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Abstract 
In this work we embed the game of The Prisoners 

Dilemma on Euclidean and hyperbolic random 

geometric graph models, and on the Erdös Rényi model 

of random graph to examine the impact of graph 

topology on game theoretic processes. 

 

1. Introduction 
In the Erdös Rényi model of random graph, pairs of 

nodes are connected with probability p. Random 

geometric graphs were developed to model situations 

where the spatial configuration of a network is 

important, as in wireless ad-hoc and sensor networks. 

Nodes are uniformly distributed within a space of 

interest, and pairs of nodes are connected if they lie 

within a specified distance parameter of each other. 

Random geometric graphs are frequently created in the 

Euclidean plane. In this work we are also interested in 

hyperbolic geometric graphs, as recent work suggests a 

hyperbolic geometry may underlie the internet graph 

[1]. 

Game theory is “the study of mathematical models 

of conflict and co-operation between intelligent rational 

decision makers” [2]. It can be used to model 

competition for resources, such as bandwidth in a 

wireless network 

In the game of Prisoners Dilemma, there is a self-

interested temptation to defect, where mutual interest 

would suggest cooperation. In the spatial form of the 

game, agents are attached to each node in a graph and 

can only play against their connected neighbours. 

Strategies of cooperation or defection are assigned to 

each player. In the evolutionary form of the game, the 

game is played over several generations to observe any 

changes in strategy over time.  

 

2. Methodology 
The Erdös Rényi model, Euclidean and hyperbolic 

random geometric graphs are all created with 1000 

nodes and an average degree of 113 edges per node, to 

allow direct comparison. The spatial form of Prisoners 

Dilemma is embedded on the three graph models and 

the evolution of strategies is observed over 100 

generations. At the end of each generation, scores are 

normalised and each player adopts the strategy of their 

best scoring connected neighbour. 

We are interested in observing if any individual 

nodes have an impact on the robustness of cooperation. 

For each simulation, we chose one node as the sole 

defector amid 999 co-operators and observed the 

changes in strategy over several generations. This was 

repeated for all nodes in the graph and for each graph 

type. 

 

3. Results 
Independent of the choice of initial defector node, all 

simulations on the Erdös Rényi model led to complete 

defection in 2 generations. On the hyperbolic model, a 

third of the simulations led to a similar outcome in 2 

generations; whereas two thirds had delayed adoption in 

three generations.  

 
Table 1 Prisoners Dilemma Outcomes: Erdös Rényi and 

hyperbolic models 

Graph Model Number  of 
simulations 

Generations to 
total defection 

Erdös Rényi 1000 2 

Hyperbolic 335 
665 

2 
3 

 
Table 2 Prisoners Dilemma Outcomes: Euclidean model 

Outcomes Number of 
simulations 

Generations 
to 
equilibrium 

Final 
number of 
defectors 

All 
Defectors 

243 
731 
5 

4 – 5 
6 – 10 
11 – 14 

1000 
1000 
1000 

Cooperator 
/defector 
equilibrium 

 
21 

 
5 - 10 

 
934 

(average) 

 

The resultant outcomes for the Euclidean model 

were more complex. In 979 simulations, total defection 

was achieved in between 4 and 14 generations. For the 

remaining 21 simulations, these initial starter nodes led 

to a mixed defector / cooperator equilibrium within 5 to 

10 generations. 

 

4. Conclusions 
When the game of Prisoner’s Dilemma was 

embedded on the three graph models, the geometric 

models had greater resistance to defection than the 

Erdös Rényi model; this was significantly greater in the 

Euclidean geometric model. 
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