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Although a military search-and-rescue unit may not seem to be 
closely related to a package delivery drone, a systems scientist could 
find many similarities between the two; for example, they both need to 
have some sort of pathfinding or navigation behavior to reach their 
target safely. Because of this, engineers working on the delivery drone 
can save time and money by reusing code and other logic from the 
search-and-rescue unit, which has already been proven to operate 
effectively. Of course, the systems scientist needs a way to analyze the 
behaviors of each system.

Monterey Phoenix (MP) is a lightweight formal reasoning tool 
developed by the Naval Postgraduate School for modeling systems. 
Behaviors and constraints of the system are written in MP code, and 
the compiler uses it to generate possible sequences, called event 
traces. All possible event traces are generated up to a user-defined 
scope, which is a limit to the number of times a loop can run. The tool 
is used to model systems to discover unwanted emergent behaviors 
before they can cause problems in real-world scenarios (Zhang, 2012).

Giammarco and Troncale (2018) tested the use of the Monterey 
Phoenix language to model isomorphic systems. Two systems are 
isomorphic if the structures of their behaviors are identical, even if 
their events have different names. They found that MP is sufficiently 
capable of demonstrating isomorphy between systems, although there 
does not exist any automated algorithm or tool to compare models. 
While it might be relatively simple for a human to say that two models 
are identical by looking at the MP code, it is difficult to give an 
objective percentage to models which may only be partially similar. 
The purpose of this project was to develop an algorithm that will 
automate the comparison of MP models and return a percent similarity 
between them. 

This project was divided into two main phases: modeling the 
algorithm in MP and automating the algorithm in Python. First, the 
algorithm was modeled with MP Firebird (Figure 1), an online tool for 
writing and running MP code. Three root events were created: the first 
model, the second model, and the algorithm itself. This way, the 
algorithm root was able to act based on the grammar of the models. 
Individual grammar types were not modeled to reduce the overall 
number of event traces and make analysis more feasible. All identical 
grammars were considered 100% similar and different grammars were 
considered 0% similar. Composite grammar structures were 
represented by levels; the interior of a grammar was said to be a lower

The similarity-calculating algorithm was successfully modeled and 
automated. The output similarity scores are reasonable, verified by an 
expert in the field of systems science. The user can easily run the 
Python script from a command line interface by specifying the MP 
files containing the models to compare.

One potential application of this algorithm is in systems science, 
like in the case of Giammarco and Troncale (2018). This algorithm 
provides a concrete quantitative method for determining the level of 
similarity between two MP models, something that did not previously 
exist. Another potential application is in model reuse; systems which 
need to be modeled could use existing models as a starting point, 
saving time and resources. Future work could involve adding weights 
to the similarity between certain grammars—for example, an event 
that repeats zero or more times could be considered somewhat similar 
to an event that repeats one or more times, even though they are 
different MP grammars. Another future project could be using the 
similarity algorithm to implement a recommender system that 
suggests existing models to the user based on their current code.
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level than the grammar itself. This way, two systems that share the same 
general behavior pattern could be considered partially similar, even if the 
specifics of the behavior differed. The model was able to output a resulting 
percentage using MP’s built-in annotation tools—this percentage was found 
by dividing the number of found identical grammars by the total number of 
grammars. To verify that the algorithm works as intended, ten sample model 
pairs with estimated similarity scores were created, and the algorithm was 
manually applied to each pair to ensure that it produced reasonable results. 
The second phase of the project involved programming the algorithm in 
Python so it could be automated. Two MP files could be passed to the 
algorithm to compare. The inputs were stripped of unnecessary code 
(comments, constraint clauses, white space) and each individual event was 
replaced with the character ‘x’ to make the models directly comparable to 
each other. The models were organized into a tree structure, with every 
event and grammar type being assigned a node. Sequence, alternate, 
optional, and iteration behavior grammars could be parsed by the program. 
Percent similarity was calculated by dividing the number of identical nodes 
by the total number of nodes.

Figure 1 (right): 
The MP Firebird 
environment. The 
code panel is on 
the left, a list of all 
generated traces is 
on the far right, 
and the currently 
selected event 
trace is shown in 
the center.

Figure 2 (right): One 
event trace created by 
the algorithm MP 
model. In this trace, the 
algorithm looked at the 
structure of the models 
and found that they are 
similar at a high level. 
However, the contents 
of one of the composite 
events differs, so they 
are 50% similar at the 
lowest level.

Table 1 (above): The similarity calculations for the ten tested model pairs. The 
leftmost two columns show the grammars for each model, and the other columns 
show the numbers of identical and total nodes and the final calculated similarity.

Model 1 Model 2 Identical Nodes Total Nodes Similarity (%)
x (x|x) x (x|x) 5 5 100

x [x] (x x|x x) x x (x x|x x) 10 12 83.33
x (*x x x*) x x (+x x x+) x 9 10 90
x (*x x x*) x x x x 4 10 40

x x x x x 3 5 60
(x|x) x (x|x x) 3 5 60

[x] [x] 2 2 100
(x x) x x x x 5 5 100

x (x|x) x x x (x|x) 5 7 71.43
(*x*) (+x x+) (+x+) (*x x*) 5 7 71.43
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