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INTRODUCTION

Time series forecasting is an important 
problem

 
in

 
many branches of knowledge, in 

particular, in the modern financial and 
economic sciences.

 
Forecasting of future 

events allows diminishing of making decision 
risk. The forecasting we understood as a 
result of determination of future values of 
indexes, based on some mathematical model 
with the use of data present in the moment of 
forecasting.



TIME SERIES
Time series is the well-organized 

sequence of numerical indexes that 
characterizes the levels of studied process in 
successive moments or time periods. Time 
series  can be presented as:                                 

,
where      -

 
a trend,      -

 
a seasonal 

constituent,   -
 

a cyclic constituent,   -
 

a
 

 
stochastic component of process.
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FORECASTING METHODS

•
 

Linear (statistical): classic decomposition, 
regressive methods, exponential smoothing 
out, Box-Jenkins methods, etc.

•
 

Nonlinear: artificial
 

neural networks (ANN)



DEVELOPMENT OF ANN 

•
 

Topology of the network (self-organizing 
map, adaptive resonance theory, multi-layer 
feed-forward, etc. ) 

•
 

Proper training algorithm (supervised, 
unsupervised)

•
 

Activation function (step, sigmoid, hyperbolic 
tangent, linear  function, etc.) 



MLFF NEURAL NETWORK

Multi-layer feed-
 forward neural 

network (MLFF)
 

 
consists of multiple 
layers of neurons, 
usually interconnected 
in a feed-forward way. 



MLFF NN LEARNING
Multi-layer feed-forward neural networks 

use a variety of learning techniques; the most 
popular is the back-propagation algorithm 
(BPA). 

The BPA is a supervised learning 
algorithm that aims at reducing overall 
system error to a minimum. This algorithm 
has made multilayer neural networks suitable 
for various prediction problems. 



COMPUTER EXPERIMENT 
The network was created by 2 of the hidden 

layers of 30 and 15 neurons in the layer. The 
learning method -

 
BPA and the step activation 

function. The threshold of the function is 0, 5. 
To form the training set, the sliding window 

method was chosen. 
The learning process of neural network based 

on the input sequence shown in three different 
ways: standardized in [0,1] interval, binary data 
presentation,Gray

 
code data presentation.



Determine a rightness and speed of 
network learning with this network 
configuration using the different values of 
window width. As a result it is possible to 
compare the rightness degree of forecasting 
each variants of data presentation and to 
define the most preferable variant for the 
sequence.



COMPUTER EXPERIMENT



Table 1 shows that the window width for 
normalized data does not affect on time for 
the one iteration passing. What can not be 
said for the binary and Gray code 
representation. This is understandable, if a 
window step at a normalized representation 
the number of input data changes by one, in 
the binary and Gray code it changes by the 
number of bits.



COMPUTER EXPERIMENT



The results in table 2 suggest that for 
normal network error we will have to perform 
many iterations except missing the local 
minimum.

Using binary data presentation (table 3, 
table 4) the network with a given 
configuration learns quickly. After spending 
quite a number of iterations the network error 
can be substantially reduced. Although after 
1000 iterations the network error can fairly 
accurately predict the value.



COMPUTER EXPERIMENT



COMPUTER EXPERIMENT



CONCLUSIONS 
Our results showed that the speed and 

the exactness of neural networks learning for 
the forecasting tasks can depend on the type 
of presentation of input data. The expediency 
of normalizing and its type depend on the 
initial sequence (dispersion of values) and 
the configuration of the network. We have 
found

 
that for stationary time series with a 

small dispersion of values in the case of 
MLFF networks with supervised learning for 
forecasting the sequence can be represented 
by binary or Gray code. 
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