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Abstract

Traditional tree-based methods, such as ID3, C4.5, C5.0, and CART, have played a fundamental role in machine
learning due to their simplicity, interpretability, and efficiency. These methods rely on a greedy, top-down recursive
partitioning approach, which, while computationally efficient, can lead to locally optimal splits that may not reflect
the best global structure of the data. One major challenge of this approach is controlling overfitting, particularly when
trees grow too deep and capture noise instead of meaningful patterns. While tree depth is a tunable hyperparameter,
selecting the optimal depth remains difficult, as it requires balancing model complexity and generalization.
Additionally, traditional decision trees primarily rely on axis-aligned splits, limiting their ability to model complex,
nonlinear relationships. Handling missing values is another challenge, as many traditional methods require imputation
or heuristic-based surrogate splits, which can introduce biases. However, some implementations, like CART, provide
built-in surrogate splits to address missing data. Moreover, decision trees may face scalability issues in high-
dimensional spaces, where selecting optimal splits becomes increasingly expensive. To overcome these limitations,
researchers have explored ensemble methods, optimization-based approaches, and hybrid models. Despite these
drawbacks, traditional decision trees remain widely used due to their interpretability, ease of use, and strong baseline
performance in machine learning tasks.
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