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Abstract

Learning from class-imbalanced data continues to be a common and challenging problem in supervised
learning as standard classification algorithms are designed to handle balanced class distributions. While
different strategies exist to tackle this problem, methods which generate artificial'data to achieve a balanced
class distribution are more versatile than modifications to the classification algorithm. Such techniques, called
oversamplers, modify the training data, allowing any classifier to be used™with class-imbalanced datasets.
Many algorithms have been proposed for this task, but most are complex and tend to generate unnecessary
noise. This work presents a simple and effective oversampling“method based on k-means clustering and
SMOTE (synthetic minority oversampling technique), which aveids- the generation of noise and effectively
overcomes imbalances between and within classes. Empirical results of extensive experiments with 90 datasets
show that training data oversampled with the proposed method improves classification results. Moreover,
k-means SMOTE consistently outperforms other populaf oversampling methods. An implementation! is
made available in the Python programming language:

Keywords: Class-Imbalanced Learning, Oversampling, Classification, Clustering, Supervised Learning,
Within-Class Imbalance

1. Introduction

The class imbalance problem in ‘machine learning describes classification tasks in which classes of data are
not equally represented« In many’ real-world applications, the nature of the problem implies a sometimes
heavy skew in the class distribution of a binary or multi-class classification problem. Such applications
include fraud detection in hanking, rare medical diagnoses, and oil spill recognition in satellite images, all of
which naturally,exhibit, a minority class [4, 18, 28, 29].

The predictive capability of classification algorithms is impaired by class imbalance. Many such algorithms
aim at maximizingselassification accuracy, a measure which is biased towards the majority class. A classifier
can achieve high ¢lassification accuracy even when it does not predict a single minority class instance correctly.
For exampley.a’trivial classifier which scores all credit card transactions as legit will score a classification
accuracyrof 99.9% assuming that 0.1% of transactions are fraudulent; however in this case, all fraud cases
remain/ undetected. In conclusion, by optimizing classification accuracy, most algorithms assume a balanced
class distribution [29, 40].
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1The implementation of k-means SMOTE can be found at https://github.com/felix-last/kmeans_smote.
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