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TABLE S1 Parameter settings and libraries for BiGRU models using various features
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	Algorithms
	Layers
	Parameters
	Libraries/package

	BiGRU
	Bi-GRU (64–256) → Attention → Bi-GRU (32–128) →
Dense (1, sigmoid)

	Adam (lr=1e-5–1e-2), L1/L2 (λ=0.001), dropout=0.2–0.5, batch=32, epochs=200, patience=5, Keras Tuner, loss = binary cross-entropy
	TensorFlow/Keras, Keras Tuner, scikit-learn, NumPy, pandas, Matplotlib




