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I. Introduction

Many complex systems in engineering, society or nature can be characterised as networks or graphs,

where the graph vertices represent functional components or modules and the edges represent links or

relations between them. In computer sciences, they can be used to describe the router-level structure

of the Internet [1], the connections of individual web sites [2] or the graph of functions and procedures

calling each other in a large software project [3]. In social sciences, graphs describe the relationships

among members of a social structure; in biology, nerve cells or brain areas form diverse complex net-

works; in linguistics, graphs can be used to represent co-occurences of words in a sentence, revealing

some kind of regularity in an otherwise irregular structure called the human language.

The study of complex systems has witnessed a great increase of interest during the last few years.

Several free software packages have been developed to help the work of researchers involved in com-

plex networks [4] [5], but all of them have shortcomings like platform-dependency, closed source code

or the inability to cope with large datasets consisting of tens of thousands of vertices and millions

of edges. To overcome these drawbacks, I will introduce an open-source and platform-independent

software called SNA (“Sixdegrees Network Analyser”) [6] designed particularly for the analysis of

large graphs and networks. SNA aims to be a comprehensive application implementing most graph

algorithms used in the field of graph analysis and providing an easy-to-use, Matlab-like environment

to sketch and implement new algorithms in a high-level language.

II. Design considerations and software architecture

Since the software is dealing with large datasets, the first aim of the implementation is efficiency

above all. Another design goal was to allow the user to program graph algorithm prototypes quickly,

without the need to implement it in C (which can otherwise be unavoidable because of performance

reasons). These two requirements may seem controversial, because the first one suggests using a low-

or medium-level language, while the latter one is easier to achieve in a high-level scripting language.

SNA uses a hybrid approach: most of the core functionality related to graphs are provided by a C

library called igraph, while the actual functionality of igraph is exported to the Python language

[7] through a dynamically loadable module. Users of SNA use an embedded Python interpreter to

access the functionality of igraph on a window-based GUI.

On the implementation level, graphs inside igraph are represented with edge lists, but the basic

edge list structure is extended with redundant members to ease the query of incoming and outgoing

edges for a given vertex, while the storage requirements for a graph with v vertices and e edges is

still only O(v + e). Attributes can be used to store information not related directly to the structure

of the graph, like weights of the edges. Besides the basic functionality, the igraph library includes

deterministic and non-deterministic functions for the generation of different structures (rings, trees,

Erdős-Rényi random graphs and so on) and for the calculation of the most common measures (e.g.

graph diameter, closeness centrality, edge and node betweenness). Since the language of SNA is based

on a real scripting language, one can easily implement various graph algorithms without losing the

efficiency of the igraph library. To illustrate this, one can take a look at the implementation of the
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Google PageRank algorithm [8] in SNA: it is only 15 lines long.

III. Benchmarks

SNA has been compared to several frequently used graph analysis softwares. All test cases were

executed on the same directed Barabási-Albert (BA) graph with 1000 nodes and an out-degree of 20

for every node. BA graphs were chosen because they show most of the basic characteristics of real-

world networks (e.g. small-world property), while they are easy to implement. The test cases were

the following: calculation of the diameter of the graph (assuming that the edges are undirected), the

Google PageRank of every node, an unweighted spanning tree, betweenness centralities (the amount

of shortest paths passing through a given vertex) and closeness centralities (the sum of distances from

a given vertex to all other vertices) for each vertex.

The tests were executed on a notebook with Intel Celeron M 1.4 GHz processor and 512 Mbytes of

RAM. The results are presented in Table 1. Missing results mean the lack of the given functionality

in the tested graph analysis software. Execution times in Pajek [4] and Visone [5] were measured by

stopwatch because of the lack of exact time measurement functionality.

Table 1: Benchmark results for different graph analysis softwares

Diameter PageRank Spanning tree Betweenness Closeness

Visone [5] – ≈ 56 sec – ≈ 16 sec ≈ 14 sec

NetworkX [9] 27.16 sec 3.1 sec 4.73 sec – 33.03 sec

Pajek [4] ≈ 5 sec – – ≈ 5 sec ≈ 6 sec

SNA 2.46 sec 0.04 sec 0.01 sec 3.58 sec 6.47 sec

IV. Conclusion

A prototype of an efficient graph analysis framework has been presented. SNA allows the user to

create and manipulate graphs using a simple language based on Python, while outperforming most

of the common graph analysis packages for large datasets. Further work needs to be carried out to

optimize some of the calculations and provide user documentation.

References
[1] M. Faloutsos, P. Faloutsos, and C. Faloutsos, “On power-law relationships of the internet topology,” in SIGCOMM,

pp. 251–262, Cambridge, MA, USA, Sept. 1999.

[2] R. Albert, H. Jeong, and A.-L. Barabási, “Diameter of the world-wide web,” Nature, (401):130–131, Sept. 1999.

[3] C. R. Myers, “Software systems as complex networks: Structure, function and evolvability of software collaboration

graphs,” Physical Review E, 68(4):046116.

[4] V. Batagelj and A. Mrvar, “Pajek – program for large network analysis,” Connections, 21(2):47–57, 1998.

[5] M. Baur, M. Benkert, U. Brandes, S. Cornelsen, M. Gaertler, B. Köpf, J. Lerner, and D. Wagner, “visone - software
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