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Introduction
For decades, neuroscience has debated the pros and cons of 

numerous computational models of the brain. Models of this kind 
can expose the cause of and/or pathways taken in neurological 
defects that cannot be detected accurately in vivo. The purpose of 
this project was to model the fundamental dynamics of the six-
layer brain cortex using the navy-developed software Monterey 
Phoenix (MP) at the neuron level. MP allows a user to model a 
system using lightweight programming structures to generate all 
possible behaviors/outcomes in the form of visual diagrams, 
known as traces. Events can represent objects, processes, and/or 
states and are defined, coordinated, and constrained by the user 
to create complex relationships (Giammarco & Troncale, 2018). 
MP also offers assertion checking and automated querying tools 
which allow for the systematic identification of outcomes of 
interest without manual inspection. This study modeled neurons–
building blocks of the brain that pass electrical signals to one 
another at connection points known as synapses. Neurons 
transmit information by modulating their voltages and receiving 
and integrating signals from other neurons into a singular signal 
strength. This strength is then compared against a threshold 
voltage, which, when surpassed, allows the neuron to achieve 
action potential, or a “spike”. In a network, 85% of neurons are 
excitatory and 15% are inhibitory. Neurons vary in shape and 
nature at each layer of the brain cortex (Kbah, 2020). A MP model 
of this nature could help establish this software as a viable tool to 
neurobiological research and, therefore, contribute to the 
development of more robust neural models and understandings.

The developed model was based on the premises of 
computational modeling approaches, such as the Integrate-and-
Fire and Izhikevich models. MP-Firebird software versions 3 and 
4 were utilized (https://firebird.nps.edu/). In Stage I, MP’s
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principal logic structures (inclusion and precedence) were used to 
model excitation and inhibition (see Figure 1). In Stages II and III, 
these two processes were combined (see Figure 2) in a six-neuron 
network, with five excitatory type and one inhibitory type neuron. 
Synapses were established using COORDINATE and SHARE ALL 
statements which connected processes between neurons. Analysis 
was primarily qualitative and biological accuracy was gauged by 
subject matter expert (SME), Dr. Schultz, at each stage of 
development. Runtime, number of traces, and some probability 
data were also derived from the model.

Figure 1 (above): Excitation and inhibition modeled as two ROOT events 
in Stage I before being connected as neuronal states in Stage II.
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The final model included six cortical neurons modeled as ROOT 

events (see Figure 3) connected by ten synapses established by a 
sequence of COORDINATE statements. Inhibition, excitation, and 
their respective biological players were modeled using composite-
type or sub-root-type events. The model achieved a linear, chain-
reaction representation of a five-excitatory neuron group, 
outputting 6 equiprobable traces, where p = .167, and 
demonstrated interconnectivity in cortical neurons, as numerous 
events occurred in complex and conditional iterations under 
multiple ROOT-type events. The final model had an average 
runtime of 4.3 seconds and a trace generation speed of 155 
events/second, as derived from the model’s diagnostical window.

Figure 3 (left): One 
section of first of the 
six final traces 
produced, in which 
the only neuron that 
spikes is neuron A. 
Inhibitory signals 
from the central 
interneuron can be 
seen in dashed lines 
to GABA-receptor 
opening events. 

Conclusions
The final model took a linear approach to neural firing. 

Qualitative analysis yielded that conditional firing and multi-
synaptic connections as seen in vivo were mirrored successfully in 
the produced traces. Event definition proved successful in 
establishing appropriate constraint for firing and membrane 
potential. The purpose of this project was achieved, but some SME 
feedback suggested that some limitations exist in the taken 
approach. Cyclical and two-way neuronal signaling, for example, 
were not demonstrated, as well as neuron variability (i.e.: firing 
types) and versatility (i.e.: multiple signal types). This suggests 
that some information was lost in the translation of a 
computational representation of neuronal firing to a systems 
engineering representation as developed in this study. However, 
future work is needed to formally demonstrate the complete rules 
for neuron behavior. Due to the fact that no neurological models 
had been developed in MP prior to this study, the project’s scope 
was established with trial and error, therefore producing a large 
pool of alternative approaches and additional features. Further 
development could expand the model to exhibit specific firing 
behaviors such as chattering (CH) and low-threshold spiking 
(LST) as well as neuron shape and cortical layers, allowing the 
model to more closely resemble the makeup of the brain cortex.
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1 SCHEMA Behavior_of_One_Neuron
2 ROOT Excitation: (+ release_of_glutamate +) 
3 (+ AMPA_synaptic_channel_opens +) 
4 (+ sodium_cations_flow +);
5 sodium_cations_flow: (
6 over_threshold spike | 
7 under_threshold insufficient_excitation
8 );
9 ROOT Inhibitory_Interneuron: (+ release_of_GABA +)
10 (+ GABA_synaptic_channel_opens +)
11 (+ chlorine_anions_flow +);
12 chlorine_anions_flow: decrease_potential;

Figure 2 (above): A trace produced in Stage II, where signaling was shown as 
a dynamic process occurring under one neuron, titled Neuron B. Dashed lines 
represent process ownership and solid lines represent cause and effect.
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