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Abstract 
We adopt a spatial model involving a population of 

agents who can navigate an environment and interact 

with other agents via the Prisoner's Dilemma.  The 

movement and the strategy of the agents are evolved 

using a genetic algorithm. We present results and 

analysis on the learned movements and strategies. In 

addition to analysis of emergent behaviours, we show 

that the formation of clusters is a key factor in the 

emergence of cooperation.  

 

1. Introduction 
In a range of domains in modern computing issues 

arise regarding cooperation of nodes/agents in the 

system. Oftentimes, it is desirable to allow autonomy of 

agents but this renders centralised control and potential 

optimisation difficult. In order to fully understand these 

systems, there is a need to explore emergent cooperation 

in systems.   

We adopt the Prisoner's Dilemma game as the 

interaction model for agents as it captures the conflict 

between individually rational choices and those made for 

the common good. Each interaction involves pairs of 

agents making a choice: to either cooperate or defect. If 

both agents cooperate, then both receive the payoff for 

mutual cooperation. There is a temptation to defect 

against a cooperator and receive a high payoff. However, 

if both defect, they both receive a payoff worse than that 

received for mutual cooperation [1]. 

The focus on this work is to attempt to understand 

how cooperation can emerge as a result of cluster 

formation due to the cooperating agents learning 

behaviours that allow them to seek fellow cooperators 

and increase the amount of mutually cooperative games 

in which they play despite the threat from defectors who 

also can learn beneficial movements and strategies. 

We hypothesise that the ability to learn strategy and 

movement behaviour promotes cooperation via the 

formation of cooperative clusters. 

 

2. Model 
The agents inhabit a toroidal grid where each cell on 

the grid can host up to one agent. Agents accumulate 

payoffs over a number of games through the pairwise 

interactions with their neighbours. The model adopted 

allows agents to move in their environment in response 

to encountering other agents. The potential actions are: 

flee from an agent, follow an agent, do nothing (remain 

where agent is) or pursue a random walk. The strategies 

and behaviour that the population of agents can adopt 

were explored by Genetic Algorithms (GA) [2].  

 

3. Results 
The evolutionary process results in cooperative 

outcomes in 30% of the simulations. In those outcomes 

the agents learn optimal behaviours sufficiently early to 

allow cooperative agents to form clusters. These clusters 

result in robust cooperation. 

Figure 1 shows the rapid increase of cooperative 

clusters during a typical simulation. Average cluster size, 

cluster cohesion, and cooperator fitness increase in a 

similar pattern.  

Outcome Percentage Average Generation 

Cooperator 30% 15 

Defector 70% 7 

Table 1: Summary of outcomes for 20 simulations  

 

  
Fig 1: Average number of clusters per generation 

 

4. Conclusions 
We see that when more clusters are formed, 

cooperators do well. In addition, we can see that as 

cooperators form these clusters there is an increase in the 

number of mutually cooperative interactions. There is a 

correlation between the fitness of a cooperator and the 

average cluster size. 

In both cooperative and non-cooperative outcomes, 

similar movement behaviours are learned by agents: to 

follow cooperators and to flee defectors. In the 

cooperative scenarios, the cooperative agents form 

clusters which increase their fitness. This is in contrast to 

the situation where cooperation does not emerge. 
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