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S1. Hyperparameter Optimization

The hyperparameter « in ridge regression, which controls the regularization strength,
was determined using 10-fold cross-validation to minimize the average root mean
squared error (RMSE) on the validation sets. Figure S1 shows the average RMSE for
the training and validation sets as a function of a. The validation RMSE is minimized at
a = 0.01. A tendency for overfitting is observed when « is smaller than this value,
whereas a tendency for underfitting is observed for larger values. Therefore, we adopted

a = 0.01 as the optimal hyperparameter.
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Figure S1. Hyperparameter («) optimization for ridge regression. The plot shows the
average root mean squared error (RMSE) from 10-fold cross-validation for the training
(blue) and validation (red) sets as a function of a. The error bars represent the standard

deviations of the RMSE across the 10 folds.



S2. Linear Model Coefficients

For reference, the raw coefficients f; of the final ridge regression model (a = 0.01) are

shown in Figure S2. The elements are sorted in ascending order of their coefficient
values. Although certain trends can be observed at first glance, these coefficients
possess gauge freedom, as detailed in Section 2.4 of the main text, and are thus not
suitable for interpretation. In particular, direct comparison of the magnitudes of the
coefficients between elements with different oxidation numbers is not justifiable
because of this gauge freedom. To resolve this interpretation issue, we have introduced

the gauge-invariant elemental contribution coefficient (ECC), y;, in the main text.
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Figure S2. Linear model coefficients, 8;, for each element, as obtained from the ridge
regression model. The elements on the x-axis are sorted in ascending order of their

coefficient values.



