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ABSTRACT

One significant challenge in data mining applications is data
imbalance which is the subject of this dissertation; this is where the dataset
is controlled by certain class (majority class) and other class which is
poorly represented (minority class). Under these circumstances of
imbalance, the standard machine learning classifiers will produce
unsuccessful performance on the minority class; consequently, the
distribution of samples in classes is a significant constituent in machine
learning classification.

Many of the existing standard machine learning classifiers
assume that the distribution of classes is evenly and the effect of classes
error is equal in the training of classifier. However, the distribution of
classes in a datasets in the real world is considerably imbalanced and the
effect of misclassification is not equal of different classes. On the other
hand, the minority class is more interesting for some application such as
fraud detection and medical diagnosis.

The methods used to solve the imbalance problem can be depend
on using resampling methods which fall into data level solutions. It is
crucial to employ resampling methods to improve imbalanced data
classification but it is not clear that which one achieves best improvement
to machine learning classifiers. Others methods depend on improving the
classification algorithm itself, it fall into the imbalance solutions at the
algorithm level, as they work to develop a new learning model.

The ensemble learning methods are considered from the best
techniques used to solve problem results in classifying imbalanced data.
The need to find new methods increased when dealing with large scaled
imbalanced data.

Given the challenges posed by imbalanced data, three methods
are proposed in this dissertation to improve the performance of machine
learning classifiers in imbalance big dataset; two of the methods are dealing
with data level solutions while the third solution under the algorithm level.

The first proposed model uses a suggested majority coding and
reduction method to coding the majority samples based on the Euclidean
and Manhattan distance between the sample and class center — depending
on the values of all features on the dataset - which are used in reduction
process to reduce the majority class size and rebalancing the train dataset
before classification process. The majority reduction process in the model
imposed two stopping conditions which are : the new majority size must



not be less than 50% from the original majority size, and it must not be less
than the minority size in the same time.

The second proposed model enhances the first model by adding a
stage of feature selection which uses a suggested composite feature
selection method and certifies it in the majority coding — depending on the
values of selected features only - which then affects on the majority
reduction process and data rebalancing before classification. The composite
feature selection method consist of four methods which are (Information
Gain, ANOVA , and two of Permutation Based Feature Important). The
first and the second proposed models are used to improve the performance
of machine learning when classifying imbalanced data.

The third proposed model uses the ensemble learning to build a
multilayer ensemble classifier consisting of three estimator chains which
consist of a three types of boosting algorithms(AdaBoost, HistGBoost, and
XGBoost). The estimator chains size depends on the nature of the dataset to
be classified and its imbalanced ratio.

The classification results of the three proposed models showed an
increase in the AUC and G-mean performance metrics which used instead
of accuracy when classifying imbalanced data. Time results also show
enhancement when using the proposed models. Five dataset selected from
Kaggle repositories which are (Higgs, VIS-Prediction, UNSW15, Covtype,
and Creditcard) used to evaluate the performance of proposed models.

The results of the proposed methods based on data level showed
that reducing the majority size from dataset results after majority coding
and reduction process does not lead to information loss and it successfully
improve the classification performance. Furthermore, the results of the
third proposed model in algorithm level showed that the multilayer
ensemble classifier achieved a stability in AUC and G-mean performance
when classifying datasets with different value of imbalance ratio. It also
showed a AUC and G-mean performance improvement reach to 20% when
classifying the used datasets, and it surpassed the performance of the
proposed data level model.
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