
effectively by treating the underlying flow of information as the model input. Complicated 
dynamical behaviour of the system is then derived as an output. Such an information-based 
approach is in sharp contrast to the conventional mathematical modelling of information-
driven systems whereby one attempts to come up with essentially ad hoc models for the 
outputs. In this talk, dynamics of electoral competition is modelled by the specification of the 
flow of information relevant to election. The seemingly random evolution of the election poll 
statistics are then derived as model outputs, which in turn are used to study election 
prediction, impact of disinformation, and the optimal strategy for information management in 
an election campaign.  
 
Stefan Thurner and Rudolf Hanel: “Sample space reducing processes – and its 
entropies” 
We review the statistics of sample space reducing processes, and argue that it can be used 
for an effective and general theory of the statistics of driven non-equilibrium systems. We 
present the entropic expressions for the “information theoretic”, the “thermodynamic”, and 
the “maxent entropy” functionals, and ask how that could be made useful.  
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Diego Garlaschelli: “ Ensemble nonequivalence in systems with local constraints” 
It is generally believed that, in the thermodynamic limit, the microcanonical description as a 
function of energy coincides with the canonical description as a function of temperature, or 
equivalently that the canonical (Gibbs) and microcanonical (Boltzmann) entropies per 
particle coincide in that limit. However, various examples of systems for which the 
microcanonical and canonical ensembles are not equivalent have been identified. A 
complete theory of this intriguing phenomenon is still missing. Here we show that ensemble 
nonequivalence can manifest itself also in complex systems with local constraints, such as 
random graphs with given node degrees. We indeed find that, while graphs with a given 
number of links are ensemble equivalent, graphs with a given degree sequence are not. 
Surprisingly, this result holds irrespective of whether the energy is additive. We also 
establish exact relationships connecting canonical and microcanonical entropies in full 
generality, even for finite system size and when ensemble equivalence does not hold. In 
particular, we show that in the thermodynamic limit the two entropies are directly related 
through the matrix of canonical (co)variances of the constraints, plus a correction term that 
survives only if this matrix has an infinite number of finite eigenvalues. These new 
relationships restore the possibility of enumerating microcanonical configurations via 
canonical entropies, thus reconnecting statistical physics and combinatorics in realms 
where they were believed to be no longer in mutual correspondence. 
 
References: 
T. Squartini, J. de Mol, F. den Hollander and D. Garlaschelli, "Breaking of Ensemble 
Equivalence in Networks", Physical Review Letters 115, 268701 (2015). 
T. Squartini and D. Garlaschelli, "Reconnecting statistical physics and combinatorics 
beyond ensemble equivalence" 
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