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Stock market trading is one of the most popular forms of investment both on a corporate and individual 
level, yet despite the number of studies carried out, the “stock market world” is so complex that there is 
still no universally accepted method. In the real world, there are a number of restrictions (e.g. capital 
available, maximum share volume, etc.) which complicate the problem, and we can therefore consider de-
cision-making to be expert and heuristic. This has lead us to consider the development of a web-system 
prototype which uses association rules, fuzzy logic, and expert systems to facilitate the learning of a cer-
tain investment strategy. This system has been designed for users from the academic community who are 
learning about the world of finance, although it is also suitable for other types of users, such as risk man-
agers, shareholders, and bank customers.   
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1. Introduction 

1.1. Application Domain: the Strategy Selection Problem 

There are a large number of ways of investing in the stock exchange: stock purchases, future trading, 
warrant purchases, government bonds, etc., and thanks to the different techniques, it is possible to obtain 
the estimated profit and risk of a certain action. Much has been written about this subject over the last 
hundred years, and many articles and applications have been published ([1, 2, 3, 4]). 
 
The basis for any financial study are stock market records, i.e. the different market values which a share 
(Telefónica, EON, etc.), an asset (gold, fuel, corn, etc.), an index (Ibex 35, Dax 30, Nasdaq 100, etc.), or 
any other stock exchange element (warrants, etc) has had over time. In our case, we have evaluated hun-
dreds of strategies on hundreds of values, and we therefore have a database of thousands of strategic 
market units (SMU) for making selection studies. Each SMU has a series of easily calculable characteris-
tics: profit, potential, Sharpe ratio, consistency, series of losses, volatility, monthly risk, number of trad-
ings per year, reliability, etc., but the main variables are profit and volatility. Volatility is a measure of 
the variance-based risk, and the greater the volatility, the greater the risk. By way of extremes, on one 
hand, we might have a system which is extremely profitable but which has a high degree of risk, and on 
the other, a strategy with a fixed interest rate and which is much less profitable, but with zero risk. This 
also reveals the fuzzy nature of the terms with which the expert usually works. 
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1.2. Motivation and aims of this work 

Despite the number of studies carried out, the “stock market world” is so complex that there is still no 
universally accepted method when it comes to selecting a strategy. The ideal solution is to find a strategy 
which consistently produces maximum profit with minimum estimated risk. 
 
Although there are a series of basic rules (i.e. highly volatile strategies are not advisable, very consistent 
strategies tend to produce hardly any profits, etc.), knowledge about the selection of the best investment 
portfolio is expert knowledge which has been acquired over many years of study and by solving real 
situations. Since this knowledge is difficult to transmit in an organized way, we have been lead to con-
sider the development of a tutoring system prototype to facilitate the learning and spreading of this heu-
ristic knowledge. This system has been designed for users from the academic community who are learn-
ing about the world of finance, and it is presented as an attractive method for practicals. Nevertheless, it 
is also suitable for other types of users, such as risk managers, shareholders, and bank customers.  

The informative nature of this system is another aspect which conditions the choice of solution. Since the 
information must be made available to the largest possible number of users, the system must be set up 
online with a client/server architecture. Given the characteristics of the application domain presented, the 
tutor uses recorded data, association rules, fuzzy logic, and an expert system to accomplish its mission. 
 

2. Description of the Multidimensional Model 

In order for the tutoring system to obtain the necessary knowledge (expressed in the form of 
fuzzy association rules), the data are organized according to a multidimensional model.  

2.1. Multidimensional Model  

 
The use of OLAP systems has recently been extended to new fields of knowledge due to their analysis 
capabilities and intuitive data access. Some of these fields have complex domains which must be mod-
eled and require the multidimensional model to be capable of managing imprecision. Under these cir-
cumstances, the use of fuzzy logic in a multidimensional model helps in two ways: 
1. The model is able to work with concepts which are not well defined. 
2. Data access is more intuitive since the model can represent concepts which are more natural for users 
(e.g. close to average, not very low values, etc.).  
 
Various different proposals have already been published and we propose the use of the one presented in 
[5] with the following features: 
1. Multiple hierarchies can be defined on each dimension. 
2. The model can manage imprecision in the concept definition (dimensions and facts) and in the rela-
tionships between them. As Han ([6]) mentioned, the use of OLAP systems for data mining processes 
(referred to as OLAM or online analytical mining) is particularly interesting. Various methods for asso-
ciation rule extraction have also been proposed ([7, 8]). 
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2.2. Description of Fuzzy Terms  

With expert help, the membership functions of the different discrete values to the fuzzy sets are defined 
for each variable in our domain. We will use three linguistic labels: bad, normal, and good. Let us as-
sume that a strategy has a 75% reliability. According to our fuzzy set definition, it will be bad with a 
membership degree of 0, normal with a membership degree of 0.6, and good with a membership degree 
of 0.45. 

3. Description of the Tutoring System 

3.1 System Structure 

The system comprises the following modules: 
• A battery of cases: We have compiled a complete battery of real cases. Each case is characterized by 

a fuzzy quality value given by an expert and a series of values obtained by statistical methods (e.g. es-
timated profit, potential, Sharpe ratio, consistency, series of losses, volatility, risk, etc). By knowing 
these factors, an expert is able to say whether an investment strategy is feasible, extremely advisable, 
unadvisable, or totally impractical. The examples analyzed correspond to European indexes (Ibex-35, 
Dax-30, Cac-40, Eurex-50, Nasdaq-100, Russell-1000), although the process may be easily used on 
any stock market.  

• A knowledge base: This gathers the system’s knowledge about the application domain (i.e. the strat-
egy evaluation problem) and comprises a set of fuzzy association rules. In order to obtain this, an 
OLAP data mining technique has been applied (see Section 2). These rules represent the expert’s 
knowledge about the domain and therefore serve as a reference for evaluating user response. 

• An inference engine: This enables an expert’s reasoning process to be emulated and to provide the 
system’s responses. We should not forget the fuzzy nature of the problem which requires an inference 
engine to be used with these capabilities, and this is why Fuzzy CLIPS [9] was selected. 

• The justifier module shows the system’s conclusions. In this particular case, the conclusions are 
shown in the form of association rules which enable the user to understand the reasoning followed dur-
ing the inference process. 
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Fig. 1 System architecture 

3.2 System Operation 

The stages of system operation are described as follows. Initially, the user is presented with a real case 
from the case base so that it may be allocated a fuzzy valuation. The data input interface is a form which 
the user completes to send the input data to the server when the inference request is made. This enables 
the user to express the inputs in a fuzzy way, and in order to facilitate input of the fuzzy evaluation, a 
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menu with qualitative terms will be used. The system then evaluates the user’s response from the knowl-
edge base. The FCLIPS inference engine will use all the activated association rules in order to obtain a 
single measurement for the quality of the expert, which will be contrasted with that of the user. Finally, 
the system shows the user the result of this comparison and explains the expert’s answer (the decision-
making rules) so that they may learn the reasoning method followed by the expert and what the most 
important characteristics to analyze are. 

3.3 System Implementation 

The system has a client/server architecture which enables resources to be centralized on the application 
server, software to be updated without changing the clients, the system to be accessed in a unified way, 
and which facilitates the diffusion of knowledge. 
The following tools have been used for implementation: 
• Multidimensional model: to obtain association rules. 
• Fuzzy Clips: to implement the inference engine. 
• HTML: to program the web client. 
• PHP: to program server functionality. 
 

 

  
Fig. 2 Final appearance of the system 

 
4. Operation Example 

The designed software is intuitive and easy to use. Once the application has been opened, a series of 
fuzzy values are presented for each variable and also a graph with the strategy’s accumulated perform-
ance over time (see Figure 2). Having entered the answer, the system queries the inference engine. After 
receiving the inference engine’s response and the rules involved in the decision-making process, they are 
displayed in such a way that the user can progressively assimilate the concepts. For example, if the in-
puts are good profit, normal risk, normal potential, and normal Sharpe ratio, the system will infer a qual-
ity value of 8.66 and 7.64 according to the defuzzification method (mean-of-maximum - MOM or the 
centre of gravity - COG, respectively). The quality is measured on a 1-10 scale, and the value obtained 
corresponds to a value between normal and good. In fact, rules 167 and 6 have been fired and concluded 
that the quality was normal and as has rule 1, which concluded that the quality was good. 
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5. Conclusions and Future Work 

We will finish this paper with a series of conclusions and lines of future research. 
• This type of system is not common on Internet and therefore represents a ground-breaking innova-

tion. 
• The web architecture provides important advantages: 

 Great accessibility: it can be consulted any time, anywhere. 
 Wide diffusion of expert knowledge: the system’s ability to reproduce expert knowledge enables 

widespread distribution of this knowledge at a reasonable cost. 
• It solves problems involving fuzzy data: this is an important feature since it adapts to the nature of 

the strategy selection problem. 
• It is capable of spreading expert knowledge by explaining the solution so that the user can learn the 

reasoning followed by the system.  
• The user learns the characteristics to be observed by interacting with the query interface. 
 
We are currently considering the possibility of tackling more complex problems (e.g. the choice of an 
investment portfolio) which would bring us even closer to the reality of the world of finance. 
 
While the results obtained are satisfactory, they do lead us to consider the inclusion of this tool within a 
more general intelligent tutoring system as a module to generate exercises which enable the knowledge 
learnt by a student to be evaluated. The idea is to facilitate adaptation to the user through a register of 
questions/answers and the selection of the level of difficulty. In this way, basic cases would initially be 
presented to the user and the difficulty would be increased as the percentage of correct answers rises. 
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