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Data Preparation

The TOV equations can be considered as a process, which correlates an equation of state (EoS)
of a Compact Star to a M — R diagram. The forward process involves establishing the relation
between energy density and pressure, through an EoS model, and then proceed to solve TOV
equations and generate a M — R diagram. A backward (inverse) process, that allows one
to obtain the EoS from a M — R curve, has proved extremely difficult to find. In our study, we
aim to develop such a machine or deep learning model, that returns data of the equation of state,
when data from the respective M — R graph are given, successfully posing as this inverse process.
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» Algorithms: Decision Trees exhibit the highest error and variance. XGBoost and Deep
Neural Network models consistently achieve the highest accuracy, while the ensemble tree-
methods Random Forest and Gradient Boosting provide stable intermediate performance.

» 8 vs 16 points: Using 8 points is generally sufficient, as 16 points offer negligible improve-
ment and can occasionally degrade algorithmic performance. This indicates that Equations
of State can be effectively reconstructed using less data from the M-R curve.

» Variance and Reliability: Reconstructions are highly accurate at low pressures and
throughout the stable branch, though variance increases at high densities and causality-
violating regions. This trend underscores the inherent physical uncertainty and algorithmic
sensitivity at extreme mass densities.

» Improvements: Future work would focus on denser sampling around the maximum mass
point, investigating fewer M-R points, and identifying new features to enhance EoS capture.
Efficiency could be improved by better tuning of hyperparameters, deploying advanced
ML/DL architectures, and predicting the maximum mass point to distinguish between
stable and unstable star configurations.
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