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ABSTRACT

This study presents MAHAKIL, a novel and efficient synthetic over-
sampling approach for software defect datasets that is based on the
chromosomal theory of inheritance. Exploiting this theory, MA-
HAKIL interprets two distinct sub-classes as parents and generates
a new instance that inherits different traits from each parent and
contributes to the diversity within the data distribution. We exten-
sively compare MAHAKIL with five other sampling approaches
using 20 releases of defect datasets from the PROMISE repository
and five prediction models. Our experiments indicate that MA-
HAKIL improves the prediction performance for all the models
and achieves better and more significant pf values than the other
oversampling approaches, based on robust statistical tests.
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1 PROBLEM AND MOTIVATION

Highly unbalanced data typically makes accurate predictions dif-
ficult. Unfortunately, software defect datasets naturally contain
fewer defective modules than the non-defective modules. Synthetic
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oversampling techniques address this concern by creating new mi-
nority defective modules to balance the minority and majority class
distribution. Notwithstanding the successes attained by these tech-
niques, they sometimes generate erroneous data instances, which
lead to high false positives. They also tend to generate less diverse
data points and data points very similar to existing samples be-
cause they consider only nearest neighbor samples. We propose
a novel oversampling technique that generates diverse synthetic
data restricted within the minority class region.

2 APPROACH AND UNIQUENESS

Our proposed oversampling approach takes inspiration from the
field of biology by considering how diverse populations of living
organisms differ although they are of the same species. This phe-
nomenon, explained by the Chromosomal Theory of Inheritance
[1], justifies how an offspring inherits traits from their parents by
obtaining chromosomes from each parent in equal quantity. The
proposed approach named MAHAKIL (oversampling based on the
theory of inheritance and the Mahalanobis distance), increases the
diversity within the minority class by uniquely creating new syn-
thetic minority instances based on a "typical” case (having a small
diversity measure distance value) and an "atypical” case (having
a large diversity measure distance value) so that the resultant in-
stance becomes not too typical and not too atypical. New samples
are generated by computing the average between two instances
merged together based on the Mahalanobis distance disparity.

For empirical validations, twenty imbalanced defect datasets
from the PROMISE repository and five classification algorithms
(C4.5, NNET, KNN, RF, SVM) are considered and evaluated with the
pd and pf measures. Based on robust Brunner statistical test and
win-tie-loss statistics, our results show that MAHAKIL significantly
improves the recall (pd) performance and reduces the pf for all five
models over SMOTE, Borderline-SMOTE, ADASYN and ROS.
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