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Abstract : Against the backdrop of increasingly fierce market competition, customer churn has become a critical
factor restricting the sustainable operation of enterprises. Accurately identifying customers with churn
tendency can help enterprises rationally allocate marketing resources and reduce the risk of user loss,
which is of important practical significance. The random forest (RF) model is widely applied in customer
churn prediction due to its strong generalization ability and stable operation performance. However,
its prediction performance is highly dependent on hyperparameter selection, and manual parameter
tuning is inefficient and difficult to achieve global optimization. To address this problem, this paper
introduces the Sparrow Search Algorithm (SSA) to optimize the hyperparameters of the random forest
model and constructs a customer churn prediction model based on SSA-RF. Taking a public customer
churn dataset as the experimental subject, the Sparrow Search Algorithm is adopted to search for the
optimal combination of key hyperparameters of random forest, including the number of decision trees
and the maximum tree depth. Comparative experiments are conducted with multiple machine learning
models such as logistic regression, SVM, K—nearest neighbor, decision tree, traditional random forest
and AdaBoost. The experimental results show that the SSA-RF model maintains stable performance
on the test set with an AUC value of 0.86. It delivers better overall prediction performance than
most traditional machine learning models and possesses satisfactory classification accuracy and
generalization capability. This model can provide technical support for enterprise customer churn early
warning and precise customer retention.
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