	Supplementary Table S1 Parameters related to the construction of machine learning models

	Model
	Hyperparameter Search Space
	Cross-validation
	Scaling / Preprocessing
	Best Hyperparameters (example placeholder)

	Logistic Regression
	Penalty (l2), solver (lbfgs), max_iter=1000 (default)
	10-fold CV
	StandardScaler
	solver=lbfgs, C=1.0 (default)

	Random Forest
	n_estimators [50,100,200]; max_depth [None,10,20,30]; min_samples_split [2,5,10]; min_samples_leaf [1,2,4]; bootstrap [True,False]
	10-fold CV
	raw data
	best_params={"n_estimators":100,"max_depth":20,"min_samples_split":5,"min_samples_leaf":2,"bootstrap":True}

	SVM
	C [0.01,0.1,1,10,100,1000]; gamma [0.001,0.01,0.1,1,10,scale,auto]; kernel [linear, rbf, poly, sigmoid]
	10-fold CV
	StandardScaler
	best_params={"C":1,"gamma":"scale","kernel":"rbf"}

	DNN
	3 hidden layers (128,64,32); dropout (0.4,0.3); L2 regularization on second hidden layer; batch_size 32; early stopping patience=10; learning rate scheduler after epoch 20
	internal validation split 0.2
	StandardScaler
	best_epoch=35 (early stopping), final val_loss=xx

	LightGBM
	learning_rate [0.01,0.05,0.1]; n_estimators [50,100,200]; max_depth [-1,5,10,15]; num_leaves [15,31,63]; min_child_samples [10,20,30]; subsample [0.6,0.8,1.0]; colsample_bytree [0.6,0.8,1.0]
	10-fold CV
	StandardScaler
	best_params={"learning_rate":0.05,"n_estimators":100,"num_leaves":31,...}

	CatBoost
	iterations [100,300,500]; learning_rate [0.01,0.05,0.1]; depth [4,6,8]; l2_leaf_reg [1,3,5]; border_count [32,64,128]
	10-fold CV
	CatBoost built-in categorical encoding
	best_params={"iterations":300,"learning_rate":0.05,"depth":6,...}



