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In this study, properties of Internet Relay Chat (IRC) networks are analyzed in terms of 
complex network characteristics. Two different IRC communities are studied; freenode and 
unfirc. IRC channels in freenode are mostly dedicated to chatting, whereas IRC channels in 
unfirc are mostly dedicated to file sharing and warez. In this study, it is shown that those IRC 
networks have small-world property. Furthermore, degree distribution of freenode’s IRC user 
network and channel network is shown to follow power-law degree distribution. Even though 
degree distribution of unfirc’s IRC channel network follows power-law degree distribution, 
IRC user network of unfirc does not show power-law degree distribution, because of the nature 
of unfirc IRC community. IRC user networks can be regarded as a sort of social network. It is 
shown in the literature that social networks have small-world property and power-law degree 
distribution. The findings in this study confirm that IRC networks show complex network 
properties similar to the social networks.  

1   Introduction 
IRC (Internet Relay Chat) communities are online communities consisting of 
different groups located in dedicated channels. Each channel contains human or non-
human users, which get together because of their interests on the content maintained 
by the channel. Users join to the channels in the scope of their interest or they can 
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create their own channels. Although each channel is distinct, channels can share a set 
of users or they may share similar content.  Unlike the World Wide Web, IRC is 
consisting of online interactions of users. So IRC represents a sort of social network 
in addition to its computer-networking framework. IRC network has a great potential 
of analyzing human interest and behavior, even the existence of IRC depends on 
these dynamics. 

In this study, IRC networks are analyzed in the scope of complex networks. Two 
different IRC communities, freenode and unfirc, are analyzed in this study. Those 
two IRC communities represent the two distinct sets of IRC communities. Some IRC 
communities are popular for file sharing. File servers are located in some channels 
and users prefer to join those well-known channels instead of opening new channels 
for chatting with other people. The unfirc is such an example.  On the other hand, 
some IRC communities are chat-oriented. In those IRC communities, people prefer to 
open and join arbitrary channels for chatting with other people. The freenode is an 
example for such IRC communities.  

2   Gathering IRC Data 
IRC communication protocol is one of the oldest instant messaging protocols. It is 

a mature and well-defined protocol and it is explained in RFC 1459 [6]. For the 
gathering of data from IRC servers, an IRC protocol stack is implemented in java. In 
addition to this protocol stack, an IRC bot using this protocol stack is also 
implemented. This bot gets connected to an IRC server and it gets the list of IRC 
channels in that server. Then, the bot joins each channel, gets the list of users in the 
channel and abandons the channel. Later, this data is compiled as a bipartite graph 
representing channels and the users using those channels. These procedures are 
repeated for the same IRC server in different dates in order to get a more 
representative IRC data. 

3   Characteristics of IRC Networks 
 
In this study, two different networks are derived from the IRC community data; IRC 
user and channel networks. In IRC user network, nodes are IRC users and two nodes 
are connected using an edge if the corresponding two users are in the same IRC 
channel. In the IRC channel network, nodes are channels and two nodes are 
connected with an edge if the corresponding two channels have some users in 
common.  

Table 1 summarizes the characteristics of the user and channel networks for unfirc 
and freenode.  In this section, IRC networks will be discussed in terms of their 
properties such as diameter, clustering coefficient, average path length and degree 
distribution. Those IRC networks will also be compared with random graphs having 
the same size and average degree. Those random graphs are generated using the 
model of Erdos and Renyi (ER) [1].  ER model was the mostly used model for the 
complex networks before the introduction of more contemporary models.  
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3.1 Small World Property 
  
For the freenode’s IRC user networks, diameter and average distance between any 
two nodes are computed as 10 and 3.421 respectively. For freenode’s IRC channel 
networks, diameter and average distance between any two nodes are computed as 9 
and 3.202 respectively. The freenode IRC community consists of 2162 channels and 
7205 users. However, diameters and average distance between two nodes are small 
with respect to the network sizes.  This means IRC networks derived from freenode 
IRC community have small word property. 

For the unfirc’s IRC user networks, diameter and average distance between any 
two nodes are computed as 5 and 1.647 respectively. For unfirc’s IRC channel 
networks, diameter and average distance between any two nodes are computed as 5 
and 2.500 respectively. The unfirc IRC community consists of 181 channels and 3133 
users. Diameter and average distance between two nodes are small with respect to the 
network size for IRC user networks. However, for IRC channel network, diameter 
and average distance between two nodes are not much small relative to network size. 
This means that small world property is much stronger for unfirc’s IRC user networks 
than that of unfirc’s IRC channel networks. 
 

3.2   Clustering Coefficient 
IRC networks have some inherent modularity. Users with similar interests are 
expected to join the similar kind of channels. So, both in IRC user networks and IRC 
channel networks, cliques are expected to exist. Degree of clustering in complex 
networks can be quantified by the clustering coefficient [2]. Clustering coefficient of 
a node i is defined as in Equation 1. 
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In the equation, ki is the degree of the node i and Ei is the number of links between 

the ki neighbors of the node i. Clustering coefficient of the whole network can be 
calculated by averaging the clustering coefficients of individual nodes in the network. 
Clustering coefficients of the IRC networks are also calculated in this study.  

For the freenode’s IRC user network, clustering coefficient is computed as 
0.0282, whereas it is only 0.0024 for an ER random network with the same size and 
average degree. For the freenode’s IRC channel network, clustering coefficient is 
computed as 0.0601, whereas it is only 0.0054 for an ER random network with the 
same size and average degree. For freenode’s IRC network, clustering coefficients 
are much bigger than that of random networks.  Higher magnitude of clustering 
coefficients is also an indicator of small world property. 

For the unfirc’s IRC user network, clustering coefficient is computed as 0.3221, 
whereas it is 0.3237 for an ER random network with the same size and average 
degree. Clustering coefficients for IRC user network and random network are almost 
the same. For the unfirc’s IRC channel network, clustering coefficient is computed as 
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0.0592, whereas it is only 0.0063 for an ER random network with the same size and 
average degree.  

The number of channels in the unfirc is 181 whereas the number of users is 
relatively high, that is 3133. Most of the channels in the unfirc are dedicated to warez 
and file sharing. So people usually don’t join the channels for chatting. This makes a 
network with high connectivity, because channels are crowded; users usually are in 
more than one channels and there are non-human IRC users, such as file servers or 
IRC bots, bridging between those crowded channels. Those are the main differences 
between freenode and unfirc networks and they are mostly originated from the user 
and channel profiles. 

3.3   Degree Distribution 
In a graph, nodes usually have different number of edges. The degree of a node can 
be measured as the number of edges the node has. So, the degree distribution is the 
distribution of edges among nodes. Degree distribution is characterized by a 
distribution function , which gives the probability that a randomly selected 
node has exactly k edges [2]. In a random graph, edges are distributed randomly. So 
the majority of nodes have approximately the same degree, which is close to the 
average degree, . This means that degree distribution of a random graph is a 
Poisson distribution with a peak at 

)k(P

〉〈k
)k(P 〉〈  [2]. Random network models are not 

sufficient to model real networks. It is shown that usually degree distribution of real 
networks significantly deviates from the Poisson distribution. For example, degree 
distribution follows power law for a large number of networks. Examples of such 
networks include World-Wide-Web [3], Internet [4], metabolic networks [5], social 
networks, ecological networks, protein networks and more.  The networks, whose 
degree distribution follows power law, are called scale-free. Power law degree 
distribution is shown in Equation 2, where γ is called scaling factor. Unlike Poisson 
distribution, power law implies that most of the nodes have very few edges whereas 
few of the nodes have lots of edges. In this study, degree distributions of freenode 
and unfirc IRC networks are examined. 
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Figure 1 shows the degree distribution for freenode’s IRC user network. For this 
network, average degree, , is 30.62. However, most of the nodes have lower 
degree and very few nodes have a high degree. The figure confirms that freenode’s 
IRC user network has a power law degree distribution. Freenode’s user network has a 
power law degree distribution with a γ value of 3.25. Table 1 shows the five freenode 
IRC users with the highest node degree. The user ‘lilo’ has a degree of 646, which is 
the 9% of 7205 nodes. So this node is a hub in the network.  

〉〈k

Figure 2 shows the degree distribution for freenode’s IRC channel network. For 
this network, average degree, 〉〈k , is 20.13 and maximum degree is 167. Although 
small deviations, degree distribution looks like power law distribution. The degree 
distribution of the IRC channel network obeys to the power law distribution with a γ 
value of 1.57.  
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Table. 1:  Five freenode IRC users with highest node degree. Total 7205 nodes exist in the 
network. 
 

Node ID User Name Degree 
6158 lilo 646 
1734 clintar 425 
2017 _Ctrl-Z_ 360 
3338 karat 339 
5022 karingo 319 

 

 
Figure 1. Degree distribution of freenode’s IRC user network. 
 

Unlike unfirc IRC community, the freenode IRC community has a diverse range 
of channels and users. Most of the channels are dedicated for chatting in freenode 
community, whereas unfirc channels are mostly dedicated to file sharing and warez. 
So the number of channels is much higher and average number of users in an IRC 
channel is much smaller in freenode. However, number of IRC channels is only 181 
in unfirc, but number of users is relatively high, 3133. Users usually join to several 
channels and put file requests to one or more file servers, their requests are queued 
and then users wait for their turn. File servers are IRC bots operating usually in 
several channels, which are dedicated to similar content. Figure 3 shows the degree 
distribution of unfirc’s user network. Degree distribution does not show a Poisson or 
power law distribution and its average degree, 〉〈k , is too high, 1107.14. 

Figure 4 shows the degree distribution for unfirc’s IRC channel network. Unlike 
unfirc’s user network, unfirc’s channel network follows a degree distribution 
resembling power law and its average degree, 〉〈k , is 4.773. The degree distribution 
obeys to the power law distribution up to some extend with a γ value of 0.74. Degree 
distribution slightly diverges from the power law for higher degrees. 

 



 
 

6 

  
Figure. 2:  Degree distribution of freenode’s IRC channel network. 

 
 

 
Figure. 3: Degree distribution of unfirc’s IRC user network. 
 
 

In the Table 2, summary of results are tabulated for the IRC networks. In the table, 
<l> is the average distance between two nodes, C is the clustering coefficient of the 
network and Crand is the clustering coefficient of a random network with the same 
size and average degree. 
 
Table. 2: Summary of results for IRC networks 
 

  Size <k> <l> C Crand γ 
Freenode User 7205 30.62 3.42 0.03 0.0024 3.25

Freenode Channel 2162 20.13 3.20 0.06 0.0054 1.57

Unfirc User 3133 1107 1.65 0.32 0.3237 - 

Unfirc Channel 181 4.773 2.50 0.06 0.0063 0.74
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4   Conclusion 
 
In this study, IRC networks are analyzed in terms of their complex network 
properties such as small-world and scale-free properties. IRC networks were not 
studied previously from this point of view. Two different IRC community, freenode 
and unfirc, are studied. There is an important difference between these two IRC 
communities.  Unlike freenode, IRC channels are usually used for file sharing in 
unfirc. Those channels are maintained by file servers or IRC bots. So, the number of 
channels is low whereas number of users is comparably high. On the other hand, 
freenode IRC community depends highly on chatting rather than file sharing. Users in 
freenode create arbitrary channels or join the channels in order to chat with other 
people. This property of freenode makes freenode’s IRC user network similar to 
social networks. It is shown in the literature that social networks have small-world 
property and power-law degree distribution [2]. The findings in this study confirm 
that freenode's IRC user network shows complex network properties similar to that of 
the social networks. 
 

 
Figure. 4: Degree distribution of unfirc’s IRC channel network. 
 

Chat-oriented IRC communities, such as freenode, are expected to have complex 
network properties similar to that of social networks. They have small-world property 
and power-law degree distribution. On the other hand, file sharing IRC communities 
such as unfirc may not be scale-free. In order to support this conclusion, other 
popular IRC communities should also be studied. This is considered as a future work. 
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