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In this work, we generate a wide range of equations of state (EoS) for both quark matter and nucleonic matter.
For nucleonic matter, we use the metamodeling approach due to its simplicity. The EoS generated using
metamodeling must satisfy certain physical constraints: it must be causal, its symmetric properties must fall
within experimental values, and it must support approximately 2 solar masses.

The EoS for quark matter is given by the MIT bag model, which here is considered a toy model. The only
constraint is the bag value, as it must lie within the stability range for strange matter. The constraint of
supporting \(\sim 2\) solar masses was not imposed on strange matter.

By solving the TOV equations for the generated EoSs, we obtained a dataset containing mass (\(M\)), radius
(\(R\)), energy density, pressure, andmodel parameters. This dataset is used to train themodel \cite{Krastev2024,
Wu2024} and properly solve the inverse problem—i.e., given \(M\) and \(R\), determining the corresponding en-
ergy density, pressure, and model parameters. This approach is essential for obtaining information about the
microscopic features from the observed M-R relations, such as those for PSR J0030+0451 and PSR J0740+6620.

To validate our trained model, we used the \(M\)-\(R\) relation for the MIT bag model extracted from the
literature and verified that the bag value is in good agreement with the value reported in the paper. For
nucleonic matter, before training the model, we removed two \(M\)-\(R\) relations—each corresponding to
one EoS—from the dataset. These were later used to verify whether key model parameters.
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