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Abstract
This paper describes how a prey's tactics were evolved using a genetic algorithm. The predator and prey are represented by different types of water life and simulated in the SWARM test environment. The idea is to see if a prey can evolve its behavior such that it can detect and evade a predator. To do this, the chromosome sent to the genetic algorithm contains information regarding the distances/angles between the prey and other animals and landmarks. Based on these a new bearing and speed are chosen for the prey to avoid being caught. This paper focuses on a prey whose primary purpose is to follow the shoreline with evading predators taking a higher priority. The results are promising in that the prey is more successful at evading a predator using its evolved behaviors when compared to my hand tweaked behavior.
Introduction
We are using a genetic algorithm to generate new prey tactics that will hopefully be more successful than any hand coded tactics. Different animals placed inside the SWARM architecture represent predator and prey. The prey does not have any knowledge whether another animal is a predator or prey, he must make the decision based only on how the other animal is acting. The objective is for the prey to identify it is being attacked and then to successfully avoid capture. In the simulation, the predator is successful if it can touch the prey, and the prey is successful if it can avoid being touched by the predator. The prey's behaviors/actions will be evolved against hand coded behaviors/actions for a predator. This is an interesting problem as it has a few uses. First off, evolving a predator/prey system can be used to show how nature evolves. Or how it could evolve if certain animals were added to an environment. The other use for this project is in military situations. In this, the animals could be replaced with boats, planes, etc each with different characteristics. Just as the animals will try to exploit each others weaknesses, the same can be done for man made predator/prey systems. A genetic algorithm is very useful in finding solutions to these types of problems. The characteristics of behaviors are encoded into the chromosome, and the GA will tend to keep the good traits and throw out the bad ones through crossover. Currently for the basic evading behavior, this requires a chromosome with 51 bits of information, which is 2^51 iterations when doing an exhaustive search. As more behaviors are added, this chromosome will get longer, and at 1 second per evaluation that is not a reasonable option.

There has been some research done in evolving predator/prey systems. Most of them were doing some type of co-evolution. This approach differs from those as the predator and prey are evolved against a known predator/prey instead of evolving them together at the same time. Bauson and Ziemke co-evolved the behaviors of 2 robots. Besides using co-evolution, their experiment differed from the one described here in the following ways. They evolved vision range and angle for both the predator and prey. As a second experiment, they added speed as a limiting variable. If you want to see a long distance, your speed would be slow. If wanted to be fast, you would have a short vision range and a short view angle. They found that the prey wants to have a wide view angle and a short distance, while the predator prefers a small angle with a long distance. In their experiments, after co-evolving, the predator was usually the winner.

Genetic Algorithms are a method of evolving data to find the best solution to a problem. They are inspired by Darwin's theory of evolution. The solution to a problem is evolved by keeping the best parts of one solution, and combining them with the best parts of another solution. Just like in nature, a genetic algorithm has generations. Inside of a generation is a population of potential solutions to a problem. The population of the next generation is created by mating two members of the current population. Just like in nature, an offspring has characteristics of both of its parents. If a member of the population is a good solution to the problem (has a high fitness) there is a higher chance it will be chosen to be a parent. Through this process, new potential solutions are created. After a certain number of generations, the average fitness starts to approach the maximum fitness, and at this point, the maximum fitness is selected as the solution to the problem. 

The results obtained in this experiment are promising. The evolved prey outperformed the hand coded predator. The evolved predator outperformed the hand coded prey. Once the prey was evolved, the predator was evolved against the evolved prey. In this scenario, the predator became highly successful.

The rest of this paper will be setup as follows. The first part will go over how the experiment was setup. How the genetic algorithm was used, and what data was used will be described in detail. The second part will display the results generated from the experiments. And finally, some conclusions will be made as well as a brief discussion on future work.

Methodology
The prey in this experiment has 2 goals. Its primary goal is to follow the shoreline. It must follow the shoreline without running into the shore, or any other entities in the world. If the prey decides it is under attack, it can suspend its shore following task and evade the predator, however at this point, avoiding crashing into land can take a higher priority than evading the predator. Once prey decides it is no longer under attach, it will go back to following the shoreline. 

A genetic algorithm was used to evolve the evasive behavior of the prey. The GA was implemented by Ryan Leigh and was nicely integrated into the SWARM environment. 1 point crossover was used, along with elitist selection. I used a crossover rate of 0.7, mutation rate of 0.1, a population size of 20 and I ran it for 20 generations. 1 evaluation consisted of simulating 5 minutes of time in the SWARM environment. The fitness of a particular chromosome was based heavily on how much time the prey stayed alive for,

There were several parameters that the genetic algorithm was tweaking. The evasive behavior is basically hard coded based on ranges of values. What is evolving in this experiment is the ranges. The first parameter was the distance from the enemy. My evasive algorithm acts differently depending on whether the enemy is Far, Near, Close, or TooClose. The values for Far, Near, Close, and TooClose are whats being evolved here. The initial part of the chromosome tells what the value for TooClose is, and the other values are increments from the previous distance range. This prevents Far having a value less than TooClose. The ranges for these values is between 50 and 944 pixels. 

The second set of parameters being evolved are the speed ranges. The predefined speed ranges are Slow, Normal, Fast, and SuperFast. As in the distance parameters, the first part of the encoding sets the speed for slow, and the rest are offsets. Again, this prevents SuperFast from being slower than Normal.

The last set of parameters being evolved has to deal with turning rate and vision. Turning rate is how sharp of a turn the prey can make. There are no ranges here, every turn has the same rate. The vision parameter deals with how the prey decides someone is either in front, behind, to the right or to the left.

The 51 bit chromosome is laid out as follows. Bits 0-7 Represent the offset value for Far. Bits 8-15 Represent the offset value for Near. Bits 16-23 Represent the offset value for Close. Bits 24-30 Represent the offset value for TooClose. Bits 31-33 represent the turning rate. Bits 34-36 represent the vision range. Bits 37-43 represent fast speed, and bits 44-50 represent Normal Speed.

As stated earlier, the values of the parameters were evolved, bot when each parameter was used. For example, it is hard coded in my algorithm that when the predator is TooClose, change speed to SuperFast. That logic will not change. However, what TooClose means will.

Once a prey determines he is under attack, it will do whatever is possible to avoid contact with the predator outside of running into the shore. The prey determines he is under attack by 1 of 2 ways. First when anyone gets within a certain distance of him he assumes he is under attack. Secondly, the prey will attempt to project where all other entities are going and if they are on a collision course, the prey will attempt to change its path in such a way that the projected collision will never happen.

The fitness evaluation for evolving the prey is based on time. For every update interval from the SWARM server, the prey's fitness goes up by 1. If the prey is utilizing his evasive behavior, the fitness will go up by 5 for every update from the SWARM server. I originally only was incrementing the fitness when the prey was under attack, but sometimes the prey would not get attacked, and I did not want to lose that chromosome as it really was not tested and it could be a good one. So I came up with this weighting methodology to prevent that situation from happening. I think that turned out to be a good move. 

The simulation was run for 5 minutes in the SWARM system. If at any point the predator and prey collide, the simulation was ended for that run. 1 full run of the simulation would take up to 2 seconds for a prey that lasted the entire 5 minutes. After each run of the simulation, the fitness was returned, and after each generation, the GA would perform crossover based on the fitness.

The experiments were performed as follows. First the default predator was run against the default prey. The fitness of the prey was evaluated and recorded. Next the prey was evolved against the default predator, and the fitness was evaluated and recorded. Next, the predator was evolved against the default prey. Then the evolved prey and the evolved predator were evaluated against each other. And finally, a new prey was evolved against the evolved predator and the results were evaluated and recorded.

Results
The first experiment put the default predator against the default prey.  I did not know what to expect from this as it was all hand tweaking.  I hoped for the prey to be successful since that was my part of the project, but I really did not know what to expect.  For all experiments I ran several runs through the simulator with 4 different rng seeds.  The results for the experiment are shown below.

	Seed
	Fitness

	0.1337
	130189

	0.8712
	74867

	0.7107
	89023

	0.835
	67161


Average Default Prey Vs Default Predator: 90310

Like it was stated earlier I had no anticipated results for this as it was all hand coded.


After the first run, the prey was evolved against the default predator.  The GA was run with a population of 20 and run for 20 generations.  I expected to see an improvement over time for the fitness.  The improvement over time for the min fitness, max fitness, and average fitness can be seen in the chart below.  The simulation was run with 4 different seeds, and everything was averaged.
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As shown above, the avg, min, and max over time improved as expected.


Once the prey had been evolved, it was time to try the evolved prey against the default predator.  I would anticipate that the average fitness for the prey should increase.  The results for the evolved prey vs default predator are shown below.
	Seed
	Fitness

	0.1337
	173523

	0.8712
	303250

	0.1707
	116531

	0.835
	205971


Average Evolved Prey Vs Default Predator: :199819 – 221% Increase

As expected, the evolved prey has a much higher fitness.

Next the default predator was evolved against the default prey.  Once this new predator was created, it was run against the default prey.  I would anticipate the prey’s fitness for the evolved predator vs default prey would drop.  The results are shown below.

	Seed
	Fitness

	0.1337
	22693

	0.8712
	50037

	0.1707
	41991

	0.835
	59181


Average Default Prey Vs Evolved Predator: :43476– 48% Decrease
As expected, when going against an evolved predator, the default prey did not do very well.


The next experiment involved running the evolved prey against the evolved predator.  Since this should have been the best predator vs the best prey, I wasn’t exactly sure what to expect.  I figured the results would be somewhere between the last 2 results shown (avg fitness between 43746 and 199819).  The results for this experiment are shown below.
	Seed
	Fitness

	0.1337
	26873

	0.8712
	34326

	0.1707
	19303

	0.835
	30181


Average Evolved Prey Vs Evolved Predator: :27671 – 70% Decrease

The results here were very surprising.  The evolved predator was much better than the evolved prey.  Looking at this, I began to speculate that the reason for this was that the evolved prey was learning tactics to evade a particular attacker.  To prove this, I evolved the prey against the evolved predator, and then ran them head to head.  The results are shown below.

	Seed
	Fitness

	0.1337
	172865

	0.8712
	152757

	0.1707
	200454

	0.835
	249813


Average Re-Evolved Prey Vs Evolved Predator: :193972 – 214% Increase

This shows that the speculation about the prey learning a tactic to evade a specific predator is true.  The GA is creating a evasive tactic that is highly successful against a known opponent.
Conclusion/Future Work

The results can be summarized as follows.  As expected the evolved prey did very good against the default predator.  As expected, the evolved predator did very good against the default prey.  Surprisingly, the evolved predator was extremely successful against the evolved prey.  This can be explained by the fact that the prey is learning a specific evasive tactic to avoid a specific attacker.  That was shown by evolving the prey against the evolved predator resulting in very similar results when compared to evolving the prey against the default predator.

The GA did do its job in creating an evasive tactic for a prey against a predator.  However, the tactics created by the GA were extremely specialized.  This can be shown by the poor performance against a different opponent than the one it was evolved against.  Since there was no history kept of the different opponents, that seems reasonable.


This project has a lot of possibilities to make it better.  The logic in the prey can be greatly improved by predicting who is a predator more efficiently.  This would allow the prey more time to plan, and it could spend less time going crazy trying to lose the predator.  Also one big area for improvement is in the area of co-evolution.  With co-evolution we should be able to develop an evasive tactic that is good for an entire generation of attackers.
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