Table 3: Hyperparameter Search Space and Optimization Settings
	Model
	Hyperparameter
	Search Space

	Random Forest
	n_estimators
	100–1000

	
	max_depth
	5–30

	
	min_samples_split
	2–20

	
	min_samples_leaf
	1–10

	
	max_features
	sqrt, log2

	Decision Tree
	max_depth
	3–30

	
	min_samples_split
	2–20

	
	min_samples_leaf
	1–10

	
	criterion
	gini, entropy

	Logistic Regression
	C
	0.01–10

	
	penalty
	l1, l2

	
	solver
	liblinear, lbfgs

	
	class_weight
	balanced, None

	XGBoost
	n_estimators
	100–500

	
	max_depth
	3–10

	
	learning_rate
	0.01–0.3

	
	subsample
	0.6–1.0

	
	colsample_bytree
	0.6–1.0

	
	gamma
	0–0.5
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	Model
	Final Selected Hyperparameters

	Random Forest
	n_estimators = 500; max_depth = 20; min_samples_split = 5; min_samples_leaf = 2; max_features = sqrt

	Decision Tree
	max_depth = 15; criterion = gini; min_samples_split = 10; min_samples_leaf = 5

	Logistic Regression
	C = 1.0; penalty = l2; solver = lbfgs; class_weight = balanced

	XGBoost
	learning_rate = 0.1; max_depth = 6; n_estimators = 300; subsample = 0.8; colsample_bytree = 0.8; gamma = 0.1



