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ABSTRACT
The topological and dynamical properties of real-world networks have attracted extensive research from a 
variety of multi-disciplinary fields. They, in fact, model typically big datasets which pose interesting chal-
lenges, due to their intrinsic size and complex interactions, as well as the dependencies between their different 
sub-parts. Therefore, defining networks based on such properties, is unlikely to produce usable information 
due to their complexity and the data inconsistencies which they typically contain. In this paper, the author 
discuss the evaluation of a method as part of ongoing research which aims to mine data to assess whether 
their associated networks exhibit properties comparable to well-known structures, namely scale-free, small 
world and random networks. For this, the author will use a large dataset containing information on the 
seismologic activity recorded by the European-Mediterranean Seismological Centre. The author will show 
that it provides an accurate, agile, and scalable tool to extract useful information. This further motivates 
his effort to produce a big data analytics tool which will focus on obtaining in-depth intelligence from both 
structured and unstructured big datasets. This will ultimately lead to a better understanding and prediction 
of the properties of the system(s) they model.
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1. INTRODUCTION

The majority of contemporary scientific ad-
vancements have been based on the ability to 
identify specific properties of data, and provide 
both analytical and predictive capabilities. 
Furthermore, with the increasing availability 
of big-data sets, new challenges, as well as 
opportunities have risen which are at the very 
core of Big Data research.

In particular, data come in a variety of 
types, forms, and size, which makes the way we 
extract and assess information a crucial step in 
gathering intelligence. However, big data-sets 
need to be suitably manipulated and assessed to 
ensure they can be effectively analysed.

In this paper we introduce a novel method 
to topologically reduce networks created by the 
elements of data-sets, and their mutual rela-
tionships. This provides a tool to superimpose 
networks on top of real-world data to describe 
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their main properties, whilst providing a com-
putationally efficient method.

Network theory has been developed since 
the birth of discrete and combinatorial math-
ematics (Bollobas, 1998) which, broadly speak-
ing, aims to describe and represent relations, 
referred to as edges, between objects, or nodes. 
In particular, it has a huge set of applications 
within a variety of multi-disciplinary research 
fields, including applied mathematics, psychol-
ogy, biomedical research, computer science, to 
name but a few (Dingli, et al., 2012).

Formally, networks are defined as a col-

lection of nodes, called the node set V vi i

n= { } =1
, 

which are connected as specified by the edge 

set E e
ij i j

n
= { }

≠ =1
 (Albert, et al. 2002)..

Although networks are based on relatively 
simple mathematical concepts, their general 
properties exhibit powerful features that can be 
applied to model complex scenarios (Trovati, 
et al., 2014)

Data often consist of elements, which could 
be numeric values, physical entities, or general 
semantic concepts, which are linked by relation-
ships. Despite its intrinsic vagueness, this can 
be effectively described by using networks, 
even though populating the edge and node sets 
is typically a complex task. In fact, extracting 
the relevant information can be challenging 
especially when addressing unstructured data-
sets. Furthermore, when size plays a crucial 
role, such as in Big Data, such extraction can 
be even more difficult to carry out effectively. 
Therefore, there are several methods to gener-
ate networks from data, which can be, in turn, 
investigated according to the overall features 
of such networks.

One of the most important parts in this 
investigation is to determine the topological 
structure of a network to allow a complete 
mathematical and statistical investigation of 
the data set(s) associated with it.

Network analysis techniques have been 
extensively investigated and the use and ap-
plications of network data has been proposed 
previously in a wide range of real-world 

complex settings (Akoumianakis, et al., 2012) 
(Zelenkauskaite, et al., 2012). In general, it 
has been found that the majority of network 
analyses ignore the network itself that it is the 
actual focus of this work.

Networks are relatively simple to define 
based on suitably processed data sets. In fact, 
via data and text mining techniques, it is possible 
to isolate semantic objects, such as physical, 
as well as conceptual entities, along with their 
mutual relationships determined by hierarchi-
cal properties of the corresponding data sets.

In this paper, the idea of reducing the topol-
ogy of a network determined by pre-processed 
data focuses on its complexity, rather than on its 
structure in terms of edges and nodes. In other 
words, we are proposing a method to determine 
which degree distribution best describes a real-
world network, rather than pruning it to decrease 
its size. Our main goal is to determine which 
rule, if any at all, can describe the structure of 
a real-world network. In particular, we, aim to 
provide a complete toolbox which facilitates 
intelligence extraction from big data-sets. In 
particular, this will enable the definition of 
networks lying on an intermediate layer, which 
is used to efficiently identify and classify big 
data. As part of our evaluation, we will analyse 
the network (and sub-networks) associated 
with a large dataset containing information 
on the seismologic activity recorded by the 
European-Mediterranean Seismological Centre 
(Zelenkauskaite, et al., 2012) . In particular, we 
will show that it exhibits a scale-free structure, 
which indicates the likelihood of a non-random 
set of events. Furthermore, this also suggests the 
existence a co-occurrence relationships among 
the events corresponding to the nodes.

The rest of the paper is organised as follows: 
in Section II we describe the main features of 
the networks considered in the paper. Section 
III discusses the relevance of Big Data and its 
properties, while Section IV focuses on the 
description and implementation of the main 
algorithms. Finally, Section V discusses the 
evaluation we have carried out, and Section 
VI concludes and prompts future directions 
of our work.
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