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Abstract. In this article is discussed novel method of the so-called complex 
networks dynamics and its visualization by means of so called coupled map lat-
tices method.  The main aim of this research is to demonstrate possibility to vi-
sualize complex network dynamics by means of the same method, that is used 
spatiotemporal chaos modeling. It is suggested here to use coupled map lattices 
system to simulate complex network so that each site is equal to one vertex of 
complex network. Interaction between network vertices is in coupled map lat-
tices equal to the strength of mutual influence between system sites. Also 
another results from previous experiments, where dynamics of evolutionary al-
gorithms has been converted to complex network and consequently to CML, are 
mentioned at the end. All results has been properly visualized and explained. 
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1 Introduction 

In this article, we try to merge two completely different (at first glance) areas of re-
search: complex networks and chaotic systems visualization.  

Large-scale networks, exhibiting complex patterns of interaction amongst vertices 
exist in both nature and in man-made systems (i.e., communication networks, genetic 
pathways, ecological or economical networks, social networks, networks of various 
scientific collaboration, Internet, World Wide Web, power grid etc.). The structure of 
complex networks thus can be observed in many systems.  

The word “complex” networks [1], [2] comes from the fact that they exhibit sub-
stantial and non-trivial topological features, with patterns of connection between ver-
tices that are neither purely regular nor purely random. Such features include a heavy 
tail in the degree distribution, a high clustering coefficient, and hierarchical structure, 
amongst other features. In the case of directed networks, these features also include 
reciprocity, triad significance profile and other features.  
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and dynamic in the time so, that well-known methods from chaos control can be used. 
This approach is discussed in the next section. 

2 Complex Networks Dynamics and Its Vizualization 

Our method of visualization is based on fact that simplest version of CML (i.e. 1D 
version) is usually depicted like a row of mutually joined sites, where each site is 
nonlinearly joined with its nearest sites. Our vision of equivalence between CML and 
complex network is quite simple. Each vertex is equivalent to the site in the CML. 
Comparing to the standard CML, sites in complex network CML (CNCML) are not 
joined to the nearest site, but to the sites equal to the complex network vertices. Thus 
sites in CNCML are not joined symmetrically (i.e. from site X to Y and vice versa) 
and between different sites is random pattern of connections, which can change in the 
time. Lets see as an example Figure 1. Vertex No. 12 have feedback to itself (red self-
loop), then it influent vertices 7 (double edge), 21 and are influenced by vertices 
(CNCML sites) 18 and 19. As it is visible, based on our interpretation (CN = 
CNCML), CNCML is more complex version of the classical simplified version of the 
CML, however still CML in general, so all techniques of control and analysis shall be 
working on such a version of CML. Our experiments of CNCML visualization were 
based on approach that on the beginning has been generated complex network with 
big number of vertices and no another vertex has been added after all. Only weights 
on the randomly selected edges have been modified. In all cases has been CNCML 
calculated and visualized in such a way, that for each CN vertex (i.e. CNCML site) 
has been calculated according to (5). Different levels of vertices (sites) excitation are 
depicted by different colors. When compared with Figure 2, it is clearly visible, that 
our proposed kind of visualization is usable. In Figure 2 and Figure 3 it is observable, 
that CNCML visualization shows complex and obviously nonlinear behavior of tested 
CNs. Different kind of behavior (different colors) is clearly visible. Dynamics of the 
complex network with edges deactivation by real number coefficient. Different colors 
(gray levels) including white one represent different vertices (sites) activation.  

 
 
 

(5) 
 
 
 
 
 

 



148 I. Zelinka, D. Daven

Fig. 2. CML 

Fig. 3. Dynamics of the comp
by real number coefficient. D
(sites) activation. 

3 Conclusions 

In this paper we have prop
plex network dynamics by 
in the domain of so-called 
trol of the CML systems ha
mathematics as well as on t
tested method, how to visu
and conclusion can be state

 The model of com
randomly initialize

 Edges between ve
lette method from 
the vertex, and/or 

dra, and L. Skanderova 

 

of the network with 20 vertices in 500 iterations 

 

plex network visualized like CML system with edges deactiva
Different colors including white one represent different vert

posed method how to visualize and simulate (model) co
means of the CML systems. CML modeling is well kno
spatiotemporal deterministic chaos. For analysis and c

as been developed numerous techniques, based on class
the heuristic methods. Based on this fact we have used 
alize CN dynamics as a CML system. As a summarizat
 this: 

mplex network, used for simulations here, has been based
ed network with different number of vertices. 
ertices have been also initialized randomly, however, r
genetic algorithms, have been used to add the new edge
increase or decrease importance of existing edge. Roul

ation 
tices 

om-
own 
con-
ical 
and 
tion 

d on 

rou-
e to 
lette 



 Visualization of Complex Networks Dynamics: Case Study 149 

method has been used in order to prefer richer vertices (i.e. vertices with 
more incoming edges) and thus support in this way the main idea of complex 
networks with small world phenomenon.  

 One kind of dynamics for CN visualization has been used. It has been based 
on preliminary fact, that we already have developed network, with constant 
number of vertices and dynamic itself depends only on the edge weights evo-
lution. 

 All substantial and typical results are visualized via Figure 3 - Figure 2 and it 
can be stated that our technique of CNCML is usable and complex behavior 
of CN can be visualized in this way. It is also obvious, that methods of anal-
ysis and control of CMLs can be also used for CNCML, because conversion 
classical CN to the CNCML basically create specific, more complex version, 
of the CML and there are no restriction of use of contemporary methods on 
such a version of CML. On the other side, in the case of big computational 
complexity for complex and big CNCMLs, heuristics, like evolutionary algo-
rithms [8], [5], [6], [7] can be easily used. 

 
Another, more advanced results of this approach are represented in [9]. The main 
motivation of this research is whether it is possible to visualize and simulate underly-
ing dynamics of an evolutionary process as a complex network. Based on preliminary 
results (based only on 2 algorithms in 10 versions and 16 test function out of 17) it 
can be stated that its possible use and benefit of this approach is according to us novel 
approach to evaluate and control evolutionary dynamics. Based on numerically dem-
onstrated fact (no mathematical proof has been made) that EAs dynamics can be visu-
alized like complex networks we believe that there is new research area for study of 
EAs dynamics and its possible control via techniques of complex network control [4]. 
The next research shall be focused on collection of the data from existing real CNs, 
based on [9] also exact analysis, when chaotic regimes are observable in CNCML, 
will be done and also what kind of routes to chaos (intermittence, crisis, bifurcations) 
are there shall be interesting. Another open research issue is to use of selected evolu-
tionary algorithms on CNCML control with “reverse” investigation, what exact im-
pact has such a control on the original CN structure (basically control here means that 
EAs have to change structure of CN). 
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