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1. Purpose:

a. Objective of Simulation Study: The purpose of this project is to create a highly flexible yet stable model of neural interaction. The model can be used to determine how changes in a number of parameters change the behavior of the system. 
b. Future directions: in the future it should be possible to make the model dynamic so that structural elements can be changed during the simulation. Once the model has been tested a proven stable under a selection of parameters then evolutionary algorithms may be used to determine optimal combinations of parameters and structures. Ideally this could help understand how the human brain’s neural interactions have been optimized by evolution.
2. Configurations and diagrams:
a. System Diagram:
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b. Multi-Generator: generates random or predetermined input for the system. it is composed of 3 atomic Generators.
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c. Generator: every cycle either produces and output or not based on the value of a random variable
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d. Layer: group of principal Neurons (atomic models) (N1-N6) receiving same set of input. Layer1 receives input from generator. Subsequent layers’ inputs are outputs from previous layers. Also inhibitory Inter Neurons (IIN1-INN3) these receive input from a subset of the principal neurons and sum such activity, their output inhibits the activity of the principal neurons they output to
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e. Output Layer: similar to a regular layer but receives direct input from both Negative and Positive Emotion which may facilitate or stop output.
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f. Neuron: receives inputs from external events and other neurons and fires if the inputs multiplied by specific weights reach a given threshold.
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g. Payoff: calculates system payoff based on patterns between generated inputs and system outputs.
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h. Negative Emotion/Outcome: activates by negative payoff and its input is used by Global Modulator to modulate the system upwards and stop output by output layer. It is also modulated by output of Global Modulator. In this model it is modeled as a single neuron receiving input form the input Layer 1. It more complex models it will be a modified neural layer.
i. Positive Emotion/Outcome: activates by positive payoff and its input is used by Global Modulator to modulate the system downwards and facilitates output by output layer. It is also modulated by output of Global Modulator. In this model it is modeled as a single neuron receiving input form the input Layer 1. It more complex models it will be a modified neural layer.

j. Global Modulator: Modulates system upwards or downwards based on summation of inputs from Negative and Positive with some time delay.
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1) Simulation Objective and Performance Index
1. Simulation Objective: 

2. Performance Index:

a. Minimize Mean System Time

b. Minimize Mean Tardiness (Due-date – Current time)

c. Maximize Mean Throughput (products / time unit)

3. Performance index: 

a. Since it is a complex model, the basic requirement is that the model remain stable under most conditions and that the information flows through the system. For every input there should be a subset of neurons that fire. If too few or too little neurons fire than there will be limited information entering the next hierarchical level. This would make training the system either impossible or unlikely.

b. At this point the performance testing is only counting how many times the system reaches the “reward” state versus how many times it reaches the “punishment” state. This is done by including in the Payoff subcomponent a set of rules of combinations between system inputs and system outputs to be rewarded. The conditions that triggered reward were statistically equally as likely as the conditions that triggered punishment.
4. Simulation study:
a. A mrun of 20 repetitions of 1000 was run. The system appears to be mostly stable. It appears that in most runs, most neurons showed some level of activity. However, in a couple runs the system appears to have been stuck in a low information transition state. Further analysis will be necessary to determine why and change the parameters to avoid such results. 
b. The system appears to have reached the reward state more often than the punishment state. While the reward and punishment components are active. At this point it is more likely that such proportion of good versus bad outcomes is the result of statistical preferences than from actual system learning. Multiple other more complex problems will have to be tested before answering that question. However, the fact that information cascaded through the system and reached the reward and punishment output states indicates that it should be able to find parameters under which the system can learn.
5. Conclusion:

a. DEVS provides an extremely useful simulation tool for neuroscience problems because of it flexibility. While most domain specific simulation tools and languages have strong assumptions about the temporal order of  simulation events, DEVS provides extreme high flexibility as to how events are temporally related. This is important in neuroscience because we have limited information about the actual timeframe of many neural processes or how those timeframes affect the interaction between neurons. However we do know that the timing of events is incredibly important to the end result. DEVS has the flexibility to easily change time interactions between components as we gather more information or in order to test possible solutions.
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