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Stock Price Prediction Using Multilayer Perceptron Neural Network by Monitoring
Frog Leaping Algorithm

ABSTRACT: In the modern world, human is daily involved in many decision-makings in diverse markets, and any suggestion
which can improve accuracy of decisions or reduce the decision making time is attractive and valuable. One of the develop-
ing markets in which advantages of decision support systems are very evident and it is monetary in the  capital markets
including the stock market. Actors of this market purchase shares of companies and thereby make a profit or loss by accepting
future share risk. This study collected data from the Tehran Stock Exchange database; then, main features of data were
extracted by using wavelet transform method and applied as inputs for prediction to multilevel perceptron neural network
trained by frog leaping algorithm. The results were compared with radial basis function neural network trained with frog
leaping algorithms.
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1. Introduction

Investing in stocks listed in the stock exchange is one of profitable options in the capital market. The Stock market has a non-
linear chaotic system influenced by political, economic and psychological conditions. Prediction and assessment of price
behaviour of securities is a subject that finance scientists and investors always tend to optimize; in this way, they have
sustainable and functional methods with the least error prediction. Accordingly, mathematical methods such as simple mean,
weighted mean, double mean, regression and alike were the only models which were decisively used in recent years; however,
they also had some drawbacks at different times. Recently, advancement of technology in the field of computer sciences and its
integration into various sciences have provided the opportunity for using neural networks due to high speed processing in
computers. By using their learning capabilities, these networks learn any changes in the rules contained in time series and use
them to predict the future. Considering the importance of stock price prediction, this study tends to predict stock prices in the
Tehran Stock Exchange (TSE) using a multilayer perceptron neural network. Generally, stock price prediction system consists of
four steps. This study collects data from TSE database; then, main features of data are extracted by using wavelet transform
method. The Multilevel perceptron neural network is used for stock price prediction. A Frog leaping algorithm is used to train the
neural network.
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To determine the best values for weights and bias of neural network, this study tends to use frog leaping optimization algorithm.
At the initial preparation stage, each member of the population first includes a vector containing weights and biases of the
neural network, which is sent as an input to objective function after being randomly initialized. The objective function receives
input vector including weights and bias and is considered as weights and biases of the neural network. Then, it applies training
inputs to the constructed network and network error is calculated and returned based on the output of the neural network and
the target output. In the iteration step, different subgroups are created and evolved in the algorithm. Iteration continues until
termination conditions are met. Upon completion of the learning process, the algorithm returns a member of the population with
the best values of weight and bias. A member selected by an algorithm is a member of which mean square error of the neural
network is less than the rest of the population. To examine the efficiency of the trained model, another part of data is used as
experimental data [5-8].The main purpose of this study is to identify the most effective stock prediction model for companies
listed in the TSE, which is constructed with an ANN trained by the evolutionary algorithm [9].

2. Theoretical Framework

2.1 Stock Exchange Market: A stock exchange market is a market in which stock price of venture capital companies and other
tradable securities are determined by supply and demand competition between buyers and sellers. Any legal or actual entity can
bid or ask by receiving a transaction code with any amount of capital in this market. Any actor of this market decides to ask or
bid stocks of a company based on the results of his own research and investigation, thus making his profit or loss.

2.2 Genetic Algorithms: Genetic algorithm [8] is a biological evolution-based learning method which was developed in 1970 by
John Holland. A genetic algorithm generates a very large set of possible solutions for solving a problem. A solution is evaluated
by using a fitness function, and some of the best solutions candidate for production of new solutions through a process called
evolution. In this way, the search space evolves in order to find an optimal solution.

2.3 Particle Swarm Optimization (PSO) Algorithm: PSO algorithm is a population-based algorithm. Development of this
algorithm is inspired by a massive movement of natural populations such as birds and fishes which do not individually behave
cleverly, while their group behaviour is clever. Particle in this algorithm is the position candidate for solution of the problem.

2.4 Imperialist Competitive Algorithms: The imperialist competitive algorithm [9] is a mathematical modelling of social evolu-
tion. Most evolution optimization algorithms simulate natural processes, such as genetic and simulated annealing algorithms.
Human evolution has other aspects other than biological evolution, such as social, intellectual, and socio-political aspects. The
evolution of this aspect is inspired by the proposed imperialist competitive algorithm. Imperialist competitive algorithm travels
a different path from other algorithms from the same starting point.

2.5 Frog Leaping Algorithms: This algorithm is a very simple algorithm used for direct search. It is used for generation of
offspring and evolution of these very complex subsets. This strategy is used in evolutionary path using information contained
in these complex subsets.

3. Materials and Methods

In carrying out this study, some small constraints due to limited time and resources have led to the limited scope of the problem
and the research. Some constraints are described below.

The sample included 14 shares out of more than 400 shares in Tehran Stock Exchange. Based on statistical theoretical calcula-
tions, more than 450 shares were required to reach a 90% confidence level. However, 14 shares were considered as an acceptable
sample at 95% confidence level considering highly similar price behaviour of different stocks in an industry and considering
those35 active industries in the stock market.

The Computational power of the software used in this study (MATLAB) is another consideration. This powerful software has
a limited power to some available software such as R in computing efficiency and space requirements. This has no effect on
computations and results of the study. However, it does not allow simultaneous calculation of a larger number of samples.

In the modeling phase, the data was divided into a training dataset and test dataset. In this study, training was based on 80% %
of data on a random basis, and quality of training was evaluated based on the rest of the data. The model used for prediction
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was a feed-forward ANN model which was trained by using evolutionary algorithms. In other words, each of shuffled frog
leaping algorithm(SFLA), genetic algorithm(GA), imperialist competitive algorithm (ICA), and particle swarm optimization (PSO)
algorithm, rather than post-propagation training algorithm, were used to train ANN. For this purpose, MATLAB was used for
programming. In this study, the model was evaluated by using the mean square error (MSE1). The model quality was judged in
stock price prediction by using MSE in different runs of the model. At this stage of the study, ANN structure was extracted with
weights and biases calculated for implementation of the model.

4. Results

4.1 Datasets
Forty companies were selected from 7 non-identical industries, as listed in Table 1:

Table 1. Symbol of the selected stocks

Data obtained from daily trading in Tehran Stock Exchange is stored and maintained on its information servers and is available
to interested parties in two ways: web services or downloadable and storable files. The downloadable file is in Excel format and
contains information fields such as symbol, date, first price, maximum price, minimum price, closing price, trade volume, trade
value, number of trades, last day price, company code, Latin name, name, Shamsi date and last traded price. In order to download
and store data of daily trading price, 14 shares were selected and total index information was received from TSE website.

4.2 ANN Implementation for Time Series
In this architecture, a hidden layer was considered for the neural network. Given the nature of the problem and the goal of stock
price prediction in one day in the future, one output and, consequently, only one output neuron was considered. This prediction
output was derived from the next seven effective input parameters. In ANNs with a hidden layer, it is suggested that the number
of hidden neurons is at least larger than the square root of the product of the number of input neurons and the number of
neurons in the output layer. This theory suggests two neurons in the hidden layer. Previous studies also show that, in general,
five neurons were considered in the hidden layer. Considering these two suggestions, five neurons were considered for the
hidden layer. In order to implement this model and incorporate data in ANN through MATLAB, an n×7 matrix was formed. In
other words, stock price data was transformed from the input matrix environment derived from n×7 time series to another n×1
matrix environment.

 where, n is the number of data,

 is the predicted data and
 is the baseline data.
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4.3 Implementation of ANN Training with Evolutionary Algorithms
Training of neural networks is, in fact, a problem in which optimal weights of mutual effects of neurons are determined. Several
methods have been considered for solving this problem; however, more optimal results have been achieved by using evolutionary
algorithms.

4.3.1 Genetic Algorithm
In order to train the ANN by using genetic algorithm, the program and the required functions were coded in MATLAB. The
structure of the files created to implement this algorithm in ANN training is described in Table 2.

4.3.3 Imperialist Competitive Algorithm
In order to train the ANN by using ICA, the program and the required functions were coded in MATLAB. Structure of the files
created to implement this algorithm in ANN training is described in Table 4.

4.3.4 Frog Leaping Algorithm
In order to train the ANN by using a frog leaping algorithm, the program and the required functions were coded in MATLAB.
The structure of the files created to implement this algorithm in ANN training is described in Table 5.

4.3.5 Application of ANN Trained by Evolutionary Algorithms
The main ANN training program was run with each evolutionary algorithm chosen by following two methods for total index and
each of the 14 selected stocks:

Table 2. Structure of ANN training implementation by GA

4.3.2 Particle Swarm Optimization Algorithm
In order to train the ANN by using the PSO algorithm, the program and the required functions were coded in MATLAB. The
structure of the files created to implement this algorithm in ANN training is described in Table 3.

Table 3. Structure of ANN training implementation by PSO algorithm
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Table 4. Structure of ANN training implementation by ICA

• First method
Running algorithms for the number of constant steps; algorithms were run for the number of result correction steps limited to
1000 steps.

• Second method
Running algorithms for finite time; algorithms were run for a limited time (one hour).

Results of ANN training by each of the evolutionary algorithms including runtime and the square of the training data error and
the square of the test data error are listed in tables 6 to 10.

Table 6 shows results of the ANN training with the post-propagation algorithm.

Table 5. Structure of ANN training implementation by frog leaping algorithm
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Table 6. Results of training and testing ANN trained by post-propagation algorithm

Table 7 shows the results of ANN training with genetic algorithm.

Table 7. Results of training and testing ANN trained by GA

Table 8 shows the results of ANN training with POS algorithm.
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Table 8. Results of training and testing ANN trained by POS algorithm

Table 9 shows the results of ANN training with ICA.

Table 9. Results of training and testing ANN trained by ICA

Table 10 shows the results of ANN training with frog leaping algorithm.

Trend curves of MSE in different iterations of the algorithm as well as the comparative curve of the actual situation of stock price
and the price predicted by the algorithm for two run modes are shown to facilitate comparison of MSE based on the training
process for each of the different algorithms.
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Table 10. Results of training and testing ANN trained by frog leaping algorithm

5. Conclusion

In order to predict stock prices, this study trained ANN with post-propagation algorithm, GA, PSO algorithm, ICA and frog
leaping algorithm by using daily index data as well as daily price of 14stocksselected from Tehran Stock Exchange. This study
tended to determine the best evolutionary algorithm used in stock price prediction algorithms by ANN with reliable and
acceptable precision.

According to information received from results of network training, Table 11 shows MSEs for training and testing data and their
standard deviation.

Table 11. Results of network testing

By examining the runtime of each algorithm infinite iterations (1000 steps), it is concluded that time is inversely related to
precision. No algorithm can be found which is both precise and fast. Some algorithms do a simple optimization procedure in any
run; some others achieve more optimal options in any run to achieve stronger results by division and composition procedures.
Thus, a proper time analysis cannot be done. It is noteworthy that algorithms which act weaker in a similar number of runs may
be able to provide more efficient result at the same time.
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