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Introduction

Scientific progress comes from adapting and extending
models from prior work to address new problems. The task
of modifying existing source code and performing
semantically sound model fusion can be difficult as the
models scale, and become more complex. We propose
SemanticModels. jl, a category theory-based framework for
defining meta-modeling tasks and semantic information
extraction. Our objectives are threefold:

1. Convert scientific models to a universal wiring
diagram representation (I-‘ong 2018);

2. Use this representation to augment and compose
these models at domain-level semantics;

3. Generate executable code and visualize results.

Methods

We leveraged techniques from static and dynamic program
analysis to process executable versions of scientific models
to extract the mathematical representation of the Lotka-
Volterra Predator-Prey (Volterra 1926) and the MacDonald
Ross Disease Model (Smith 2012). Next we performed meta-
modeling tasks defined as domain specific transformations
to augment and compose the two models. Finally, we can
visualize the new model as well as generate executable code
and visualize the simulation’s results.

Results

Figures 2 and 3 show the universal, domain specific wiring
diagrams that domain scientists can manipulate to create
new models. Figure 3 also illustrates the amount of math
that is contained in the simple Malaria wiring diagram.
These wiring diagrams allow us to perform model
augmentation and fusion at the semantic level, and the
fusion of the differential equations is handled automatically.
We then augmented the Lotka-Volterra model from Figure 2
to model mutual predation and composed it with the Ross
Malaria model from Figure 3 to get a model that simulates
both, shown in Figure 4. Finally we generated the code to
simulate the new model, and the results are shown in
Figures 5 and 6.
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Figure 1: The full set of differential equations of the Lotka-Volterra model that we want to represent as
a mathematical structure grounded in semantic knowledge.
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Figure 2: Top: Lotka-Volterra predator-prey model represented as a semantically rich wiring diagram;
Bottom: Lotka-Volterra Predator-Prey Model represented as a structured mathematical object
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Figure 3: Left: Ross Malaria model represented as a wiring diagram;
Right: The full set of differential equations represented by the wiring diagram on the left.
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Figure 4: Top: The generated Lotka-Volterra and Malaria disease spread model as a wiring diagram;
Bottom: The generated Lotka-Volterra and Malaria disease spread model as a mathematical structure.
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Figure 5: The results of the mutual predation and Malaria model showing the predator-prey
interaction between the mosquitoes and birds (purple and yellow lines respectively)
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Figure 6: Zooming into the beginning of the graph in Figure 5 shows the initial role Malaria had on the
system.

Conclusions

1. SemanticModels. j1 provides a framework for
scientists to easily augment and transform
existing scientific models.

2. Using a universal representation allows for models
to be easily composed across scientific domains.

3. New models can automatically generate executable
code and produce verifiable results.

4. Our representation can be adapted to curate more
types of models that can then be used in the same
workflow.
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