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Formalizing Financial Decision-Making Process: Classical or

Fuzzy Approach?
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Abstract: The importance and the complexity of financial decision-making process are the reasons
why so much work has been invested over the years in formulating methods that would
realistically treat this issue. The requirement for adequate and effective methods and
procedures is justified by very high complexity of the real situation, making it more difficult
to fit into restrictive hypotheses on which mathematical models are often based. Financial
decision-making represents a field where decision support systems can be successfully
implemented, especially knowledge based decision support systems and intelligent decision
support systems. This paper presents the most important features of two decision support
systems, a classical system and a system based on fuzzy logics. The performances of these
two models are compared and the advantages achieved through the introduction of fuzzy
concepts into the classical decision support systems determined.

Keywords: decision-making, decision support systems, fuzzy logics.

JEL Classification: G000

Introduction

Making a decision on granting a credit to a certain business represents one of the key
elements in the financial decision making process. A bank’s management, i.e. a
competent division within a bank, is faced with this issue on an every-day basis. In
order to make a valid decision on credit granting it is necessary to properly score the
relevant business. This scoring should include both the assessment of company
financial standing and position and the validation based on certain non-financial
indicators.
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Decision support systems, knowledge based decision support systems, as well as
intelligent decision support systems, can be applied in a wide spectrum of real
problems, for greater details see Èupiæ, Tummala, Suknoviæ (2003) and Holsapple,
Whinston (2003). This problem of financial decision making was first solved by
means of a classical decision support system. The advantage of this approach lies in
the fact that it is clearly mathematically defined, but its deficiency is the lack of
consistency in representing the real situation. Modifications of the classical approach
were done in various directions. All those modifications were made with an aim to
make models closer to real situation and to take into consideration real conditions and
restrictions. In some cases values of observed indicators, i.e. criteria, are
characterised by imprecision and uncertainty. A basic limitation of the classical
model is seen in the fact that criteria values are rigidly comprehended, i.e. two
alternatives (credit applications) will be considered equal in terms of one criterion
only if its values are identical, and in case of a small change in the value one of the
alternatives will be considered a better one, which does not correspond to the real
situation where preferences are not always so strict. All of the above has resulted in
the change of our understanding of financial decision-making models. By applying
fuzzy logics in decision support systems we obtain models that can be successfully
applied in the field of financial decision-making since they realistically model the
facts and relationships that characterise the reality.

The scope of research in this paper is to compare two financial decision support
systems – the classical system and the system based on fuzzy logics. Also, in terms of
a scientific contribution this paper is expected to improve the existing methodology
in support of financial decision-making process by introducing certain improvements
into existing systems applicable in the real banking environment.

Financial Decision Support System

This chapter presents a modelling proposal how to arrive at a financial decision. This
analysis treats the issue of taking a decision to grant credit to a certain business. This
model will assign a certain score to a business that files a credit application with the
bank. Based on the score, the decision-maker, in this case the bank, will decide
whether to grant credit or not.

Relevant data for a given client may be grouped into several groups. The
following data groups can be observed, for example:

• Financial data
• Non-financial data
• Qualitative data
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A partial score is calculated for each data group. The total score is obtained by
applying relevant weights on partial scores. The resulting total score is then used in
the process of making credit decision. As the modelling principle is the same for each
of the above groups and for final score, we will present only the model for the
calculation of client’s financial score.

It is worth noting that all specific weights of indicators used in this model are set
by a relevant bank department (credit risk department) together with the management
of the bank, in accordance with the pre-defined credit policy of the bank. This is
important to know since the specific weights can have a significant impact on the
final score of a business, and consequently on the final financial decision. Also, the
bank defines all other relevant parameters necessary for calculating the score and
implementing the decision-making process.

Financial data used in determining financial score of a business are shown in
Figure 1, for more details on financial indicators see �arkiæ Joksimoviæ (2005). The
model for calculating business’ score is based on determining possible value ranges
for each indicator and then each range is assigned a relevant score. Thus, if the
relevant indicator value fits into a certain range then such indicator is assigned its
pre-defined score. The total score is obtained as a weighted sum of scores of all
indicators. Each of the indicators is assigned a weight.

Figure 1: Financial indicators and their weights

Note: Defined value ranges cover minimum value, but do not cover maximum value. Thus, for the debt
to equity ratio of 1.5, the business will be assigned score of 25.
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Table 1: Value ranges of financial indicators
Quick liquidity ratio

Minimum value Maximum value Score

0 0.4 0

0.4 0.7 25

0.7 1.0 50

1.0 - 100

Sources of long-term financing ratio

Minimum value Maximum value Score

- 0 0

0 0.2 25

0.2 0.4 50

0.4 0.5 75

0.5 1 100

Liquid assets (cash + equivalents) / total assets

Minimum value Maximum value Score

0% 10% 0

10% 30% 25

30% 40% 50

40% 100% 100

Equity ratio

Minimum value Maximum value Score

0% 20% 0

20% 40% 25

40% 60% 50

60% 80% 75

80% 100% 100

Working capital turnover

Minimum value Maximum value Score
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0 0,5 0

0,5 1 25

1 3 75

3 - 100

Return on assets

Minimum value Maximum value Score

- 0 0

0 25% 25

25% 50% 50

50% - 100

0,5 1 100

Debt to equity ratio

Minimum value Maximum value Score

- 0 0

0 0.5 100

0.5 1 75

1 1.5 50

1.5 3 25

3 - 0

Indicators
31 Dec.

2002
31 Dec.2003 31 Dec.2004 31 Dec.2005

Quick liquidity ratio 0.63 0.51 0.51 0.68

Sources of long-term financing ratio 0.40 0.31 0.33 0.49

Liquid assets (cash + equivalents) / total
assets %

25.16 23.56 22.53 24.57

Equity ratio % 45.89 49.82 56.01 63.85

Working capital turnover 3.15 3.64 3.64 2.70

Return on assets 26.88 36.40 29.42 38.06

Debt to equity ratio 2.28 1.36 1.54 0.84

The table 1 shows ranges of possible indicator values and corresponding scores.
These values are set by the bank depending upon its preferences and internal credit
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policy. The Table 2 shows financial indicator values for a business that is taken as a
realistic example, and Table 3 shows scores that were assigned to each of the
indicator values based on the presented model.

Table 3: Indicator scores and financial score

Indicators 31 Dec. 2002 31 Dec.2003 31 Dec.2004 31 Dec.2005 Weights

Quick liquidity ratio 25 25 25 25 0.15

Sources of long-term

financing ratio
75 50 50 75 0.15

Liquid assets (cash +

equivalents) / total assets
25 25 25 25 0.1

Equity ratio % 50 50 50 75 0.1

Working capital turnover 100 100 100 75 0.1

Return on assets 50 50 50 50 0.2

Debt to equity ratio 25 50 25 75 0.2

Financial score 47.5 48.75 43.75 57.5

The Table 3 shows scores assigned to each value of the financial indicators from
Table 1. The last row in this table shows financial score of the business. As the scores
may range from 0 to 100, one could say that the financial score of the business at hand
has been quite well balanced over the four years, and that the best score was obtained
for the last year analysed. The final decision on whether the resulted score can be
accepted may be reached by comparing the score with a pre-defined reference value.
For example, the score will be deemed acceptable if it is greater than 80, in case of a
rigorous approach, or if greater than 30 in case of a flexible approach. Also, it can be
left for the decision-maker to assess if the obtained score is acceptable or not.

Fuzzy System for Financial Decision Support

This chapter presents a model of support to the intelligent financial decision making
process which is accomplished through a fuzzy expert system. The fuzzy approach is
very suitable for expert knowledge modelling in various fields, amongst which is the
field of financial analysis. The main reason for the application of fuzzy approach is
the very nature of the problem. Determination of financial standing and business
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success of a business does not have a discrete but, like most other real problems, a
continuous character.

The imperfection of the classical approach is that small changes of input data may
result in a completely different outcome, which in this case would mean a different
assessment of a business and a different credit decision. Such sensitivity of output
result to the change of input values is typical of the models based on discrete,
non-fuzzy approach.

Introduction of fuzzy sets for each given indicator, reflecting the cognitive state of
facts, results in a more flexible and a more realistic system of knowledge
presentation. Each of input variables will be treated as one linguistic variable. Several
values, i.e. attributes, will be allocated to each linguistic variable. The fuzzy model of
financial decision-making is presented in a few interconnected steps:

• Definition of basic parameters of the model (number of input and output
variables, definition of basic logical operations),

• Definition of a set of attributes for each input and output variable,
• Definition of a set of rules for calculating the value of the output variable,
• Interpretation of results.

Table 4: Financial variables and their attributes

Financial indicators

Input variables

Variable Indicator Attributes

fi1 Quick liquidity ratio Satisfactory Unsatisfactory

fi2 Sources of long-term financing ratio Satisfactory Unsatisfactory

fi3 Liquid assets/total assets % Satisfactory Unsatisfactory

fi4 Equity ratio % Satisfactory Unsatisfactory

fi5 Working capital turnover Satisfactory Unsatisfactory

fi6 Return on assets Satisfactory Relatively_Satisfactory Unsatisfactory

fi7 Debt to equity ratio Satisfactory Relatively_Satisfactory Unsatisfactory

Output variable

fi Financial score Satisfactory Relatively_Satisfactory Unsatisfactory

The application of this model results in the evaluation of the financial standing
and successfulness of business operation. This output variable is called the financial
score. Table 4 shows the output and all input financial variables and attributes

Formalizing Financial Decision-Making Process: Classical or Fuzzy Approach? 123



assigned to them. Figure 2 shows the stated variables with the help of classical and
fuzzy sets. Visual comparison of these two types of sets – classical and fuzzy – may
give us an intuitive impression of the difference between the two modelling
approaches.

The fuzzy model of financial decision making is implemented using MatLab
software package, version 6.5. MatLab is software designed for solving a wide range
of mathematical problems. Among other things, a part of MatLab is dedicated to
operations with fuzzy sets. It is that part of MatLab, the so-called fuzzy toolbox that is
used in this paper to solve decision making problems.

It is necessary to introduce certain transformations (Table 5) for certain input
variables so as to reduce their domain to a finite interval. These transformations do
not affect the accuracy of the data. Also, the transformation introduced for the fi7

variable simplifies the form of attributes and reduces them to a form closer to the
intuitive impression.

Table 5: Transformation of input variables

Variable Transformation

fi1 fi1>1.5 � fi1 = 1.5

fi2 fi2<-0.1 � fi2 = -0.1

fi5 fi5>4 � fi5 = 4

fi6
fi6<-5 � fi6 = -5

fi6>60 � fi6 = 60

fi7
fi7>3.5 � fi7 = 3.5

fi7< 0 � fi7 = 3.5

Thus defined financial indicators (variables), as well as the relations among them
(inference rules), form the fuzzy model of financial decision making. The inference
mechanism in the MatLab fuzzy toolbox operates on the basis of fuzzy decision
making and fuzzy reasoning. Thus, on the basis of input variables and inference rules,
we get the value of output variable.

Implementation of the fuzzy model involves the following steps:

a) Definition of basic parameters of the model
We should first define the number of input and output variables and their names.

We also need to define logical operations to be applied in the process of decision
making, in particular the following operations:
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• and
• or
• implication
• aggregation

Figure 2a: Classical and fuzzy sets – financial variables (quick liquidity ratio)

Figure 2b: Classical and fuzzy sets – financial variables (sources of long-term
financing ratio - liquid assets/total assets)
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Figure 2c: Classical and fuzzy sets – financial variables (working capital turnover)

MatLab offers several options to define these operations. The author of this paper
has opted for the following standard interpretation of these operations:

• Operations and, implication are represented by min method
• Operations or, aggregation are represented by max method.

Figure 2d: Classical and fuzzy sets – financial variables (return on assets - debt to
equity ratio)
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It is also necessary to select one of the several offered methods of defuzzification.
We have opted here for the lom (largest of maximum) method.

b) Definition of attributes for all variables
Attributes, i.e. the domain and form of attributes, are defined for all variables in

the model. Each attribute is represented by one fuzzy set. Various forms of fuzzy sets
may be used, such as trapezoid sets, different forms of Gaussian curves, S-curves and
similar. The forms of fuzzy sets chosen to be used in this paper are S-curves and
Gaussian curves. These forms represent the meaning of specific variables in a simple
and effective manner. The domains of fuzzy sets are specified by the very definition
of each of the linguistic variables.

c) Definition of inference rules
The inference rules are defined in the form of if-then statement. These rules are

defined by the user in line with user’s own needs and preferences. Let’s adopt the
following inference rules on the basis of which it is possible to calculate a financial
score of a business:

• If the value of at least any two input variables is Unsatisfactory, then the value
of the output variable is Unsatisfactory;

• If the value of all input variables is Satisfactory or Relatively satisfactory then
the value of the output variable is Relatively satisfactory;

• If the value of all input variables is strictly Satisfactory then the value of the
output variable is Satisfactory.

d) Interpretation of results
The three previously described steps have been used to complete the definition of

the fuzzy model of calculating the financial score of the business. The next step is to
interpret the results. In the decision making process, the end result is the output fuzzy
variable that is defined by the set of its attributes. Each attribute is represented by one
fuzzy set. Also, the defined model specifies the value of the output variable in a
discrete form, i.e. in the form of a numeral. This discrete value is calculated by the
defuzzification module on the basis of the output fuzzy variable. The method to be
used in the defuzzification process is defined as one of the basic parameters of the
model. In this paper, the defuzzification process is performed using the lom (largest
of maximum) method. In this method, the defuzzified value is the highest
x-coordinate of the maximum value of the output fuzzy set. In addition to this
method, we may opt for the centroid method (defuzzified value is the x-coordinate of
the central point of the output fuzzy set), the method of average maximum value, the
method of the lowest maximum value, etc. The MatLab software enables visual
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monitoring of the operation of fuzzy modules using the so-called rule viewer. This
tool enables viewing of the mode of operation of fuzzy modules and the look of the
output fuzzy set.

The defuzzified financial scores of the business based on the application of the
above model are as follows:

• For 31 December 2002, the score is 0.37
• For 31 December 2003, the score is 0.33
• For 31 December 2004, the score is 0.31
• For 31 December 2005, the score is 0.54

It can be said that the financial standing of the business is satisfactory in some
measure, where such measure is expressed as the resulting defuzzified value. For
instance, the financial position of the business in 2005 is satisfactory in the measure
of 0.54. Here we should take into account that the resulting score may range from 0 to
1. As in the case of the model presented in the previous chapter, a final decision to
accept the resulted score may be reached by comparing the resulting score with a
predefined reference value, and also the decision maker may be given freedom to
decide on his own whether the score is acceptable or not.

Classical or Fuzzy Approach – Comparative Analysis

Previous chapters presented two models of assessing financial standing of a business.
These two models differ in terms of their basic modelling approach.

• In the first model, a classical approach is adopted. Discrete values, i.e. number,
are assigned to the company standing indicators. The final score is the result of
the weighted sum of indicator values, where each indicator is assigned a
weight.

• The second model is based on a fuzzy approach. Indicators are treated as
linguistic variables values of which are represented by fuzzy sets. The final
score is obtained on the basis of defined inference rules and presented in the
form of a fuzzy set and defuzzified discrete score.

This chapter deals with basic characteristics of the given two approaches. Also,
comparative analysis will be made to compare two models and a conclusion drawn on
the advantages and disadvantages that one model potentially has over the other.

For the purpose of testing basic and key characteristics of models and with an aim
to make a comparison, the following analyses will be conducted:
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• Analysis of results for extreme values of input variables
• Analysis of the monotony of models
• Analysis of the sensitivity of models to the change of input values

When comparing the results of two previously mentioned different concepts, we
should bear in mind that the application of the classical model results in scores
ranging from ?0, 100?, while the fuzzy model results in scores ranging between ?0,
1?. Such intervals enable us to make a simple comparison of resulting scores either by
dividing classical scores with 100, or by multiplying the score in the fuzzy model
with 100.

Analysis of Results for Extreme Values of Input Variables

Let’s have a look at the values of input variables (financial indicators) in the
following two extreme cases:

Case 1
Values of financial indicators are extremely bad (table 6):

Table 6: Extremely bad values of financial indicators

Financial indicators

Extremely bad values

Indicator Values

Quick liquidity ratio 0.10

Sources of long-term financing ratio -0.10

Liquid assets/total assets % 0.10

Equity ratio % 0.10

Working capital turnover 0.10

Return on assets -0.10

Debt to equity ratio -0.10

By applying classical and fuzzy models for the case of extremely bad values of
input variables, the following scores are obtained:
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• Classical model – financial score is 0
• Fuzzy model – financial score is 0

Thus, both models result in expected extremely bad financial scores.
Let’s have a look now at the case of extremely good financial indicators and the

resulting scores.

Case 2
Financial indicator values are extremely good (Table 7):
By applying classical and fuzzy models for the case of extremely good values of

input variables, the following scores are obtained:

• Classical model – financial score is 100
• Fuzzy model – financial score is 1

Thus, both models result in expected extremely good financial scores.

Table 7: Extremely good values of financial indicators

Financial indicators

Extremely good values

Indicator Values

Quick liquidity ratio 2.00

Sources of long-term financing ratio 1.00

Liquid assets/total assets % 100.00

Equity ratio % 100.00

Working capital turnover 4.00

Return on assets 60.00

Debt to equity ratio 0.00

On the basis of presented cases, it can be concluded that both models «react» well
to extreme values of input variables. Thus, extreme values of input variables result in
extreme financial scores.
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Analysis of the Monotony of Models

Let us consider now three different cases of input financial indicator values. We can
call them ‘good’, ‘medium’ and ‘bad’ values. Those values are characterized with the
situation that all financial indicator values in a «bad» example are worse than the
values in the «medium» case. Also, all values of financial indicators in a «medium»
case are worse than the values in a «good» case. In symbols it can be presented as:

‘bad’ values < ‘medium’ values < ‘good’ values

We can check now what scores are obtained on the basis of classical and fuzzy
models for these three values of financial indicators.

Case 1
‘Bad’ values of financial indicators are presented in the Table 8.

Table 8: ‘Bad’ values of financial indicators

Financial indicators

´Bad´ values

Indicator Values

Quick liquidity ratio 0.30

Sources of long-term financing ratio 0.20

Liquid assets/total assets % 30.00

Equity ratio % 25.00

Working capital turnover 1.00

Return on assets 10.00

Debt to equity ratio 2.00

By using classical and fuzzy models for the case of ‘bad’ values of input variables,
the following scores are obtained:

• Classical model – financial score is 32.5
• Fuzzy model – financial score is 0.2
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As expected, ‘bad’ values of input variables as a result have relatively low
financial scores both in the classical and fuzzy model. We can now compare such
scores with scores for ‘medium’ and ‘good’ values of input variables.

Case 2
‘Medium’ values of financial indicators are shown in the Table 9.
By using classical and fuzzy models for the case of ‘medium’ values of input

variables the following scores are obtained:

• Classical model – financial score is 42.6
• Fuzzy model – financial score is 0.42

The scores obtained as a result of ‘medium’ values of financial indicators are
higher than the scores resulting from the ‘bad’ values of input variables in both
models – classical and fuzzy model.

Table 9: ‘Medium’ values of financial indicators

Financial indicators

´Medium´ values

Indicator Values

Quick liquidity ratio 0.60

Sources of long-term financing ratio 0.40

Liquid assets/total assets % 55.00

Equity ratio % 45.00

Working capital turnover 2.00

Return on assets 20.00

Debt to equity ratio 1.50

Case 3
‘Good’ values of financial indicators are shown in the Table 10.
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Table 10: ‘Good’ values of financial indicators

Financial indicators

´Good´ values

Indicator Values

Quick liquidity ratio 0.80

Sources of long-term financing ratio 0.60

Liquid assets/total assets % 75.00

Equity ratio % 65.00

Working capital turnover 3.00

Return on assets 25.00

Debt to equity ratio 1.00

By using classical and fuzzy models for the case of ‘good’ values of input
variables, the following scores are obtained:

• Classical model – financial score is 70
• Fuzzy model – financial score is 0.66

The scores resulting from ‘good’ values of financial indicators are higher than the
scores resulting from the ‘bad’ and ‘medium’ values of input variables in both –
classical and fuzzy model.

The table 11 shows total scores for the three cases.

Table 11: Scores for the three cases of financial indicator values

‘Bad’ values ‘Medium’ values ‘Good’ values

Classical model 32.5 42.6 70

Fuzzy model 0.2 0.42 0.66

On the basis of three shown cases it can be seen that both models, classical and
fuzzy, are characterised by monotony, i.e. if values of input variables are:

‘bad’ values < ‘medium’ values < ‘good’ values
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then the financial scores resulting for such values have the same characteristics,
which can be marked in the form of symbols as:

‘bad’ score < ‘medium’ score < ‘good’ score

This monotony is a key indicator showing the validity of presented models. Also,
it shows that a financial score obtained by means of those models corresponds to our
intuitive representation of scoring.

Please note that it is to be expected that two observed models result in different
scores for the same values of input variables. The classical model is based on scores
of individual indicators allocated with different weights, while the fuzzy model is
based on fuzzified indicators and inference rules. Naturally, it is possible to adjust
both models by changing weights and inference rules, in order to adapt them to the
greatest possible extent to the needs and preferences of users, i.e. financial decision
makers.

Analysis of the Sensitivity of The Model to the Change of Input Values

The previous two chapters showed that both models, classical and fuzzy, have
characteristics supporting their validity. This chapter shows the reasons why fuzzy
approach is more realistic, i.e. it points to the desired feature present in the fuzzy
model and lacking in the classical model.

As already mentioned, the determination of financial standing and business
success does not have a discrete but, like most other real problems, a continuous
character. The problem in the classical, non-fuzzy approach, is seen in the fact that
small changes in the values of input variables may result in significantly different
output results. This problem is solved by applying fuzzy modelling where fuzzy sets
are assigned to financial indicators. This is how it is ensured that small differences in
values of input variables do not result in significant differences in output results.

This can be illustrated in the following two cases:

• Minimum change in value of one financial indicator
• Minimum change in value of all financial indicators

Case 1
It is shown below what financial scores are obtained through classical and fuzzy

models in case of slight changes in the value of the return on assets.
Table 12 shows values of input variables.
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Table 12: Values of financial indicators

Financial indicators

Indicator Values

Quick liquidity ratio 1.00

Sources of long-term financing ratio 0.60

Liquid assets/total assets % 70.00

Equity ratio % 75.00

Working capital turnover 2.60

Return on assets 49.99

Debt to equity ratio 3.00

By applying classical and fuzzy models to these values of input variables, the
following scores are obtained:

• Classical model – financial score is 65
• Fuzzy model – financial score is 0.84

The scores resulting by applying classical and fuzzy models are relatively high on
account of good values of financial indicators, i.e. financial indicators suggest a good
financial position of the business in question.

If we now apply this model to the same values of input variables, with the
exception of a change in a return on assets for 0.01, i.e. it is not 49.99 anymore but 50,
the following financial scores are obtained:

• Classical model – financial score is 75
• Fuzzy model – financial score is the same

The scores resulting from the application of both models are still relatively high
owing to the fact that the same (with a slight change) i.e. good values of financial
indicators are observed, as in the previous example.

However, a very slight change in the value of an input variable has resulted in a
great change in the financial score calculated on the basis of the classical model. The
score calculated on the basis of the fuzzy model remained unchanged, which is in line
with the real situation, i.e. it is realistic that such a minimal change in the value of
only one financial indicator should not affect the final financial score of a business.
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Case 2
In the following text we present the financial scores resulting from the application

of the classical and fuzzy models in the case of a slight change in the value of all input
variables.

The table 13 shows values of input variables.

Table 13: Values of financial indicators

Financial indicators

Indicator Values

Quick liquidity ratio 0.99

Sources of long-term financing ratio 0.39

Liquid assets/total assets % 29.99

Equity ratio % 59.99

Working capital turnover 0.99

Return on assets 49.99

Debt to equity ratio 1.50

When we apply classical and fuzzy models to such values of input variables, the
following financial scores are obtained:

• Classical model – financial score is 40
• Fuzzy model – financial score is 0.49

Let us observe now the values of financial indicators given in the Table 14, which
are slightly different from the values presented in the previous table. By applying
classical and fuzzy models to these values of input variables, the following financials
scores are obtained:

• Classical model – financial score is 76.25
• Fuzzy model – financial score is 0.50

Hence, the classical approach results in the score being significantly different
from the previous one, while by applying the fuzzy approach the resulting score is
only for 0.01 different from the previous one. This case also shows that the fuzzy
approach is more realistic due to the fact that it is realistic to expect that the scores
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calculated on the basis of slightly different financial indicators are also slightly
different.

Table 14: Values of financial indicators

Financial indicators

Indicator Values

Quick liquidity ratio 1.00

Sources of long-term financing ratio 0.40

Liquid assets/total assets % 30.00

Equity ratio % 60.00

Working capital turnover 1.00

Return on assets 50.00

Debt to equity ratio 1.49

To conclude this chapter, based on everything we presented in this paper, it can be
said that, apart from having a validity, the fuzzy model is suitable for use in real
situations and practical cases of assessing financial position and success of business
operations.

Conclusion

The theory and experience in practical application have shown that the decision
support systems, as well as knowledge based decision support systems and intelligent
decision support systems, can be successfully implemented in the field of financial
decision making. This paper presents basic characteristics of two models of financial
decision support i.e. making a decision on granting a credit to the analysed business,
as well as gives a comparison of the two systems with an aim to determine what are
the advantages of a system compared to the other one.

The first model is based on the classical decision support systems. This model
combines criteria values in a suitable way in order to come to a final score of a
business. Since it takes into account several relevant criteria for scoring the business
standing, this model is suitable for use in practical situations. However, its main
disadvantage is seen in the fact that in some cases very small changes of the value of
input parameters or the value of given indicator result in a significantly different
score for a given company, and thus resulting in a different final credit decision.
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This problem is successfully overcome by introduction of fuzzy concepts into the
decision making process. Fuzzy logic represents a powerful tool for modelling
situations that are characterised by the presence of uncertainty, inaccuracy and
incomplete information. Due to such characteristic, fuzzy sets have been used as a
means to model the values of given parameters that are used as the basis for
evaluation of the given business. In this way, the values of indicators, are no longer
expressed in numbers but in fuzzy sets. Thus modelled indicators are combined to
determine the total score of the analysed business using the fuzzy inference rules.
Hence, the presented model represents an example of a fuzzy expert system with all
its significant characteristics and elements: knowledge base, inference mechanism,
and fuzzification and defuzzification modules.

The main part of this paper lies in comparing these two models and presenting the
facts that back up the superiority of fuzzy expert system as compared to the classical
financial decision support system.

REFERENCES

Èupiæ M, Tummala R., Suknoviæ M., Odluèivanje: formalan pristup /Decision Making: A formal
approach/, Faculty of Organizational Sciences, Belgrade, 2003.

Èupiæ, M., Cvetkoviæ, S., Intelligent decision support system (DSS) for financial management based on
fuzzy sets, Belgrade, 1999.

Holsapple, C.W., Whinston, A.B., Decision support systems. A knowledge-based approach, West
Publishing Co., 1996.

Klir, G. J., Yuan, B., Fuzzy sets and fuzzy logic, theory ond applications, Prentice Hall, London, 1995.
Mockler, R.J., Knowledge-based systems for management decision, Prentice-Hall, Inc., 1989.
Radojeviæ, G. Prilog razvoju metodologije podrške finansijskom odluèivanju, /Towards Development

of Methodology to Support Financial Decision Making/, PhD thesis, Faculty of
Organizational Sciences, Belgrade.

Turban E., Aronson J.E., Decision support systems and Intelligent systems, Prentice Hall 2001
Vitt, E., Luckevich, M., Misner, S., Business Intelligence. Making Better Decisions Faster, Microsoft

Press, 2002.
�arkiæ Joksimoviæ, N. Upravljanje finansijama. Osnove i principi /Financial Management. Basic

Elements and Principles/, Faculty of Organizational Sciences, Belgrade, 2005. .

138 Gordana Radojeviæ and Milija Suknoviæ



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


