Abstract Bosnia and Herzegovina, as a transition country, is facing the
problem of launching of production. The disposal of goods and services on the
Bosnia and Herzegovina market is restricted by modest purchasing power of
the population. On the other hand, the appearance of competition, as one of
the biggest advantages of market economy, leads to constant improvement of
the quality of goods and services, as well as decreasing of prices, while trying
to meet the needs and desires of buyers. All these are the factors for better
planning of the production process and assessment of its disposal on the
market. And because of that we need to create an adequate system model. In
this paper are presented two connected fuzzy models: estimation model for
price of new product and estimation model for the number of sold (produced)
products. These models show how the complex and often-conflicting
knowledge of experts can be presented and used for making of important
business decisions with the use of fuzzy logic.
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Economic models present a theoretical framework and
there is no reason why they must be exclusively
mathematical. If a model is mathematical, it usually
consists of a set of equations (differential, behavior
equations, equations of equilibrium conditions) intended for
describing the structure of the model.
Fuzzy model is based on the concept of input-processingoutput, and differs from the traditional models in two very
important characteristics: what are inputs and/or outputs
from the model and in which way are inputs processed
and/or outputs generated. Figure presents an environment
for fuzzy for modeling.

The key term for representation
of knowledge in fuzzy models is
the linguistic variable. Zadeh’s
definition of linguistic variable is:
"Linguistic variable is a variable
whose values are words or
sentences of natural language
or
language
of
artificial
intelligence.“ For instance, price
is a linguistic variable if its
values are linguistic (high, low,
etc.), and not numerical (16,17,
etc.).
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Model accepts a set of inputs ( x 1 , x 2 , ..., x n ) as knowledge about the external world, which can be: scale values,
series, matrices and fuzzy sets.

Mamdani style of reasoning
The variable shown in the figure is divided into four fuzzy sets, meaning fuzzy
regions. Each of these fuzzy sets is approached via its name, low, high value
around competition price and value around 2* of production costs (name is a
linguistic value). Linguistic variable is composed of one or more linguistic
values, meaning fuzzy sets, and the field of definition of linguistic variable is
called universal set.

Sometimes, none of the standard graphic presentations can be used for
description of a fuzzy set. In that case, fuzzy set is shown with a curve of
irregular shape. A software package developed for the needs of testing this
fuzzy model, can use standard and non-standard fuzzy sets, and apply
hedges on them.

During the development of a solution, Mamdani style converts each linguistic value into a temporary fuzzy set. Composing of these sets into an output set is
called composition. As each statement is assessed, its consequential fuzzy set is used for updating of fuzzy sets of solution.
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The first rule, proposed by the financial director, provides for profitability. The second rule,
proposed by the deputy director, provides for availability of product on the market. One very
important characteristic of the fuzzy system can be noted immediately, and that is the capability to
model the conflicting expert knowledge (case of the first two rules). The third rule, proposed by the
production manager, provides for covering of the production costs. The fourth rule, proposed by
the marketing department, provides that the value of prices be close to the value of competition
product. The model has two linguistic variables – our price and competition price. These two
linguistic variables have their fuzzy sets, meaning linguistic values. Linguistic variable competition price – has only one linguistic value, not very high. The other linguistic variable of the
model has four linguistic values: high, low, around value 2* production costs and around value
of competition price.

EXPERIMENTATION
Resulting fuzzy set with the use of standard
fuzzy sets
A software package named “Model” has been
developed, with the use of Borland C++
Builder development tool, for modeling of the
mentioned system. This package enables
testing of fuzzy models with standard fuzzy
sets, and with fuzzy sets on which hedges
have been applied to non-standard fuzzy
sets. The following figure shows the use of
standard fuzzy sets.
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Centroid technique finds a balance point of the resulting
fuzzy set by searching for the mean of the fuzzy set, in
accordance with the following equation:
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Estimation model for the number of products sold

Estimation model for price of new product
Determining the price of a new product includes considering of several imprecise and
uncertain factors: estimated market demands for product, price of competition product,
market’s sensitivity to price, production costs, transportation, storage, etc. This model
includes only four factors: price of competition product, production costs, request for
profitability and request for covering of the market. Input parameters for this model are
production costs and price of competition product. The core of this model comprises of
four rules:
R1 our price must be high
R2 our price must be low
R3 our price must be around value 2* production costs
R4 if competition price is not very high, then our price should
have the value of around the value of competition price.

A

After the completion of composition, decomposition is
performed (defuzzyfication). This way of reasoning
expects, as an output, a fuzzy set that needs to be
defuzzified. Defuzzyfication is the last step by which an
expected value is derived from a resulting fuzzy set.
The most commonly used techniques of defuzzyfication
are centroid and composite maximum.
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This model uses the price of the product that is being sold as an input
parameter. The price of the product is a result of the use of the estimation
model for price of new product. Thus, these two fuzzy models are connected
with the estimated price of the new product. On basis of this value of the
price, the other fuzzy model (estimation model for the number of products
sold) is used for determining the estimated number of products that will be
sold (need to be produced) for the previously determined price. This value
(output value) of the observed model is determined with the application of the
method of monotonous selection. The method of monotonous selection is
used when a model has only one rule. The rule used by the estimation model
for the number of products sold is:
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where price of the product and number of products sold are linguistic
variables, and low and high are their linguistic values respectively.
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EXPERIMENTATION
Connecting of two fuzzy models
The result (output value) of the model for estimation of the price of new product is then used as an input variable for the model for
estimation of the number of products sold. This showed how two fuzzy models could be connected. The result from the first model with
the use of monotonous selection, as a method of conclusion for the second fuzzy model, gives the final result of the observed fuzzy
system .

The result of the execution of the model for estimation of the price of new product presents a recommended price acquired through the
application of two methods of defuzzyfication: centroid and composite maximum.

CONCLUSION
Launching of production in Bosnia and Herzegovina, as a transition country, requires detailed planning of
production and disposal of produced products on the market. In that regard, it is necessary to build
economic models of systems that would encompass all the relevant elements of these systems and be
able to present expert knowledge. The expert knowledge necessary to model such systems is often
partial and imprecise, thus clear mathematical models cannot be developed. An alternative to
mathematical models are fuzzy models, which use fuzzy logic, fuzzy sets and fuzzy reasoning
mechanisms. This document presents two fuzzy models: estimation model for price of new product
(using non-standard fuzzy sets) and estimation model for the number of products sold (using standard
fuzzy sets). Conducting a number of experiments, with the application of especially developed software
package. Our model descripts the main characteristics of the used techniques for acquiring results of
work of these models (centroid and composite maximum) and indicated how fuzzy models can be
connected. It also depicts that fuzzy models can easily be modified (by changing the appearance of fuzzy
sets, modification of rules), which are easily understandable (graphic representation) and tolerant
regarding imprecise data. All these are reasons why fuzzy models should be seen as a supplement to
the classic mathematical models in development of economic models.

EXPERIMENTATION
Resulting fuzzy set with the use of nonstandard fuzzy sets
Sometimes, there is a need to present
linguistic values by non-standard fuzzy sets.
In these cases, it would be difficult to give a
mathematical description of behavior of some
of these variables, and it would require
complex mathematical presentation. Fuzzy
modeling shows special flexibility here. The
software package used enables simplified
presentation and use of such fuzzy sets, and
logic of fuzzy models enables their simple
processing.
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EXPERIMENTATION
Table presentation of acquired results with
explanation of meaning of abbreviations used in table
By performing a number of experiments with different
values of input parameters, results shown in Table 1
were acquired. The results of conducting of
experiments showed the basic characteristics of the
defuzzyfication techniques:
•Centroid: defuzzyfied value changes insignificantly
through the resulting fuzzy set with changing of the
value of parameters that affect the input fuzzy sets; it
is simply calculated; can be applied to fuzzy output
and constant output value.
•Composite maximum: expected value depends on
one rule – the one that dominates in the set of rules;
output value "jumps" from one "plateau" to another,
as the height of resulting fuzzy set changes;

LITERATURE
[1] Alha C.Chiang (1984): Fundamental methods of mathematical economics, Third Edition, McGraw-Hill, Inc.
[2] Avdagic Z. (2003): Artificial intelligence & fuzzy-neuro-genetics, First Edition, Sarajevo: GrafoArt
[3] Cox E. (1994): The Fuzzy Systems Handbook, First Edition, Orlando: Academic Press Inc.
[4] L.A. Zadeh (1973): The Concept of a Linguistic Variable and its Application to Approximate Reasoning. American
Elsevier Publishing Company
[5] M.Mass, M.Monserrat, J.Torrens, and E.Trillas (2007): A survey on Fuzzy Implication functions, IEEE Transaction on
Fuzzy Systems(Vol. 15, No.6, December 2007):1107-1121
[6] N. Dukic, Z. Avdagic (2005): “Fuzzy functional dependency and the resolution principle”, Informatica, Institute of
Mathematics and Informatics, Lithuanian Academy of Sciences ( Vol. 16, No. 1, 2005):45-60.
[7] R.R. Yager, D.P. Filev.(1994): Essentials of fuzzy modeling and control. John Wiley and Sons

