
6. CONCLUSION AND FUTURE WORK 

6.1 CONCLUSION 

In most applications in the real world domain, skewed data distribution problem exist. The 

applications such as medical, financial, fraud detection need efficient model to predict the 

outcomes from the original datasets. If the data is imbalanced then the conventional algorithms 

will show bias towards the class with larger instances ignoring the important instances. It may 

lead to misclassification cost. To handle imbalance datasets, in the literature many techniques 

were proposed and broadly classified into data-level, algorithm, and ensemble methods. 

The objective of this thesis was to provide a solution to tackle class imbalance problem. The 

study provided review on the state-of-the-art methods to address class imbalance problems. It 

starts with definition on the datasets and its types with detail description of imbalance data and 

also highlights different performance metrics used for evaluating the imbalanced datasets. The 

knowledge gained was then used to implement different solutions to address skewed data 

distribution. Initially, the possibility of removing outliers and redundancy present in the data was 

investigated. An efficient technique was proposed to address the presence of noise in data after 

preprocessing. The proposed SMOTE+MD was compared with state-of-the-art techniques like 

SMOTE, SMOTE+ENN, SMOTE+Tomek-Link using 9 datasets from keel repository using 

classification algorithms. The result reveals that our approach improves the prediction 

performance for most of the classification algorithms and achieves enhanced performance 

compared to the existing approaches. Next, we remove the redundant data from the given 

datasets an Earth Mover’s Distance techniques was applied. The EMD method is implemented 

with five conventional classifiers and one ensemble technique respectively, like C4.5 Decision 

tree (DT), k-Nearest Neighbor (k-NN), Multilayer Perceptron (MLP), Support Vector Machine 

(SVM), Naive Bayes (NB) and AdaBoost technique. The proposed techniques result in 99.1% 

Area Under Curve performance and an increase of 3% in comparison with existing techniques. 

The proposed method yields a superior performance on the data-sets from keel repository. 

 

Another new optimization strategy for handling multi-dimensional data at the algorithmic level 

was proposed in which Chaos Salp Swarm Algorithms was used to find the optimal feature 

subset, which maximizing the classification performance and minimizing feature selection 



compared with other meta-heuristic optimization algorithms. Further, the model was extended 

with feature selection using diverse fitness function with AUC metric. Our empirical evaluation 

on different data sets using Accuracy, F-measure, G-Mean, AUC and weighted indicative metric 

provided better solution. The experimental results demonstrated 99.17% using Area Under Curve 

using C4.5 classifier and perform better than state-of-the-art techniques. 

Finally, a robust technique was proposed to handle overlapping and small disjunct using hybrid 

methods. A Noise-filtered based Over-sampling technique with Boosting (NF-OS with Boosting) 

was introduced to handle overlapping exist in the data using K-NN. The proposed Noise-Filtered 

Oversampling technique with Boosting (NFOS with Boosting) and Bagging (NF-OS with 

Bagging) techniques works by eliminating all the noise samples in the given dataset. The 

performance was promising when compared with various state-of-the-art techniques. Recent 

studies have shown that the presence of other features, such as small disjuncts, overlapping, and 

noise in data, can make classification much more difficult. To address this, we introducing 

cluster oversampling with boosting (ClustSyn) to handle small disjunct exist in imbalanced data 

sets, which degrade the performance of the standard classification algorithm. The performance of 

proposed method is compared with AdaBoost, RUSBoost, SMOTEBoost AUC and F-measure 

metrics accordingly. The proposed models have shown increase in 3% of classification accuracy 

when trained on C4.5 classifier. From the results, we observe that the proposed method 

outperformed most of the time. The next section discusses the future research directions in detail. 

 

6.2 FUTURE WORK 

In certain real-world applications, the problem of class disparity is a challenging obstacle in 

machine learning, and the imbalance will not always be solved by merely modifying the class 

distribution. Therefore, in the literature, more research carried out to address the problem of class 

imbalance and propose a range of solutions to handle it more effectively.  Although different 

approaches have been proposed in the literature, the problem of class imbalance in the learning 

paradigm remains a challenge. This challenge will be more significant for big data. Despite the 

numerous research done so far, still no benchmark techniques proposed to tackle with class 

imbalance problems. This is because of the data characteristics, small size and data distribution. 

Moreover, in most of the cases the data characteristics play a vital role in predicting the 

classifier's performance. Thus no single solution fits all kinds of class imbalance problems. This 



research has mainly focused on class imbalance problems. It investigated the use of various 

approaches to fight the class imbalance problem at data-level, algorithm level and hybrid level. 

The outcome of this research leads to the same inference that no single solution addresses the 

problem of imbalanced datasets. The solutions will vary based on the data characteristics, 

number of features/ attributes, imbalance ratio and the instance size. The findings suggests that 

based on the description of the data and the classes (both majority and minority classes) a better 

understanding should be gain to propose the appropriate learning techniques. There are also more 

ways in which more improvements to the solutions for managing imbalanced datasets can be 

taken into account. 

Based on the research and experiments conducted, these works suggest directions for 

investigating further solutions to the class imbalance problem.  

Examine the use of SMOTE+MD to highly-dimensional dataset. The informed search of 

instances can provide better results. The performance of informed SMOTE+MD can be 

evaluated using current oversampling techniques. The proposed EMD based undersampling can 

be applied for minority samples also for removing redundancy in the datasets. 

Further suggestion is to investigate the use CSSA for big data. The fitness function can be 

modified with other evaluation metrics to improve the classification performance. It also 

suggested applying various chaotic functions for evaluating imbalance datasets. The 

hybridization of optimization algorithm with oversampling or undersampling can be investigated 

in future work. Various cluster algorithms with varying parameters can be evaluated to address 

the small disjunct problems. 

The proposed work has been experimented on structured data and all features are of type 

numerical. So, future work can use or propose new algorithms to handle unstructured and text 

data.  

The work can also be extended for big data analytics. The increase in the features and data will 

also decrease the efficiency. In the present work we considered only binary classification 

problems but a lot of scope is present for multi imbalanced datasets.  

In future work, the framework and algorithms should be enhance to work on multi-imbalance 

data, unstructured and big data. 


