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Within the last decade, network theory has become one of the 
most visible theoretical frameworks that can be applied to the 
description, analysis, understanding, design and repair of 
complex systems and in particular in strongly coupled multi-
level systems. Complex networks occur everywhere,  
in man-made systems and in human social systems,  
in organic and non-organic matter, from nano to macro scales, 
and in natural and anthropogenic structures. Examples include 
linked molecular or cellular structures, climate networks, 
communication and infrastructure networks, but also social and 
economic networks. An understanding of the growth, structure, 
dynamics, and functioning of these networks and their mutual 
interrelationships is essential in order to find precursors of 
changes, and to make the systems resilient against failures and 
attacks. The interrelationship between structure (topology) and 
dynamics, function and task performance in complex systems 
represents the focus of many studies in different disciplines of 
research with important scientific and technological 
applications. 

Among the phenomena that have been shown to fall in this 
conceptual framework are: cascading failures, blackouts, 
crashes, bubbles, crises, viral attacks and defense against 
them, introduction of new technologies, infrastructure, 
understanding, measuring and predicting the emergence and 
evolution of networks and their stylized features, epidemic 
spreading and immunization strategies (R. Cohen, S. Havlin, 
Complex networks: structure, robustness and function 
(Cambridge Univ. Press, 2010)).

Current and past research has shown that in real life systems, 
there is a strong feedback between the micro states and macro 
states of the system. This description of nature can be well 
represented by network science – in which the micro is 
represented by the nodes of the network and the links between 
them, and the macro by the network itself, its topology, 
dynamics and function. Thus, network science, is a leading 
framework to investigate real life systems. For example, as 

opposed to physical systems where the dynamics is usually 
bottom-up, in social and economic systems there are interplays 
on all levels including singular top-down feedbacks. 

Significant advances have been made in understanding the 
structure and function of networks, and mathematical models 
of networks are now widely used to describe a broad range of 
complex systems, from techno-social systems to interactions 
amongst proteins. However, until very recently methods deal 
almost exclusively with individual networks treated as isolated 
systems. In reality, “networks are not islands”; an individual 
network is often just one component in a much larger complex 
multi-level network (network of networks). As technology has 
advanced, the coupling between systems is becoming stronger 
and stronger. Indeed, blackouts are a fascinating 
demonstration of the important role played by the 
dependencies between networks. For example, the September 
28, 2003 blackout in Italy resulted in a widespread failure of 
the railway network, healthcare systems, and financial services 
and, in addition, severely influenced communication networks. 

Until recently, almost all studies focused on the case of a single network 
that is isolated and does not interact with or depend on other systems.   In 
reality, most network systems continuously interact with other networks 
(right), especially since modern technology has increased the dependency 
between networks.  Blackouts are a fascinating demonstration of the 
important role played by the dependencies between networks. For example, 
the September 28, 2003 blackout in Italy resulted in a widespread failure 
of the railway network, healthcare systems, and financial services and, in 
addition, severely influenced communication networks (V. Rosato et al., Int. 
J. Crit. Infrastruct. 4, 63 (2008)). The partial failure of the communication 
system in turn further impaired the power grid management system, thus 
producing a negative feedback on the power grid (left). 



A Letters JournAL expLoring  
the Frontiers oF physics

NETWORKS
www.epljournal.org

The partial failure of the communication system in turn further 
impaired the power grid management system, thus producing a 
negative feedback on the power grid. In these interdependent 
networks (see Figure), the failures of nodes in one network 
cause failures of dependent nodes in other networks, and vice-
versa (S.V. Buldyrev, R. Parshani, G. Paul, H.E. Stanley, S. 
Havlin, Nature 464, 08932 (2010)). This process happens 
recursively, and leads to a cascade of failures in the network of 
networks system. As in physics, when only the individual 
particles were studied it was made possible to understand the 
properties of gas; however, when the transition was made to 
study the interactions between these particles, it became 
possible to understand and describe liquids and solids. Thus, 
such a transition in network science will lead to a significant 
paradigm shift, which will reveal a multitude of new features 
and phenomena. For example, while is single networks the 
breakdown of the system is always continuous of the damage in 
coupled  networks, the breakdown may appear abruptly.  

Many challenges and open questions still exist in modern 
network science, and future directions and applications will 
shape the next generation of network science (S. Havlin,  
D.Y. Kenett, E. Ben-Jacob, A. Bunde, R. Cohen, H. Hermann, 
J.W. Kantelhardt, J. Kertész, S. Kirkpatrick, J. Kurths, J. Portugali, 
S. Solomon, Eur. Phys. J. Special Topics 214, 273 (2012),  
D. Helbing, Nature, 497, 51 (2013)). For example, the 
traditional formalism mostly did not take into account many 
realistic features, such as: coupling between networks 
(assuming the networks are isolated), the dynamics of networks 
(assuming the networks are static), interrelationships between 
structure, dynamics and function of networks, dependencies 
with networks (and other classes of links), and spatial 
properties of the networks. Answering questions raised with 
these issues will lead to a new generation of network science, 
which will provide us with new tools to understand the world we 
live in, to better design, predict, and defend many aspects of 
our social life. The present age is one where networks dominate 
every aspect of life. The world has become a global village, and 
this village is becoming smaller and smaller, with the 
continuous introduction of ways to interact and connect to other 
people. Thus, the next generation of network science will play a 
crucial role in the design, organization and maintenance of our 
future socio-techno-economic world.
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