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Table 1. 19 empirical feature parameters related to the hardness of high entropy alloys and their calculation formulae.
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Table 2. Hyperparametric search results for different machine learning models.

ik BEE
SVM-rbf gamma = 1x10~7, C' = 200
RF max_depth = 6, min_samples_leaf = 1, min_samples_split = 2, n_ estimators = 50
XGBoost gamma = 0.1, learning rate = 0.1, max_depth = 12, n_estimators = 100, reg_alpha = 0, reg_lambda = 0.5
ANN max_iter = 210000, hidden layer sizes = 16, solver = 'adam', activation = 'relu', alpha = 0.01
Lasso alpha = 1, max_iter = 10000
Ridge alpha = 0.1, max_iter = 10000
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Fig. 1. Fitting results of six machine learning algorithms to

the dataset.
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Fig. 2. Different number of features selected by SBS, SFS,
RF, RFE algorithm vs. their RMSE performances under
10 fold. The asterisks in the curves represent the number of
features contained in the optimal feature group selected by
the current feature selection method.
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Fig. 3. SHAP analysis of the eight features of the optim-
ized feature set selected by the genetic algorithm. The eight
features decrease in importance from top to bottom. Each
scatter reflects the promoting or weakening effect of the size
of the feature on the hardness of the current sample point
according to the positive or negative SHAP value.
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Fig. 4. (a) PCC heat map of the features selected by the ge-
netic algorithm, with subplots for the RF importance as-
sessment ranking of the features selected by the genetic al-
gorithm; (b) the cumulative variance contribution of differ-
ent principal component scores of the optimized feature set
[v, Ax,VEC, F,$2,e/a, E,8G] calculated by principal
component analysis; (c) iterative process of GA feature se-
lection for the newly constructed feature set, and the sub-
plot is the SHAP importance ranking of the GA selected

features.
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as RF input features.
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Abstract

Traditional material calculation methods, such as first principles and thermodynamic simulations, have
accelerated the discovery of new materials. However, these methods are difficult to construct models flexibly
according to various target properties. And they will consume many computational resources and the accuracy
of their predictions is not so high. In the last decade, data-driven machine learning techniques have gradually
been applied to materials science, which has accumulated a large quantity of theoretical and experimental data.
Machine learning is able to dig out the hidden information from these data and help to predict the properties of
materials. The data in this work are obtained from the published references. And several performance-oriented
algorithms are selected to build a prediction model for the hardness of high entropy alloys. A high entropy alloy
hardness dataset containing 19 candidate features is trained, tested, and evaluated by using an ensemble
learning algorithm: a genetic algorithm is selected to filter the 19 candidate features to obtain an optimized
feature set of 8 features; a two-stage feature selection approach is then combined with a traditional solid
solution strengthening theory to optimize the features, three most representative feature parameters are chosen
and then used to build a random forest model for hardness prediction. The prediction accuracy achieves an R?
value of 0.9416 by using the 10-fold cross-validation method. To better understand the prediction mechanism,
solid solution strengthening theory of the alloy is used to explain the hardness difference. Further, the atomic
size, electronegativity and modulus mismatch features are found to have very important effects on the solid
solution strengthening of high entropy alloys when genetic algorithms are used for implementing the feature
selection. The machine learning algorithm and features are further used for predicting solid solution
strengthening properties, resulting in an R? of 0.8811 by using the 10-fold cross-validation method. These
screened-out parameters have good transferability for various high entropy alloy systems. In view of the poor
interpretability of the random forest algorithm, the SHAP interpretable machine learning method is used to dig
out the internal reasoning logic of established machine learning model and clarify the mechanism of the
influence of each feature on hardness. Especially, the valence electron concentration is found to have the most

significant weakening effect on the hardness of high entropy alloys.
Keywords: high entropy alloys, machine learning, genetic algorithms, solid solution strengthening
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