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In many practical fields the detection of particular and rare patterns among a waste 
amount of data is a key issue since such patterns represent interesting situations whose 
correct detection is fundamental in the problem context. In the industrial field, for 
instance, machine malfunctions   belong to this category of events: they occur rarely with 
respect to normal situation, nevertheless their identification is essential as it could avoid 
the manufacturing of defective products or repairing costs. 
Despite the importance of the detection of the rare patterns, the class unbalance of the 
training datasets prevents their correct identification through the use of standard and soft-
computing techniques due to numerous interacting causes that include the scarcity of 
samples to be used for their characterization, the complexity of the problem and the 
presence of noise and outliers. Due to the relevance of the problem in literature it is 
possible to find numerous works related to the classification of unbalanced dataset by 
means of the design of new algorithms that directly tackle the class unbalance (internal 
methods) or by performing pre-processing steps on the training dataset aiming at 
mitigating its effect and favouring the identification of the rare events (external methods). 
In the proposed tutorial the main issues related to the classification of unbalanced datasets 
will be described and the main factors that affect the performance of standard classifier  
will be analysed. Subsequently the state-of-the-art of the approaches for coping with this 
problems will be presented including internal, external and hybrid methods (i.e. a 
combination of internal and external techniques). Particular attention will be given to 
emerging methods based on the use of Artificial Neural Networks (ANN) which, due to 
their characteristics of flexibility, robustness and generalization capabilities, are 
becoming the leading technology in this framework. 
The  performance of the introduced approaches will be evaluated on exemplar case 
studies coming 



(mainly) from the industrial field in order to put into evidence strong and weak points of 
each method in relation to the characteristics of the different considered tasks. Finally the 
open challenges and future directions in the research on the classification of unbalanced 
datasets and detection of rare patterns within large datasets will be outlined. 
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