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Abstract. This paper is an analytic process of introducing the concept of roles in a complex
network. Each node has a specific connectivity pattern to the rest of the nodes in the network.
There are many nodes that have the same number of connections and also the same type. In
this case we say that two nodes can have the same role. The work described here, shows the
process of identifying the roles of all the nodes in a network and grouping them accordingly.

1. Introduction
Numerous systems in modern day life can be assigned to complex networks and complex
network’s properties. From the protein network within the human body to the configuration
of the Internet or the World Wide Web, all can be treated with respect to their topological
configuration of nodes connected to eachother with the use of distinct edges. The variety and
diversity of these networks (and many more) are what prompted the scientific community to
investigate the mechanisms that explore their topology [1], [2], [3], and [4].

In modern day Computer Science as well as various different fields, the use of complex network
modeling and experimentation is widespread. Within the past decade, various efforts have taken
place for the modeling and analysis of complex systems. These efforts have been very fruitful,
both in manufacturing networks by following certain rules (such as the preferential attachment
rule) [5], as well as analyzing real data and mining emerging phenomena such as the small-world
property, which implies that the average topological distance between any two nodes within a
network, increases very slowly along with the evolution of the network.

By taking a closer look into a complex network, it is noticeable that each node has a specific
position in the graph, not necessarily topologically, but with respect to the other nodes of the
network. It is also easy to see that there are many nodes that may have the same positioning
within the graph. The algorithm presented here will adopt the methodology to define the
positioning of each node in the network, newly introducing roles.

2. The use of roles
The concept of roles is explained by analyzing the function of a node within the network, in
accordance with the other nodes. Every node has a role in the network, whereas many nodes
can have the same role, with regard to their own connectivity.

In order to find the role that can be assigned to every node, we must first divide the nodes
into groups, and create each connectivity vector to the other groups. Each connectivity vector
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Figure 1. An example network for role identification.

records the number of connections that the group has, to all the rest (including itself) and also
the number of nodes that reside in that group (the final metric of the vector).

For better understanding of the entire process, an example network is shown in Figure 1.
The algorithm tries first to categorize the nodes into groups. The process begins by creating N
distinct groups and assigning a single node to each one. Then the connectivity vectors of the
network are generated for each group (initially for each node). This instance of the connectivity
vectors of the example network is shown in Table 1.The second step compares the connectivity
vectors of the groups and if it finds that two vectors are the same (apart from the last metric
that shows the number of nodes in the group), it merges the two groups into one. After the
merging of the two groups takes place, the algorithm recalculates the connectivity vectors and
starts searching for the next groups that may share a common connectivity vector. When there
can be no more merging among the groups, the algorithm has finished the grouping stage.

CV No Grp 0 Grp 1 Grp 2 Grp 3 Grp 4 Grp 5 Grp 6 Grp 7 Grp 8 Grp 9 No

0 0 1 0 0 0 0 0 0 0 0 1
1 1 0 1 1 1 1 1 0 1 0 1
2 0 1 0 0 0 0 0 0 0 0 1
3 0 1 0 0 0 0 0 0 0 0 1
4 0 1 0 0 0 0 0 0 0 0 1
5 0 1 0 0 0 0 0 1 0 1 1
6 0 1 0 0 0 0 0 0 0 0 1
7 0 0 0 0 0 1 0 0 0 0 1
8 0 1 0 0 0 0 0 0 0 0 1
9 0 0 0 0 0 1 0 0 0 0 1

Table 1: The connectivity vectors of the example network, before the first iteration.

The example network has 10 nodes and 9 edges. The first step of the process, creates 10
groups and places a single node of the network into them. Then, it checks the connections of
each group (node for now) and creates the connectivity vector for each group. The starting
vectors are taken unchanged from each line of the adjacency matrix of the network, with the
addition of the number of nodes for each group at the end of the vector (one at first). After
the initial step, the algorithm identifies that the groups with number 0 and 2, which initially
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Figure 2. The process of the grouping algorithm.

contain the nodes 0 and 2 respectively, have the same connectivity vector. The two groups have
only one connection with the group 1. Then it increments the final metric of the group 0 and
deletes group 2. After that, it recalculates the connectivity vectors with one group less. On the
next iteration, the groups 0 and 3 are found to have the same connectivity vector and so, the
group 3 is deleted and the counter of group 0 is incremented by 1. This process is continued on
the same pattern until no further grouping can be performed.

So, at the end of the final iteration, the number of groups is reduced to 4. These groups are
shown in Figure 2 and the nodes that each group contains. Note that the numbering of the
nodes here is for explanatory purposes and the algorithm only focuses on the number of nodes
in each group. The final connectivity vector of the example graph is shown in Table 2.

CV No Grp 0 Grp 1 Grp 2 Grp 3 No

0 0 6 0 0 6
1 6 0 1 0 1
2 0 1 0 2 1
3 0 0 2 0 2

Table 2: The connectivity vectors of the example network at the end of the process.

3. Testing the algorthm
The network that will be used for the testing of the algorithm is undirected and unweighted and
it is provided by Duncan Watts and Steven Strogatz [6]. The graph presents information about
the topology of the Western States Power Grid of the United States of America. The network
has 4941 nodes and 6594 edges. The mean degree of the graph is 2.67 whereas the maximum
degree that can be found is 19.

After performing the aforementioned operation to our test network, the result was the creation
of table (of similar form to Table 2, but significantly larger). This table contains the connectivity
vectors of all the groups that can be created that would hold information about each role that
might exist in the network. The specific network generated a table with 3954 groups and
equivalent roles. The number of nodes that assume these roles are shown in Figure 3

It is fairly clear from the illustration of the connectivity vector of the specific network that
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Figure 3. The role distribution of the test network.

there is a significant number of roles that are assumed by a single node (and that is why so
many roles can be found in the network) and also that there are certain roles that are assumed
by many nodes, illustrated by the spikes that emerge from the figure.

4. Future work
The concept of roles and their distribution over a network can provide useful information
regarding the connectivity of the nodes. This algorithm allows the user to manipulate a network
further when analyzing its role distribution, in several ways such as replicating or scaling the
network. This part can be extensively studied in a different project an may yield very promising
results.
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