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Abstract. The capital market in the different parts of the world is very different and this leads to just as big differences in the trading 
techniques that apply to it. BSE – Sofia’s Index - Sofix serves as a benchmark for many equity portfolios. The author proposes a hybrid 
model based on rule-based systems and neural networks that predicts the composition of the Sofix Index at its next rebalance, before other 
market participants. Data used for the model is daily trading data and free float and number of shareholders, published by BSE - Sofia and 
Central Depository respectively. 
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INTRODUCTION 
Capital markets in different parts of the world are very 
distinct due to the difference in many of its features. 
This inevitably leads to just as big differences in the 
trading techniques applied in these markets, in order to 
gain an advantage over the other participants and of 
course, to make a profit. While many sophisticated 
strategies are implemented in developed markets, 
including algorithmic and high frequency trading 
strategies [1], which allow certain players to take 
advantage of the speed of transaction execution and to 
detect market trends, a similar approach to trading on 
the BSE - Sofia is unimaginable. As the country has 
submitted an application to join the Eurozone and 
expects admission to ERM II (European Exchange Rate 
Mechanism) in the coming years, liquidity, participation 
and attractiveness of the exchange might change for the 
better. However, with a good knowledge of the liquidity 
and structure of the market and help from artificial 
intelligence techniques, an attempt can be made to 
produce a model that takes advantage of certain factors 
to provide the always perceived advantage over the 
other market players. With the application of more and 
more regulations such as MiFID II (Markets in Financial 
Instruments Directive) it is very important for traders on 
the financial markets to have their trading strategies 
comply with them. This paper will set out the framework 
and construction structure of such a model. 

PROBLEM FORMULATION 
The use of Artificial Intelligence techniques is proposed 
to achieve this objective, with a rule-based system 
tasked of ranking shares based on information from two 
main sources (BSE daily trading bulletin and data for 
free float and number of shareholders from the Central 
Depository) and the index calculation rules, and for the 

task of predicting dynamic financial time series data, 
several types of neural networks will be applied. 
BSE Sofia is a relatively young securities exchange with 
traditional trading organization and modest turnover 
compared to most markets in the region. The exchange 
operator, in addition to organizing the daily trading and 
transactions reporting and publishing issuer reports 
and information, is responsible for calculating several 
market indices, which serve as benchmark for the 
overall performance of the stock market in the 
country. The most important, recognized and 
representative index of BSE Sofia is Sofix. It is based on 
the market capitalization of the ordinary shares 
included in it adjusted for the free float of each of 
them. The index covers 15 stocks that meet the general 
emission selection requirements as well as additional 
quantitative requirements. The issues included in 
Index calculation need to meet certain metrics 
including: a minimum trading period before inclusion, 
a minimum market value of their free float, a minimum 
number of shareholders holding the issue and a spread 
between buy and sell orders. Sofix is rebalanced twice 
a year, with trading and other information being taken 
after the end of the trading sessions on March 1st and 
September 1st, respectively. The final composition of 
the index is determined after all the qualifying 
emissions are ranked according to 4 quantitative 
indicators with all four weighted equally: 
• biggest market value of their free float; 
• highest number of deals over the past six months; 
• highest median weekly turnover value over the past six 

months; 
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• the lowest average spread between buy and sell orders. 

As of September 2016, the first exchange traded fund 
based on the Sofix Index started trading on the BSE-
Sofia floor (Expat Bulgaria SOFIX UCITS ETF). As of April 
2019 the fund’s total assets are slightly below BGN 25 
million. The fund aims full physical replication of the 
Index and is listed on the London and Frankfurt stock 
exchanges. The purpose of the fund is to follow the 
performance of the index, with a minimum tracking 
error. 
The Index is also used as a performance benchmark for 
the few foreign investment funds that invested in the 
local market as well as lots of professionally managed 
individual portfolios. All this makes the Index 
composition and rebalance extremely important. Which 
companies remain in its composition and which 
companies leave it and which are added to its calculation 
is of great importance for all market players. According 
to a observation conducted by the authors on the basis 
of the stock price change for the last 5 rebalances of 
Sofix, the average price change of the companies that fall 
out of its calculation is -8.35% for the period of one 
month preceding the final due date for determining its 
composition, and the average change in the prices of 
the companies added to its calculation is + 12.00% for 
the period of one month before the final date for 
determining its composition. 
This observation, combined with the fact that the 
companies that are excluded and included in the index 
are among the most frequently traded on the market, is 
a good opportunity to create a trading strategy based 
on guessing the composition of the index in advance, 
ahead of other market participants and managing to 
profit by buying the shares of the companies added to 
the index and/or selling the shares of the companies 
that fall out of the index. But how can this be achieved 
with sufficient advance before the competition in order 
for it to be a profitable strategy? 

DATA AND TECHNIQUES USED IN THE MODEL 
The authors of this paper propose to create a hybrid 
model based on artificial intelligence techniques: rule-
based systems and neural networks which predicts the 
composition of the Sofix Index before this being made 
by other market players. 
The information required to feed the model is publicly 
available and is generated by the daily bulletin 
published by BSE – Sofia (Figure 1), containing all 
information on the daily trading of all issues listed on it 
as well as the free float and number of shareholders 
newsletter of each traded issue published by the 
Central Depository (Figure 2). The rules for determining 
and calculation of the composition of the index will be 
taken from the rules for calculating the indices of BSE-
Sofia. 
 

Figure 1: Trading data from BSE – Sofia Bulletin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Central Depositary data for the listed 
companies free float and number of shareholders 

The Artificial Neural Networks are flexible computing 
frameworks and universal approximators that can be 
applied to a wide range of time series forecasting 
problems with a high degree of accuracy. They are an 
artificial intelligence method for modeling complex 
target functions. For certain types of problems, such as 
learning to interpret complex real-world sensor data, 
Artificial Neural Networks are among the most effective 
learning methods currently know. During the last two 
decades they have been widely applied to the domain of 
financial time series prediction and their importance in 
this field is growing [2][3]. The attractiveness of neural 
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network research stems from researchers need to 
approximate models within the business environment 
without having a priori knowledge about the true 
underlying function. 
However, despite all advantages cited for artificial 
neural networks, their performance for some real time 
series is not satisfactory. This is why the authors intend 
to use three different neural network types in order to 
select the best results for the case. Their abilities for 
forecasting capital markets have been tested on many 
occasions, including by the authors of this study. 
On previous occasions neural network’s abilities to 
forecast the Bulgarian market was found good but 
further room for improvement of the predicting 
capabilities of the model had been envisaged. The 
error margin was still considered big and attempts to 
bring it further down would be made, especially 
improving the predictive capabilities for trends. The 
low liquidity and high volatility environment of the 
Bulgarian stock market is a challenge that could be 
addressed more efficiently with similar neural 
networks that have different structure and learning 
algorithms.[4] 
The aim to analyse different neural networks for 
financial time series forecasting has been studied 
previously with good success. Specifically, their ability to 
predict future values of The Bulgarian Stock exchange – 
Sofia and the respective representative indexes. In order 
to yield better results neural networks, need to have an 
optimal architecture and be trained in a suitable way [5]. 
Three different networks are tested starting with most 
widely used multi-layer perceptron, a feed-forward 
artificial neural network model that maps sets of input 
data onto a set of appropriate outputs. A multi-layer 
perceptron consists of multiple layers of nodes in a 
directed graph, with each layer fully connected to the 
next one the network utilizes a supervised learning 
technique called back-propagation for training the 
network it is the most popular algorithm and is 
extremely simple to program but tends to converge 
slowly [3]. It calculates the local gradient of each weight 
with respect to each case during training. Weights are 
updated once per training case.  
The formula is:  

η - the learning rate; 
δ- the local error gradient; 
α- the momentum coefficient; 
𝑜𝑜𝑖𝑖 - the output of the i'th unit. 
Thresholds are treated as weights with 𝑜𝑜𝑖𝑖 = -1. The local 
error gradient calculation depends on whether the unit 
into which the weights feed is in the output layer or the 
hidden layers. Local gradients in output layers are the 
product of the derivatives of the network's error 
function and the units' activation functions. Local 

gradients in hidden layers are the weighted sum of the 
unit's outgoing weights and the local gradients of the 
units to which these weights connect. 
The most widely used activation function for the output 
layer are the sigmoid and hyperbolic functions. In this 
paper, the sigmoid transfer function is employed and is 
given by: 

E(t) = 1/(1+e-t)         (2) 
The second type is the radial basis function neural 
network. It is a network that uses radial basis functions 
as activation functions. The output of the network is a 
linear combination of radial basis functions of the inputs 
and neuron parameters. 
A typical radial function is the Gaussian, their 
characteristic feature is that their response decreases 
(or increases) monotonically with distance from a 
central point. 
Radial basis function networks have a number of 
advantages over MLPs. First, as previously stated, they 
can model any nonlinear function using a single hidden 
layer, which removes some design-decisions about 
numbers of layers. Second, the simple linear 
transformation in the output layer can be optimized 
fully using traditional linear modeling techniques, 
which are fast and do not suffer from problems such as 
local minima which plague multilayer perceptrons 
training techniques. Radial basis functions networks 
can therefore be trained extremely quickly. 
The third network type used for the forecasting 
procedure is the general regression neural network. 
The general regression neural network performs 
regression where the target variable is continuous as 
opposed to the probabilistic neural networks (they 
both have similar architectures), which performs 
classification where the target variable is categorical. 
The main advantages over the multilayer perceptron 
networks are: it is usually much faster to train a general 
regression neural network, General regression neural 
networks often are more accurate than other network 
types, they are relatively insensitive to outliers (wild 
points), generate accurate predicted target probability 
scores. Their respective shortfalls are: they are slower 
than multilayer perceptron networks at classifying new 
cases, they require more memory space to store the 
model. 
The neural network models will be used to predict the 
future development of the four quotative indicators, the 
Sofix Index composition is based on. The idea is to make 
two types of forecasts: First, one day ahead forecast for 
the entire remaining period, based on the initially 
available information, and second, to generate dynamic 
data and include the results for each subsequent day 
produced by the networks in the training data. The three 
neural network models described above will be used for 
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the purposes of forecasting. The criteria which will 
evaluate the networks performance will be the error of 
the network on the subsets used during training (Root 
Mean Square-RMS) presented in the following formula: 
 
              (3) 

where: 𝛿𝛿′𝑖𝑖 is the observed value; 𝛿𝛿𝑖𝑖 is the predicted value. 
Results from a forecasting task [5], using these three 
network structures is shown on Figure 3 below: 
 Neural network 

name Training algorithm Inputs Hidden(1) Hidden(2
) 

Test 
Error 

 
1 

Multilayer 
perceptron 1 

back-propagation, conjugate 
gradient descent 

1 3 0 0.023607 

 
2 

Multilayer 
perceptron 2 

back-propagation, conjugate 
gradient descent 

2 5 0 0.024466 

 
3 

Radial Basis 
Function NN 1 

K-Means, K-Nearest 
Neighbor, Pseudo-inverse 

1 42 0 0.001892 

 
4 

Radial Basis 
Function NN 2 

K-Means, K-Nearest 
Neighbor, Pseudo-inverse 

4 42 0 0.002034 

 
 
5 

General 
regression 
neural 

network 1 

 
Subsampling algorithm 

1 533 2 0.000832 

 
 
6 

General 
regression 

neural network 2 

 
Subsampling algorithm 

2 533 2 0.000741 

Figure 3: Results from forecasting value of Sofix index 

Rule-based systems use human experience-based 
knowledge to solve a variety of problems that typically 
require human intelligence to solve. This knowledge is 
shaped as rules or data in computer systems and 
programs. Depending on the problem being solved, the 
system can use this knowledge. They are composed of 
the so-called decision-maker that evaluates which 
available knowledge to select and apply, as well as the 
knowledge base and rules base attached to it. This 
element produces action instructions, classifications, 
etc. One of its advantages is that they are transparent 
and can reason their actions with the programmed rules 
and action schemes in the model or a combination of 
them. In this respect, rule-based systems differ from 
neural networks which are often referred to as black 
boxes, the results of which are very difficult to explain. 
A rule based system uses rules as the knowledge 
representation for knowledge coded into the system. 
The definitions of rule- based system depend almost 
entirely on expert systems, which are system that mimic 
the reasoning of human expert in solving a knowledge 
intensive problem. Instead of representing knowledge 
in a declarative, static way as a set of things which are 
true, rule-based system represent knowledge in terms 
of a set of rules that tells what to do or what to conclude 
in different situations. 

A rule-based system is a way of encoding a human 
expert's knowledge in a fairly narrow area into an 
automated system. A rule-based system can be simply 
created by using a set of assertions and a set of rules 
that specify how to act on the assertion set. Rules are 
expressed as a set of if-then statements (called IF-THEN 

rules or production rules): IF P THEN Q, which is also 
equivalent to:  P»Q. 
A rule-based system consists of a set of IF-THEN rules, a 
set of facts and some interpreter controlling the 
application of the rules, given the facts. The idea of an 
expert system is to use the knowledge from an expert 
system and to encode it into a set of rules. When 
exposed to the same data, the expert system will 
perform (or is expected to perform) in a similar manner 
to the expert. Rule-based systems are very simple 
models and can be adapted and applied for a large kind 
of problems. The requirement is that the knowledge on 
the problem area can be expressed in the form of if-then 
rules. The area should also not be that large because a 
high number of rules can make the problem solver (the 
expert system) inefficient. 
Any rule-based system consists of a few basic and 
simple elements as follows: 
1. A set of facts. These facts are actually the assertions and 

should be anything relevant to the beginning state of the 
system. 

2. A set of rules. This contains all actions that should be taken 
within the scope of a problem specify how to act on the 
assertion set. A rule relates the facts in the IF part to some 
action in the THEN part. The system should contain only 
relevant rules and avoid the irrelevant ones because the 
number of rules in the system will affect its performance. 

3. A termination criterion. This is a condition that determines 
that a solution has been found or that none exists. This is 
necessary to terminate some rule-based systems that find 
themselves in infinite loops otherwise. 

Figure 4. An example showing parts of a rule-based 
systems and the interactions between them 

Facts can be seen as a collection of data and conditions. 
Data associates the value of characteristics with a thing 
and conditions perform tests of the values of 
characteristics to determine if something is of interest, 
perhaps the correct classification of something or 
whether an event has taken place. For instance, if we 
have the fact: 
temperature <0, 
then temperature is the data and the condition is <0. 
Rules do not interact directly with data, but only with 
conditions either singly or multiple (joined by logical 
operators, shown in Figure 4. 
There are two ways for a rule to set new values for 
the data [6]: 
- by assignment, where the value is directly set, and 
- by assertion. The assertion does not in itself 

assign a value to the data, but the condition acts 
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like a constraint upon the data value, saying it 
must be the value specified by the condition. 

THE PROPOSED HYBRID SYSTEM 
A schematic representation of the proposed hybrid 
model built from neural networks and rule-based 
systems can be seen in Figure 5. 
As can be seen from Figure 5, the proposed model 
shows, the module with rules-based systems is fed with 
information from the daily bulletins of Bulgarian Stock 
Exchange and the Central Depository, for a period of 
five months, This comprises knowledge base of the 
module. The rule module at this stage is made up of the 
general criteria for determining the Sofix index. The 
result produced, in the form of a list of qualifying shares 
is submitted to the neural networks module, which in 
turn performs forecasting of each of the four 
quantitative criteria on the basis of a database of these 
criteria for each individual share on the list. After the 
neural networks perform the forecasting, the resulting 
new database (built up of real and forecasted values) is 
fed to a rule-based system for compiling new company 
rankings. It determines the final forecast  composition of 
the index one month in advance and the model 
generates its buy or sell signals. 
A distinct feature of the quantitative rules for 
determining the shares that become part of Sofix Index 
is an extremely difficult to predict element: the spread 
between the buy and sell orders which is calculated 
after discrete observations, with active orders in the 
trading system being tested daily for the simultaneous 
execution of incoming "sell" and "buy" orders totaling 
20,000 (twenty thousand ) BGN, from BGN 15,000 
(fifteen thousand) BGN and from BGN 10,000 (ten 
thousand) at four randomly selected moments during a 
trading session, one in each of the following intervals 
10:00:00 - 11:30:00, 11:30 : 01 - 13:00:00, 13:00:01 - 
15:30:00, 15:30:01 - 16:55:00. 
This feature encourages the author to consider the 
possibility of incorporating an additional element in the 
model dedicated to monitoring this component. А 
suitable artificial intelligence technique for the purpose 
would be a soft computing method which works well in 
big data and decision making and support environment 
in multicriteria problems under uncertainties of fuzzy 
type. The model would simulate (approximate) human 
decision making by means of applying of the fuzzy sets 
theory. Multicriteria fuzzy decision-making problems 
would be considered in cases of fuzziness present in 
initial information and different stages of the presented 
problems such as in this particular occasion. Such 
models have been discussed in [7],[8] and [9]. 

CONCLUSION 
This paper presents a hybrid model composed of rule-
based and neural network systems for predicting the 

future composition of BSE-Sofia’s Sofix Index. The 
authors believes that this model is promising and has 
huge potential to be put into use both for the purpose 
of testing on historical data basis and for supporting a 
real-life trading strategy that takes in consideration the 
low liquidity conditions, lack of multiple trading tools 
(impossibility to use short sales, margin purchases and 
the lack of derivative instruments) and the lack of many 
quality issuers that can characterize the Bulgarian stock 
market. 
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Figure 5: Rule-based system and neural network-based hybrid model 
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