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I propose to use evolutionary programming in combination with standard neural networks to evolve a neural-network based AI to play the game Jump and Bump.  In the game, human players control rabbits and score points by jumping on the heads of the other rabbits.  The game is an attractive target for evolving a neural network based AI since (in a two-player game) the number of variables is very small: just the positions and velocities of both players (8 values total).  If the game map is further  restricted to just a flat plane, then the game becomes very tractable for a neural network to 'solve'.  Additionally, the simple mechanics means that the game can be run at speeds much faster than it would be run in an actual game involving humans, and consequently it is practical to actually play AI players against each other as a means of evaluating fitness.


However, based on preliminary tests in which I have evolved fixed topology networks to play Jump and Bump, an evolutionary algorithm that only evolves over fixed topologies is very poor at creating AIs that are competitive with human players.  Evolution over a fixed topology also makes the crossing over operator useless, since rarely will neurons performing similar functions be correctly swapped in a cross.  In my research, I found an algorithm (NEAT: Neuro-Evolution with Augmenting Topologies [Stanley & Miikkulainen, 2002]) which is capable of evolving not only the connection weights between neurons, but the network topology itself.  NEAT also has the desirable property that it starts off with a minimal network and evolves more complex forms as needed, rather than seeding the initial generation with arbitrarily complex forms. Stanley and Miikkulainen have also improved upon their original design, adding the capability to evolve recurrent network topologies as well, which they have demonstrated is a powerful addition.  Since many implementations of NEAT are available, I will use NEAT to evolve neural networks to play the bare minimal form of Jump and Bump.


Stanley and Miikkulainen note, however, that NEAT currently does not have the capability of encoding more complicated forms in its genomes: that is, if some group of neurons is repeated in the network, those repetitions will all be separately represented, which is needlessly redundant.  While they are currently working on the issue, a straightforward implementation of repetition in NEAT seems obvious to me: certain elements in the genome could serve as markers indicating the starts and ends of blocks of neurons, and then other elements would simply duplicate all the neurons in a referenced block.  They do not seem to have considered this approach, and its simplicity means that it is certainly worth trying at least superficially.


Finally, note that the Jump and Bump problem can always be made more complicated by introducing additional elements from the game, such as varied terrain or more than two players playing at a time.  If NEAT easily produces a better-than-human AI in the flat terrain case, then I will investigate varied terrain as well, otherwise I will concentrate on improving the AI in the simplest case.
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