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Figure 1: Subfigures a) and b) show the relationship between the Network Average Clustering Coefficient and Transitivity in the Erdös Rényi random graph 

and in the random geometric graph. Subfigures c) and d) show the degree distribution of both models at probability p = 0.6.  
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On the WWW, a huge body of data is linked and interlinked in complex 

ways. The way that information spreads through a network can be 

examined by creating different graph models and comparing their 

structural properties. This work examines clustering in network models, 

which affects how information is spread in a network. In particular, we 

compare clustering coefficient and transitivity measures in random 

geometric graphs with those of the Erdös Rényi model of random graphs. 

Clustering coefficients measure the tendency with which nodes are 

clustered in a graph. The most striking result is that the transitivity and 

network average clustering coefficients differ within the geometric graphs. 

This was unexpected, as these measures coincide in the Erdös Rényi 

model. This raises potential for using these models in network analysis 

and in game theory applications. 

 

1. Introduction 
 
In network analysis, the Erdös Rényi model of random graphs has 

frequently been used to model real world systems; this model has 
connections between nodes created with a defined probability parameter. 

Random geometric graphs were devised to model situations where 

physical distance between agents was a factor, such as the spread of 
disease. Random geometric graphs are created by forming a link wherever 

the distance between any pair of nodes is less than a specified distance 

parameter [Penrose 2003]. In this research we compare properties of 
interest in these two graph models. Transitivity measures the links 

between triples of nodes. A fully transitive relationship is represented by a 

closed triple, where the “friends of my friends are my friends'' [Snijders 
2011]. The network average clustering coefficient measures links in the 

neighbourhood of a node [Watts and Strogatz 1998]. 

 

2. Methodology 
 
Random geometric graphs were created in the unit square, by generating 

uniformly distributed independent Cartesian coordinates (x, y) and 

creating a link between pairs of vertices wherever the distance between 

them was less than a distance parameter. Erdös Rényi random graphs were 

created with defined probability parameters. In order to directly compare 

these models, the geometric graph was converted to a probability model 

by calculating the distribution of distances within the unit square 

[Weisstein 2013]. This ensured that at each probability step, both models 

had identical probability of a connection existing and therefore equal 

                                                      
1 email: {c.marshall1, james.cruickshank, colm.oriordan}@nuigalway.ie 

likelihood of similar average degrees. Both models were then created with 

1000 nodes each, over 20 runs at each probability parameter p (from  

p = 0.1 to p = 0.9); Measurements for clustering coefficients and 

transitivity were taken at each probability step. As clustering coefficients 

and transitivity are calculated using node degrees; the degree distribution 

was also calculated, using a sample example at p = 0.6 for both models. 

 

3. Results 
 
The average degree is almost identical, as expected since the probability 

models have been created based on the probability of connections existing. 

However, the two models display different patterns of degree distribution.  

The degree distribution was measured in graphs created with probability 

parameter 0.6, with average degrees therefore expected to be 600. The 

Erdös Rényi model has degrees distributed closely around this figure 

whereas the random geometric graph has a wider variation in degree 

distribution. 

The geometric graph displays markedly higher values for both network 

average clustering coefficient and transitivity than the Erdös Rényi model. 

In the latter the two measures coincide, whereas there is significant 

variance in the geometric model. The network average clustering 

coefficient  is effectively the same as the probability parameter (p) in 

the Erdös Rényi model as all the node degrees are approximately equal; 

for example, at p = 0.6,    0.6. In this model the measure for transitivity 

also approximates that of . However in the geometric model,  is 

consistently higher than transitivity at each probability step up to p = 0.9. 

 

4. Future Work 
 
This will involve further analysis of these graph properties to assess their 

potential usefulness for social network analysis and game theory 

applications. Games will be simulated using random geometric graphs, 

and evolutionary game theory techniques will be applied to explore 

processes such as robustness and the spread of cooperation in a network. 
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