
Novel approaches to classification problems by means of 

artificial immune systems  
 

Michał Bereta
1)

, Tadeusz Burczyński
1, 2)

 
1)

 Cracow University of Technology, Institute of Computer Modeling, 24 Warszawska str., 
31-155 Kraków, Poland 
2)

 Silesian University of Technology, Department for Strength of Materials and Computational 

Mechanics, 18A Konarskiego str., 44-100 Gliwice, Poland 

 
Keywords: artificial immune systems, microarrays, committee classification, classifier ensembles, bioinformatics 

1. ARTIFICIAL IMMUNE SYSTEMS 

Artificial immune systems (AIS) [5] are a group of evolutionary algorithms that are based on the 
functioning of the immune system of the vertebrates. Although the immune system is not fully 

understood yet, it exhibits many properties interesting from the point of view of computational 

intelligence. Due to its ability to learn responses to the new threats, to remember previous attacks and 
generalize its experience it can be treated as a cognitive system. The biggest influence on the 

development of the artificial immune systems had the paradigms of clonal selection, negative selection 

and immune network theory. There are many different cells in the immune system, however, only 

artificial B-lymphocytes and T-lymphocytes are used in most AIS as they are crucial in the process of 
learning new threats and preserving the immune memory. In AIS, the clonal selection is used for 

simulating the evolution of artificial B cells which are responsible for developing a specialized response 

targeted against a particular pathogen. Negative selection is a censoring process which all T-cells must 
undergo. During this process all the candidate T-cells which react with the host’s own proteins, are 

eliminated preserving the immune system from attacking the host body. The whole process can be 

perceived as a two-class classification problem.  

1.1. Artificial immune systems in classification problems 

The primary goal of the immune system is discrimination. It can be somewhat surprising that AIS 
have been applied to several engineering problems such as optimization which do not necessary reflect 

the role of the biological immune system. The immune system has much more to offer, as after detection 

of a given pathogen the specialized response is evolved in order to fight the threat. This can be 
considered as a multi-class discrimination, as each type of pathogen demands a distinct response. This 

observation can be used to construct novel classification algorithms [1, 2, 3, 4]. The most significant 

characteristic of the proposed algorithms is that the artificial lymphocytes cooperate to solve the 
problem. The competition among them also exists due to the limited resources for the immune system. 

The better cells are preferred. However, no immune cell is able to protect the host by its own.  

2. USING AIS IN AGGREGATED CLASSIFIERS CONSTRUCTION 

The approach to classification based on aggregation of several classifiers is known in the literature 

under many names such as classifier fusion, classifier aggregation, combining of classifiers, classifiers 
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ensembles, mixture of models, ensemble learning, ensemble based systems or multiple classifier systems 

[6]. The process of collective decision making has been under consideration by researchers for many 

decades. The novel group of immune algorithms for classification problems attempt to simulate the 

particular characteristic of the immune system which is the ability of the cells to cooperate [1, 2, 3, 4]. 
This approach in a natural way evolves a population of artificial lymphocytes that form an ensemble of 

classifiers. For that reason the research on application of AIS to ensemble learning is very promising. 

This has been already confirmed by the previous works [1, 2, 3, 4]. The resulting algorithms have many 
interesting and unique characteristics when compared to the more traditional evolutionary algorithms. An 

example of such a novelty can be the ability of the evolved populations to adjust their size to the 

difficulty of the problem. The process of designing a committee of classifiers causes many new 
problems. One of the factors known to have a great influence on the quality of the ensemble classifier is 

the diversity of the base classifiers. The question how to create a proper diverse set of base classifiers is 

open. AIS can be very helpful to solve this particular problem as they are known to maintain the 

population diversity easily. Many artificial immune systems are in fact optimization algorithms. It is 
possible to use them to construct the classifiers as the process of classifier construction can be perceived 

as an optimization problem. However, what should be optimized is not obvious. The tasks of 

minimization of the training error, maximization of the properly defined margin, minimization of the 
complexity of the classifier are all examples of the often conflicting criteria. In the case of the aggregated 

classifier construction there are additional criteria. The proposed approaches that are being tested 

currently try to treat the process of classifier ensemble learning as a multiobjective optimization problem.  

3. CLASSIFICATION OF BIOLOGICAL DATA 

The problems of biological data classification are of greatest importance nowadays. Such problems 

are also particularly difficult. The biological data, e.g. ECG signals, can be very noisy and specialized 
preprocessing has to be used. The amount of data grows enormously and it is often very difficult to select 

a representative subset. On the other hand, some diseases are very rare and the researchers are provided 

with only several samples of a given class. The analysis of microarray data is a special classification 
tasks as it is a very important diagnosis tool. The preliminary results of the presented methods on these 

difficult problems [1, 4] allow to treat the current research as a very promising. 

4. CONCLUSION 

This paper is a short introduction to the work concerning designing classification algorithms based on 

paradigms of the immune system. Artificial immune systems have much to offer due to their unique 

characteristics comparing to other evolutionary methods. The preliminary results are encouraging.  
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