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Abstract - In this study, training of artificial neural networks was done using bat algorithm. The basic criterion that indicates 
the performance of an artificial neural network is the training of the network. In generally, the training of artificial neural 
networks is done by back propagation training algorithms. In this study, the bat optimization algorithm is used as training 
algorithm in artificial neural networks. The performance of the developed artificial neural networks was tested on UCI data 
sets and the results were compared with the results obtained from the literature. As a result of comparison, reasonable results 
were obtained in Artificial Neural Networks training with Bat Algorithm. 
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I. INTRODUCTION 
 
Artificial neural networks are one of the important 
classification algorithms of data mining. Artificial 
neural networks are used in problems such as 
classification and prediction[1]. The success of 
classification algorithms for classification problems is 
very important. Parameters of classification 
algorithms help to correctly classify that directly 
affect the success of classification algorithms. One of 
the parameters directly affecting the classification 
success of the artificial neural network algorithm is 
the weight used in the network[2]. It is difficult to 
find the best values of these weights, but always the 
best values are found by searching or training 
algorithms. There are multiple training algorithms for 
artificial neural networks such as back-propagation 
(BP) and Levenberg-Marquardt (LM) algorithm[3]. 
Artificial neural networks, in general, use back 
propagation algorithms to achieve the best value of 
weights. In recent days, he started to use optimization 
algorithms in the training of artificial neural 
networks. 
 
Xin-She Yang developed and used swarm 
intelligence bat optimization algorithm for the first 
time [4]. Najmeh Sadat Jaddi et al, applied Bat 
algorithm to UCI benchmark problems, they 
compared statistical result with a local search 
operator in order to learning ANNs. The result 
showed better performance than other well studied 
algorithm [5].The statistical result proved PSO as a 
robust algorithm for learning ANNs [6]. David J. 
Montana and Lawrence Davis utilized evolutionary 
algorithm for enhancing the performance of feed 
word artificial neural network. The used genetic 
algorithm for optimization and learning. The results 
showed, his enhancement got by utilizing a genetic 
algorithm compared with back propagation. In 
addition, the algorithm added more domain-specific 
knowledge into ANNs [7]. Malinak and jaksa utilized 
evolutionary algorithm with local search algorithm to 

get best performance [8]. Liang Hu, Longhui Qin, 
Kai Mao, Wenyu Chen and Xin Fu used genetic 
algorithm for training ANNs to solve real-life 
problem of Multipath Ultrasonic Gas Flowmeter. 
They used GANN to help multipath ultrasonic 
flowmeter (UFM) decrease its error rate when 
detecting the flowrate of complicated flow field.  
 
The evaluation of results showed by ANN and 
GANN demonstrated better achievement for ANNs 
trained by genetic algorithm compared with once 
trained with gradient descent based algorithm [9]. 
Blum and Socha employed a new version of ACO 
algorithm for training artificial neural network [10]. 
In this study, artificial neural networks are trained by 
bat optimization algorithm. The performance of the 
proposed algorithm is tested on known UCI data sets 
and the results is compared with Artificial bee colony 
(ABC), Particle swarm optimization (PSO), Genetic 
algorithm (GA)and Back propagation algorithm (BP). 
The results of the proposed algorithm give better 
results in many data sets 
 
II. MATERIALS AND METHODS 
 
2.1.Artificial Neural Network 
ANNs are formed by the assembly of artificial neural 
cells. As can be seen from Fig.1, in the ANN model, 
each artificial nerve cell collects its weighted inputs 
and outputs this sum through an activation function. 
Each input is either the output of another ANN or an 
input from the outside world. The structural 
parameters may vary, for example, without applying 
the number of layers, number of neuroses and neuron 
activation function[1]. 
 
In the ANN model is given in Fig.1. The neuron 
output is calculated by the Eq.1 and Eq.2. 
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Fig.1. ANN model 

 
Where, m is number of inputs, I  is i hinput and W is 
the weight of the i h input andj houtput. We can get 
the correct result after applying the calculation net to 
an activation function such as sigmoid activation 
function[11, 12]. 

 
The value obtained from the activation function is 
between 0 and 1. The learning algorithm determines 
the accuracy of the obtained result. There are more 
than one learning algorithms in the literature. Among 
them, back-propagation algorithm is used most 
frequently. 
 
2.2.Back Propagation Algorithm 
The backpropagation algorithm compares obtained 
result of each output with the actual output result. As 
a measure of how much ANN provides the desired 
input-output characteristic, anactivation function 
consisting of the mean-square error (MSE) signals of 
each sinus in the output layer of the ANN is defined. 
In the t h iteration of the training, if the actual output 
value A of thei h and the ANN output layer is denoted 
by the desired value Y, then the error of i h  is 
calculated by Eq.3. The activation function is 
calculated by Eq.4[1][12]. 

 
The purpose of the backpropagation algorithm is to 
minimize the activation function. Since the activation 
function depends on the weight values of the ANN, 
the algorithm consists of the processes of optimizing 
the ANN weights with the following algorithm shown 
in Fig.2[1]. 
 

 
Fig.2. BP algorithm 

2.3.Bat Algorithm 
The Bat Algorithm is a Meta heuristic algorithm 
proposed by Yang in 2010 [4].The Bat Algorithm is 
based on the echolocation characteristics of the Bat. 
Yang has made some of the bats echolocation 
characteristics ideal and based on the following rules 
for the formation of the algorithm[13, 14]. 
1. All bats use echolocation to sense distance, and 

they also ‘know’ the difference between food/prey 
and background barriers in some magical way; 

2. Each bat will have a velocity (푣 ), a position (푥 ), a 
frequency value (푓 ), a wavelength (λ), a loudness 
value (A0), and a pulse emission (푟). 

3. Although the loudness can vary in many ways, we 
assume that the loudness varies from a large 
(positive) A0 to a minimum constantvalue Amin. 

 
2.2.1Movement of Bats   
There are three basic formulas for describing the 
movements of Bats. These functions are Eq. 5, Eq.6 
and Eq. 7 respectively[14, 15]. 

 
Where β is a random number between 0 and 1, 
x∗represents the best position amongthe n bats. f  Can 
vary for each problem, since [f ,f ]which 
directly affect the value of f , are the search spaces of 
the sizes in the problem. Eq.8 is used for new location 
update 

 
Where x  isthe new position value of the bat, x  
is the previous position of the bat,ϵ is a random 
number between -1,1[4] and A loudness value in 
titeration. 
 
2.2.2Pulse Emission and Loudness 
As the iteration progresses, the loudness A   and the 
rate r  of pulse emission should be updated 
accordingly. When bat find its prey, the signal 
propagation rate r   is generally increased although 
the decrease in loudness (A  )[4]. Loudness and pulse 
emission are calculated by Eq.9 and Eq.10.  

 
 
III. EXPERIMENTAL RESULTS 
 
In this section, the results of the proposed algorithm 
are compared with ABC, PSO, GA and BPlearning 
algorithms. The results of the algorithms are applied 
on UCI data sets[16]. The characteristics of the data 
sets used are given in Table 1. 
 
The code of the proposed algorithm is written in 
visual studio C#.Net programming language. The 
parameters of the proposed algorithm are no. of Bat 
=10, pulse emission and loudness= 0.5, frequency [0, 
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2]. The classification error and classification accuracy 
results of the classification algorithms are calculated 
by the following equation with 10-flod cross-
validation and 30 times application 
result.Classification Error Percentage(CEP) is 
calculated for all testing data and the total number of 
incorrectly classified samples is divided by the total 
numbertesting data set instances[17]. Classification 
accuracy (ACC) is calculated for all testing data set 
and the total number of correctly classified sample is 
divided by the total number of test data set 
instances[18]. CEP is calculated by Eq.11 and ACC is 
calculated by Eq.12. 
 

Table1: The characteristics of the data sets. 

 
 

 
Wherei = {1,2, … , n)and n is the total number of 
instances.The results of the proposed classification 
algorithms and ABC, PSO, GA and BP classification 
algorithms according to the Eq.11 are given in Table 
2. 

Table2: CEP results of proposed algorithm, ABC, PSO, GA 
and BP classification algorithms. 

 
 
When we look at the results, the proposed algorithm 
in datasets glass, diabetes and thyroid achieves results 
better than other algorithms. In addition, the 
classification Accuracy (ACC) of the proposed 
algorithm and standard deviation (SD) are also 
calculated for data sets. Classification Accuracy and 
standard deviation of the proposed algorithm is given 
in Table 3. 

 
Table3: CEP, ACC and SD results for Bat algorithm 

Dataset CEP ACC SD 
Glass  43.56 56.44 6.85 
Cancer 3.74 96.26 1.72 
Diabetes  25.00 75.00 2.73 
Thyroid  4.88 95.12 2.82 

CONCLUSIONS 
 
Learning algorithm is so important for ANN. The 
basic criterion that indicates the performance of an 
ANN network is the training of the network. In 
generally, the training of ANN is done by back 
propagation training algorithms. In this study, four 
data sets taken from UCI database, classified by using 
ANN and Bat optimization algorithms. The 
determination of classification success and 
networklearning velocity with standard ANN by 
using Bat instead of BP, standard learning algorithm 
of ANN, is studied. According to experimental 
results, the proposed algorithmis compared with 
ABC, PSO, GA and BPlearning algorithms and it is 
observed that the classification accuracy increases 
when Bat is used in learning of ANN. 
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